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The Nature of Learning
In its Relation to the Living System

CHAPTER 1
THE PROBLEM

“IN order to discover the mechanism of the living system, it
is necessary to investigate which among its cffects are con-
nected with well-cstablished laws of chemistry and physics
and to distinguish them carefully from ihe effects which have
no immediate, or at least known, rclation with thesc laws,
and ol which the cause is concealed for us. It is these last
that Vanhelmont and Stahl have attributed 1o a, firsi principle
or to the soul, without reflecting that, their nature not being
plumbed, what they attributed to a single agent depended
perhaps on many. In resorting to imaginary causes, does it
not scem that these greal men have tried to conceal their
ignorance under the veil of philosophy, and that they could
not make up their mind to indicate the limits of their positive
knowledge? They are, without doubt, right in saying, and
we agree with them, that certain phenomena are found only
in organized bodies, and that a particular order of movement
and of combinations forms the base and constitutes the
character of these bodies. It would unquestionably be a
mistake to assign to these phenomena hypothetical causes
whose inadequacy has been shown. But however astonishing
they may seem to us, these functions are surely physical
effecls, more or less complicated, whose nature we ought to
investigate by all the means which observation and experiment
place at our disposal, instead of supposing for them first
principles on which the mind slumbers, in the belief that it
has finished when it has not begun."”

This passage is from the Discourse on Anatomy of Vieq

A I



2 TITE NATURE OF LEARNING

d'Azyr, a French physician writing in 1Ro5.! It lays down a
biological programme which has since been consistently carripd
out. One by one properties supposcdly peculiar to the living
organism have been shown to depend on principles common
to organic and inorganic bodies. ‘* Vilal force”, ' animal
heat ”’, with many other once powerful words, survive only in
the histories of science. It may, indeed, be said that the
progress of biological thought during the years since Vicq
d’Azyr wrote has largely consisted in the discovery ol processes
exhibited alike by living and non-living matter, Thus Claude
Bernard maintains 2 in 1878 that “in reality there is only
one physics, one chemistry, and one general mechanics into
which all the phenomenal manifestations of nature enter,
those of living as well as of non-living bodies,” and this
opinion is shared by most modern investigatois. Indeed, for
the majority of biologists the general principle underlying
Bernard’s statement has attained the dignily of an experis
mental postulate.’

When, however, we come o ithe organic aclivities with
which the psychologist is mainly concerned, namely, those
involving the organism's behaviour in relation to its total
past history, it scems as though the postulate must be given
up. Trueitis, of course, that every physical event is inflluenced
by the total past history of the physical parlicles taking part
in that event; the fire burns in the grate becauwse of the
changes induced by the sun’s rays in the irces of the pre-
historic forest, and because of the further changes produced
in the prpcess of formation of coal, and so on. But organic
action introduces a principle which appears to be new, and
unanticipated by any phenomenon observable in inorganic
nature. For here the general dependence of events on pre-
ceding events acquires in general a direction,* namely that
of the conservation of an organized system. Thus, to take an
elementary example, it is clearly to the “ advantage” of a
sea-bird to learn that food may generally be found at a

1 Vicq d'Azyr, 1805, vol, iv. p. 16, Quoted in the original by du Bois
Reymond, Reden, 2, 277, and used by him as the motto of his manograph
on Animal Electricity. Du Bois'Reymond took tho quotation from
Humboldt.

? Claude Bernard, 1872, pp. 317, 319.

8 Ses Needham, 1926, Ch, VI, for an able statement.

t The term is borrowed irom Professor K8hler (1927 and 1930).



THE PROBLLEM 3

certain spot. Organic energy is saved by this knowledge,
which thus tends towards the conservation of the material
aggregation which we call the bird. Here the siriking fact is
not the dependence of the events of today upon those of
yesterday, but the direction of that dependence, which is
towards the conservation of the biological entity in question.
When the bird dies, the fate of its constituent elements still
depends upon their past history. If, for example, it is shot
in mid-air and falls into the sea, the spot where it falls will
depend on its position when it was shot. But the kinetic
energy released by the fall will no longer work in the direction
of the bird’s conservation, as when during its lifetime it dives
for a fish or flies to a steamer for food.

In order to cxplain these facts, certain special terms have
been invented. Thus in the past it has been usual to speak
of the “ instinct "’ of Self-Preservation. Likewise it is fairly
usual to speak of the organism as having “learned "’ where
io find food or drink; or Modification of Behaviour is said
to have occurred. Sometimes it is said that Memory ol past
evenls is present,

It is exactly here thai we are in danger of falling info the
pitfall of which Vicq d’Azyr warned his gencralion. Learning
and Memory as applied to behaviour must not be assumed
to be first principles, phenomena sus generis. In Vicq d’Azyr’s
words, * However astonishing they may seem to us, they are
surely physical effects more or less complicated, whose nature
we ought to investigate by all the means which observation
and experiment place at our disposal.” At the risk of
repotition it must be insisted that il is not enough here to
invoke the principle that the matier composing the organism
is subject Lo 1he same physico-chemical laws as that composing
non-living bodies. Suppose I say, for instance, that the guil
flies straight to the fish wharf for food, because during the
bird’s past history certain physico-chemical changes have
taken place in its nervous system. Such a staiement has a
certain scientific ring about it. It is perhaps preferable to
the statement that, by a process of Trial and Error, learning
has taken place. For it is precisely such terms as the latter
that run the risk of being considered as explanatory first
principles. To refer change of behaviour to physico-chemical
change at least avoids these fresh and scductive possibilities
of scientific slumber. But the feeling that an explanation
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of learning has been given is illusory. Tor while it is true
that the change in ihe animal’s behaviour has presumably
taken place in accordance with physico-chemical principles,
yet this statement takes no account of the facl that this and
thousands of other such sequences in the bird's lifetime may
be observed to tend on the whole Lo the creature’s advantage.
To refer learning to physico-chemical change pure and simple
is to omit the all-imporiant characteristic of organic direction,

There is indeed another way in which we can take all the
facts into account. We may maintain that the bird is a
psycho-physical organism, and may claim that the fact that
phenomena of a non-material order are occurring in connection
with the organism explains the direction of the organic pro-
cesses. Thus with MacDougall we may say that the bird
exhibits the psychic phenomenon of purpose, and that the
physical processes in the organism are thus psychically
directed. With this interpretation many vilalists would
probably agree. Now Professor MacDougall has performed a
unique service for psychology in poinling out thal organic
action is directive. In his fight {for the principle that the
plain physico-chemical stalement of animal and human
behaviour is inadequate one must stand at his side. But in
our efforts to carry out Vicq d’Azyr's programme in the
description of learning, we should not, I [cel, so casily give up
the siruggle. It seems, after all, to be a matter of intellectual
consistency. Where psychology is making use of the methods
and results of physiology, which in turn uses those of physical
science, intellectual honesty seems to demand a rigorous
insistence on the preseni presuppositions of physical science.
This immediately excludes the possibility of taking into
account any but “ physical "’ facts, and banishes iherelore
any such deus ex machina as a directive psychic purpose.
It may conceivably be possible at some future time to say of
organic processes: ‘ Here physical science ends, here psychic
influence begins.” At present, certainly, it is not possible to
draw this dividing line. Until that future time has come we
have no right to speak of the organic body in the terms of
physical science, while at the same time tacitly reserving the
privilege, when we find ourselves in a difficulty, of postulating
what must be regarded in the present state of knowledge as
a miracle. When, therefore, the Plain Man tells us that it is

1 That is, when we are dealing with behaviour.
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perfectly clear that the mind influences the body, while
admitting the cogency of his common sense, we must ask of
him permission to shirk, for the time being, the difficulty he
raiscs. Learning, purposing creatures are material complexes
to which certain things are observably happening. Physical
science has successfully developed a set of postulates and a
technique for dealing with material phenomena. These
postulates and this technique biologists and physiologists
have adopted in the investigation of the particular material
phenomena that interest them. That living matter apparently
has connected with it a set of phenomena of a different order,
namely those of consciousness, is as irrelevant to the investi-
gator while he is' using the method of physical science as are
the chemical properties of the chessman to the chess-player.,

We are left then with the original ancient dilemma, Living
creatures are material aggregates, events in which several
generations of workers in the biological sciences have most
successlully analysed by the use of the postulates of the
physical sciences and of techniques similar to those therein
craployed, Other material events, notably those in which
psychologists are interested, scem, however, to require some
qualitatively different principle of explanation or analysis.
At the present stage of knowledge intellectual consistency
seems nevertheless to require that when we are discussing the
more complex aclions of an organism we shall either reject
entirely most of the findings of the newer biology, or attempt
to find for the more complex organic events a method of
description which will not contradict the basic principles on
which biolegical science has been built, We cannot entertain
the idea that there has been established within the living
body a moratorium in the operation of elsewhere universal
physico-chemical principles. It seems, for example, impossible
to hold a theory of behaviour which assumes that the nervous
impulse is a physico-chemical event, and which at the same
time requires that some other than a physico-chemical event
may initiate it.

It is no part of the purpose of this book to maintain that
the programme indicated will or will not ultimately be carried
out in its completeness. But, in the endeavour to follow up
a modest part of it, the purpose of the succeeding chapters
will be to show that organisms may reasonably be considered
as material systems so constituted that organic events may
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be truly subject Lo physico-chemical laws, and yel, on the
whole, and under the requisite conditions, actively tend in
an astonishingly complex manner towards the comservalion
of the living system in question. That is to say, an endeavour
will be made to give, not indeed for the first {ime but perhaps
somewhat more completely iban before, a descriplion of
certain complex types of behaviour which at least does not
in ilself necessitate the hypothesis that special principles of
explanation must be postulated for organic events. In these
terms the problem will be re-stated without offering a detailed
solution, which is in any case probably impossible al the
present time. It will be seen thatl certain inorganic sysltems
exhibit a property of sclf-conservation similar to that found
in the organism. Making allowance for differences of com-
plexity, this implies that the property of conservation is not
unique to organic bodies, Furlher, the atiempt will be
made to exhibil learning as a specific instance of such self-
conserving action.

Physical and biological literature appavenily confain no
discussion of the meaning ol the word system, The general
implications of this term will accordingly De considered,
following which there will be discussed the implications ol
the special term /liwving system. Finally, the concept of
* Jearning "’ will be examined.



CHAPTER II
THE CONCEPT OF SYSTEM

“ But when there 15 some contradiction always present, and one is
ihe reversa of one and involves the conception of plurality, then thought
begins {0 be aroused within,” (Plato’'s Republic. Jowett.)

IN order to obtain a clearer insight into what is meant by a
‘' living system " it will be profitable first to examine the
meaning and implications of the term system. This will
imply an examination of this term as it is used in connection
with inorganic phenomena. At the outset a caution should
be issued. It should not be imagined that, by the use of such
a term in description of both inorganic and organic cvents,
any attempt is being made to give a final explanation of the
latter. It will appear in the sequel that living and non-living
complexes have certain propertics in common, But this has
been seen to be no new step in the hisiory of knowledge;
for il has already been pointed out that the history of bio-
logical soience in the nineteenith and twentieth centuries has
largely consisted in the discovery of exactly such common
properties. Popular thought has long recognized certain
clementary similarities between living and non-living sub-
stances, Inertia, solidity, and weight clearly belong equally
to living creatures and to inorganic matter. From the tacit
recognition of such simple properties as these it is a large
step to such works as those of Bayliss on Interfacial Forces
and Phenomena in Physiology and Thompson on Growth
and Form, each of which applies very refined physical analysis
to bodily events,! But the step is in the same direction,
although in ncither case does it take us to the end of the
path. A man left unsupported at the top of a cliff will fall
to the ground under the same gravitational laws as the inert
matter of the cliff. Nobody would claim this fact as a final
explanation of human nature, although as a description of

1 See the References at end of volume.
7



8 TIE NATURE OF LEARNING

one aspect of the man's body it dovs throw a certain light
upon him. Per confra, it was by the fall of an organic budy
that Newton is said to have been stitred Lo the investigations
which brought him to certain conclusions concerning matter
in general, both organic and inorganic. 1f the apple story is
true, Newton certainly did not care whether the suggestive
incident involved living or non-living substance, and he most
assuredly did not feel that his discovery gave a final explanation
of the fruit. At the risk then ot repetilion it must here be
stated that in discussing certain properlies of inorganic
matter with reference to their similarity to those of living
substance, the presumptuous attempt is, of course, not being
made to give a final explanation or description of life or
living function. Such comparison as will be made merely
goes one step fariher along the path already taken by common
observation and scientific rescarch alike. TFinal description
or ultimale cxplanation may well wait the scientific day of
judgment.

The Definition of * System " ~A system may he broadly
defined as a complex or aggregate of clements which are
considered 1o be connecied by a special set of relutions, By
means of their inlerrelations the Jogicully dislinet elements
are combined into one, so thal the complex exhibils the
paradox of the many-in-one which interested Plato, The
system is thus a whole of parls, the wholeness being given
by the relations existing belween the constituent elements,
‘“ All relations "', says Bradley (1930, p. 521), * imply a whole
to which the terms contribute ', The system is just such an
implied whole, within which may be distinguished related
terms.!

The above definilion is substantially {he same as that given
by Bishop Butler, the moralist. ‘ A nature is an integer”,
he says, “ its parts having reciprocal relations needful to be
known. . . . Whoever thinks it worth while to consider this
matter thoroughly, should begin with stating to himself

1 Bradley adds ' and by which the lerms are qualified ", thus imnply-
ing lus belief in the ‘' mternal relation*’. The converse proposiiion,
that every whole must necessarily imply related and dislinci entities as
Parts, is perhaps open to question. Miss Stebbing makes certain siate-
ments about the kind of elements that may be included in a sysiem
{r930, Ch. XI). They must be compalible and must all be determined
by some at least of the others.
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exactly lhe idea of a syslem, economy or constitution of any
particular natui e or partienlar anything, and he will, I suppose,
find that it is a one or whole made up of scveral parts; but
yet, that ihe several parts even considered as a whole do not
complele the idea, unless in the notion ol a whole you include
the relations and respects which those parts have to each other.
Every work both of nature and ari is a system ” (Butler,
Sermons, Preface, 1726 ; in Gladstone, 1897). There should
thus be distinguished first the elements of the system, then
the relations by which these are inter-connected, and lastly
the totality which is constituted of the elements in relation.
Examples may be given, The watch is clearly a whole, and
was given by Butler as an example, though the use which he
made of the example is perhaps questionable. The watch is
one watch, though it comprises a large number of separable
wheels and other “ parts’. The total complex is these parts
in certain specific relations and it is these relations that make
a unily oul of what would otherwise be a minor junk heap.
Again, the British Conslitutlion is a system. It may be con-
sidered as a ‘‘ communily of persons with a machinery for
sel{-expression through a legislature, by which self-expression,
called the law, and by it alone, authority to control the actions
of individuals is conferred ’’ (Bosanquet, 1920, p. 72). Here
the elements of the complex are the persons composing the
group ; these persons are interrclated by the law, and by
means of this inierrelaiion a unity, a whole, is brought into
being out of logically separable entities.

The distinction between the totality and its elements is
well put by Aristotle who speaks of “that which is com-
pounded oul of something so that the whole is one, not like
a heap but like a syllable—now the syllable is not its
elements, ba is not the same as b and «, nor is flesh fire and
earth (for when these are separated the wholes, .e. the flesh
and the syllable, no longer exist, but the elements of the
syllable exist and so do fire and earth); the syllable then is
something,—not only its elements (the vowel and the consonant)
but also something else.” Although the example of the union
of fire and earth to make flesh is perhaps a little unfortunate,
yet the distinction between the whole and the elements is
here perfectly clear, although many would hardly care to
subscribe to all the implications of the rest of the argument.
(Aristotle, Metaphysics, 1041®, 12. Tr. Ed. Ross)



10 TIIE NATURE OF LITARNING

Inside and Owtside—Clearly o system as thus defined hag
in general a definite ‘“ inside " and ** outside "', The patticular
interrelated elements in question are thought of as inside the
complex, everything clse us outside it. 10 is true, as will be
seen later, that such elements may also be related to objects
external to the system ; but by definition these latter relations
are not part of the special set of relations connecling the
constituent parts of the system. For example, every part of
the watch is related to the surrounding atmosphere. But
this is something different from the relations oblaining belween
the parts of the watch and which constilute the whole
collection of springs, wheels, etc,, into an apparatus by which
the time may be told. It is true thal in considering the
watch as a separale system we are 1o a cerlain extent sim-
plifying our data. Wec are considering the watch-parls as
related to each other, and shutling our eyes to the fact that
they are also related io the surrounding conditions. Butl
the simplification is a justifiable and indeed o necessary one,
if we are to be able to deal with the world at all. To this
poini we shall return later, Mcanwhile, it is pointed out
that when ibe slatement is made that the rvelations con-
necting the elements of ihe system are special or unigue, the
implication is that there are olber portions of the univeise
that arc not part of this connected whole, The whole nniverse
is thus divided into ithe system and the rest of the universe,
that is o say into whal is inside and what is oulside the
system in question. This distinction is then inherent in the
definition. The Zulu or the Hottentol is external to the
British constitution. Although these are human beings, yel
they do not enler into the peculiar relationships which make
up the British constitution; they are the ‘‘lesser brecds
without the law *’,

The Dynamical System~Now what has becn said applies
equally well whatever be the peculiar nature of the elements
and their relations. Examples have been given where these
relationships were of a mechanical and of a legal nature,
giving what are called mechanical and legal systems respect-
ively. Such relationships may, however, be of very great
variety. We may have biological systems, astronomical
systems, chemical systems, geometrical systems and so on,
and in each of these cases the general rule holds that by
means of a special set of relations a number of logically
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scparable elements are connecled up into a unity. These
different systems are of course investigated by what are in
preseni-day practice different sciences ; whether in the fulfil-
ment of knowledge these will ultimately prove to be the
same science, it is no part of this discussion to enquire. At
least, however, in the present stage of knowledge it is clear
that, starting with the general concept of system, we may,
by substituting particular elements and relationships, obtain
specific types of system such as are actually dealt with by
specific sciences at the present time., Certain branches of
knowledge have indeed made liberal use of the concept and
have found that it presents a highly valuable method
of description. Some of these cases will now be con-
sidered.

Before, however, examining the use which has been made
of the concept of system in particular sciences, it is well to
remind ourselves of our chief interest, namely the organic
body. It will be our purpose in the next chapter to consider
the organism as a living or biological system. Herein we
shall be doing no more than exhibil a complex with a peculiar
kind of organization or sel of relationships, parallel to, but
not deducible {from, the chemical system, the legal system, the
astronomical system and so on. Once more, in thus exhibiting
the organism as a living system we are not attempting lo
* deduce *’ human behaviour from physics or chemistry, any
more than Bosanquet atiempts to deduce the British Con-
stitution from an electrical installation when he suggests that
both are systems.-

An excellent example of a specific kind of system, whose
definition may be obtained from that already given by sub-
stituting specific elements and relations, is the dynamical
system. ° Any material system is regarded from the dynamacal
point of view as constituted of a number of particles subject
to inter-connections and constraints of various kinds, a rigid
body being regarded as a collection of particles which are
kept at invariable distances from each other by means of
suitable internal reactions ”” (Whittaker, 19o4). In this
definition two points are stressed. First of all, the system
is a complex. It comprises a number of elements. Secondly,
these elements are not entirely discrete, but are interrelated so
that they form the unity which is the system. The system
is the inter-connected ‘‘ whole *’ of which the elements are the
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“ parts *.'  Mathematical analysis determines and exprosses
in a symbolic form the properties ol the parts of such
systems as contrasted with the whole, and the properties of
the whole as conirasted with those of the parts. Thus a
gravitational pendulum swinging in air {rom a support forms
a simple mechanical system, and it is possible to determine
the rate at which lhe centre of gravity moves, this being a
property of the whole, Or there may be determined the
maximal tension of the suppoiting rod which is a properly
of a part. ’

Further, the system has a definite *‘ inside "’ and " outside ”,
The word internal is specifically used with reference to the
special case of the rigid body.?2 A blow from a body exiernal
to the pendulum may cause it to swing. Here work has been
done on the system by the exlernal agent, and unless we are
speaking of the total universe, it will always be possible o
find such an external agenl which may dn work on any
particular dynamical system. [Lvery dynamical system with
ithe exceplion of the total cosmos must then bave an Outside,
The system and the rest of the world are inseparable in
practice, but are logically distinguishable, like Aristotle's
excellent illustration of the concave and convex side of a
curve.

It is perhaps well here to point oul specilicully that the
mathematical treatment of such a mechanical system as a
pendulum deals of course with an ideal case, where such
abstraction and simplification is made from the facts as suits
the purpose of the analysis, Thus the postulate is often
made that the system is friclionless, in which case the
pendulum, once started, moves for ever, providing an example
of what is called reversible motion. In practice, however, as
Kohler has pointed out (1927) there always does cxist some
force analogous to friction, which brings this and similar
systems to rest.

Such checking processes may of course be taken into account
in the mathematical calculation, but, even so, mathematics
as applied to physics can at best treat of an ideal and simplified
world only. Sufficiently close approximation can be made

* The word “ part " is used without any [urther implication.

? The term internal is used also by Heriz (1899, 117); the distinction
between external and inlernal is implied by Maxwell (1910), and indecd
by all dynamical {reatments,
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for all practical purposes, but it is important to remember
that mathematical physics involves a high degree of abstraction
and simplification, and that it may conceivably turn out that
the factors ordinarily neglected as immaterial for the purpose
of mathematical analysis may be of high importance in the
description of biological events. ‘“The whole process of
scientific investigation, i.e. the process of analysis, starts with
partially destroying the natural ‘together ’? and replacing
it by an artificial arrangement such as never exists in nature
itsell. To take an example—the chemist starts with preparing
pure substances, such as are got for instance by crystallization,
or which in some other way are capable of preserving some
stability, some sort of independent existence. Such substances
do not really exist in that isolation in nature. The things
therefore which the chemist investigates are thus artificial
in as much as they do not occur in nature in that isolation,
stability or purity which are the necessary qualities of sub-
stances analysed or produced in the laboratory " (Merz, 1910).
It may be added that they never occur even in the laboratory
with these absolute qualities, such as theoretical treatment
demands, To this point it will often be necessary to
recur,

Thus the mechanical system as treated mathematically
illustrates the whole-part property of the system in general,
and exhibits the. fact that mechanical relations are necessary
to combine the elements into a mechanical unity. It illustrates
also the separateness of the system from the rest of the
‘ external ” world, a separateness which, it has been noted,
is achieved through a greater or less degree of simplification,
but which is, none the less, intellectually justified and indeed
necessary. Similar illustrations could be made of many
other types of material system and will in fact be made
implicitly in the sequel. Hereafter by system will be under-
stood a material system, of the type treated by physical or
biological science.

The Partial System.—A system may contain within itself
another system. The second, sub- or partial system may for
example consist of a group of particles bound by a set of
inter-connections in' which the rest of the system does not
share. Such, for example, would be the liquid in a ther-
mometer, which is ordinarily in a different material state or

1 ¢ Hnsemble.”
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phase from the rest of the apparatus ; or the spring in a spring
balance, which, as relatively compressible, may again be
considered to be composed of parts in differeni muiual
relations from those holding together the weighing platform
or hook. Such special interrelationship is, however, not
necessary ; any selection of the {otal rclated clements may be
considered as together forming a parlial system.* The
possibilities of relationship belween the whole, ** free ", system
and the partial system are very numerous and the general
problem has apparently not yet been trcated. It may be
that general trealment is impossible. At any rate, the question
of the whole within a whole is one of the most difficult of the
many difficult problems raised by the whole-part conception.

Certain special cases have been subjected to mathematical
analysis, Thus Hertz (x89g) deals with two cases of the
mechanical partial system. Willard Gibbs deals with certain
cases in his discussion of ‘' helerogencous systems”, those
composed of different forms of matter, and is able to come Lo
imporiant conclusions concerning the total relations of the
different syslems, Thus the “ Phase rule ' makos a statement
concerning the number of ‘‘ phases ", solid, liquid or gaseous,
which can co-exisi among ihe differenl substances [orming
such a system. The achievemeni of such a rule with a total
disregard of the means by which the necessary changes may
be effected may be considercd as one of the outstanding
products of the human mind, It is a siriking example of the
treatment of systemic properiics withoul consideration of the
internal mechanism of the system.

The general conception of the partial system is imporiant
{or the description of the biological system, a facl which makes
all the more regrettable the apparent lack of extani general
treatment of this complex subject. The following elementary
considerations are advanced with some diffidence, in the hope
that they may be replaced by a more adequate analysis.

‘When a material system is described as free, total, or
isolated, the elements are considered Lo be related to each
olher and to nothing else, Thus Willard Gibbs defines a
" system as any portion of matter considered as cut off [rom
the rest of the universe, and, in order to satisfy what may

1 An exception may conceivably occur m a possibla case where iwo
or more elements are relaled to a further element or set of elements
without being related to each other.
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be called practical conscience, supposes the system to be
surrounded by an impervious envelope. There may of course
be change within such a irce or tolal system, provided that
such process is not inconsistent with the fundamental unifying
relations, If any process runs counter to ihese fundamental
relations, then the system is destroyed. Thus in thesc con-
stituent relations is provided in mathematico-physical theory
thal permanence which philosophical thought has long insisted
musi underlie all change.

For example, the position of the tides will be in invariable
relation 1o that of the moon, neglecting, that is to say, the
influence of other factors such as the sun, the earth’s rolation,
and so on.! The system earth-water-moon may thus be
described in terms of invariable relations, such as il is the
express object of mathematical analysis to exhibit. Change
indced there is in the system, but the fundamental relations
remain thereby unaltered; and for exactly ihat rcason we
are able to say that we have o do with the same system
belore and afier the process of change. If, however, atteniion
is confined 1o the partial system carth-water, neglecting ihe
third member of lhe iriad, it will be necessary to give a
number of diflerent and apparently unrelated descriptions of
ihie water on Lhe carth, In fact, these descriptions, iaken un-
simplified, will give what would, if the moon were not con-
sidered at all, have 1o he considered a number of different
carth-water systems. TFor the relations of posilion between
an oblalc spheroid and the water on ils surface are different
according io ihe locus of ihe water, so thal for each such
locus a different system is constituled. By introducing the
moon, however, a constanl sel of relations [or the totality
earth-water-moon may be exhibited, and the whole complex
may be considered to be the same system at different times and
in different positions.

The general principle is easily seen. If in the total sysiem
alterations are taking place such that a permanent basis
exisis for the change in question, there is no guarantee that
within the partial system any such permanent basis exists
for the alterations there occurring.? To consider any sub-

1 That is to say, adopling also the general principle of simplification
of observational data. .

% See, however, Heilz, loc. cit., for a special case wheie a partial
mechanical system may be described per se th constant leims.
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group (earth-water) as a partial system is for the (ime being
to refuse io take into account cerinin elenients (moon) af the
total system and iheir relations (r.g. gravitation) to the rest
of the system. This will olten involve the refusal also {o take
inlo account lhe relations (“‘laws’ governing the tides)
whose constancy secures the persistence of the total system,
Thus there will occur in the partial system processes which
can be relerred to no underlying law, and which involve ihe
partial system alone. In the striclest sensc of ithe term, the
elements under consideration will, in respect of these processes,
constitute different systems at diffcrent iimes. Considered
strictly in itself, then, the partial sysiem docs not persist ;
it gains, however, a cerlain derived pcrmanence from the
constant relations which exist between its elements and those
which, with them, comprise the total system. Thus the Lterm
partial system is justified.

The above statemcnt applies io the general case of the
partial system which is comprised of a random sclection of
elements from the tolal system. More generally, iowever, the
partial system corrcspounds 1o a more or less robust nalural
articulation. That is 1o say, there exists a speeinl set ol more
or less permaneni ! conneclions uniting ceriain clements of
the total sysiem and nol shared by the other elemeuts, ancd
these specially connected clemenls arc treated as o partial
system. For example, in the case ilaken the lides are in
physical contact with the earth and remain so in spite ol
ordinary change of the moon’s position. In the ordinary
thermometer the height ol the mercury column varies with the
outside temperature. At different times, then, and taken
strictly in themselves, these varying columns of mercury must
be considered to form different dynamical systems, having,
for example, different centres of gravity ; although because
of their constant relationship with the exlernal temperature
they may be considered tb be the same changing partial
system of the total thermometer-air complex. Apari, however,
from such permanency the fluid both before and afier the
change of temperature may be considered as comprised of a
certain number of mercury molecules,in the liquid phase.?
The special set of relations, whatever they are, ihat unites

1 See helow for a discussion ol such permanence 1n spite ol processes

making for change.
2 The liquid-vapour equilibrium is here neglecled.
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these molecules, forms a natural articulation in the whole
system air-glass-mercury, and this set of relations is ordinarily
robust enough to persist in spite of changes in the rest of the
system. I, however, ihese latter changes pass a certain limit
this special set of relations no longer persists; the mercury
boils or freezes. Thus in the mercury of a thermometer we
have a partial system that, in addition to the permanence it
gains by relation with the total system, also has, in itself,
a measure of constancy due to its own internal organization.
The same thing is true of the spring of a spring balance. One
may say that regarded in a simplified way as systems in
themselves these complexes are consiant, but they have
aspects t that are variable. By a process of simplification
we may say that the mercury comprises the same number
of molecules before and after a change in teraperature,? and
leave our description at that, 1If, however, we go furiher
wilh ihe description and refer to the height of the column, then
an clement of variability is introdunced.

The evenis occurring in such a partial system may be said
to have iwo sets of delermining conditions. They will be
determined bolh by the special relationships of ihe partial
system, and also by a sel of relalionships which the clements
comprising the latter bear 1o the total system. Such partial
syslems with a more or less permanent organization of their
own are of common occurrence in biological structures,

In general, when any partial system is described in and by
itself certain rclevant factors are being left out of account,
namely those thal spring from the relationship between the
elements of the parlial system and ihe resi of the total system.
By contrast with the constant total system this gives 1o the
partial system a certain capriciousness or variability. The
description of a complex as a partial system is indeterminate
and incomplete, It is, however, often a convenient, and
sometimes indeed the only possible, method of description.
This is the case when the rest of the system is more or less
unknown, but is assumed to exist and to bear a fixed relation
to what is known. Indeed, the variability of the partial
system comes from the fact that we have sacrificed the
invariability of description that comes from taking all the
factors into account, and we have made this sacrifice either

1 Sometimes called parameters.
2 See note, p. 16.
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because we must, or because we wish 1o concentrate attention
on the partial sysiem as such.t Deseription by means of the
concept of partial system is then often a compromise with
ignorance. For it is the assuniption of all science that il we
knew the total conditions then we should be able to show
that the apparently capricious variations ol any given set of
phenomena conform to invariable laws or relations®  Such
is the case, for example, with ihe proverbially inconstant
atmospheric varialions constituling the ‘ weather®, which,
however, we do not nowadays regard as the sport of a
malevolent deity who momentarily creates {resh—and generally
pernicicus—wcather systems, but as ultimately referable to
the invariable conditions governing a sysiem more compre-
hensive than the one we are able directly Lo observe—perhaps,
in the end one including the clectrical changes of the Sun,

This concept of partial system is in practice the necessary
complement ol that of the whole or * frec” system, for il
is in-practice never possible to make a complete deseription
of any concrele thing; there always remains o residnal
variable factor or faclors affccting the state of what is aclually
observed. Tt has been scen thal lhis variability does not,
however, invalidate the description of these aggregates as
systems, for they are complexes of interrelaled clements,
although they are treated as also relaled Lo the oxternal
world. Further, the partial system i i a sense subordinate
to the whole or free system of which il forms part, thongh by its
systemic unity it achieves a certain measure of independence 3
within the whole.

This relationship between the total and t{he partial
mechanical system is analysed by Ilertz (x8gg) for certain
cases. Hertz defines a connection of a (mechanical) system
as normal when it is independent of the time, A malerial
system subject to mo other than internal and normal con-
nections is called a free system. If the connections of a

1 When the fotal conditions are known, the partial sysiem is what

Vaihinger calls a ficion. We think of the earth-lide sysiem [or the
moment as if it were isolated,

I do not feel that we can as yel deal with the principle of In-
determinacy 1 this coniext.

8 It has been seen that this may be an ideal independonce only, as

when half a rod is regarded as a partial system, the half implying, as
Aristotle said, the whole.
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system are dillerent at iwo different times, then “{or the
present we must consider that we arc dealing wilh iwo different
systems ” (p. 8o, seclion 120), the words ** for the present "
rcferring 1o his first book where only Irec systems are con-
sidered. ““ Every unfrec sysiem we conceive to be a portion
of a more exiended [ree system. . . . Il we wish to emphasize
this relation we shall denote the unfree system as a partial
system, and the free system of which it forms a part as the
complete system " (section 429, book two). “ When a part
of a free system is considered an unfree system it is assumed
1hat the rest of the system is more or less unknown. . . . This
deficiency of knowledge must in some way be met by special
data.” Hertz then analyses two cases, the first, perhaps of
the more general intercst, being that of the guided system,
which undergoes motions that are performed “ while the other
masses perform a determinate and prescribed motion.” He
shows that the ‘ equations of condition of a guided system
conlain in general the lime,” thal is {o say, again, cannot
be expressed in such a form tihat they arc the same al all
times. Such variation, in the case of a [ree syslem, would
make il necessary ior us to ‘consider that we arc dealing
with two dilfereni sysiems.” As rclated to the more inclusive
system, of which cerlain facls only are known, a parlial
system here gains a continued idenfity, which il would lack
if it were not so related. Thus it may be said that such a
mechanical system is allowed more variation than can be
accorded to a free or complete system. Although Hertz
confines his treatment to mechanical systems, the logic of the
discussion is the same whatever kind of sysiem is being
considered. What he gives appears to be a special analysis,
in special mechanical terms, and with special mechanical
assumptions.

Much the same gencral point is also raised by Bosanquet
(x920) in his masterly little treatise entitled Implication and
Linear Inference. For Bosanquet inference, that is to say,
the extension of knowledge, is effected by the exhibition of the
implications of a system. If we fully understand the system
we are forced to certain conclusions, to deny which would be
to deny the whole of knowledge. Some of the facts are
directly observed as data, others are “ arrived al primarily
as conclusions or inferences from the syslem. . . . As data,
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vouched for, that is to say, simply by cvidence, they can
possess neither full meaning nor full cettainty, For, for all
the cvidence can tell us, they may be so today and not
tomorrow.” When, however, they are shown in lheir full
systemic relation, they lose this uncertainty. Now this scems
to be very much the same argument as that of Hertz, though
it is expressed in general rather than mechanical teims.
Hertz' partial mechanical systems are assumed lo belong to
more extended frec systems, which ave, however, not com-
pletely known. The special case of the gunided system assumes,
however, a certain specific knowledge of the changes taking
place in the unknown parts. The reason why these partial
systems are considered at all is that they are given by
observation, while the rest of the total system to which they
belong is incompletely given. Consequently, because they
cannot be exhibiled in their full systemic connections, the
partial systems *“ possess neither [ull meaning nor [ull cerlainty.
For all the evidence can tell us, they may be so today and
nol tomorrow.” They may vary from 1ime to iime, or in
Hertz' language, “ their equalions of condition contain in
general the time.,” This agreemoent between the logictn and
the mathematician, cach ol thiem, it may De mentioned, an
iconoclast in his own field, seems Lo provide an excellent
lustration of the fundamental interrelation of logic and
science. The reader is referred Lo the original passage in
Bosanquet, where the point is illusirated most excellenily by
an account of Harvey's discovery of the circulation of the
blood.?

Euery System strictly speaking a Partial Sysiem.—It may now
be seen that full description would make cvery malterial
system strictly speaking a partial system, except the universe
itself, the ‘“ system of the physical world "’ (Stebbing). It
is equally true of dynamical and of geometrical analysis that
it applies only by abstraction and simplification to the data
of experience. Only by abstraction can we speak of a pendulum
without the earth, of the earth without other gravitational
bodies, and so on. ‘‘ There is not in nature,” says Poincaré
(1913, p. 102), “any system perfecily isolated, perfectly
removed from all external action; but there are syslems
almost isolated.” So that it is now possible to give a fuller

1 I am mdebted for this reference to Professor Reid MacCallum of
the University of Toronto.
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meaning to ithe statemeni that it is only by abstraction that
we can consider any complex as a pariial system., For the
same statement applies to all systems of experience, whether
[or the specific purpose ol the moment they are considered to
be partial or fiee.

The Property of Constancy.—It has been scen ihat a system
must exhibil some sort of constancy in order that it may be
recognizable as a system from instant to instant. In the
systems previously considered, which are the products of a
high degree of abstraction and simplification, such constancy
is ultimately * given by the assumption of the persistence in
the system of identical material elements and relations. In
the older physics a fundamental permanent in change was
given by two posiulates which seemed empirically justified,
namely those of the conservation of mass and energy—
propositions which, it is worth noting, applicd to the system
as a whole. While the newer physics has apparently shaken
these laws at least in the form in which they were originally
expressed, yet it has incvitably provided a substitute {0 ensure
the necessary constancy. ‘* The suggestion is thal in almost
any conceivable world something will be conscrved. Mathe-
malics gives us the means of consirucling a variety of
mathematical expressions having this property of conserva-
tion ” (Bertrand Russell, 1930). But there are, however, 1o
be found in inorganic nature cases of a somewhat less tran-
scendental conslancy, cases where the interrelations of a
system are such that a ihreatened change in some particular
respect is followed aulomatically by compensatory changes
tending 1o keep constant the threatened factor. Let us first
take such a simple mechanical system as the common gravita-
tional pendulum. If physical force is applied to any part
of the pendulum, provided that a cerlain limit is not exceeded
the pendulum is not disrupted. This is due to the fact that
intermolecular forces in ihe material of which the pendulum
is composed offer a compensatory resistance when the external
force is applied. Were the pendulum rod of sand, or of charred
thread, it might hold together for a moment but the limit of
resistance would be much smaller. Were the relations of its
particles those of a gas, ihere could be no pendulum save
perhaps of an astronomical nature. The existence of the
pendulum system depends upon the mutual relations of the

¥ am unacquainted with the theory of the “ dissipative system ",
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particles composing it, and in this elementary respeet, namely
ihat of oftering a resistance to extemnal change, i has been
seen that any solid body may be considered as a system,
But the pendulum is eapable of maintaimng another constant,
namely a vertical position with telerenee to the smface of
the earth, If the bob is stiuck, it settles down again afler
a serics of oscillations with the thread in the same position
as before the blow. The palicles composing the system, the
“ elements " of the complex, are so organized Lhat the veitical
position is, in a constant gravitational field, 1estored after
external disturbance. Many similar examples could be given.
The pendulum is a dynamical system. We consider it as
obeying the laws of mechanics, as responding with movements
of the whole complex 1o external disturbance of a mechanical
nature and as being brought to 1est by frictional agencics,
which may be treated mechanically. Let us now {ake what is
known as a statistical system, which is one the clements of
which cannot be treated individually but only collectively.
Such are the chemical systems, wheie (he inferpelations of
the elements are considered to be of a chemical nature, and
where the chemical reaction iv comsidered as a whole, apad
from whai may be called the chemical fate of any hndividual
molecule or atom. FHere it will be noliced thad the whole
propetiy of the gystem is exhibited par exeellence, 1t iy iivleed
only because the chemical reaction can be treated as a whole
that we are able to describe it al all, This iy excellently
illustrated by what are called the reversible chemical reactions,
For example, when it is healed {o a high {emperature phos-
phorus pentachloride splits up into the irichloride and chlorine,
At the same temperature ihe laiter iwo subsiances also
combine to form the pentachloride. At any given bhigh
temperature, there is a certain percentage of the pentachloride
left undissociated at any moment. At 200° 51°5 per cont
of the pentachloride is left, the remainder having split up.
At 250° these proportions are 20 per cent and 8o per cent,
and so on. But this does not mean that at these {emperatures
515 per cent of the pentachloride molecules are permanently
united. The whole system is in a state of flux ; at any moment,
for example, an individual atom of chlorine may be free,
while at the next moment it may form part of a pentachloride
molecule. But at any given temperature itherc are always
in the aggregate approximately so many trichloride molecules
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and so on. Thus a specific number of such molecules at a
given temperature will exhibit a constancy which essentially
involves change ol individual clements, but which is never-
theless none the less real. Let us say that such a chemical
gystem is, in an clementary way, so organized that there will
always be present in the average a certain specific number of
peniachloride molecules. This conserved group will be com-
posed ~f different molecules from time to time ; but there will
always be present such a group, as long as the system persists,
And of course under the highly idealized conditions assumed,
where the temperature, pressure, number of molecules and so
on are considered as constant, the system is immortal.

Such ideal conditions are, of course, not realized in practice.
In practice there always occurs in the surroundings some
change with reference to which such a sysiem is always in
reality a partial system. It is interesting to observe what
happens when such a change does occur. Such a reversible
chemical sysiem obeys what is called the Le Chatelier-Braun
rule, which is thus stated, “ I[ a change occurs in one of the
factors detarmining a condition of equilibrium, the equilibrium
shifts in such a way as lo iend to anuul the effect of the
change " 1 (Edgar, 1924, p. 307). A different cxample will be
given. If water vapour is heated 10 a high temperature,
decomposition takes place into the constituent gases, hydrogen
and oxygen. Buti al such temperatures the reaction is revers-
ible, these two gases combining to form water vapour. At
any particular temperature the two opposing processes will
come to a position of equilibrium, so that there is always
a certain proporiion of the molecules combined as water
molecules, and a certain proportion existing as free molecules
of hydrogen and oxygen, as in the case of reversible action
already considered. If the temperature of the system changes,
then this equilibrium is disturbed and a fresh one is taken up.
Le Chatelicr’s theory states that when such a change of
temperature iakes place the sysiem, in passing from one
state of equilibrium to the other, gives out heat if the tem-
perature is lowered, and absorbs heat if it is raised. Thus
its action is in this respect compensatory for the disturbance

1 There are cerlamn restrictions to this statement. The factois aie
three in number, viz, heat, electrical or mechanical energy. The
equilibrlum must be stable. See Lotka, A, J., 1925, chapter on Le
Chatelier's Rule.
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of the cquilibrium. The system appears to “ resist >’ change.
Similarly for the pressure and clectrical conditions.  Many
other examples could be given; the rule is, with certain
restrictions, universally valid, and it may be deduced from the
laws of ithermodynamics.

Here we seem to have, so io speak, u superstructure built
upon the fundamenial principles of physical science. The
laws of thermodynamics are of course of absolutely general
validity. They apply to matter and encrgy, however these
may be naturally or artificially distributed. But given certain
additional conditions of organization and state, then these
laws may operale in such a way that they tend {o produce an
additional result, in this case a new  conservation ” effect,
which is not that of mass or energy but of the temperature of
an aggregate of molecules. It is important here to realize
that it is, again, only by a process of mental absiraction and
simplification that we are able to obtain a complex which
obeys Le Chatelier’s rule in its clear-cut theoretical form.  For
this is an ideal result, depending upon conditions which are
in practice never realized. Ideally we are able to keep all
other factors of the equilibrium constant. Iractically we are
never able to do so with absoluie exactness. In nalure, one
would suspect that even rough obedience o the rule is
excessively rare. In the Iaboratory, it is possible to oblain an
aggregate that will furnish a very close approximation,

Here, then, is a system in a chemical equilibrium, or conatant
state, which involves momentary change ol individual mole-
cules but in which are preserved the number of the molecules
of certain specific kinds. When external conditions alter,
this constant state is disturbed to be replaced by a new one,
the transilion having {o a certain extent the result of com-
pensating for the direct alteration which would otherwise be
brought about by the external change. Change of chemical
equilibrium tends to compensate for a change of temperature
and so on. It may be said that the chemical complex tends
to maintain a constant pattern or structure of an elemenlary
kind, a pattern in which different individual molecules may
be involved from time to time, but which, nevertheless, tends
to preserve its constancy as a pattern.

Such constancy of pattern with individually changing
elements, and ultimately perhaps depending on the same
principles, is seen still more strikingly in what are called the
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buffer solulions, which have been used so extensively by
biologists for the last filteen years. A buffer solution is one
which tends automatically to stabilize ils acidity or alkalinity.
This means that in any given solution the concentration of
hydrogen ions and of hydioxyl ! ions is maintained constant.
As an example may be taken an experiment of Henderson's
quoted by Bayliss. The reader may be reminded that carbon
dioxide functions as a weak acid. ‘ We take a solulion of
1 kg. of sodium bicarbonate in roo litres of water and allow it
to attain equilibrium with an unlimited atmosphere containing
one gramme of carbon dioxide per litre. Let hydrochloric
acid be added in small portions at a time, constaatly shaking
the solution so that there shall always be equilibrium with the
carbon dioxide in the gas phase.” . . . When this is done a
characteristic Lthing happens. The hydrochloric acid reacts
with the sodium bicarbonate, with the formation of sodium
chloride and the liberation of carbon dioxide. This cannot
be relained in the solulion, for the carbon dioxide there is
alrcady in equilibrium with that in the * almosphere *. Conse-
quently the newly liberated carbon dioxide escapes from the
liquid, and the acidily remains what il was before, the only
clfect being a diminished concentralion of the alkaline salt.
When, howcever, all the bicarbonate is neotralized, this
“hufler” elfecl ceases Lo operate. At this stage the addition of
iwo grammes of hydrochloric acid ** causes nearly as much rise
in acidity as the previous 318 grammes had done, or about two
hundred Limes Lhe rise caused by a hundred times the amount at
the first stage of the experiment 2 (Bayliss, 1924, pp. 200, 20T).

Using ihe same metaphor as before, here is a chemical
system which maintains the same elemeniary pattern, namely,
the concentration of hydrogen and hydroxyl ioms. The
solution system is partial to thal comprising both il and the
atmosphere ol carbon dioxide, while Lhis large system is again
strictly partial to one containing the acid also. Considering
the system comprising the solution and the atmosphere it
may be said to be so constituted that by means of compensatory
systemic changes a cerlain constancy is prescrved in spite of
change of conditions such as would, without special organiza-

1 Chemically, HO 1ons,

2 By postulating an unlimiled atmasphere for *‘ ventilation " Bayliss
here obtained a greater degres of constancy than would be the case
were buffer action alone operative.
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tion, greatly aller conditions. In respect of alkalinity or
acidily the sysiemn is, within limits, relatively sell-preserving.

Many otlher examples of buffer solutions conld be given.t
Thus a solution coniaining proper propomtiions of the two
phosphates of sodium, the mono- and the di-sodium phosphates,
“ will vary very little from neutrality even with considerable
excess of the acid or alkaline component.” A solution con-
{aining protein will acl in the same way, and so on. All such
solutions illustrate the fact that special organization may give
a chemical system the special property of, so to speak,
automatically opposing compensatory changes to a threatcned
change of alkalinity or acidity.

Thus buffer solutions and other reversible chemical reactions,
with such mechanical systems as the pendulum, illustrate Lhe
presence in inorganic nature of complexes with what may be
called the tendency towards conservatiion, such tendency being
given in each case by special organization and acting of course
in accordance with the principles of physical science. The
compensation may be only partially “successful”,  This is
true both of the Le Chatelicr and of the buffer systems, though
in the latter the curve describing whal happens is remarkably
flat in the middle. In each of these cases special organization
brings about the persistence of a patlern into which ditferent
individual clements may enter.

It is imporiant io realize the difference belween such
complexes and ihe closed or Irec system. Iiach is a complex
of elements connected by special interrelationships. Each
is the product of a certain simplification and absiraction,
Each exhibits a certain constancy. But the constancy is in
reality a very different thing in the two cases. The one is
constant because the conditions have by abstraction been
made such that there is no reason why it should change.
Every perturbatory agent in the mechanically free system,
every source of increased or diminished cnergy and matter in
the closed system has been excluded. If observation shows
thal a given complex cannot pass this test, then the complex
under consideration is either extended until a free or closed
system is attained, or the data are conceptually simplified, as
?vhen we imagine what would take place were there a ficlitiously
impervious envelope round the aggregate in question. Thus
the free or closed system is constant because, under the

! See chapter VI of Clark, 1925.
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postulales of physical science, there is, ex hypothesi, no reason
why it should not be constant. Under the same postulates,
however, there is al first sight every reason why such a complex
as a bulfer solution should change. In certain respects it does
in fact change. The dilution alters. The number of molecules
in it allers. Since these parlicular alterations depend on the
amount af liquid introduced from outside, no underlying
constant principle can be found for them within the partial
complex, as such. From the point of view of the complex in
question they may be said to depend on external caprice, to
be contingent. And yet special organization brings about in
the complex a certain constancy of its own. Such a’complex
provides in fact an excellent example of a partial system with
its own organization {or constancy.

Two distinct systemic aspects must be considered. As part
of a more compreliensive system such a complex is a partial
system, and when considered in certain aspects per se, apart
from its relations {o the rest of (he system, it is variable or
conlingent ; though ils relationship with the rest of the
sysiem gives it coutinued identily as a system.! On the other
hand, as possessed of its own internal organization for a
conslant pattern it exhibits its own inherent constancy. The
difference between such constancy and that of the closed
system 1s the difference bolween the hypothetical body of
Newton's law and an automobile. Under the action of no
{orces the former continues at rest or in uniform rectilinear
motion, while the aulomobile, in spile of definite frictional
forces tending to bring it to rest, aclually does continue to
move, owing Lo its special organization for the transformation
ofenergy. Such organizations as the buffer system which tend
to be constani but which, at the same time, are related to a
capricious environment are of great importance in the theory
of the biological system. In fact the buffer systems lore-
shadow at a distance the biological systems, which will later
be seen, all of them, Lo be essentially partial systems, exhibiting
a remarkable constancy ol process-pattern which allows for
inlerchange of material elements with the environment. Of
course it is not surprising to find in the buffer solutions such
a foreshadowing of characteristically biological systemic form ;

1 Much as the sand in one half of an egg boiler may be considered

logically as the same partial system while the sand 1s runmung. It is
** {he sand in the lower half ”, not just a changing heap of sand.
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for the blood of the air-breathing animals actnally exhibils
a most elaborate and surprising variety of buffer reactions,
and iu fact the carbon dioxide system ciled is given by Bayliss
as analogous 1o what goes on in Lhe blood of such animals,
The constancy of the hydrogen ion concentration of the blood
is one of what Cannon (x1g29) calls the 1Tomeostatic or constant
organic factors. Such factors are of very great importance in
the living organism.

The fact that organic constancy has its elementary inorganic
counterpart in such systems as the buffer solution raises a point
which it is well to discuss in this place. Le Chatelier’s theory
is, in its strict form, deducible from the laws, which are of
coursc really postulates, of thermodynamics. Such deduction
implies nothing to the mechanism by which the compensatory
shift of equilibrium is brought about. The point is well made
by Edgar (1924). “ Since the energy changes accompanying
a reversible process are determined in general by the initial
and final states ol the system, the deductions of thermo-
dynamics have the advantage that they are independent of
the mechanism by which the change is brought aboutl, This
of course involves the drawback ihat proof of the mechanism
of the change cannot be derived from ihe final results by
thermodynamic reasoning. In applying lbe principles of
thermodynamics 1o a chemical reaction, therclore, we are
concerned with the relations which exist between the pro-
portions of the reacting subsiances af the equilibrinm condition
and not with the mechanism by which the condition of
equilibrium was attained.” The same point has been made
by many other writers on thermodynamical problems. [t is
of great importance for the understanding of {he relation of
organic functions to the postulates of inorganic science. Three
points are really involved. Special organization may be said
to superimpose special methods of functioning upon the
thermodynamical laws. Secondly, these special phenomena
of the specially organized system are quite consistent with
the thermodynamical postulates, and may indeed be deduced
from them. Thirdly, it has been found possible, by choosing
suitable postulates, to study the properties of a thermo-
dynamical system without full knowledge of all the constituent
elements and relations of the system. Of the metaphysical
principles involved I am not certain, But there seems no
doubt of the facts. When the organism is being considcred
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as a system it will be well Lo bear in mind that the apparent
uniqueness of muny organic phenomena by conirast with
those of the inorganic world does not necessarily mean that
the postulatcs of physical science are being contravened ; but
that it is at least a {enable hypothesis that the special organiza-
tion of such living systems may, in accordance with these
postulates, produce special resulls. In fact this is apparently
the hypothesis tacitly adopled by most modern biological
research. To return to ihe inorganic example: the buffer
system operates in accordance with the laws of thermo-
dynamics; this mecans that the laws of thermodynamics
operate under special conditions of organization to produce
the buffer effect, and that the particular method by which
this cfiect is produced depends upon the specific type of
chemical organization involved. In the same way, under
cerlain conditions, any reversible chemical equilibrium must
shifl in a cerlain direction according to the thermodynamical
postulates. This is Le Chatelier’s rule. By just what chemical
changes this result is elfected will depend on the peculiar
nature of the system in question, and the whole process will
indeed not be fully understood until more is known of the
intimatle nature of ithe atom and its association into molecules.

This has been generalized by Panl Weiss (1925) inlo the
doclrine that it is possible o study the whole properties of
systems in general withoul consideration of the particular
iniernal mechanism involved. In facl, this must be done if
certain problems arc {o be solved. For ihe study of the
chemical system the study of individual atomic relations
would only cause confusion. It is only by the study of the
whole complex of molecules, considered as a whole and taken
in this casc statistically, that certain results can be obtained.
It has been pointed out thai the intricate nature of the changes
involved in chemical reaction is as yet hardly known, and
indeed the science of chemistry was built up at a time when
our ignorance in this respect was even more profound than it
is today. Similarly in investigating the properties of a
pendulum, the individual iniermolecular forces cannot be
taken into account. True it is that the pendulum properties
would be impossible without the particular inter-connections
and resiraintsthat regulate the relations of individual molecules.
But it is the organizaiion of these individual connections as,
and into, a whole that gives the peculiar properties of the
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pendulum. This is true cven though these properties are
exhibited by simplification of the {otal data, The pendulum
propertics were, again, discovered quile independently of any
knowledge of atomic and molecular properties, and indeed,
while we are still very much in the dark as to the nature of
the constitueni elements of the pendulum and the mechanism
of their connection, we have a very exact knowledge of ihe
propertics of the pendulum itself. This is only possible
because we can treat the complexes of atoms that make it
up as units with whole properties, neglecling the internal
mechanism by which these whole properties are attained.
The string or rod is subject Lo a certain " {ension”. TFor the
purpose of the mechanism of the pendulum it is not necessary
to enquirc how the intermolecular forces bring about the
{ension. Conceniration upon thesc forces would literally lose
us the wood for the ireces; it would barier the harmonic
properties of the pendulum for atomic and sub-atomic relations,

The further question is then asked by Weiss,t “Is it in
itself indifferent whatl order of magnitude we employ in our
explanation of the observed conformity tolaw?  Clearly not.,
Description must be in icrms of a unit that aclually exhibits
the phenomena being described, The unil which may he
suitable for one branch of knowledge may nol be suitable
for another. The clock-maker, the siructural engineer, and
the physicist are all dealing with the same primary material,
but they deal with it in different units,

Again, to split up the clock and the bridge into ihe same
material is to lose the characteristic quality of cach, Ii is
true enough that cach consists ultimately of the “ matter ”
with which the physicist deals, bui the organization of the
matter, what Aristotle would call the “ form ”, has in each
case given properties which must entcr into a real description
of the facts. Analysis must not, then, be pushed so far that
it runs past the unit exhibiting the phenomena under in-
vestigation. This point is, of course, made by the Gestall
school of psychology and it forms the basis of much of their
criticisrh of traditional psychological concepts.

In insisting upon the logical necessity of distinguishing the
properties of the system as a whole from the mechanism by
which these properties are brought about, Weiss makes the

1 In a slightly different contexi but with the same ullimate ideas
in mind the point is raised by Cohen-Kysper (1914).
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complemeniary point that similarity of whole properties does
not necessarily imply similarity of mechanism. ‘A drilling
machine is not a drilling machine because this or that
mechanism is running on an iron frame. . . . Someone else
may solve the same problem by another mechanism but both
are constructing drilling machines.” In parlicular it may be
pointed out that what has been called the property of con-
servation may be attained by the use of many mechanisms.
In fact, Weiss makes this property the distinguishing
characteristic of the system, which he defined “a complex
which shows the tendency, upon alterations to its parts, to
remain constant as a whole towards the external world.”
With a slight change of wording this definition may be brought
into line with the one here adopted. The latter has, however,
been preferred in this book, as seeming to arise more im-
mediately from the usage of logic and physical science, while
Weiss’s statement has a more immediate biological application.

11 may now be scen that the existence of complexes main-
taining a (ixed paiiern has a certain relation to what is known
in biology as the principle of the survival of the fittest (Lotka,
1925, chapter on Le Chalelier’s Rule), In general the fact
thal a complex is so organized that it will automatically
compensaie for disturbances of external origin makes for the
persisience of such a complex. Thus a stone ‘‘ survives”,
while an cquivaleni number of gaseous molecules dissipates.
The same ihing is irue of the patierns; relatively speaking,
those patlerns survive which are associated with complexes
tending to maintain them. The greater the disturbance for
which compensation can be made, the more robust may be
said to be the complex or pattern. It is assumed that in a
world considered as a fortustus concursus atomorum all other
faclors are cquated m the {wo cases. In the same way, the
biological principle of the survival of the fittest states thai
those organisms tend to survive which have the traits making
for survival value. In a sense both statements are tautologous.
We say that organism or that pattern will survive which has
survival value, and if the question be asked what is survival
value, the only answer is that it is a characteristic making
for survival. In neither case are we able to state directly
from the principle siself which special organization will be
followed by the conservative result in question. And yet, as
Lotka points out, the principle of natural selection has been
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of the highest value in biology in spite of its inabilily 1o
predict the specific conditions that will have survival value,
In fact, such prophecy would be as impossible as unnecessary,
Just as there are many mechanisms by which the conservation
effect may be produced in a non-living system, so there is no
reason to limit the number of organic traits which may have
survival value, nor to claim that such survival value must
always be produced by the same means. Presumably the
insects and the human race have each survived in such numbers
by entirely different specific means,

Displacemenis of Disturbed Systems—The discussion has led
a considerable distance [rom the system as originally defined,
which persists because both elements and relations remain
identical. There are, however, ccriain problems which can
only be understood in reference io such systems. Consider
such a complex which has heen disturbed by the addition of
energy or material substance. The disturbance has resulied
in a change from the original constant state, and it has been
seen that from a certain point of view il is possible {o say that
a fresh system is really crealed. Now the postulates of physical
science require that afler the disturbance a [resh constant
state will sooner or later be reached il the new complex is
kept in isolation. That is to say, the resulting series of
systemic displacements must be such ihat cquilibriuvm is
again ultimately established. Otherwise will there come into
being some kind of ** perpetual motion *.

It has been seen that such ideal conditions are never
actually experienced. Nevertheless, the return to equilibrium
is exhibited in many systems of everyday experience. A
swinging pendulum goes on for ever in an eternal dynamical
equilibrium, if it is isolated and if there is no friction. If
there is friction, and friction there always is, it comes to rest,
provided that no energy is transmitted to it after the first
impulse. In the same way all other mechanical systems
actually do come to a position of equilibrinm unless energy
is perpetually supplied to them. In other systems similar
agencies produce the same result.

Consider such a complex as a pendulum after a disturbance,
Movement takes place at any moment because the forces
acting on the pendulum are not balanced; the pendulum
continues to move until these forces are evenly balanced, that
is to say, until there is no reason why movement should take
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place in one direction rather than another. The state of rest
is one where “ naught occurs, for nothing can occur.” * Every
state of displacement is nearer to this position than the last.
The final state is then a limiting position, to which preceding
states may be thought of as approximating. In mathematical
analysis such a limiting position is described, for convenience
only (Petzoldt, 1890) by saying that here certain mathe-
matical functions have a maximum or minimum value. “So
much and so much only occurs as in virtue of the forces and
circumstances involved can occur.” And again, ** Often the
phenomena of nature exhibit maximal or minimal properties
because when these . . . have been established the causes of
all further alteration are removed ”’ (Mach, 1893, p. 460). If
now the system exhibits what has been called the property
of constancy, the disturbance gives rise to a series of transi-
tional states which tend towards the rc-establishment of the
state that is conserved. In the case ol the pendulum this is
the vertical position ; with the buffer solution it is the constant
state of acidity, and so on. So that the position of equilibrium
is really a special or limiting case, the equilibrium being capable
of being expressed mathematically in maximal or minimal
terms,? These are the stationary and quasi-stationary states
which Kohler and the other Gestalt psychologists treat.
Chemical and physical science, of course, often find it convenient
to consider systems in equilibrium because these are obviously
of more frequent occurrence, every system coming, under the
constant conditions postulated in such science, into a position
of equilibrium.

It will be noticed that in the above discussion a new principle
has emerged, namely that when the series of displacements
is injtiated the final state is, in a certain way, implied in all
the preceding states, Mathematically it is said that the
preceding states are successive approximations to the final
or limiting state, which, as we have seen, is like all the
others, predetermined. Thus Lachelier speaks of “ the unity
of the system which causes several movements to converge

1 * Nichts geschieht, weil nichts geschehen kann,” quoted by Weiss.
2 It will be realized that in a partial, that s, an open system, where
the surrounding conditions are indeterminate, the maximal or minimal
expression does not immediately apply. It has been postulated that,
after the disturbance, surrounding conditions are constant, at least for
a specified time,
C
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towards a common end ” (1924, p. 74). If now the system is
such that, after various disturbances of different degrees, the
original position of equilibrium is fully restored, then, whatever
the series of displacements, the same final result is reached.
In the case of the pendulum,? for example, however the bob
is struck within limits dictated by the intra-systemic forces—
here the ** strength *’ of the string—the same vertical position
is finally reached. We can, then, say that the final position
is in a certain sense independent of the details of the preceding
transitional positions; when we see the pendulum moving
we know that motion will continue until the vertical state of
rest is attained, no matter what the intervening movements
may be, This consideration will later be seen to have important
consequences. )

An cquilibrium such that it tends, when disturbed, to be
re-established is called *“ stable " by contrast with the so-called
meta- or un-stable equilibria. These latter may be so organized
that the net chemijcal or other changes taking place when
equilibrium is disturbed have other than what we have
described as a conservative direction. Thus (Benedicks, 1922)
changes may be initiated which, instead of tending to bring
the equilibrium back to the original position, would result in
transformations progressively farther removed from the
original state, until equilibrium was indeed reached, but one
which was far from conserving the original factor which had
been disturbed. A similar state of affairs may be seen in cases
of unstable mechanical equilibrium. A cube may be balanced
for a moment on one of its points, but the slightest disturbance
will be followed by changes which progressively remove it
from the original position, until finally a fresh equilibrium is
reached, which is generally stable. A chemical example would
be combustion,

The System and the Gestalt~~Thus it is possible to consider
the system under either of two headings. We may discuss its
properties when it is in equilibrium and undisturbed by any
change of the factors conditioning such equilibrium, or we
may discuss it during the transitional states between one
position of equilibrium and another. The first set of problems

! Benedicks malkes the Le Chatelier princtple the criterion of a stable
equilibrium (rg22), thus making Le Chatelier's tule of wider applic-

ability than its propounder originally had in mind. See Humphrey,
1930.
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has been treated by W. Kéhler ! (1920), A detailed account
of Kéhler's analysis is here unnecessary. It may, however,
be said that he apparently succeeds in demonstrating the
existence of physical complexes with the following properties :
They exhibit whole properties, as contrasted with properties
of parts, elements, ‘“ moments”. They are " more than ”’ the
sum of their parts, and are “non-additive”. They are
transferable, ‘ transposable’, Their whole properties are
independent of the particular matter composing them and the
particular quantities involved, as long as the necessary
relations still exist. Kohler takes the example of a charge of
statical electricity on a spherical conductor. This charge will
distribute itself as # whole over the total surface of the con-
ductor. The distribution of ihe whole charge will be affected
by the addition or subtraction of electricity at any point.
Thus, according to Kohler the charge cannot be considered as
the linear or arithmetical sum of geometrical distributions of
statical electricity, but must be regarded as a unit in itself
with properties of its own which is “ more than "’ the sum of
the parts, and is “non-additive””. Further, the spherical
distribution is transferable; it can exist, for example, upon
spheres of different sizes. In the same way, the peculiar
distribution which is appropriate to an ellipsoid conductor
may be reproduced in any scale, provided only that the correct
proportions be preserved. Further, separation of a certain
quantity of electricity brings alteration of the whole distribu-
tion, and so on. Another example given by Kéhler is that
of the drum head, the tension of which is likewise determined
by the whole conditions and which may easily be seen to
conform to the same canons.

Now it is above apparent that certain of the properties
discovered by Kohler in the physical Gestalt belong also in
an elementary way to the system in general. The system is
clearly “ more than ” its parts. Let us return to Butler’s
definition, who, it will be remembered, tells us that the system
is ““a one or whole made up of several parts . .. but yet . .,
the several parts even considered as a whole do not complete
the idea unless in the notion of a whole you include the
relations and respects which those parts have to each other.”
The system is the parts in specific relations. The same point

1 Az Kd8hler considered mainly the statical properties of systems, the
question of stability was immaterial to his mam argument,
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is implied by the dynamical definition. The dynamical system
is a number of particles subject to inter-connections and
restraints, that is to say, it is not a set of particles alone.
Thus the system is non-additive. It cannot be formed by the
linear addition of discrete parts; when the parts are put
together to form the system something more than arithmetic
takes place, for the parts are put into functional relation with
each other (Hertz, op. cit., p. 418). Thus the physical system
consideted in its most general aspect as a complex of inter-
related clements satisficd Kohler’s criteria, and would probably
be considered by this investigator as a “ weak Gestalt ”.2

Should it then be said, as certain authors have said, that
the physical Gestalt and the physical system are synonymous ?
(Oeser, 1930 ; Jaensch and Griinhut, 1929). At least it does
not seem legitimate to conclude that Kohler’s treatment of
the physical Gestalt is therefore of no value, and that his
discussion has succeeded merely in calling attention to certain
platitudes of physical science. Such an opinion misses the
real contribution of the theory of the physical Gestalt, which
is to have applied directly to scientific thought an important
philosophical distinction. This may be seen by considering
a further criterion which K&hler has added to the two given
by von Ehrenfels. A collection of entities, he says, is truly
“ summative  only when the entities are unaltered by being
brought together. Thus the elements forming the Gestalt are
actually altered by their association in the Gestalt. The
Gestalt is then not an Und-Verbindung, an enumerative
combination, but a whole of elements which are what they are
because they are included in this particular complex. Each
element is, so to speak, determined by its place in the whole,
and the removal of any element consequently changes both
it and the other members of the complex. One is reminded
of Aristotle’s statement in the Poefics, * That is no member
of the whole which could be detached without anyone being
the wiser,”

Now this point touches on a problem that has engaged the
attention of philosophers for a generation, namely, that of the

1 Kthler makes cortain restrictions concerning the transposability of
the Gestalt. See Kéhler, 1920, section 20. The two criteria were of
course taken fron. von Ehrenfels, who again says that he took the hint
from Mach. See Stebbing, 1930, pp. 203 ff, for a discussion of systems
havmg a simiar structure.
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internality or externality of relations. The point at issue is
whether, by entering into a relation, a thing is modified in
its essential, internal nature, or whether the relation may be
entirely external to what is related. In the one case, the thing
is fundamentally unaltered by becoming a term in a fresh
relation ; in the other to enter into a relation must bring a
fundamental change to the entities involved.

Now this is not the place for a discussion of this difficult
problem, neither is it necessary for our purpose to take one
side or another, It is only necessary to say that many phi-
losophers of the highest repute hold that all relations are
necessarily internal, and that many hold that some are internal,
some external, while others again, perhaps in a minority, hold
that all are external, But it is now clear that K&hler has
applied to the conception of the mathematico-physical system
the doctrine of the internal relation, holding as he does that
there are at least certain physical systems the elements of
which are fundamentally modified by their membership in the
system, that is to say, by the fact that they have been brought
into relationship with the other members of the complex.
If then one holds that relations are necessarily internal, all
physical syslems must come under Kohler's rubric and the
physical system is then synonymous with the Gestalt. If one
‘holds that some relations are external, others internal, it is
possible to consider that certain physical systems come under
Kohler's heading, namely, those in which the relation between
the elements are internal. One who refuses to admit the
possibility of internal relations must reject the physical
Gestalt altogether. In any case, Kohler has performed a
service of a very high order by this direct application of
philosophical concepts to scientific thought.

This concludes our general account of the concept of system.
It may here be pointed out that the discussion has been
confined mainly to examples taken from the physical sciences,
not because these sciences furnish the only legitimate use of
the term, but because they do furnish the most highly
elaborated instance. That is to say, the system as dealt with
by physical scientists illustrates the application of the concept
of system under the special restrictions and conditions which
bave been found expedient for the description of non-living
matter and its properties. How far the properties of the
system may be generalized it is perhaps impossible to say at
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the present stage of knowledge,! At any rate, no thorough-
going attempt at such complete generalization is attempted
in this volume.

Summing up the discussion it may be said that from the
definition of a system as a complex of elements connected by
special relations there follows the concept of such a system as
logically separable from the outside world, though the two
are in experience inseparable. Such an aggregate will stand
to the individual elements in the whole-part relation, though
the whole is not to be thought of as merely the sum of the
parts. Material aggregates exhibiting the above properties are
treated by physical science under the name of systems. The
fundamental assumptions of physical science imply that when
such an isolated complex has been disturbed there will
ultimately be a return to a constant state unless work has
meanwhile been done on the system from an outside source.
When this occurs certain mathematical functions have a
limiting value. A system may be so organized that such
disturbance is followed by displacements tending to reinstate
some special feature of the original state. This has been
termed the property of conservation.

The living organism will next be considered as an example
of such a complex, exhibiting the same fundamental, whole-
part property, and there will be noted various similarities and
dissimilarities to the types of complex already considered.
This will form the general topic of the next chapter.

Nole—~Other definitions have been given of the term system.
Eisler’s Worlerbuch der Philosophischen Begriffe, Art. ' System, has
*ein ganzheitlicher Zusammenhang von Dinger, Vorgingen, Teilen,
wobei die Bedeutung jedes Teiles vom {iber-geordneten, iiber-summa-
tiven Ganzen her bestimmt ist.”” This may be seen to accord with the
ideas of the *' Gestalt * school ; the tender points in the definition are
perhaps the words ' Bedeutung” and ‘‘uber-geordneten’’, Again,
according to Paul Weiss, ** als System wollen wir mithin jeden Komplex
definleren, welcher das Bestreben zeigt, bei Anderungen an ssinen
Tetlen, als Ganzes nach aussen hin konstant zu blejben™ (1925).
That is, the * survival power ”’ of the complex 1s made its distingushing
mark, Of course, every complex must have survival power to a certain
degree or it would instantaneously and totally change, and thus not be
treatable as a complex. I feel, however, that the whole-part property
iz perbaps more fundamental, and that the ' survival ” property may
better bo treated separately. Avenarivs, on the other hand, makes the

! Such a generalization has been attempted by Weiss (x925)-
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distinguishing mark of the system dependence of alteration in one
element upon alteration in another element (1go7). This has ultimately
the same implications as the dynamical definition. Infact Hertz (op. e1t.)
first defines a system as a number of malerial pomnts considered simul-
taneously (p. 46}, and later specifically adds the notion of connection.
A connection exists when, from a knowledge of some of the components
of the displacements of those points, we are able to stailc something as to
the remaining components (p. 78}, This defines the dynamical systems,
which are actunally treated, in terms of dependence of alteration of one
part on that of another. Bosanquet accepts Avenarius’ description in
one passage. Lalande's Diclionary defines a system as a system
(H. R. MacCallum). He calls it “ The ensemble of material elements
which reciprocally depend on each other in such a way as to form an
orgamzed whole” (Lalande (1928), Art. " Systéme ”). Miss Stebbing
incidentally defines a system as a complex of interrclated clements.
“ A set of related things which may be regarded as a system ”* (1930).



CHAPTER III
THE VITAL SYSTEM

t To natural effects of the same kind we must ag far as possible assign
the same nalural causes, 2.g. to respiration in plants and animals, to
the descent of stones in Europe and America, to the light of our kitchen
fire and of the sun, to tho reflection of light on the earth and on the
planets’” (Newton, Regulae Philosophands.)

* Whatever future investigation may teach us concerning the par-
tienlar physical and chemical conditions concerned in the development
of the organism, its similaxity in many respects to non-hving dynamic
systems i, I believe, highly significant.”” (Child.)

Tue use of the term system to describe living creatures is
old and widespread. Apparently the first instance is to be
found in the Greek rhetorician Dionysius of Halicarnassus,
who speaks, about 30 B.C,, of “ the whole system of the body '
(Liddell and Scott, 1873). In 1429 Bishop Butler (Murray,
1920) uses the phrase ‘‘ the body is a system ”’. In the early
nineteenth century the term was employed by Cuvier (1831)
and also by the French anatomist, Vicq d'Azyr (180s).
Classical examples of a somewhat later date are the works
of Lotze (1885) and Avenarius (190y), each of which writers
makes extensive use of the concept of the inter-connected
gystem fo describe organic phenomena. Among more modern
writers are Lotka, who refers continually to “ living systems ”,
Rignano (1923), who states that “ every organism 1s a physio-
logical system in a stationary condition,” and Bayliss (1923),
who tells us that “the cells of these beings ™ (i.e. living
orgenisms) *“are heterogeneous systems.” The same author
refers to the ameeba as a system. Verworn speaks of * vital
systems " (x913), Pavlov (1927), of a  definitely circumscribed,
material system.” Child uses a similar terminology (rg24,
passim), Cohen-Kysper devoted a book to the consideration
of the organism as a living system. The later examples are
taken almost at random from the great mass of Hterature in
which the term has been used. Its implication is, of course,
often vague, and this is more especially true of the earlier

40
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instances; but the term is today used by authors of too
high a standing for it to be dismissed as a pious metaphor or
as one surreptitiously introduced in order to bring the flavour
of exactitude to a subject hitherto regarded as essentially
incapable of precise treatment. On the contrary, it will
appear in the sequel that, when used with discretion, the
concept is one of real descriptive value both for biclogical and
for psychological thought.

Bearing in mind then the discussion of the last chapter, the
organism may be said to behave as an inirvicate system of material
processes, tending actively to mainiain a complex paitern under
constantly changing conditions. The system is part of a more
snclusive one comprising both the organism and iis “ environment”,
and s thus a pariial system with a specific organization of iis
own. The constitutive relations of the sysiem may be described
as biological, without, however, smplying that there are snvolved
processes unique to the organic world. In what are known as
She higher forms* of life this mainienance of patiern is effected
by means of a complex hierarchy of partial or sub-systems, which
may or may not be themselves divecily related o the environment.
The biological system differs from the majority of those hitherio
considered i that it may be composed of different material
particles at different lmes, the lotal patiern, however, being
independent of such varigtion ; of such maintenance of inde-
pendent pattern we have, however, seen certain primitive
examples in the inorganic world. The organism is at any
moment the palierned paris, and becasse the pattern continuously
exisis, though st may be modified, we speak of the same organism
and the same biological system at different times. When in this
book and in the authors cited the language used necessarily
implies that we have to do with the same animal throughout
a lifetime, the reservation is implicit that the sameness is one
of patterned, not of identical constituents, It is the same
organism today and tomorrow, just as ““ Father Tiber " was
the same river before and after Horatius took his famous
plunge.? Indeed, one of the most striking charactenshcs of

1 And to a certain extent in all forms.

? This logical pracedure here invalved is of course not confined to
the organic sphere. 1f we do not adopt it, Kratylus pointed out that
we must say not only that we do not go into the same river twice, but
that we do not go into the same river once. Unless we allow such

identity with change of material substance we cannot speak of a river
at all,
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the organism, considered, as a system, lies precisely in this,
that, although it is essentially partial to' the environment,
with which it continuously interchanges matter and energy,
yet it does tend at any one moment in its existence and under
“normal *’ conditions to maintain an identity which is more
than the logical identity of the partidl system, and which is
again not static and unchanging but dynamic and progressive.
In this respecct it may be compared with the chemical
systems obeying the Le Chatelier rule, and the buffer solutions
considered in the last chapter, which shift their equilibrium
while at the same time tending to maintain conditions as they
were before the change. Like any other partial system the
organism alters with alterations in surrounding conditions,
Its distinguishing feature is found in the fact that in it stability
is approximated by a highly efficient mechanism, which is
itself subject to development and modification.

Before dealing in detail with the questions raised by these
statements, there may be repeated a caution which has already
been given. In thus describing the organism as a system with
a highly intricate maintenance-property no attempt at final
description ar explanation is being made. The particles com-
posing the living system are so organized that they tend
towards a certain conservation. It is not claimed that such
a statement, even though it were elaborated, would fully
exhaust the properties of the organism. Such a supposition
would be wholly misleading. We do not presume to final
description any more than does the chemist when he calls
a certain aggregate of material particles calcium carbonate,
or the geometer when he says that the bees’ cell is hexagonal.
Like the description of these and all other scientists, our
account will involve simplification and a certain amount of
abstraction ; like theirs it will, nevertheless, we may hope,
prove serviceable.

The Organism as a Unity—1It is scarcely necessary to point
out, to begin with, that the organism and its component
members stand to each other in the whole-part relation.
These members are themselves organized out of the ultimate
chemical substances of which the living creature is composed ;
but by the parts of the organism we usnally mean the organized
members, although strictly speaking any constituent molecule,
of course, forms part of the total system. It has been seen
that such interrelation of parts constitules a unity. *It
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is”, says Claude Bernard, " the subordination of the parts
to the whole which makes of the complex creature a con-
nected system, a whole, an individual,”” ! or in the words of
a later authority, “ The living creature is fundamentally a
unity. . . . It is as a whole, a single unity, that the animal,
as for that matter the plant, has finally and essentially to be
envisaged.” 2 Perhaps nowhere indeed is the relation of part
to whole better realized than in a living organism—living, for
at death the essential unity is destroyed. As Aristotle
picturesquely remarked, a dead finger is a finger only in
name. The relation of the living creature to ils bodily
structures is the whole-part relation par excellence, This
wholeness of the organism, its ““ unity ", has been recognized
by the coinage of the term * individual”, which is used to
designate a single organism, but which etymologically implies
indivisibility, Physiologically, the point has been claborated
by Sherrington (19x1) who exhibits the neural mechanism by
which the unity is achieved, and again by writers of the
‘ organismic "’ school, such as Ritter, in his book, The Unity
of the Organism (191g). The wholeness is possible because the
organism is structured, so that it consists of inter-connected
elements, the maintenance of the integrity of higher organisms
being the elementary function of the nervous system (Coghill,
1929, P. 90).

Organic wholeness is excellently illustrated by certain
embryological studies that have lately been made. Coghill, for
example, has made a detailed investigation of the embryonic
water-lizard with the object of correlating the development
of its behaviour with that of its nervous system. He found
(p. 36) that ‘‘ the behaviour pattern”, as was perhaps to be
expected, * develops in a regular order . . . which is consistent
with the order of development of the nervous system and
its parts ", and that “ Behaviour develops from the beginning
through the progressive expansion of a perfectly integrated
total pattern and the individvation within it of partial
patterns, which acquire various degrees of discreteness.”
There is, according to Coghill, even perfect integration before
the animal has a nervous system at all. This effect is, he says,
accomplished by means of physiological gradients, or axes of
gradually increasing physiological activity within the organism,
These, he claims, it is reasonable to regard as *' expressions

1 1878, p. 363. 2 Sir Charles Sherrington (1922).
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of the integrating forces of the organism as a whole.”” Similar
gradients, he thinks, determine also the track which the
growing nerve cell follows, the new structure thus determined
interrelating still more intimately the elements of the system
as a whole. Thus a relatively primitive unity determines, by
pracesses which are the expression of its “ oneness ’, develop-
ment in the direction of a still higher unification. The whole
growth of the organism follows the same rule: the part is
a part in relation to the whole, so that in the growing creature
at every stage we have not an arithmetical sum of anatomical
members but an interrelated unity. Coghill further calls
attention to the work of Magnus (x925) as stressing the
solidarity of the whole reflex pattern by which the individual
reflex is subordinate to the total unity of behaviour. Thus
from its very inception as a fertilized ovum and throughout
its development as an embryo this elementary organism
exhibits the wholeness property characteristic of all living
creatures.?

Closely connected with this “ unity’ or “ wholeness ”, and
equally characteristic, is the organism’s separateness from the
outside world. It has an “inside” and an *‘ outside", the
“ outside "’ consisting, at any time, of all material particles
other than those in the special unifying relations of the
(partial) living system in question. The distinction is recog-
nized in popular thought and in the phrase * organism and
environment ” which has already been used—environment
being the " outside ” of an organism, what has been called
philosophically the ‘““non-I". It should here be remarked
that, because it is exceedingly hard at times to draw the
dividing line between the organism and the environment,
that is to say, between the partial and the rest of the total
system, it does not follow, as is sometimes assumed, that the
distinction therefore does not exist. The relation is such that
the twa terms are in practice inseparable, for it is impossible
to have an organism without an environment ; logically,
however, or better ideally, they are separable. Examples of
a similar relationship are to be found in the length and breadth

1 For a discussion of various theories which stress the organism-as-a-
whole, see Bertalanfiy, 1028, Ch. XI. It is not of course here denied
that‘there may exist in such a complex organism as the human bemg,
velstively independent patterns or “ complexes*, such as, for example,
Lewin postulates. See Lewin, 1931,
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of an area, and in Aristotle’s excellent instance of the concave
and convex side of a curved line.

It has been pointed out Lhat the separateness ol the organism
and the environment is achieved in spite of continual inter-
change of energy and material with the outside world, because
what persists as the organism is, more or less and within
limits, independent of the particularity of the matter involved,

Certain writers have ascribed special properties to the unity
of the organism. Thus it is often said to be “ prior " to its
parts. Kant, for example, claims that *‘ The cause of the
particular mode of the existence of each (organic) part resides
in the whole, while in non-living masses each part contains
this cause within itself,” Similar language is used by Aristotle.
Now it is dangerous to concern oneself with the doctrine of
final causes, which in the past has often been detrimental to
scientific progress. However, with the proper reservations
such statements as the above do express a real fact, which,
nevertheless, does not appear to be confined to the organic
world. It is legitimate to say that the organism is ** prior " to
its parts inasmuch as the parts are determined by the total
pattern.* Enough instances have already been given to make
this clear. Child’s conception of axial gradients is an excellent
example; one may legitimately think of the behaviour of
organic matter as being determined by its place in the gradient.
In the same way, Coghill's work already quoted shows a
“dominant mechanism of integration of the whole
organism,” A similar physiclogical dominance of the whole
may be seen in the process of assimilation of the higher
organisms, Here material is taken into the body, digested,
and transformed into substances whick are available for the
needs of the organism in general. According, however, to the
specific needs of the total structure in different parts, the
immediate biological fate of this available material is different.,
It may become part of a lung cell, a liver cell, or of a muscle.
Whatever be the immediate fate of ingested material, however,
ultimately it is the needs of the total organism that are served.
Thus ingested carbohydrates are split up into single sugars,
which are carried into the blood stream, where they are either
taken directly to the tissues of the body or stored as animal
starch in the liver. In either case they ultimately release

1 This is a biological application of the philosophical doclrine of
internal relations.
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energy for the general purposes of the body by oxidation in
the muscles. Similar transformations are undergone by the
other products of digestion. Transformation of ingested
matter takes place as local exigency dictates, the ultimate
result being, however, perpetuation of the total pattern.
While, therefore, one should beware on the whole of teleological
explanation, yet there does seem a very legitimate sense in
which it may be said that the whole body and its need deter-
mine what happens in the parts, and, in Kant’s phrase, “ the
mode of existence of the parts.” It may be a question of
emphasis only that is involved in the difference between the
teleological and so-called mechanistic descriptions.

Very similar is the statement that the body is “ more than ”
the arithmetical sum of its parts. Like any other system, the
body is its parts in relation to each other. It isnot simply a
juxtaposed aggregate of the ingested food, but it is the ingested
food modified, as we have seen, according to the conditions
of maintenance of the total pattern. The ingested material is
altered when it becomes part of the organism. Thus the
organism satisfies the criteria of the Gestalt school for a
structure as contrasted with a summative aggregate, The
relation of the systems satisfying these criteria to the system
in general has been discussed in the last chapter. Here it is
sufficient to point out that in general biological systems
apparently come under the Gestalt rubric,® and, by the same
foken, that biological relations are as a rule what the
philosophers have termed * internal ”.

The Organism as & Partial System.—It has been insisted
that the organism cannot be considered as a free or total
system. Strictly speaking, it is part of a more inclusive
structure composed of the living system together with its
environment ; for of its very nature it stands in perpetual
and superficially varying relations to the environment. It
is only by a process of abstraction and simplification that
a living body can be separated from the surroundings. Indeed
it is often difficult to determine where organism ends and
environment begins.? Yet such logical separation is justified

1 Compare Matthael (x020, p. 79), Organismen sind Gestalien.

? Haldane (1929, p. 8T ef passim) has insisted upon this fact. He
states " we cannot, even in thought, separate the structure from the . . .
envivonment and its influence, unless we entirely neglect what actual
observation shows us to be( their real characters.” I take 1t that
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because of the fact that the parts of the organism do stand
to each other in a special nexus ol relations in which the
environment does not share. Yet the living system is strictly
bound up with the environment, and in two distinct ways,
which are justifiably distinguished in popular thought. The
organism is essentially capable of stimulation from without,
It also has what are known as ' needs ”, such as food, drink,
and air, which are necessary for its continued existence.
These must periodically be taken up into the organism in
order to conserve its structure and to balance the energy it
continuously expends, and systemic energy is likewise expended
during the process of acquiring them. To some the use of the
term * needs ” will seem to flavour of subjectivism and the
plea of sus gemeris; but while the term has been misused
in the past, and in such a way as to give a deceptive appearance
of finality to certain biological and psychological phenomena,
yet there seems no question that it draws attention to a very
real class of biological phenomena. The two peculiarities of
the living organism, its Irritability and the fact that it has
nutritive and other neecds, together give a sufficient reason
why any treaiment of the organism which considered it as
a closed or isolated system would rest on an artificial
abstraction, and would do viclence to essential biclogical fact.
The organism is not “ isolated ’ from the environment ; it is
continually in stimulus-response relationship with it, and
continually exchanges material and energy with it.

Because of this intimate organic relation it would, as K&hler

Professor Haldane here means, by “ separate in thought”, * treat as
biclogically separable ', not, of course, that the organism and its environ-
ment are logically mdistingnishable. Biologically, one may say, they
are ingeparable, logically they are separable. For when he writes * we
cannot, even in thought, separate the structure from the environment,”
Haldane is of course himself making a logical distinction between the
two terms, Clearly there must be something for the environment to
influence, and which has a measure of real independence of the en-
vironmens® This is the organism. Similarly, when Professor Haldane
says “ we cannot regard the external cnvironment as outside of life,”
(p. 11), he means, I taks it, outside in the sense of ** not involved in the
vital phenomena’’, rather than ‘' spatially cxternal to those particles
of matter which stand in the particular relationship constituting the
organism.” Practically it is, as Professor Haldane pownts out, very
difficult to say where the dividing line lies, just as it is practically very
hatd to say where the middle point of a line is.
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has pointed out, be illegitimate to apply to living processes
such simple dynamical considerations as are appropriate in
treating the isolated physical system, even though such
isolation is as a matter of fact always the product of abstraction,
We cannot, for example, think of the organization of a
(partial) biological system as necessarily giving * direction ”* to
the phenomena occurring within the system, a result which
Kéhler has shown to follow for the simpler and isolated
physical system ! (1929, p. 141). For the equilibrium to
which, according to the postulates of physical science the
isolated mmaterial system necessarily tends may, in a partial
system such as an organism, be disturbed at any moment by
the action of the environment, Thus such a system does not
necessarily come to a state of equilibrium, Kohler takes the
case of a drop of oil in liquid of the same specific gravity.
Under the influence of the total molecular forces such a drop
changes its shape until the spherical form is reached, when
the area in contact with the water is minimal. Thus the
totality of molecular forces gives direction to the changes in
the drop. The drop is, of course, a partial system, and it is
assumed that conditions in the rest of the system, that is to
say, in the surrounding fluid, are constant. Without this
specific and artificial assumption it is not possible to say that
the outcome of the changes in the drop of oil will be a spherical
shape, and in fact, except under elaborate artificial conditions,
such shape will not necessarily be reached even in approxima-
tion. Biological systems, then, being partial systems, do not
necessarily achieve a constant state, and thus do not necessarily
give direction to the processes occurring within them. For
any possible constant state may at any time be disturbed

1 "'We have ”, he says of certain simple 1solated dynamical synamical
systems, ‘ one resulting fores at each pomt at each instant of tume.
All the resultant forces together form one texture of stresses. From
the principles of physics one can deduce, therefore, that for 2he systam as
@ whole the immediate effect of all those forces will have one definite
direction. At each point, the forces will produce changes of movement
or process which, when considered in their totality, bring the system
nearer to the balance of the forces themselves (1929, p. 141). “ If we
consider systems in which inertial effects are eliminated, this principle
is perfectly illustrated. Here the effect of the restraints caused by
the organization of the system is at any moment in the divection of
equilibrium,"”
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either by the intake of matter form the environment, or by
‘* stimulation ",

Further, even supposing that the environmental conditions
were constant, a state of affairs which is never achieved in the
surroundings of any animal, there is no a p7iori reason why,
as a system with its own stores of energy, the organism should
come to a state of equilibrium consistent with the peculiar
relations that make it a biological system. Without special
provision, there is no reason why any hare, once started, should
not run till it dies, This point belongs to a later stage of the
discussion, when it will be made clearer.

Even less justifiable would be the assumption that because
the organism is a system, the events which take place within
the system must therefore tend in the direction of that
preservation of the organic pattern, which alone can bring
the persistence of any form of life. From the fact that the
organism is a system it is not possible to assert that equilibrium
must be re-established in a living creature; nor, specifically,
is it possible to deduce a general direction for organic processes,
nor that particular kind of Direction which alone can be of
biological service,

The Tendency towards Self-Preservation—And yet under
ordinary circumstances the biological system actually does
give “ direction "’ to the processes occurring within it. Indeed,
one of its most remarkable characteristics, and one by which
we sharply distinguish it from most inorganic aggregates, is
the fact that under ordinary circumstances organic processes
do actively tend toward the conservation of the whole patterned
complex, “ Biology must take as its fundamental working
hypothesis the assumption that the organic identity of a living
organism actively maintains itself in the midst of changing
external circumstances ”’ (Haldane, 1922, p. 391).2 From the
lumbering resident of the prehistoric marsh to the most
graceful creature of the air; from the chick making its first
peck to the old man struggling for life on his death-bed, all
living matter shows this tendency to self-preservation—se
suo esse comservave, So fundamental is this notion to our

1 Tn a famous passage Frédericg has enunciated a similar empirical
proposition. ‘° L'gtre vivant est agencé de telle maniére que chaque
influence perturbatrice provoque d'elle méme la mise en activité de
V'appareil compensateur qui doit neutralizer ot reparer le dommage”
(1885, p. XXXV).

D
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popular and scientific conception of life that students of the
biological sciences must be warned against using * teleo-
logical "’ language, language, that is, implying that a part of
the body has this or that “purpose” in furthering the
conservation of the whole organism ; for this is a metaphor
that is dangerous in the hands of a novice, though it may
perhaps legitimately be used by one who recognizes its
implications.! Such language cannot be admitted when it
carries any assumption as to the process by which, in the
course of evolution, the organism acquired this organization,
nor specifically when it implies that the mechanism was
arranged by some foreseeing intelligence. When used to
exhibit the fact that the body is so organized that processes
occurring within it actually do tend in general and in many
surprising details to the conservation of the whole, it is a vivid
and almost indispensable method of description. Such
otganization of intra-organic process for organic conservation
has been recognized in a more extended form by moralists of
many centuries under such terms as “selfishness”, and
from Thrasymachus to Le Dantec ethical doctrines have been
built upon the same principle. The law of self-preservation
is said to be the first law of nature ; it is so physiclogically as
well as behaviouristically. We are not concerned with the
details of how the organism effects this Direction of its actions
towards the conservation of the organic pattern; a full
knowledge of such details would imply a far greater progress
in biology than we have at present reached. Rather must the
principle be accepted as a postulate, the intimate mechanism
of which will, it is hoped, be gradually laid bare as biological
research progresses.

It has been seen that this Direction towards preservation
of the total complex, which must be postulated for all living
substances, is not deducible from the fact that the organism
is a system. Special organization must therefore be postulated
to effect it, All living systems must then be considered to
have such special organization that, in changing environ-
mental and even systemic conditions, compensatory processes
occur leading towards an equilibrium or constant state which
is conservative of the system. If any given complex is endowed

} Ag when Martin speaks of the eliminative tissues, " whose main

business it is to get rid of the waste products of the varlous parts of
the bady "™ (1917, p. 31).
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with such organization, it will in general survive. Such
organization has then biological survival value, this, again,
being emphatically not deducible from the fact that the
organism is a system. It may be pointed out that an aggregate
of material particles forming a living system will survive for
a certain length of time as a material configuration after death
has ensued. Such constancy is, however, only a small part
of biological survival. In the same way it was seen that
stability in a chemical or other inorganic system is not
deducible from the fact that the aggregate in question is a
system, nor from the same fact can we tell whether the
chemical system follows Le Chatelier’s rule,! nor whether it
will function as a buffer solution. In general, such biological
systems as are to be observed actually do exhibit ihe con-
servation tendency to a very high degree, and thus are possessed
of organizations with high biological survival value. Ours is,
after all, an age-old world. It contajns not the brand-new
products of a creation-day but the battle-scarred veterans of
many thousands of years of evolutionary war against environ-
ment and against other living beings. It may then be expected
to contain predominantly those species which are internally
so constituted that the direction of their organic events tends
to the conservation of the individual living system. Such
conservative direction will then be postulatled in what follows,
We cannot, we have seen, explain in every case its mechanism ;
that is the province of physiology. Nor can we explain how
it originated, for that is the province of biology. It appears,
however, to be found wherever life is found: ““We can
characterize protoplasm as a regulated chemical system of
such a kind that disturbance of the normal structure or
composition at once determines constructive and reparative
processes that tend to restore the mormal condition ” (Lillie,
1920). With Haldane, we shall take the property of biological
conservation as a fundamental hypothesis, recognizing that
the postulate cannot be deduced from the fact that the
organism is a system, We shall assume, that is to say, that
the organism is a system of a specific kind, the interrelations
of which are such that, in the presence of factors that would

1 See Lotka (xg25) for an illuminating chapter on Le Chatelier’s law,
and its relation to the principle of the survival of the fittest. Though
closely related, the conceptions of stability and of the *survival of the
fittest  are not synonymous.
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otherwise make for change, compensatory organic processes
are initiated which tend to maintain biological identity.

The Qrganism as Maintaining a Pattern—Now it has been
seen that the continued identity of the organism is independent
of the particularily of the matter composing its parts. What
is maintained is a pattern. Aristotle might say, that organic
constancy is one not of matter but of form. In more modern
times, fundamentally the same thought has been expressed
in chemical terms by another great scientist, Ostwald (1903).
He points out that the organism should be conirasted with
non-organic structures in that, while the latter are for the
most part composed of substances which are chemically stable,
the organism on the other hand is made up of substances in
continual process of change. Yet its chemical composition
remains remarkably constant, the same compounds persisting,
thesce being, however, formed out of a fresh set of chemical
particles. Thus in general the energetic conditions and
chemical constitution of the organism remain approximately
the same, this result being achieved by the utilization of
outside sources of energy, which are transformed by the
organic processes in such a way as to leave a certain amount
of power at the organism’s disposal. From the chemical point
of view the constitution of the organism with its constancy-
in-flux is described as stationary, in contrast to the stable
constitution of most inorganic forms, As a parallel Osiwald
adduces the example of a flame, which remains constant in
spatial and chemical form, while at every moment new particles
enter info its actual composition.* In this constancy of
chemical constitution with change of actual substance we have
an instance of the contrast of form and matter which would
have delighted Aristotle’s heart. The contrast is well seen
in the instance of digestion which has already been given. In
Aristotle’s terminology digestion and assimilation would be
said to give the form of the organic body to the matter coming
into it from without, while in Kant’s terms the cause of the
particular mode of existence of any such piece of externally
introduced matter lies in the whole, for the final [ate of any
particular particle of ingested matter depends upon local
exigencies as determined by the total structure,

Yet organic pattern should not be thought of as constant

* The ** whirlpool ” simile has often been used to illusirate the same
point, ¢ g. by Huxley and Cuvier. See Merz, vol, II, p. 406,
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throughout the individual's lifetime. At no period in the life
of any living creature can we say: organization and the
patterned parts it produces are exactly as they were last
week, the day before yesterday or the hour before last. The
elementary facts of growth, maturity, and senesccnce show
a gradual alteration of bodily organization; the pattern at
any moment is an incident in a life cycle which is under normal
conditions and in its general features approximately the same
from individual to individuval. This variability of pattern
is stressed by Child. “ It is”, he says, “ at least a pertinent
question whether the condition of a living organism is ever
the same after the action upon it of an external factor as it
was before . . . the reaclions to external factors very com-
monly consist in more or less permanent alteralion of the
organism in some way rather than in a return to the pre-
existing condition.”” Child prefers to think of the living
organism as undergoing a succession of different equilibria,
each equilibrium slightly modifying the pattern. It is a
valuable contribution to have poinied out that organic, like
many cases of inorganic, equilibrium may constantly change
its level. This change may come with relative suddenness, as
in the case of transportation to high altitudes, when the
alkalinity of the blood is modified, or by continued stimulation,
as appears to happen in the case of ordinary development
and senescence. The changing aspect of organic pattern is
especially important when considering such problems of form
as those examined by Child, the development of the individual
being here seen as a series of modifications of pattern. It
must not, however, be allowed to blind us to the fact of
organic constancy. For while it is true {hat each change of
conditions brings about a {resh organic equilibrinm, yet this
is a special kind of equilibrium, one that tends, under normal
circumstances, towards the continued existence of the organic
pattern as it was before. It is a * biological ” as contrasted
with a * physico-chemical ” equilibrium, and is conditioned
by the internal organization of the living system as well as by
the character of the environment.

Now this distinction is important for the understanding of
the living system. It may be illustrated by supposing a
particle of matter to fall on the eye of a higher organism.
Tears are ordinarily sccreted and the foreign matter washed
out. I this first defence is not cffective, other means are
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used until the particle is removed, or until a2 permanently
damaged eye results. That is to say, organic action is initiated
until equilibrium is again restored, generally by the removal
of the offending particle. This equilibrium may be called
biological. After re-establishment of equilibrium the indi-
vidual is slightly modified, the modification being part of his
* experience . The difference is small, but it exists.

Contrast with this what may happen if the particle is larger
and is not stopped by the eye but enters the brain. Here the
organism agein comes to a condition of equilibrium, which is
different from that before prevailing. We say he ““ dies ”;
and, supposing that his body were kepl from outside influences,
sooner or later a physico-chemical equilibrium would ensue.
In the first case, that of biological equilibrinm, the organization
of the living system brings about an equilibrium tending
{owards maintenance of biological pattern; in the second
case this does not happen. Even in gross cases of modification
of pattern, as when a worm is severed and a new individual
grows from one of the parts, the equilibrium reached after
disturbance is still mediated by the bodily organization; so
that something very much nearer the original pattern is
achieved than would result from the attainment of a sheer
physico-chemically constant state, such as is reached after the
worm is crushed. That is to say, biological equilibrium is one
that tends, by and large, towards conservation of the disturbed
pattern. Beneath biological change lies biclogical conservation,
When dealing with biological’equilibrium this peculiarity must
be borne in mind.

The fact is that these aspects of organic change and con-
servation are supplementary to each other. An organism that
perpetually became altogether different at successive instants
of time would be an absurdity, for it would never be the same
organism long enough for us to call it so. An organism that
never changed would be an impossibility. We must think
not only of the organism, but also of its organizing pattern,
in four-dimensional terms ; once initiated, the pattern develops,
is modified, degenerates, but until the time of its dissolution it
preserves a continuity and lawfulness of development, and
under normal conditions, a general identity of form given by
the biological organization for constancy, which causes us to
say that it is the same pattern in spite of change,

Objectively considered organic identity is then rather far
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removed from the continued identity of an inert ihing, or
that of many of the simple systems considered in the last
chapter. Not identity of matter, nor identity of form, gives
i, but a spatio-temporal unity of developing and changing
form; we may say that the gradually changing pattern of
any organic system is a single long event, conditioned by
external change, at the same time regulated from within, and
taking place, as do all events in our experience, in four
dimensions, three of space and one of time. It is this long
event, this four-dimensional unity of pattern-process occurring
in definite relation to the environmental flux, that enables us
with propriety to speak ol Philip drunk and Philip sober on
the morrow. From such a transcendentally unified complex
we find ourselves in many cases abstracting; so that we
speak of the organism as if it were a complex of particles
unified by relations which are, at any moment, such that form
and function is in general preserved and a conservative
direction given to organic happenings. This will be to com-
bine, as a working approximation, the older conception of
Regulation, according to which the organism when disturbed
swings back to a normal state, with the doctrine of organic
equilibrium.?

Fundamentally, however, the orgamism s a system of
processes, or happenings, rather than of malerial particles.
In contrast to Victorian science, which considered the universe
ultimately to be composed of indestructible things, modern
science treats the world as comprising processes or events,
In the preceding chapter it was possible, by making the
conventional abstraction, to illustrate certain general properties
of the system on the tacit assumption that the elements of
the inorganic system are three-dimensional particles not
involving the time dimension. In the case of the living
system such abstraction, though often convenient, may easily
lead to error. It is at all times essential to remember that
the organism is a wunity of intervelated events, a single process
comprising intervelated processes.

Specific Subsidiary Comstants in the Higher Ovganisms.—
While the right has been reserved to make certain postulates
without specifying the necessary mechanism involved—a
reservation which has been seen in the last chapter to be
parallel to one made by the science of thermodynamics—yet

1 See Child, ch. xui.
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there are certain hints given by modern physiology which
will enable us to obtain a glimpse of the method by which this
organic direction is maintained. The higher living systems are
so organised that in addition to the general bodily integrity they
maintasn at @ remarkably even level a lavge number of subsidiary
constants. The point was first made by Claude Bernard. That
great and highly original physiologist claimed that every
higher organism lives in two environments, an external and
an internal one, the latter being composed of the fluids of the
body, and in particular the blood. The internal environment
may act upon the body equally with the external one, giving
a false appearance of spontaneity to the organism’s behaviour.
“We suppress in our explanations the invisible internal
environment, in order to exclude everything from consideration
but the external environment which is under our eyes. Thus
we are able falsely to believe that there resides in the living
being a vital force which viclates the physico-chemical laws of
the general cosmic environment " (Claude Bernard, La Science
Expérimentale, 1890, p. 317). In order that the delicate
chemical operations of the body may proceed, this internal
environment must be kept constant. In fact, the maintenance
of this constancy is, according to Bernard, the all-important
business of the body. “ It is the fixity of the milieu intérieur
which is the condition of free and independent life . . . all
the vital mechanisms, however varied they may be, have only
one object, or of preserving constant the conditions of life in the
internal environment ' * (1878). Haldane, who has adopted
this conception of Bernard’s, exhibits specific instances. He
reports that when large quantities of water were experi-
mentally drunk, more urine was secreted, containing, however,
less sodium chloride than usual. The blood had been main-
tained at the same saline concentration and volume. If the
usual supply of water to the body ceases, the blood volume
is increased out of the water reserves, Similarly, the circulation
rate is adjusted to secure an approximately constant blood
composition at any part of the body, and an approximately
constant tension of carbon dioxide and oxygen in the blood.
The sugar concentration is kept constant by means of the
sugar reserves in the liver, and mechanisms likewise exist
whereby the percentage of albuminous substance is kept
constant. Despite external variation of condition or severe

1 Professor Cannon’s translation.
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work on the part of the organism, temperature is kept constant
within narrow limits. Even though the heat production in
the body is increased six- or eight-fold, the temperature of the
arterial blood scarcely rises, the relatively enormous quantity
of additional heat being dissipated by sweating and increased
circulation, and similar changes take place to compensate for
alterations of external temperature. There is, {urther, a
mechanism for regulating the formation and destruction of
blood corpuscles (Haldane, 1917, Chapter IIT).

This maintenance of bodily constants is treated more
exactly by Cannon (xg29), and is called by him homceostasis,
although he expresses himself as not entirely satisfied with
the term. Homceostasis is one instance, perhaps the key
instance, of the ** organism’s capacity of retaining its integrity
in spite of ceaseless metabolism,” to use Thomson’s phrase
{1920, p. 101). Cannon’s list of homceostatic categories is
as follows :

A —Material Supplies for Cellular Needs.

1. Material serving for the exhibition of energy and for
growth and repair—glucose, protein, fat.

2. Water.

3. Sodium chloride and other inorganic constituents
except calcium.

Calcium.

Oxygen.

Internal secrections having general and continuous
effects.

B —Environmental Factors affecting Cellular Activity.

1. Osmotic pressure,
2. Temperature.
3. Hydrogen ion concentration,

oo p

As a typical example, and one which has of late attained
considerable importance in biology, we may take the last
of these constants, namely, the hydrogen ion concentration.
The blood has a remarkable power of maintaining the alka-
linity-acidity relation within the very narrow limits outside
of which the component cells cannot live. The narrowness of
these limits may be appreciated from the following con-
siderations. A frog's heart dies if the fluids circulating through
it change from the normal condition of approximate neutrality
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to one of very slight acidity. This result may be produced
by a degree of acidity so slight that it cannot be perceived at
all by the delicate scnse of taste and is hardly detectable by
the litmus test of acidity. Such a solution may contain no
more then four parts of hydrochloric acid in a hundred million
parts of water. * Changes in the concentration of hydrogen
ions amounting to less than onc-tenth of this magnitude may
produce profound, even if not fatal, effects on many living cells ”
(Mitchell, 1923, p. 157). In order, then, that the body may
be kept in normal good health, the acidity-alkalinity equilib-
rium of the blood,must be preserved within amazingly narrow
range of variation. This result is effected by a complicated
set of ** buffer " reactions, of which the two chief are effected
by a bicarbonate-carbon-dioxide system, as described in the
last chapter, and a phosphate system. So efficient are these
buffer reactions in the blood that it is said that approximately
a quart of concentrated sulphuric acid may be poured slowly
into a volume of blood equal to that of a man without
appreciably affecting its neutrality. This exact and powerful
mechanism for maintaining a bodily constant is typical of the
general activity whereby constancy of organic form and
function is attained.

Now the buffer solution of the laboratory does not preserve,
even in theory, an absolutely constant acidity or alkalinity.
It rather diminishes to a remarkable degree the change
produced by the introduction from without of acid or alkali,
this result being effected by the chemical law of mass action.
If the curve of increasing acidity is plotted against the amount
of acid introduced, such a curve assumes a sigmoid or S form,
rising rapidly at first, nearly but not quite flattening in the
middle within the buffer range, and again rising rapidly after
the buffer range has passed. But to take an isolated buffer
solution as in itself typical of what happens in the body
would be to commit a false abstraction. Of course not one
but many mechanisms co-operate in the body to produce a
level of acidity which is in practice exceedingly constant under
conditions that, without the requisite organization, would
make for change.

Let us return, after this example, to the general consideration
of Cannon’s paper. Its great importance is to have made
explicit the constant aspect of animal life, the organization
for constancy within the partial system that is the body. As
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such it is of great importance not only for physiology but also
for the study of organic behaviour, It is written with charac-
teristic scientific modesty, and should be read by every serious
student of the relations between biological and the psycho-
logical phenomena. Not only does it exhibit in much greater
detail than has before been attempted the picture of the
organism as a physical system tending to maintain a pattern,
but it makes possible the beginning of an objective description
of certain biological facts which have hitherto necessarily
been described in subjective terms. I refer to those facts
for which the terms ‘' needs ™ and ‘‘ purposes ' have some-
times been used. This is not the place to repeat the arguments
that have been brought {orward in the last ten years to show
the inadequacy of the reflex conceplion of biological action,
In general it is claimed that some more flexible conception
than the rigidly mechanical reflex must be employed to cxplain
the highly adapted phenomenon of action  directed towards
an end”.! Cannon's paper is a notable help towards our
understanding of how a flexible conception of organic action
such as seems to be demanded by the facts of behaviour may
be physiologically possible. Some details are still missing, but
the general scheme seems to be fairly clear.

Consider, for example, what happens if the usual supply
of water to the body ceases. In this case the blood volume is
preserved from the water reserves, mainly to be found in the
subcutaneous tissyes. If this depletion continues, changes
take place in the salivary glands and the throat, and sub-
jectively thirst is felt. *“ Thirst . . . become(s) more intense
as the disturbance of homceostasis is more prononnced and
subside(s) promptly when the disturbance is relieved.” . . .
* In an open system, such as our bodies represent, compounded
of unstable material and subjected continually to disturbing
conditions, constancy is in itself evidence that agencies are
acting or ready to act, to maintain this constancy ” (Cannon).
One of the agencies ultimately at the organism’s disposal for
this purpose is locomotion of the entire system, and under
natural conditions thirst is ordinarily followed by locomotion
which ceases when water is found. That is to say, a thirsty

1 For a present-day summary of the argument the reader is referred
to Chapter XVII of Wheelor's Secsence of Psychalogy (New York, 1929).
For a plea for the conception of " purpose ** see MacDougall’s Outline
of Psychology (New York, 1923).
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animal moves, not mechanically, because stimulated by some
feature or other in the environment which produces a stereo-
typed response in the organism confronted with it; but it
moves umiil 1t gels water, whatever be the “stimuli” or
situation encountered on the way. It moves, we say, for the
* purpose ”’ of getting water, and because it ‘ needs " water,
That thirst and the consequent locomotion is invariably and
exclusively associated with disturbance of the blood volume
is not for a moment to be maintained. Too little is as yet
known of the functions of the reserves, and in general of the
mechanism of the whole process. But that the maintenance
of this constant is intimately bound up with the thirst-water
search sequence is beyond question. We may put it thus:
Maintenance of the blood volume is necessary for the con-
tinued existence of the system. This maintenance is actually
effected by a chain of mechanisms, which are at present not
fully understood; but which includes, as a necessary link,
bodily locomotion ending in the ingestion of water. Although
we do not know exactly what place in the whole activity such
locomotion occupies, yet it is clear that it is an essential part
of the scheme.

Much the same can be said of the food search. Protein or
sugar maintenance, for example, is ultimately correlated with
the food search. A chain of events takes place of which an
essential link is locomotion issuing in the ingestion of food.
Another link in the chain we know to be contraction of the
stomach, when, subjectively and in the human being, hunger
is felt. This contraction is either regulated or directly initiated
by hemic stimulation * (Hoelzel, 1927). According to Carlson,
hunger acts by increasing the excitability of the organism to
external stimulation. There is definite evidence that the
movements of the stomach, which in the human being are
associated with the sensation of hunger, are correlated with
increased organic activity, though whether or not both are
determined by some prior factor does not seem to be settled.
Thus Tomi Wada (r922) observed human subjects during
sleep, recording both stomach contractions and the periods of
restlessness. The sleeper was found to move only during the

1 For the time being the cerebral and spinal innervation is neglected.
Here participate such factors as ‘habit’’, which will be considered
later. For an mteresting example of the regulalory mechanism of the
milieu intdrieur see the paper of Fleisch, 1921.
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most extensive movements of the stomach. In the same way
Boldyreff also was able to associate the periods of apparent
** spontaneous activity ’ of an animal with the periodically
fluctuating activity of the stomach, the small intestine and
the pancreas and other digestive glands.! This connection
of phenomena to which are often applied such ad Aoc terms as
‘ spontaneous movements ' and “ restlessness *’ with processes
which are themselves intimately related to the condition of
the blood, is a striking illustration of Claude Bernard’s fifty-
year-old dictum. *“ We suppress in our explanations the
internal environment, which we do not see, in order to con-
centrate our attention exclusively on the external environment
which is under our eyes; and this enables us to adopt the
false belief that there is in the living creature a wital force
which violates the physico-chemical laws of the general
cosmic environment " (p. 56 Sup.). While, then, we do not at
present know in all details the part which the homceostatic
constants play in initiating the periodical search for food
which is so characteristic of the higher animals, we do know
that these factors are as a matter of fact kept constant, and
that one link in the chain of events effecting this is ordinarily
a search for food. Thus we have an objective basis for the
powerful ‘‘ drives” of hunger and thirst, and for many
phenomena which are subjectively classified under the heading
of " purposive ”; for, as has repeatedly been pointed out,
when ' hunger is felt ', movement goes on until food in general
is found, or salt or whatever it may be. Thus the living system
is so organized that it actively tends to preserve what may
be described as a number of subsidiary physico-chemical
constants, subsidiary, that is, to the general integrity of the
organism. These constants and the systems by which they
are maintained stand in the relation of partial systems to the
total system, the whole forming a hierarchy of interrelated
systems,

1 The evidence on this point has been collected by W. J. Crozier (1929).



CHAPTER IV
THE VITAL SYSTEM (continued)

+r All the paris are affected together, Everything is in whole-part
relation, and, part by part, the parts in each part operate according to
their function.” (Hippocrates on * Nutriment ")

Mechanical Equilibrium.~In addition there is one constant
which has not yet been discussed, namely, that involving the
mechanical equilibrium of the organism with the environment.
It is commonly stated that in the higher animals adaptation
to the environment is effected largely through locomotion of
the whole organization,® or movement of parts of it. The
mechanism by which this is effected in the higher organisms
is usnally called the *“ motor system ”, and is constituted of
muscles which work upon the movable bones of the skeleton.
The motor system receives its energy from the blood supply.
By its action this aids in procuring the supplies of matter
and energy necessary for the continued existence and proper
functioning of the whole organism. Whether of itself it may
profitably be considered a “ system ™ in the sense of the last
chapter is perhaps doubtful. Probably it and the central
nervous system should better be classified as a single system ;
but the point is here immaterial. More important is the fact
that there seems to be a mechanism for re-establishing the
mechanical equilibrium of the body, when this has been
disturbed by the action of the skeletal muscles. That is to
say, in the mechanical equilibrium of the organism with its
enviconment we seem to have a parallel to the other bodily
constants which are preserved by a special bodily mechanism,
In order to show this we must first take into account a
peculiarity of the living system which has only incidentally
been considered,

The Qrganism as Liberating Energy.—The organism has at
its disposal reserves from which are liberated the energy

1 See o.g. Martin, 1917, p. 37.
62
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necessary for the maintenance and gencral displacements of
the system. In this ability to liberate energy it is like a stop-
watch or a gasoline engine or any self-running apparatus,
which releases more energy than is expended to start it, and
is unlike a machine that has to be worked by hand or by an
outside source of power, such as the conservative mechanical
systems treated in mechanics. Consider, for example, a
frictionless pendulum swinging in a constant gravitational
field. Granting these ideal conditions it will swing for ever in
dynamical equilibrium (constant state), providing an example
of a " reversible ” phenomenon. Such a condition is never
realized, for there are always agencies tending to bring the
pendulum to rest.

But it is qurte easy to arrange a pendulum that will continue
in spite of friction to oscillate as long as we wish, This result
is effected by adding energy to the system so as to compensate
for that transformed by frictional agencies. This is done in
the electric pendulum, for example, by causing each oscillation
to close an electric circuit, thus actuating an electro-magnet
which gives the pendulum a tug sufficient to keep the motion
constant. In this way the energy of the electric cell may be
utilized to maintain a dynamic equilibrium in the pendulum.
The unit pendulum-magnet-cell, etc,, is thus a system so
organized that it conserves an equilibrium by means of energy
reserves internal to the system itself. In this it offers a parallel
to living creatures, for living systems are universally such
that they employ intra-organic sources of energy to maintain
the conservative equjlibrium typical of life. Thus a mammal
is kept at a higher temperature than the surrounding environ-
ment by means of the oxidation of various fue] substances
within the body. ‘A burning candle whose wick is supplied
with melted fat at the same rate at which it burns, or a benzine
motaor which regulates its benzine supply by means of the ball
governor in such a way that its velocity remains constant,
has exactly the same property as a living organism.” *

In the same way the energy at the disposal of an organism
disturbed by an external change of conditions—a stimulus—
is not derived from the stimulus but is likewise released by
the latter from the intra-systemic reserves, and may indeed
be out of all proportion to the amount of energy involved in

1 Ostwald, 2903, p. 24. He adds, ‘' But we do not regard these things
as living organisms, because their existence is not sclf-maintaining.”
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the stimnius, When the herd of swine “ rushed violently
down a steep place into the sea ”” one may presume that the
energy consumed was far greater than that of the stimulus
that started them on their flight, When Leander saw the light
in Hero’s window, the amount of *“ work "’ done by the ray
of light upon the retinas of his eye was infinitesimal compared
to that expended in the fatal swim. Such release of energy
takes place throughout the whole length of the reflex arcs
involved, in sensory, associatory, and motor, neurones as well
as in the muscles, and is replaced from the organic stores, the
process of replenishment occupying a time interval of a few
thousands of a second and up.

The cxistence of these intra-systemic energy reserves at
once raises a problem. When the stimulus, by its trigger-like
action, has initiated the release of additional energy, what
determines when the process will stop? * In order to start
such a machine as a steam engine, the starting lever must be
moved, A certain amount of energy is expended, a certain
amount of work done on the system, with the result that
a much greater amount of energy is made available through
the working of the machine, But unless the engine is shut
off, the process will continue until the available energy is
exhausted, or until more work is done on the system from
the outside to shut off the lever, that is to say, to turn it back
to its original position. In the case of organic stimulation
again a certain amount of energy is expended to excite the
receptor and thus to release a relatively large amount of
organic energy. But the difference is that this release of
energy ordinarily ceases in the organism long before the
exhaustion point, and without the expenditure of any more
energy from without. The steam engine has to be started and
stopped. The organism has to be started but apparently stops
itself, at least under ordinary circumstances. It is clear that
it is not enough to say that when the stimunlus ceases, reaction
naturally ceases. For the pressure of the engineer's hand,
which is the analogue of the stimulus, may have ceased and
yet the engine continues to move. A stop-watch, once started,
will run down unless it is stopped by work being done upon it

! Aswe have seen, the resting organism is continually utilizing energy
for the purpose of its general maintenance, This is the energy utilized in
the ' basal metabolism ™. A stimulus determines the release of addi-
tional energy which is used in *behaviour®, This is hereafter assumed.
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to press the button, While a child will “ look towards ”’ the
source of a sound, and when the sound stops will almost
immediately cease to “ pay attention ” to it. The stimulus
will liberate energy which is used to change the child’s posture,
but this special process of energy release ceases almost
immediately when the ‘‘ stimulus ”’ ceases.

Now it will throw some light upon this problem if we first
consider certain instances where the checking mechanism has
been artificially rendered inoperative, leaving unchecked the
organic process of energy release. Thus according to Bethe
the crab Carcinus maenas, when deprived of its higher nervous
centres, will continue to eat until its stomach bursts. This
suicidal stuffing is inhibited in the intact animal by the
removed centres. Such a mutilated animal can yet distinguish
non-nutritive food, which it drops.? It should here be pointed
out, as confirmatory of what has previously been said, that
the mutilated crab is still a sysfem, but one which, when it is
disturbed by the food stimulus, does not come to a biological
or conservative equilibrium. Equilibrium, indeed, there is
after the small tragedy ; but not one which will be of any help
biologically. Thus again from the general fact that the living
system, when disturbed, comes to an equilibrium we can look
for little help. The kind of equilibrium must be specified.

A similar example is to be found in many of the reactions
called tropisms. According to Loeb,® the caterpillars of the
butterfly Porthesia Chrysorrhoea are strongly heliotropic on
awaking from their winter sleep. They crawl, that is to say,
in the direction of light. This heliotropism has for the larva
a real survival value, for it drives them to the top of the shrub
which is their home, and thus enables them to find the young,
new spring leaves. If, however, they are put into iest tubes
in such a way that the food is behind them and the light in
front, they will move towards the window end and stay there
until they starve. However, having once fed, the caterpillars
lose their positive heliotropism : they can then creep in any
direction, and consequently they move downwards from the
top of the shrub to the leaves that have grown in the meantime.
If caterpillars that have eaten are put side by side with those
that have not eaten in two test tubes and exposed to light,
the latter crawl towards the light and starve, while the former
are unaffected.

1 Bethe, 1897 (Hempelmann), ? 1918, p. 161,
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Now it will be seen that the energy released by the incidence
of the light upon the caterpillar was much greater than that
received from the light, but also that this process of release
would have continued indefinitely until either the organic
energy reserves were used up or the creature was fed. In
the same way the slug is, ordinarily, negatively phototropic,
but the reaction is abolished by feeding the animal on cooked,
but not on raw, potato. The effect is apparently due to the
sugar absorbed during the digestion of cooked starch, for it
can be duplicated by the injection of sugar solution.* During
this latter experiment no attempt was made to ascertain how
long the phototropism would last without feeding. There is
a number of instances of this “reversal of tropism * after
feeding : such, for example, is the case with certain reactions
of the amceeba and of the slightly more complex hydra. These
examples give reason for believing that we may ordinarily
expect to find provision for the checking of the continuous
release of organic energy characteristic of tropistic locomotion.
4 priori, it would appear that such organisms as lacked this
provision would be at a considerable disadvantage in the
struggle for existence. Any animal that was heliotropic
without the possibility of the checking or of the reversal of
this reaction under natural conditions would ultimately share
the fate of the Gadarene swine. It would end in destruction
by violence or by starvation. If, in Loeb’s phraseology, the
caterpillar is the slave of the light, its organization must
inelude provision for appropriate release from this bondage,
or it will die.

Thus the tropisms give an example where a continuous
stimulus apparently causes the continuous release of energy,
but where we may, in certain cases, infer a definite mechanism
for checking this expenditure. Whether an external stimulus
of a certain kind is ordinarily necessary before tropistic
reactions are checked, it is at present impossible to say for
certain. If and when this is so, we may have an organic
parallel to the case of the steam engine, which runs to the
point of exhaustion unless it is actively stopped.

Almost as striking as illustrating, yet once more, the necessity
in a specific case of checking the organic release of energy are
certain experiments made on the jelly-fish. It is well known
that this marine creature possesses on the inside of its bell

1 Crozier and Libby, 1924.
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a nerve net but no synapses, so that nervous conduction is
equally possible in all directions, without hindrance by the
one way transmission characteristic of synaptic systems. If
now a strip of this tissue is cut out in the form of a ring, a
point of which is stimulated, a contraction wave of muscle
runs in two directions round the ring; if the two waves are
exactly of equal strength, they cancel each other out at the
antipodes of the point of stimulation. Under certain con-
ditions, however, waves of unequal strength may be initiated,
in which case the stronger overcomes the weaker pulsation
and continues its path round the ring to the place of origin.
Finding no obstacle to its further progress, it begins its journey
again, and may be made to travel almost indefinitely round
the circle without any appreciable diminution of velocity.
Thus one investigator kept one of these impulses trapped for
eleven days, and while there was no apparent slowing down
of the speed of the wave, its amplitude did diminish owing to
muscular fatigue, During this time, at an average velocity
of over forty-six thousand millimetres a minute, the wave of
nervous impulse with the consequent contraction travelled
four hundred and fifty-seven miles, Such circuit waves do
not occur under natural conditions, for the organism contains
within itself the means to prevent them by mutual cancellation
of waves. A similar phenomenon may be artificially produced
in the heart muscle of the loggerhead turtle, and here again
the organization of the heart prevents this from occurring
under natural conditions.* Here, then, this time by the
artificial employment of an external stimulus to break into an
established state of equilibrium, it is again possible to induce
a continuous expenditure of organic energy. A similar con-
tinuous and constant expenditure of energy is actually to be
found in the higher vertebrates in the postural reflexes, which
are originated in the proprioceptors of the muscles and keep
the appropriate voluntary muscles in the slight state of tension
which is necessary to maintain physical attitudes, though the
smooth muscles of many lower forms can apparently remain
in a state of protracted contraction without continuous
expenditure of energy. These continuous slight contractions
producing postural attitudes are entirely parallel with the
reflexes by which overt movement is produced. This last
instance while not so spectacular as those previously given,

1 Harvey, 1912; Mayer, 1908,
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shows how continuous release of muscular energy actually
is employed in the economy of the body of the higher
organisms,! although the probability is that a continuous
stimulus is here involved.

Tt is now clear that the cessation of movement either with
a continuouns stimulus or with one of brief duration should not
be taken for granted. When movement is once initiated, there
is no a priori reason why it should stop before the bodily
reserves of energy are exhausted. And yet daily experience
does, of course, show that organic reaction ordinarily ceases
before this stage, The point is thus stated by Sherrington,
with reference to reflex action. He is speaking of the process
by which, through what is called spinal induction, the excite-
ment of a reflex tends to favour an opposed reflex, * This
would help to explain how it is that a reflex reaction, when
once excited in a spinal animal, ceases on cessation of the
stimulus as quickly as it generally does. Such a reaction must
generate in its progress a number of further stimuli and throw
up a shower of centripetal impulses from the moving muscles
and joints into the spinal cord. Squeezing of muscles and
stimulation of their afferent nerves and those of joints, etc.,
elicit reflexes. The primary reflex movement might be expected
therefore of itself to initiate further reflex movement and that
secondarily to initiate further still and so on. Yet on cessa-
tion of the external stimulus to the foot in the ‘ flexion-reflex *
the whole reflex comes usually at once to an end. The ‘scratch-
reflex ' even when violently provoked, ceases usually within
two seconds of the discontinuance of the external stimulus, , . ,

“'We have as yet no satisfactory explanation of this. But
we temember that such reflexes are intercurrent reactions
breaking in on a condition of neural equilibrium itself reflex.
The successive induction will tend to induce a compensaiory
reflex, which brings the moving parts back again to the
original position of equilibrium.” 2 Here again the fact is
noted that, once initiated, a motor response might be expected
to persist indefinitely, and a hint is given as to the mechanism
by which this biological absurdity is avoided. In this case,

1 1. 8. Kubie has made an ingenious application of the concept of
such closed circuits, His hypothesis, which has Sherrington's com-
mendation, is that such ' {rapped waves”” may occur in the huyman
cerebral cortex with pathological results (1930).

1 Sherrington, 1911, pp. 2134,
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as in that of the jelty-fish, the danger of “ organic perpetual
motion *’, lasting until the energy reserves are exhausted, is
apparently due to a peculiarity of organization which brings
it about that the completion of one cycle of energy release
ostensibly sets the stage for the initiation of the same cycle.
The nervous impulse travels round the ring until it reaches
its place of origin ; the reflex, by means of the internal receptors
in the moving structures, apparently provides by itself the
stimulus for a further reflex; and in each case there must be
assumed to exist in the organism a specific mechanism to
prevent such circular action.

Mechawism of Checking Energy Expenditure—But apatt from
special mechanisms made necessary by such cases, there
apparently exists a quite general provision for the checking of
response to a slimulus of brief duration. Many factors seem
to contribute to the effect. For example, mechanical con-
ditions often do not allow of protracted movemens, When we
hear a noise we cannot turn our head through more than a
certain angle. Yet here, of course, it would be passible for us
to continue to expend energy by keeping the neck twisted
indefinitely. This again we do not do. Aside, however, from
the possibility of such mechanical and other similar brakes,
the most important factor in checking organic motion is ta
be found in the conservative changes which take place through-
out the body after the stimulus has ceased, and which in
effect do for the reacting organism what the engineer does
when he shuts off the engine.

For not only does the organism as a whole reach a con-
servative equilibrium after disturbance, but the same result
is apparently achieved in every structure affected by
stimulation. If, after the stimulus has passed, the parts
affected were again brought back to the original pre-stimulus
state, then, external conditions being as they were before, the
outgo of energy would subside to the pre-stimulus level, This
is what actually appears to happen.

Consider the sensory-motor arc before stimulation. Here is
a chain of structures all in mutual equilibrium with each
other and surrounding conditions. When the receptor is
stimnlated by the incidence of a very small amount of cxternal
energy, each structure of the chain is progressively disturbed,
until the muscle is finally activated, releasing energy by its
contraction, The recovery process of the nerve has been
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extensively studied, and the name ‘‘ refractory phase ” given
to the period of time during which it is incomplete. There
are several stages in the process: first the absolute refractory
phase, during which no impulse can pass, secondly the
relative refractory phase, during which impulses cannol pass
at first but succeed only in restoring the absolute refractory
phase, while, later, impulses can pass but at a sub-normal
intensity. Lastly, there succeeds a ‘‘ supernormal " phase,
during which there pass impulses of an intensity greater than
normal., After a very brief interval of time, the nerve is then
in approximately the same state as before the stimulus, and
ready to conduct a second impulse. Throughout the neural
part of the chain compensatory processes have restored the
pre-stimulus state.

At the same time therc has apparently taken place a similar
process of recovery in the receptor. Let us take a simple
example. A frog, let us say, is fastened to a frog-board with
its legs hanging free below the wood. I pinch the muscles at
the top of the leg, when both legs are drawn up and then
dropped again. The reflex arc was originally in equilibrium ;
by my pinch I have disturbed this equilibrium and the legs
move. But when the pinch ceases, the receptors are obviously
not in the same state as they were during the incidence of
the stimulus, They are no longer subject to the same deforma-
tion, because the physical structure of the muscle is such that
it ““ tends to retain its shape”. That is to say, in this most
elementary of all ways, by the sheer mechanics of its physical
structure, the organism tends to reinstate the pre-stimulus
condition, thus beginning the chain of restorative processes
whick re-establish equilibrium. With such elementary
restorative action may be compared the operation of such a
structure as the electric bell, on which a certain amount of
work is also done to initiate the release of energy, and which
ordinarily contains a mechanism in the push-button—the
receptor l—tending to restore it to the pre-stimulus position.
If this spring breaks, then pressure on the button will cause
the liberation of energy until the batieries run down. It is,
of course, probable that other restorative processes are
initiated in the frog’s receptor besides the sheer release from
deformation.

Provision for such receptoral restoration is apparently made
in 2 number of other ways, the details of which are certainly
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not all known as yet.! It is, however, possible to distinguish
the cases where the process is of 2 mechanical nature, as in the
case taken, from those in which it is chemical; though at
times both methods are apparently employed together. In
the ear, for example, there is mechanical provision for the
purpose. The mechanical apparatus as a whole is brought
to rest in the pre-stimulus position by the elasticity of the
frictionally impeded membranes. The problem here presents
itself in a special form, as that of providing a means whereby
the oscillation of the tympanum shall be cansed to cease as
soon as possible after the physical stimulus is over. Thus
in the outer and the middle ear the ossicles load the drum in
such a way as to form an effective damper, allowing the
maximal freedom of vibralion with the minimal after-vibration
on cessation of the “sound’. Thus auditory impulses are
initiated and checked by a mechanical system in highly stable
equilibrium. This system is of such a nature that after
disturbance by an auditory stimulus it rapidly comes to
rest at the pre-stimulus state, the whole neuro-mechanical
apparatus, as depending on both mechanical and physico-
chemical principles of action, illustrating the complex nature
of the highly infricate system that is the body.

Equally interesting but much more complex is the case of
the organ of vision, Here certain aspects of the swing back
to a pre-stimulus state have been experimentally examined,
among them those connected with the so-called photo-electric
properties of the eye. If a recently excised eye is placed in
a circuit with a galvanometer, contacts being made with the
cornea at the one end of the eyeball and the cut optic nerve
at the other, there is found to flow through the wire a current
which is sufficiently large to affect a delicate instrument.
This is the well-known ' current of injury”. Instrumental
adjustment is so made in the experiments to be described
that, in spite of it, the galvanometer reading is zero, If, then,
light is allowed to fall on the base of the eye, the galvanometer-
needle is deflected. 1If the light is removed the needle returns
to zero, Figure 1 shows the result of one such experiment,
exhibiting the swing back to the original condition after the
illumination is removed. Figure z shows a record made
of a series of stimulations. The return of the eye towards its

1 Adrian and Zotterman give evidence tending to show that in
certain cases receptoral restoration is slower than its neural counterpart,
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normal electrical condition is clearly seen, though a general
tendency will be observed for recovery to fall somewhat short
of the pre-stimulus state. Whether this is due to * fatigue ”
or to some other factor is uncertajn.?

We must think of the retina with the nervous appendages
as forming together a system, partial, of course, to the total

Fie, 1,~Electrical Changes produced in the Relina by Light,

Figure 1 shows the electrical responses to light in the rabbit’s retina.
The white area represents a period of illumination lasting for half a
second, the Dblack areas periods of darkness. A pronounced electrical
response is caused by the light stimulus, approximate equilibrium being
reached towards the end of the helf second period. The subsequent dark-
ness is followed by gradual relapse to the original state. ‘' Apparently
darkness causes a temporary effect of the same sign as light does.”
(From Bayliss after Piper.)
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Figure 2 shows the electrical responses tolightin the frog’s retina, The

photogram shows five normal responses due to a candle at two feet

with 1llamination for one minute and obscurity for two minutes, the

time in minutes being plotted horizontally and the absolute electro-

motive force vertically. Rapid rise in electromotive force is shown

with, on the whole, less rapid recovery. Recovery is evidently not

complete, since there is a conslantly rising minimum electromotive

force at the end of each two-minute period of darkmess. (Sheard after
Waller. L, light, D, darkness,)

system of the body and to the environmental situation, but
yet retaining & measure of separateness and individuality of
its own. In this system there are occurring, in a manner

1 Sheard, 1021.
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conditioned by the organization, certain electrical displace-
ments which, as the eye recovers from the shock of the
operation, gradually reach a stationary state, that is, attain
an equilibrium. When light falls on the retina, the systemic
electrical displacements are disturbed ; when the light ceases
to fall on the retina, the system returns almost to its previous
state! But the incidence of the light must have effected
some change in the retinal substance, so that we must make
what we know from other considerations to be a reasonable
supposition, namely, that on the removal of the light there
is a change of the light-affected substance or substances back
to the “ normal ” state, corresponding to the “normal ” or
nearly “ normal ” state of the electrical displacement.? There
is definite evidence of activity in the eye after the removal of
a stimulus, as shown by the results of Adrian and Matthews,?
who found a renewed outburst of nervous impulses on the
extinction of a light that had lasted more than a second.
This phenomenon was termed the " off-effect”, and it was
suggested that its likeness to the terminal rebound in a reflex
contraction is close enough to suggest a common origin,

The experiments of Hecht (1930), to be considered in a
later part of this book, throw still further light on the process
of restoration in the eye after disturbance of equilibrium by
a light stimulus, Briefly, it may be said that Hecht regards
the visual stimulus as supplying the energy whereby a certain
amount of a specific chemical is released, This chemical in
its turn initiates a reaction which sets off the nervous impulse.
The precise method by which this second chemical action is
set off is apparently uncertain; but if it is by combination
with the light-liberated subsiance, then we may have the

! “ We may suppose that (there are) substances which in the absence
of light ave ionized to a degree dependent upon the equihibrium constant
of the reversible dissociation action (.e. of the photo-senstiive substance
in the eye). The introduction of light into the system alters the value
of this constant.” . ., . (Sheard, p. 107.)

3 See Kihler, 1920, Chapter VI, for a brilliant discussion of ocular
Physics, with interesting psychological corallaries. Titchencr states that
** to account for contrast, we have merely to suppose that the retinal
substances tend towards equilibrium over the whole area of their
distribution " (1915, p. 91). The existence of after-images testifies to
the after-cflect of the stimulus, the negative after-Image probably
m:responding to 4 retinal compensatory process.

1928,
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picture of the light stimulus liberating a certain quantity of
a chemical substance, which is sufficient 1o initiate nervous
action and which is used up in the process.

This excellent work of Hecht’s, accepted by the majority of
psychologists, though not by all, greatly clarifies the picture
of equilibrium-restoration in the eye. In general the process
is one whereby a photo-chemical system, partial to the total
organic system and also to the external photic conditions,
comes to a constant state when these latter conditions are
kept constant. When the photic conditions are altered, the
photo-chemical system must correspondingly alter, and in so
doing will stimulate the nerve and initiate the processes
accompanied by vision. When the photic conditions again
swing back to their original state, the photo-chemical system
likewise regresses to its original condition. While in the
case of the ear the mechanism for restoration was largely
mechanical, here it is chemical.

We have spoken of restoration to the pre-stimulus state in
receptor and nerve. Similar processes are known to take place
in the muscle.r Thus after the alteration of external con-
ditions has disturbed the equilibrium of the receptor, ultimately
initiating overt reaction, then if, as generally occurs, external
conditions return to normal, the whole sensory motor arc
has also returned to “normal”.® Under these conditions
there is equilibrium throughout the arc, and between it and
the environment, and release of energy is checked.

We are then able to give a general answer to the problem
of how additional energy output, once initiated by a stimulus,
is checked before the exhaustion point. The most general
answer is that the body is a system in equilibrium towards
external environmental changes or stimuli. After disturbance,
this equilibrium is restored by a special organization, by means
of which the bodily structures, specifically the receptors, nerves
and muscles, are brought back approximately to the pre-
stimulus state. By this means continued liberation of
additional energy,is checked, as in artificial machines with
a checking mechanism such as the electric bell provided with
a push-button. At the same time the whole sensory-motor
arc is prepared for further stimulation. The total process

L Bayliss, 1924, PP. 446, 454
2 The word is used without implications, and as equivalent to
** pre-stimulas ',
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is an excellent instance of Haldane's fundamental biological
postulate, that the organic identity of a living organism
actively mainiains itself in the midst of changing external
circumsiances. Energy-liberating machines may be classified
as those such as the steam engine which, once started, require
the expenditure of energy from an outside source to stop them,
and as those which, like the ordinary electric bell, include an
automatic checking mechanism, whereby the whole structure,
after disturbance, automatically reverts to the original state
of equilibrium. The body belongs io the second class.

It is by means of this mechanism for checking the additional
energy output consequent upon stimulation that mechanical
cquilibrium with the environment is re-established. As
already stated, the mechanical equilibrium of the body is
thus on a par with the other bodily constants which are
preserved by means of the special organization of the body.
The mechanism for checking additional energy outgo is at
the same time the mechanism for re-establishing mechanical
equilibrium,

The Oculo-motor System.—Now Kéhler has pointed out that
if we are to speak of electrical processes in the eye we must
take into account the electrical condition of the whole of the
relatively isolated system in question. Electrical phenomena
occurring at different points cannot be considered as inde-
pendent, “* additive ”, but must be treated in relation to the
totality of such events in the whole unit under consideration,
Apart from general theoretical considerations, such as the
Gestalt experimentalists have so ably adduced, certain
researches now make it clear that neural events in the eye
cannot be considered as the sum of separable processes in
isolated neurones, but that these neurones function together
as a unified whole. Adrian and Malthews have lately made
an experimental investigation of the effect of light upon the
eye of the conger eel, using the ' action current” of the
optic nerve to detect the nervous changes, and employing
radio amplification to render them observable. Their data
show that * retinal neurones in the eel’s eye may become so
closely coupled that they work in unison. .. .” We must
regard one or both of the synaptic layers (of the retina) as
a sheet of nervous material capable of acting as a whole
{(Adrian and Matthews, 1928). * The eel's retina ", say these
workers, “ is not a mosaic of receptors ar groups of receptors
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with each group leading by an independent pathway to the
corresponding optic nerve fibre” (ibid., p. 294). The inter-
dependence of retinal elements is confirmed for the human
eye by R. Granit’s experiments (1930). Still more striking
evidence of whole-processes occurring at the pre-neural stage
is given by Hecht’s (1930) whole series of researches already
mentioned which treat the process of visual excitation as a
unity, and elaborate a formula for the chemical state of the
excitatory system-as-a-whole. Caution should be exercised
with reference to the theoretical implications of the experi-
ments. But at the present iime they seem to present a
confirmation of the hitherto theoretical conclusion that the
processgs occuring in the eye, whether neural or pre-neural,
are to be treated as wholes, not as the linear sum of discrete
excitations, The retina and its associated structures must
then be considered as partial systems within the total organic
system. At each successive level we have a complex within
a complex, formed by the specific interrelation of certain
elements of the total living system, apart from those con-
nections which constitute them pert of the total system.
As part of the total living complex a retinal cell is related to
all other cells of the body ; but, in addition, it stands in a new
and specific relation to other retinal cells. It is these retinal
relations which are not shared by the rest of the body that
give a special unity to the partial system in question. Indeed,
the visual receptor-apparatus apparently functions as a
hierarchy of systems, each partial to the next above it and
to the whole visual system, which in turn is partial to the
total living system, which, again, has been seen to be partial
to the environment-organism .complex, and ultimately to the
whole universe.

When the retino-chemical system is thrown out of equi-
librium by a visual stimulus or change of photic conditions,
o disturbance is apparently propagated through successive
layers of neurcnes, with release of energy ultimately reaching
the cerebrum. One of the usual effects of such disturbance
is motion of the eyes themselves, which will next be considered.

Now bodily movement, as we have seen, may be divided
into two categories, bodily translation of the whole organism
or locomotion, and movement of part of the organism relative
to the rest. Our attention hitherto has mainly been directed
towards the first class, althongh mention has been made of



THE VITAL SYSTEM 7

reflexes which characteristically involve movement of one
limb or structure relative to the rest of the body. One of the
most interesting instances of the second or relative class is
to be found in the movements of the eyes. As is well known,
each eye is moved in its socket by six muscles external to the
eyeball, two turning the glance up and down respectively, two
to the right and left, and {worotatingit. According to Koffka
these muscles, and the branches of the three cranial nerves
that innervate them, together with the retinal sensory
structures, the optic tracts and the connecting centres are to
be congidered as a single system, which is relatively isolated
from the rest of the body, and forms a functional, interrelated
unity, in our terms a specifically organized partial system
(1924, pp. 8o, 81).1 " Assume an infant lying on its back in
a totally darkened room, . .. and allow a light to fall on
the peripheral region of its retin®. The infant’s optical
system will then be in a state of disequilibrinm occasioning
eye movements which continue in a certain direction until
equilibrium has been re-established. This will be the case
when the light falls upon the fovea of each eye.” Here is
a different kind of equilibrium from any yet considered. The
six external muscles of each eye form together a mechanical
system, which, when the retina is in darkness, comes by the
mutual interaction of the tonus of the muscles to a state of
equilibrivm with the eyeball turned slightly up and inwards.
Mechanically then each eye and its external muscles form a
separate system, and we may speak of the constant state thus
reached as the position of mechanical equilibrium. But if
light falls on the retina, the structure is no longer functioning
as a mechanical, but rather as a photo-mechanical system.
Under these circumstances its conditions of equilibrium are
different ; to take a simple case, if a spot of light falls on
the retina in a darkened room, equilibrium is attained when
the light falls in the centre of the eye on the fovea, or point

" of clearest vision. Mechanical and photo-mechanical equilib-
rium of the eye may then be distingnished.

Now as the result of certain theoretical considerations
Kofika makes the further assumption that if light falls on any
point but the fovea, thus disturbing equilibrium, intra-
systemic forces are progressively aroused that move the eye
in the direction of photo-mechanical equilibrium, It may

1 CI. Kéhler, 1920, pp. 201-2.
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easily be seen that something like this proposition would be
true of the mechanical equilibrium of the eye. If, when a
person were lying in the dark, one of his eyes was somehow
displaced by mechanical means, as by twisting with the
fingers, the tension of the external muscular system alone
would restore the position of mechanical equilibriumn. Thus
systemic forces would be progressively aroused which would
tend to bring the eye to the resting state. Stated otherwise,
there is one position only for this mechanical system which
will not be followed by motion. Koffka's further assumption
is that for the photo-mechanical system of the eye, there is
similarly one position only on which light may fall without
exciting motion, When light falls on the eye, movement then
naturally takes place until this position is reached. It must
be remembered that this process involves the co-operation
of retina, nerves and muscles, and that the equilibrium or
constant state is thus one involving not one but several
structures and kinds of energy, and is thus more complex than
any hitherto considered. Neural organization of a kind
hitherto not discovered must also be involved. The hypothesis
thus has its difficulties. Its originator makes, however, a
very good theoretical case for it, and it has, in addition, the
support of certain experimental findings.

One of the most important of these is given by certain
experiments on the transposition of the external eye muscles.
Suppose that the point of application of one external muscle
were changed ; the movements towards equilibrium consequent
upon mechanical displacement would be little affected.? That
is because the muscles work together as a whale, a system, to
restore equilibrium. Such a transplantation was claimed to
have been effected in the eyes of a number of apes under the
direction of Marina (x915). For instance, the rectus internus
muscle was eliminated and replaced by the obliguus superior,
and in another experiment by the rectus externus. Thus the
muscie whose normal function is to rotate the eye towards
the top of the nose, now turns it pupil and all towards the
nase, if its action is considered in isolation ; and similarly in
the second experiment the muscle previously rotating it away
from the nose now has the opposite effect. Considering them
in isolation the individual muscular connections have been

} There might be a slight squint produced, as happened in certain of
Marina's experiments,
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interchanged. Yet the total action of the system was found
to be unaltered. After recovery, the position of mechanical
equilibrium in the eyes of the animals was practically un-
changed, though slight squints were in some cases observed,
due in one instance to faulty technique.! This result is easily
understandable from elementary mechanical principles. But
one is not so easily prepared for the fact that the eye move-
ments oceurring after visual stimulation seemed to be equally
unchanged. But this fact, which the experiments seem to
show, is in agreement with Koffka's assumption that just as
the external muscles of the eye, considered as mechanical
agencies, together form a mechanical system, so the photo-
mechanica) structures of the eye form, together, of course, with
the nervous connections, a photo-mechanical system, dis-
placement of which is followed by forces evoked by the system
as a whole, and which tend {o bring back the system to its
position of photo-mechanical equilibrium. The instances given
here are purposely simplified ; for a fuller account the reader
should consult Koffka's work, with the references he cites.?

Ii this theory is correct~—and it must be admitted that it
is hard to reconcile with curreat neurological opinion—then
in eye-movements we have yet another instance of the body’s
power to restore a constant state, and one really in line with
Cannon's theory of homceostasis. For just asit is inconceivable
that there should be separate nervous connections serving to
restore a mormal temperature after developments of heat
that would be expected to raise or lower this temperature
one, one and a half, two, two and a half degrees and so on, so
Koffka’s theory claims that separate nervous connections are
not employed to bring the eye to a position of equilibrium
when it has been disturbed by stimulation of different retinal
areas.

Levels of Equilibrium.~~The fact that the gaze may come
to rest with the eyes in different positions relative to the rest
of the body calls attention to the possibility of different states

1 The results of the two sets of experiments are here combined. One
may compare with Marina's experiment the paper of Robert Kennedy
(xgo1), where similar results are reported for other parts of the body.

9 Tt is to be wished that certain further detnils had been given in the
account of these interesting experiments, In fairness, however, it should
be stated that the experimental resuit was confirmaiory of Koffka's
general hypothesis which was made necessary on other grounds. Never-
theless, ihe experiment undoubtedly deserves repetifion.
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of equilibrium in the same (partial) organic system. It is
common knowledge that during fever or, in health, at different
times of the day, the temperature-regulating mechanism may
maintain body-heat approximately constant at an entirely
new level, In this case, it is natural that attention should be
focussed at first on the fact of constancy rather than on the
intervening displacements by which constancy is attained ;
the thing that has generally struck observers is that the
temperature is kept constant at these different levels, rather
than the behaviour of the body when the temperature is
shifting. This is perhaps because the changes are apparently
of much shorter duration than the periods of equilibrium. On
the other hand in the case of eye movements attention is
naturally directed to the movements or shifts of equilibrium
as the most obvious part of the phenomenon. This difference
of obviousness, as it may be called, tends to obscure the
essential similarity of the two phenomena. If Koffka is right,
we have seen that there is a direct and fundamental paralle]
between the attainment of a fresh temperature level by men
on the march and the attainment of a fresh state of rest for
a few moments by a baby’s eye when the beam of light from
a candle falls on it. On the hypothesis stated, each set of
events depends on the re-establishment, by a progressively
working mechanism, of a new constant state. In each case,
of course, the new level is maintained by the continuous
expenditure of bodily energy, the temperature by means of
general oxidation of fuel reserves, the ocular fixation by the
liberation of muscular energy.

The existence of these different levels of equilibrium creates
a certain difficulty, the result of which has been that the
phenomenon in question has often been given a teleological
explanation. This may be typified by a quotation from
St. Paul most appositely made by Barcroft (1925, p. 148},
who is showing in his account of acclimatization to high
altitudes, that various bodily constants which are very exactly
maintained in ordinary life, are in times of stress shifted to
a new constant level. I quote the whole passage:

“ It is no part of my philosophy to suppose that this or
that function of the body is kept constant by a process of
sweating its fellows, and as far as I can see such a doctrine
is quite unsupported by facts. The oxygen in the arterial
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blood does not remain constant, the CO, pressure in the
alveolar air (¢.2. in the lungs) does not remain constant, the
hydrogen ion concentration (acidity) of the blood does not
remain constant,—bul they and a score of other things
settle down to form a new equilibrium. If artificially one
is altered, the rest alter in unison. . . . This is no new
doctrine. It has been stated in words that have come
through the ages. ‘If one member suffer all the members
suffer with it. The whole body, fitly joined together, and
compacted by that which every joint supplieth according
to the effectual working in the measure of every part,
maketh increase of the body to the cdifying of itself.’ " 2

It is very tempting here to follow the almost universal
practice of the last two thousand years and think of the bodily
constants as altering for the purpose of conserving the body.
Barcroft is, of course, careful not to imply any such thing. The
temptation to such teleological description is, however, lessened
if it is remembered that we have here to do with a number of
partial systems, themselves highly organized, but standing
also in a definite relation to the rest of the body and to the
environment. Change of environmental conditions such as
those caused by high altitude thus cause change in the functions
in question, and if we knew all the factors involved it would
be possible to state a set of constant relationships connecting
the systems. In the same way, the appropriate total organiza-
tion causing constancy of the organic factors in question keeps
them constant at the new level. Because, however, the body
is apparently constant while these functions vary we are apt
to think of the body as ‘“ prior " to them, which, indeed, it
is in the sense that the total system is logically “ prior ” to the
partial system. Such logical priority must not, however, be
allowed to bring with it teleological implications.

Multiple Control of Orgawic Partial Systems~—In the second
chapter it was seen that a partial system with its own specific
organization may be considered to be subject to two sets
of controlling conditions, namely, those that arise from the
internal organization of the partial system, and those which
spring from its relation to the total system of which it forms
a part. Thus the behaviour of the spring in a spring balance
is affected by the fact that the molecules composing it together

1 "The words in parentheses are inserted by the present writer,
F
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form a spring, and also by the fact that there is a certain
weight on the balance. Ultimately of course this distinction
is a logical one only, but it does form a convenient means of
classification, and is in fact implicit in the thermodynamical
treatment of heterogeneous systems.? In the organic system
this dual control of the partial system is replaced by a highly
complex multiple control. Here we find an intricate enlace-
ment of unitary partial processes, each of which is related to
the other, and generally to conditions obtaining outside the
organism. This is illustrated by the quotation just made from
Barcroft. Specifically, Henderson (1930) states that the blood
system involves twenty relations between six different con-
stituents, Each of these twenty equilibria thus forming part
of the total blood-system equilibrium, which again forms part
of the total living system, will change under two distinct
conditions, If for any reason a shift occurs in one of the
other nineteen equilibria, a change must take place in the
twentieth. If a change occurs in the external conditions,
there will likewise occur changes in the blood equilibria. Of
course, external change in altering one of the related blood
equilibria will therefore alter all the others simultaneously.
Thus change of altitude will directly alter the pressure of the
alveolar carbon dioxide in the lungs, and as a result the twenty
blood equilibria will all change. The equilibria in which carbon
dioxide plays no immediate part such as, according to Hender-
son, that involving barium chloride, oxygen, and acidity, will
then be shifted. Each of these interlaced unitary systems is
then unified first by its own internal set of relations; it is
also related to nineteen co-ordinate systems, within the body,
and also to the external vital conditions. Thus these partial
systems of the body, if their existence can be considered to
be established,? own a multiple control. They may be altered
by alteration in any one of the co-ordinate systems and also
by change in the environment. To speak of a multiple control
is, as hitherto remarked, a logical device only. But it is one
the fundamental principle of which Henderson has apparently
found useful in the description of a typical set of organic
events,

1 Where the “ liquid phase,” etc., is considered in relation to the
total system.

2 T understand that the physiologists have not yet made up their
minds about them, F. S, C. Northrup's account is adopted.
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Leaving Henderson’s work for the decision of posterity, we
have to hand a much simpler example of the multiple control
of partial systems in the body. This is to be found in the
ocular movements already considered from a slightly different
point of view. A child “ looks at ”, turns the eyes towards,
a lighted candle in a dark room. The equilibrium position
of the eye is then affected by the events of the environment.
This is what we have called the ** external control ”, although
it is of course mediated by the internal organization of the
oculomotor system. But more than the visual field must be
taken into account in deciding the equilibrium position of
the eyes. The “ voluntary ' movements must also be con-
sidered, which of course originate in some organic source
external to the oculomotor system. The oculomotor system
is part of the total bodily structure. The eye is part of the
man and may be affected by organic conditions as well as
by what is called for by photic environment. It owns again
more than one master. Thus, since the pioneer work of Dodge
it has become general to distinguish five types of eye move-
ment (Dodge, 1g02). There is the type already considered,
namely, that which is a response to eccentric photic stimulation.
This type of movement cannot be influenced as regards its
velocity by voluntary effort, a rather surprising conclusion,
which it is difficult to induce a student to believe, when he
meets it for the first time. Further, during eye movements
of this type vision is practically suspended ;! they are really
interruptions of vision for the purpose of shifting the line of
regard. Different are what we have learned to call pursuit
movements. Here the eye follows continually an object
moving in the visual field, such as a moving candle, Such
movements differ from those of the first type in that they
are continuous, may vary in speed, and are accompanied by
clear vision. Hypothesis would be premature, but one may
be fairly certain that this type of movement takes place under
different neural conditions, and one would seem justified in
suspecting a more highly integrated cortical relation. In the
same way, during those movements which are made in com-
pensation for motions of the head and the body, the eyes are
clearly acting in relation to the total organic system, while

1 Experiments subsequent to Dodge's study seeming to show that
there is partial vision during such eye movements.



84 THE NATURE OF LEARNING

in movement of convergence we apparently have again the
visual field participating.

Thus the eye is under multiple control. Sometimes it may
be detected taking orders from one master while it is relatively
neglecting the others, In a later paper Dodge has shown us’
a case of antagonistic control, and has exhibited what happens
in case of conflict between the semicircular canals, which
cause ocular movements during rotation, and the visual
apparatus, The eye is seen alternating between the two
controls, responding first to the vestibular, then to the visual
influence, which again may be seen from the records to give
way to the vestibular control and so on. These beautiful
records will repay study in the original by all who are
interested in the mechanism of the body (19234).

According, then, to their relations with the other structures
of the body and the environment the organic partial systems
may come to different posilions of equilibrium. The tem-
perature may rise above ‘ normal” if different conditions
obtain in the body outside it ; the eyes may come to different
states of rest, either directly according to external conditions,
or mediately through the influence of other bodily structures,!
and so on. As interrelated pariial organizations of a more
inclusive system, which is itself partial to a still more com-
prehensive one, the organic sub-system is under control from
many sources. This conception, in a somewhat disguised form,
has been found of practical value by those engaged in the
experimental investigation of living processes.

Weiss' Experiment—DMention has already been made of
Weiss' brilliant application of the systemic conception to the
behaviour of the butterflies Vanessa Urticasz and Vanessa Io.
Weiss is a biologist of considerable reputation and has used
the notion of the living system to make a direct quantitative
experimental attack on a problem of behaviour. He defines
a system as a complex tending to preserve a certain constancy

! In spite of this variation, we have, it has been pointed out, the
sanction of logic in speaking of the same partial organic systems at
difierent equilibria. The obviously constant anatomical structure of
the eye helps out the logical point. The reader is again reminded that,
strictly speaking, an isolated mass of gas at, let us say, a temperature
of 400° is a different system when heat has been added sufficient to
raise the tampetature to 500° C., keeping the other factors of equilibrium
unchanged.
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in spite of change in one of the elements of the complex.* He
points out thal, granting such a tendency, then change in
the one part must be followed by compensatory changes of
the other parts, such changes ceasing only when equilibrium
is re-established and constancy thereby restored. Such a
position of equilibrium will then, he says, be a limiting, that
is, a maximal or minimal one, for the transitional states will
continue until the time when “ naught occurs, for nothing can
occur ”, all the forces concerned being equally balanced. An
example from the inorganic sphere is to be found, again, in
the pendulum, which moves as long as any of the operating
forces have, so to speak, an advantage over the others ; under
ordinary frictional conditions movement then takes place until
there is no reason why it should occur in one direction rather
than another, that is to say until the vertical or minimal
position is reached and momentum no longer operates. This
argument has already been considered, in the last chapter.
This general conception Weiss applies directly to the
consideration of the equilibrium of living creatures. The
butterflies in question Vanessa Urticae and Vanessa Io perform
certain characteristic movements when they are placed in the
light in a tired state. The movements follow automatically
and necessarily one after the other, and fall into three divisions.
There is first a movement upwards, which is effected either
by creeping or crawling. This is followed by the assumption

1 I give herewith a literal translation of Weiss® general statement:

1. As System we define herewith a complex which exhibits the
tendency (das Bestrebung zeigt) to remamn constant as a whole towards
the external wor d when its parts are altered.

2. In this tendency towards the maintenance of constancy it goes
for granted that the state of the system represenis the stable, that isto
say, unique, state of the complex under the totlality of the external
conditions.

3. The maintenance of constancy in the whole when the parts are
altered can only be brought about by compensatory alterations of the
other parts, which last alterations the system itsclf thus effects (systemic
reaction). Every disturbance of the stable state, cvery deviation
from the point of unique determination, is followed by alterations which
persist until the attainment of a fresh state of unique determination, that
is to say, a state in which '’ nought occurs, {or nothing can occur,” , . |

4. The state of the system must be characlerized as a special (unique)
state because of a limiting condition (maximum or minimal condition)
of the aperation of the factors involved.

(Loc. cit,, p. 183 ; the fifth statement is not quoted,)
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of a position dictated by the force of gravity, the butterfly
turning on a vertical wall through 180° so that its head now
faces the ground, and remaining at rest in that posture,
Finally the creature takes up a position with reference to the
illumination. When there is one source of light only, and the
surface is horizontal, so that the influence of gravity is
eliminated, the butterfly places itself symmetrically with
reference to the light and with the head away from the
illumination. When there are two lights, the position is such
that the eyes are equally illuminated with the minimal amount
of light-energy falling on them. It was demonstrated that
the light had no effect on the gravitational position, so that
the two external agencies may be separated. If, Weiss argued,
the butterfly acted as a unified system towards gravitational
force, it should take up a symmetrical position when it is
coming to rest on a vertical surface under the action of gravity
alone. That is to say, it will continue to move until there is
no reason why it should move in one direction rather than
another, which will, of course, ultimately result in a sym-
metrical posture. But such symmetry is possible in two ways,
namely, in the vertical or the horizontal position. Now by an
ingenious mathematical analysis of the butterfly’s legs and
body, considered as a mechanical system of linked rods,
Weiss is able to show that, of all possible positions that can
be taken up on a vertical wall, that actually adopted by the
butterflies when they turn and come to rest with their heads
hanging down is the most economical, in that it is maintained
with the least energy possible under the particular circum-
stances. “It is moteworthy that the limiting condition
actually found is not fulfilled by the mechanical peculiarities
of the system. It is not simply a question of the automatic
movement of the centre of gravity to a position as low as
possible, as is the case with mechanical systems ; but just as
the conditions are physiological, so is also the manner in which
they are fulfilled. Work is done in order to come to a minimal
position in which work is later economized.” This result is
then in harmony with the general conception of the butterfly
as a physiological system which so acts towards the external
gravitational force that it tends, in rather a refined manner,
to preserve its “‘ general bodily integrity . It places itself
in such a posture that the least possible energy is expended
while it ** sleeps "', Such a position is a limiting or symmetrical



THE VITAL SYSTEM 8y

one, as is also the position taken up towsrds the “ light »
stimulus. It is further a state of biological rather than one
of mechanical equilibrium.

Weiss’ general position is then more or less that adopted
in this chapter. He considers the living creature to be a system
so organized that it actively maintains its identity in and
contrasted with the environment, This is the same thing as
to say that events in the history of such a system will tend
to exhibit a definite * direction " towards the preservation
of the organism, which again is perhaps a paraphrased
statement of belief in some form of an * instinct of self-
preservation ”. Even at risk of repetition it is, however,
worth while to point out certain divergences between Weiss'
conclusions and those of this book. The present book makes
the distinguishing mark of a system the interconnection or
interrelation of the elements. According as these inter-
relations are mechanical, chemical, or physiological, and so
on, the system is described as a mechanical, chemical or
physiological system. Certain systems have the property
that, when they are disturbed in certain specific ways, com-
pensatory changes tending to restore the status quo anie are
initiated within them. This property is due to a special
organization which may be different for each system. Accord-
ing to their specific organization, different systems may
initiate compensatory adjustments for different kinds of
disturbance. Thus the pendulum hanging in air is so organized
that it tends to restore the vertical position, but it is not so
organized that it tends to restore its temperature when this
is disturbed. To effect this, another type of organization is
necessary, namely that possessed by the * constant temperature
chamber ”, or less perfectly by a chemical system obeying
le Chatelier’s rule. It is the view of the present book that
when, considered from the physical side, a living organism is
a system so organized that it can actively maintain itself or
more exactly its pattern against a very large and very diverse
number of external disturbances, and that as evolution
advances this property of self-maintenance correspondingly
develops. The property of active conservation is thus con-
sidered in this book to be superadded to the system; while,
according to Weiss, it constitutes the system. Of the two
definitions the one adopted in this book appears to be the
more general, for it includes all complexes however they
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are interrelated ; while Weiss’ definition includes only such
complexes as have the self-conservative organization. Weiss’
definition has the advantage that it can be immediately
applied to living systems, but has the disadvantage, as has
already been pointed out, that it is hardly consistent with the
use of the term in physical science.?

Woeiss’ important paper seems to raise a further difficulty.
This concerns the notion that organo-systemic action necessarily
tends towards a limijting state.? Such an assumption is, it
has been seen, a postulate of physical science for physical
systems. Unless an organic system, after disturbance, actually
came torest or “‘ equilibrium ", that is to say, toa ‘ constant ',
which is a ‘‘ limiting '’ state, there would arise the phenomenon
of * perpetual motion **, the impossibility of which is a basic
principle in physical science. This is all pointed out in Weiss’
paper. There are, however, notable differences between the
physical and the biological system, which make doubtful
whether the existence of action towards a limit can be directly
inferred in the latter. Weiss’ argument applies only to a
theoretically isolated system; the biological system is
essentially a partial system. Weiss’ argument concerns overt

1 As previously stated (Ch. IT) Weiss’ definition possibly implies the
writer’s. For a system, it may be said, must oppose a certain constancy
to actunally changing conditions. Otherwise, it will instantaneously
dissolve whenever external conditions change, Whether, in that sense,
one should say ihat in the last analysis a physico-chemical system is so
orgamzed that ultimately some transcendental quantity will remain
constant T am not prepared to say. Such a constant may be a necessary
figment of thought, which finds it essential in the last resource to assume
a permanent in change. At least for mathematical treatment, as
Poincaré points out, a general equation is necessary, which implies
some kind of constant relation. In any case, I have found it has clarified
my own thinking to adopt the more general definition of the system, at
the same timo pointing out that specific interrelations mhy result in a
specifically added property of constancy towards some particular
external change. I apologize for repeating this important point.

% In his interesting paper, “ Gestalt Psychology and the Philosophy
of Nature,” Phil. Review, November 1930, Dr O. L. Reiser calls attention
to an article of Professor C. D. Murray, in which the latter * by develop-
ing the idea that ' physiology is essentially a problem of maxima and
minims, ’ tries to show that the cost of operation of physiological systems
tends to a minimum when measured in units such as the calory and the
erg. This has been declared to be a misapplication of the principle by
Professor P. 5. Bauer, who argues that, in general, equations which
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movement, It is not immediately apparent that, in a mixed
system such as the organism he investigates, and which
comprises mechanical, chemical and thermal transformations,
the limiting state of the total system should coincide with a
limiting and resting position of the externally observable
structure. For example, since energy must be expended at
all times it would seem possible for the limiting position to be
reached with the mechanical system in continuous motion,
such as a continuous slight movement of the wings. It is
with some uneasiness that these considerations are advanced,
in view both of Weiss’ important contribution and of the fact
that his arguments apparently sland the pragmatic test of
experimental verification. For in spite of theoretical objections,
the organism does behave according to Weiss’ canons.

What is observed is that the living system actually does
1ake up a minimal position with the result of ultimately saving
energy, and before the energy reserves are used up, But to
explain this it seems hardly possible to appeal to general
principles ; we must postulate that this economical behaviour
is due to a special organization of the living system in quesiion.
That is to say, the phenomena observed by Weiss do not
belong to the insect because it is @ sysfesn, but because it is
a system with a particular kind of organization. Clearly, if the
butterfly were in a show-case it would still be a system, even
in the sense of resisting change. But such a butterfly will
not exhibit the phenomena demonstrated by Weiss, because
it lacks a necessary part of the requisite organization. The
phenomena do, as a matter of fact, present a very close
analogy to the properties of certain mechanical and chemico-
physical systems, but they cannot be deduced from them.
Rather are they a further instance of the many ways in which

impose maximal or minimal requirements are valid only if the system
is conservative or non-dissipative ** (Jec. cil., p. 571). The present writer
feels that each of these latter views may be justified. The organism
may tend to maximal or minimal states, but if this is so, this seems to
be due to its special biological organization of physico-chemical processes,
There seems at the present stage of knowledge no reason to belicve that
the biological system must tend towards maxima or minima, unless it
is isolated, when such states will be reached as the result of physico-
chemical laws, But special maximal or minimal properties may be
created by special organization, as iz the case with the pendulum. The
subject is at present highly obscure, and it seems preferable to adopt
an atfitude of cantions scepticism.
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the organism is able to maintain its general integrity against
the onslaughts of the world. They are an illustration of,
not a deduction from, Weiss’ statements of the general pro-
perties of systems. If anyone thinks that the results of the
experiments upon butterflies could be deduced from Weiss’
definition, let him explain why it is that a butterfly dies when
a football is dropped on to it, while a schoolboy laughs under
corresponding circumstances. An organism is a living system,
organized in such a way that it possesses, to a very high degree,
the power of self-conservation. Just how far and against what
type of disturbance any particular organism can carry this
self-conservation depends entirely on the specific organization
of the organism in question, and cannot be deduced from the
general fact that it is a system.?

Behaviour as Systemic Displacement—In general, the
systemic action of a living system is termed behaviour, a term
which is properly taken to include not only overt movement
of the whole body and of part relative to part, but also such
action as that of the glands, the tonic acfivities of the muscles
and the passage of the nervous impulse, none of which primarily
involve externally visible motion. Thus it has been seen that

1 An elementary inorganic example may be given. There are certain
door-knockers so arranged that when the knocler is used an electric
contact is made and a bell is Tung. This arrangement, as an inter-
related complex of elements, 18 clearly to be considered as a more or
less isolated system, and would be so styled by both the technician and
the theorist, The system is clearly, also, a muxed one. There is the
mechanical partial system of the lever, the electro-chemical partial
syastem of the batteries and circuit, etc. But the fact that the whole
complex i8 a system does not enable us to prophesy whether or not there
will be any ' self-conservation ' with reference to the amount of current
consumed. If the kmocker is badly attached, it may be that a per-
manent contact will be made the first time it is used, in which case
current will be expended until the point of exhaustion is reached. If,
however, the requisite mechanism is included, the current is automati-
cally economized. This result is ordinarily effected by means of a
spring strong enough to force the knocker back when the pressure is
removed. It will be realized that the contrivance in question might be
safd to satisfy Weiss' criteria for a system ; it is a complex that shows
the tendency to remain constant as a whole in spite of a good many
external changes, such as temperature, weather 1o general and so onm,
Such a power-generating system, when ideally organized, will include
a mechanism for the purpose of economy ; but the arrangements that
{all short of the ideal are none the less to be considered systems.
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the maintenance of such a homceostatic constant as that of
protein involves a series of systemic actions, of which actual
locomotion forms the most obvious part. The animal is
“looking for food ”, and he looks for food because hunger
has rendered him more irritable, that is to say more excitable
by outside stimuli. He looks for food until he finds it, when
the overt movement ends. But the taking of food into the
mouth is only the beginning of a whole series of further
processes, which end with the assimilation of part, and the
rejection of part, of what has been * found **, provision being
made in the process for the maintenance of the homceostatic
constant in question. His behaviour is rightly taken to include
not only the actual movements leading to food but also the
other links of the total chain, namely the preliminary changes
resulting in excitability and the subsequent changes leading
to digestion, assimilation and defecation. This total series
represents the normal state of affairs. One part of it naturally
follows upon another: we normally eat after we have exer-
cised, and digest after we have eaten, and although it is possible
artificially to eliminate one or more of the natural links in
the total chain, it must always be remembered that such
shortening is artificial and is apt to lead to false experimental
results. We may, for instance, inject predigested food directly
into the system, or spare ourselves, as we tend more and
more to do as civilization advances, the preliminary food
excursion by breakfast in bed. But this foreshortening of the
biological chain is an artificial procedure. As such we shall
later see that it leads to artificial conclusions.

‘When this total chain of action is considered, a fundamental
difference appears between the constituent actions in that at
certain stages a much greater freedom is allowed than at
others. Woeiss' butterflies, it will be remembered, went
through three movements when placed in a darkened enclosure,
They first moved up and away from the ground, then oriented
themselves towards the gravitational situation and finally
made a semicircular turn, ending at rest with the wings folded
and the head turned towards the ground. The relative order
of these movements was rigid, much more so than is the order
of food reactions in most living creatures. But when the
creatures were in the first phase of the total reaction, if crawling
was impracticable flying in the same direction took place. As
long as the end-result was attained, the intermediate series of
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displacements might be totally different. This is typical of
that part of the total series which involves the locomotion of
the animal, and seems indeed to be typical of that part of the
total series in which conditions may be variable. Thus during
ithe food search the animal may encounter totally different
sets of conditions on successive days. The details of such
excursions will then be all different, the only thing in common
to successive searches being the fact that food is attained at
the end. The seagull may fly after a ship on one search for
food, may swim on the water on another, and may settle in
a field on a third: on all three occasions it may ultimately
obtain nourishment. In fact, it is probable that for the beast
of prey no two days’ hunting are normally identical. Yet
hunger is satisfied al the end of every successful day, and
thirst at the end of every successful water-trip. In particular,
it should be noticed that entirely different forms of locomotion
may be employed to effect the same end-result. Flying,
walking, swimming and diving represent entirely different
neural and muscular co-ordinations among birds, yet each
may be used as the medium of the series of displacements
issuing in the taking of food. Though rather more striking,
this diversity of locomotor methods is, however, strictly
parallel to that presented by the exigencies of varying food
searches in an ordinary quadruped. To chase a quarry up
a hill or down a valley, to swim across a river, and so on, all
require different sets of neural and muscular integrations, less
obvious perhaps than the bird’s change of performance, but
none the less fundamentally dissimilar. Such change of
mechanism is clearly advantageous if the external conditions
are to be different ; and according as the organism is better
or worse “‘ adapted ” to such changing conditions so will the
degree of flexibility be greater or less. Thus in the exigencies
of the food search variation is introduced by the changeability
of external conditions, while a core of invariability is provided
by the constant processes at each end, for the hunger state
and the processes of digestion are relatively constant. Of
course it is not to be concluded that such different means of
attaining the same end are completely and arbitrarily inter-
changeable ; there must be some reason why a bird will fiy
across a small stretch of ground on one occasion and walk on
another, And although it is not possible to lay down 2 definite
rule covering all possible cases, yet there seems no doubt that,
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in general, different [orms of locomotion are called out by
different organo-environmental conditions, Thus in the case
of Weiss' butterflies the rule was that creeping was employed
for the counter-gravitational movement. When external
conditions rendered this impossible, then the flying response
was used. After all, the inlimate relation that exists between
the external world and even the meanest living creature makes
some such result inevilable. If we start with the assumption
that the organism is such that it can preserve its general
constancy of form and function, and thal a certain deficit-state,
of food or water or what not, is followed by a series of dis-
placements the ultimate end of which is that the deficit is
made good, then, whenever this deficit state occurs, if the
organism is to survive, it is necessary that, whatever the
topographical exigencies, there shall follow a serics of move-
ments eventuating in the appropriate end-result. In a varying
world, plasticity of the response-series is necessary for survival.t

Such plasticity does not, then, imply any “ freedom of
choice "’ on the part of the organism, It does not mean that
the butterfly could necessarily “ choose *’ whether it was to
fly or creep. The implication is rather that, granted the same
general end, such as that of anti-gravitational motion, the
character of the means employed for motion may differ.

Let us denote the total series of overt displacements by
the term displacement series. Then we have seen that such
a series, ending, for example, with the ingestion of food,
must be considered as part of the general mechanism whereby
organic life and limb and more specifically the homeeostatic
factors are kept constant. The fact of plasticity implies that
such an orgamic displacement series may have ils final ierm
or terms fixed, without fixing the nature or number of the preceding
terms, Such plasticity is characteristic of the purposive
action already mentioned. Such displacement persists unjil
the end state is reached. The end state is smplied by the
preceding states. Subjectively, it is said that the organism
has the purpose of attaining the end, the objective counterpart
of purpose thus heing a plastic series of systemic displacements
towards a fixed end-term. The terms purpose and plasticity
really describe the same phenomenon, but stress different
aspects of it.

1 A similar plasticity has been observed by the maze experimenters
in what is known as the  multiple track " experiments. See Ch, X,
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The essential objective features of the phenomenon of
plasticity are not peculiar to the actions of living organisms,
For example, I hang a bob by a string from the ceiling, thus
forming a conical pendulum. Owing to the action of gravita-
tional and frictional agencies the pendulum will always come
to rest with the string pointing to the centre of the earth.
Every series of displacements will then have the same end-
term, but the preceding terms of the series will be different,
according to the direction and magnitude of the initial
disturbance. This would have been expressed in medizval
times by saying suum locum petit (*it seeks its own place "),
such language recognizing the essential similarity to objective
purposive phenomena, exhibited in a vastly simplificd form
by many natural events. Many other inorganic examples
could be given to show that plasticity of action directed towards
a specific end-term is not peculiar to organic systems. Thus
an object rolling down a slope will finally reach the lowest point
possible under the given conditions. With the proper comn-
figuration the path may vary without altering the final
destination. This might be done, for example, by altering the
intermediate hills in the switchback railway. In just the
same way, any self-regulating mechanism is so constituted
that whatever the disturbance the regulating mechanism
re-establishes the same state. Thus if I dampen down the
revolutions of a gramophone, by putting my finger on the
revolving plate, the stabilizing mechanism will re-establish
the standard speed after my finger is removed. This re-
establishment of a specific state will take place however much,
within certain limits, the speed of revolution has been slowed,
or even if the speed is accelerated by giving the disk an
additional fillip. The gyroscopic compass likewise re-estab-
lishes a uniform direction whatever the deflections may be,
as does the ordinary magnetic compass, again within certain
limits and under certain essential conditions. It is indeed for
this very end that these and other self-regulating mechanisms
have been devised.

Perhaps the most striking inorganic instance is that of the
** Heliotrapic Machine " described by Loeb (1918):

* This * Orientation Mechanism ’ consists of a rectangular
box, about three feet long, one and a half feet wide, and
one foot high, This box contains all the instruments and
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mechanism, and is mounted on three wheels, two of which
are geared to a driving motor and the third, on the rear
end, is so mounted that its bearings can be turned by
solenoid electro-magnets in a horizontal plane. Two five-
inch condensing lenses on the forward end appear very
much like large eyes.

* If a portable electric light, such as a hand flashlight, be
turned on in front of the machine it will immediately begin
to move towards the light, and, moreover, will follow that
light all round the room in many complex manceuvres at
a speed of about three feet per second. . . . It will resume
its course behind the moving light so long as the light reaches
the lenses in swficient intensity. Indeed, it is more faithful
in this respect than the proverbial ass behind the bucket
of oats, To the uninitiated the performance of the pseudo-
dog is very uncanny indeed.

... 'The principle of this orientation mechanism has
been applied to the ‘Hammond Dirigible Torpedo’ for
demonstrating what is known as affraction by interference,
That is, if the enemy tries to interfere with the guiding
station’s control the torpedo will be attracted to him "
(loc. cit., pp. 68—9).

This astonishing mechanism, which depends for its operation
on the action of light-sensitive cells coupled to electrical
relays, exhibits in an excellent form the property of reaction-
plasticity. Whatever the initial relative position of the light
and the machine, the machine moves towards and ultimately
reaches the light, provided that the light stimulus is above
the threshold for the apparatus. If there are any small
topographical irregularities in the way, the path will be
deflected, but corresponding compensatory movements will
later be made to bring the machine up to the light. It may
further be noted that the machine is a partial system, the
total relevant system being the light and the machine taken
together. Within this system displacement takes place until
certain functions have a minimal value, namely, the distance
between light and apparatus. Like the living system, the
machine carries its own reserves of energy.

Of course it is not here to the point to object that this and
other contrivances exhibiting the property of plasticity of
reaction are designed and made by human beings. Our object
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here is to point out that such plasticity of action is not peculiar
to living systems, not to show how living systems have
acquired the property of plasticity of reaction. It is not of
course denied that here, as in every other respect, the responses
of the living system are far more complex than anything
hitherto observed in inorganic nature.?

This discussion opened with a caution against claiming too
much from the fact that an organism is a system. For certain
specific results, there was seen to be necessary the postulate
of a system with an ad hoc organization. This caution may
here be repeated, While it is true that certain organic and
inorganic systems share the plasticity property, yet in each
case such property must be brought about by appropriate
organization, just as the underlying thermodynamical property
of striving to 2 maximum entropy is brought about by the
fundamental organization of matter. Clearly an animal cannot
exhibit plasticity of locomotor reaction such as we have been
discussing unless it is provided with the necessary motor and
nervous system, and so on. Further, to compare the organism
in this respect with certain inorganic systems does not imply
that the mechanism by which the results in question are
attained is the same in both cases. Nor does such comparison
dispense us from the task of studying the particular mechanisms
in question; any more than does the thermodynamical
demonstration that a chemical reaction must take place along
certain lines dispense the chemist from the task of studying
the chemical action involved. We can recognize that the
“ purposes ’, * primitive urges” and so on of the living
organism correspond to characteristic systemic properties, and

1 The term *‘purpose” implies certain mental states, Strictly
speaking, ‘‘purposive” should bear the same implication; but this
term is so0 convenient In the description of behaviour that it is here
often used objectively, without such implication. (See note, p. 128.)
I am not prepared to make a general statement as to the conditions
under which such plasticity may be found in inorganic nature. There
appears to be more than one class of case. The point upon which I
wish to insist is that plasticity is found in connection with organic,
as well as inorganic systems. Thatis to say, the fact of plasticity, as
the term 1s here used, does not constitute a difference between the organic
and the inorganic. I am aware that it might possibly be maintained
that the gualily of organic plasticity does constitute such a difference.
Cf. Weiss on the whole question of plasticity of reaction, and also Herrick
1929), for the relation of the organic and inorganiec.
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still interest ourselves in the mechanism on which these
properties rest.

Again, when we speak of the attainment of a specific end
state as being common to both inorganic and organic systems,
it must not be assumed that the end states of an inorganic
and an organic system have anything more in common than
the fact that they are each the constant or equilibrium state
of a system reached after displacement has occurred. Thus
the end state of a biological system that has been disturbed
is ordinarily not the physico-chemical end state, unless the
disturbance disrupts the organization of the system, that is,
unless it “ kills ”’ the creature. In fact the direct function of
biological organization is to ward off the aitainment of physico-
chemical equilibrium with the immediate environment., It is
not safe to forget, when we are speaking of the cquilibrium
of a living creature, that we are dealing with a special bio-
logical equilibrium, made possible and superimposed, so to
speak, upon the stark physics and chemistry of the situation
by means of a special organization of the energy and matter
involved.! Here, as elsewhere, biological organization results
in special biological phenomena.

Restrictions—The * primitive urges” of the organism’s
physical wants have been considered as the properties of a
system so organized that by means of spatial displacement
and otherwise certain constants are maintained to a high
degree of approximation. There yet remains a further urge
or rather set of urges which are not less primitive, but which
have remained unconsidered, namely, those connecled with
sex and reproduction. The activities connected with these
fundamental drives present a special problem. They are
apparently not directly concerned with the preservation of
bodily integrity or with a special constant nccessary for such
integrity. According to some workers, the sex urge is probably
of central origin (Dumas, 1923, Art. “L’instinct Sexuel).
Others favour a peripheral locus (Nissep,® in Warden, 1931,
pp. 263-322). Undoubtedly glandular factors are involved.
But here our knowledge of the physiological basis of this urge

1 Cf, Herrick, 1920, p. 45, " The working of the machine is the
expression of a natural tendency to restore the equilibrium or to arxive
at some new equilibrium,” Heniclk is hore speaking of the organism as
a living machine.

1 The reference contains an excellent bibliography.

G
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stops. Once initiated, however, the sexual reactions follow
much the same course as do the food and other conservative
reactions, In general, action takes place towards an external
end by any means at the animal’s disposal, the same end being
attained by systemic displacement series differing widely
according to the citcumstances encountered. Internal changes
seem to take place which sensitize the organism, at least the
higher female organism, to certain stimuli, which thus become
effective to disturb the general mechanical equilibrium of the
system with reference to its environment and thus initiate
movement, There is a parallel in the case of hunger, which
produces greater activity on the part of the organism, sen-
sitizing it to “ food ” and other stimuli (Carlson, 1916), though
the nature of the internal change is at present unknown in
the case of sex.

Nor can we describe the specifically reproductive activities
as yet in terms of systemic reaction. Recent researches in
embryology seem to show that the growth of the embryo
consists in the development of a total system, a pattern,
which is a whole from the time of fertilization onwards.
Upon this whole pattern appear in orderly succession details
which are at all times apparently subordinated to the whole
structure, thus forming a more and more elaborate scheme
which is at any instant fully integrated, making biological
unity within a unity, This lesser unity is not, however, a
partial system of the ordinary kind, for its final upshot is
a completely separate system, the relationship between
embryo and the mother in the mammals thus being of a unique
kind, Theory does not at present suffice to deal more
adequately with this fundamental phenomenon.?

Summary—We thus have a picture of the organism as a
physical system of prodigious complexity, many striking
properties of which belong to it as a specifically organized
system, rather than to the working of any unique vital
processes. The specific way in which these systemic properties
show themselves depends upon the peculiar organization of
the system in question, just as the specific manner in which

1 See Coghill (1929) ; Tracy, H. C. (1926). A discussion of the theories
of embryonic development will be found in Bertalanffy (rgz8). For a
discussion of other possible ** drives " see Richter (rgz4), who gives an
interesting account of mnest-building as part of the temperature con-
serving mechanism.
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the laws of physical science operate in any given case depends
upon the peculiar nature of the inorganic system in question.
Special mechanisms enable the organism after disturbance to
come to a conservative equilibrium, that is, one which is
nearer to the original equilibrinm pattern than would be the
case without such mechanisms. Thus it tends to preserve
itself, This power of self-maintenance, effected by means of
such activities as food taking and breathing, has a simple
counterpart in the self-conservative tendency exhibited by
certain inorganic systems. The organism’s power of economical
response again depends on the establishment of a special
biological equilibrium to change of external conditions. The
power of reproduction is not here considered.



CHAPTER V

THE FIRST APPROACH TO THE GENERAL
PROBLEM OF LEARNING

* The stone which by nature moves downwards cannot be habitnated
to move upwards, not even if one tries to train it by throwing it up
ten thousand imes.” (Aristotle’s Ethiss.)

Learning as an Extension of Organic Response.—Consider any
of the higher organisms in the ceaseless turmoil and flux that
is the environment. At every moment external changes are
occurring which disturb the organic equilibrium. The varying
conditions of temperature, of atmospheric pressure, and
humidity ; the protean pattern of the sound waves, a pattern
now of an astonishing and powerful complexity, now dwindling
to a delicate rhythm or confused monotony, perhaps never
entirely absent ; the ceaselessly tumbling kaleidoscope of the
etheric vibrations; the highly diversified changes of atmo-
spherically born chemicals stimulating the organs of smell ;
these in addition to the more intimate and equally varying
nexus of the environment-in-contact, all call out from the
organism at every moment appropriate response with a
corresponding expenditure of energy. Yet, astonishing though
the picture is of so delicately responsive a self-maintaining
mechanism, it does not tell half the story.

For if one attentively regards the astonishing drama of
any higher creature’s life, two further principles seem to
thrust themselves from out of the total flurry of organic action
and reaction. The circumstances of the present apparently
affect the animal in relation to his past; and equally they
seem also to affect him in relation to his future. ** The lion
roaring after his prey, seeking whom he may devour”
apparently determincs what he does by the fact that he is
oyt for food. Equally true it is that he apparently determines
what he does by his experience of previous chases ; he knows,
the naturalist tells us, where to find what he wants, He would

100
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usually be said to go out with the purpose of finding food,
and to have learned where to find it ; his actions, that is to
say, are most adequately described not as discrete, independent,
but in relation to other actions with which they naturally
form a group. The higher animals seem not only to act and :
to act with a putpose, but to learn. Now it has been seen
that the displacement of an inorganic system towards a
maximal or minimal state may provide an inorganic analogy.
to purposive action ; the concept of final cause was claimed,
for example, by 1o less a thinker than Euler to be applicable
to the events described by physical science.® Learning,
however, as a mechanism of utilizing past cxperience for the
organism’s prescrvation, seems surely to be a peculiar
prerogative of Life, admitting of no inorganic analogy.
Inorganic systems, again, may perhaps be thought of as
responding in a simple way to external change, if they are
so organized that external disturbance is followed by com-
pensatory systemic displacement. But the power of learning
seems uniquely different not only from inorganic action but
also from other organic response.

Learning not Unique—Yet this apparent uniqueness is
illusory. It comtes from the fact that we are prone to consider
so-called learned actions in isolation instead of in their proper
context as forming part of a series. A learned action should
be considered strictly in relation to all those preceding actions
which cause us to say that it is learned, If it is so considered
it loses its quality of uniqueness among organic phenomena,
and is seen to be merely a more elaborate response of the type
already considered. A cat has learned to go toits plate for food
when it hears the clatter of dishes. 1f we consider the cat's per-
formance on any one day, the animal does seem to have accom-
plished a uniquely " rational " feat, in that it makes a specific
and new adjustment to its environment today because it has
had certain experiences yesterday, the day before, and the day
before that. If, however, these actions which were performed
while the animal was learning the action are grouped, as they
belong, together, to form the total series of actions performed
while the animal was learning the performance, then we have
a series of related runs at food-time finally culminating in

1 * There can be no possible doubt that all natural phenomena may
be determmed from final causes by ihe method of maxima and minima,
as well as from efficient causes,” Quoted by Gengerell, 1930, p. 231I.
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a direct run to the plate in the kitchen. That is to say, the
animal has made a gradual adjustment to the food situation,
an adjustment which is only relatively complele when the
action is fully “learned . Such a process will, it is true,
differ in many respects from the more elementary adjustments
already considered. Consider three cases: first suppose a cat
to respond 1o a noise by pricking the cars and turning her
head ; suppose her secondly to respond to the smell of food
by jumping off a chair and running to the saucer; finally
suppose her to have “ learned ' to run for food when she hears
the central heating furnace being stoked for the night. In
each of these cases we have the organism confronted with
a change of environmental conditions to which adjustment
ismade. The changing element is generally called the sityation
or stimulus. When the animal turns her head or leaps frtxn the
chair the stimulas is the new auditory or olfactory element.
‘When she has learned to run to food the new set of environ-
mental conditions includes the lotal series of situations in
which the animal finds herself al the evening feeding time
for a week, Just as the animal makes an adjustment to the
situation including the olfactory and auditory stimuli, so it
makes an adjustment to the total serial food situation for
a week, It runs each day, but its path differs from day to
day and finally leads directly to food. In the first case
* response " involves a relatively simple succession of muscular
actions, with movement of only part of the body; in the
second case, where the animal jumps from a chair, there is
a succession of movements and postures involving locomotion
of the entire body; while “learning ” involves a unitary
series of such total locomotor activities. That is to say, the
learned activity here involves a series each term of which
is itself a suctession of systemic displacements ; a series each
term of which is a series of responses. This can be generalized :
*Learning snvolues the process of making a systemic adjustment,
which may be expressed in the form of a series each term of which
* 48 a series of more elementary adjustments. It seems to be unigue
. because there is a tendency to analyse the actions of the otganism
. into single responses without veference to the series which is their
- combext (cf. Coghill, 192g, p. go).
In order to make this clear another example will be presented.
When an individual learns to typewrite, he is confronted with
the situation presented by the typewriter and a genera] social
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situation. This total situation the skilled typist meets by
certain motions of the fingers and arms, these motions being
specific to certain visual stimuli—the transeript or steno-
graphic notes—forming at each performance a fresh part of
the general environment. Learning to typewrite has taken
place, let us say, when the individual confronted with a
manuscript as part of a general social setting can perform in
a certain minimal time and with a certain minimum of errors
the specific movements necessary to make a ““ copy . This
response is different at the end of the learning period from
what it was at the beginning, and if the learning curves are
examined they show a progressively larger number of strokes
per second and a progressively fewer number of ** mistakes .
When the learner has attained, let us say, nine strokes per
second and 9g-8 per cent of accuracy he has completed the*
learning stage. Ordinarily we say that he has attained this
skill “ because of his lessons in typing ", or that he is able to
make a certain adjustment to the situation “ because of his
past experience . This clearly makes the activity of learning
unique, a function “ sui gemeris .

Sometimes, indeed, it is said that he can type better today
because of his ““ Memory " of his lessons ; or it is a “ mnemic
accumulation "’ or an “engram ” that enables him to type
better. Such special terms of course only push the mystery
a little farther back. They are as harmful as was the medizval
explanation that the water rose in a pump because nature
abhors a vacuum, and are exactly parallel to the * first
principles ”, against which Vicq d’'Azyr thought it necessary
to warn his readers.! Such explanations are not necessary
if instead of considering the finished product of learning,
namely, the letter typed at nine strokes per second, the total
series of relevant situations is considered together with the
total series of responses. Then it is seen what has happened.
The human organism has been confronted, on a number of
successive occasions, with situations presenting a certain
similarity, and has made a total unified adjustment to the
total series of these situations, the final stage being the typing
of a letter at a certain speed and accuracy, To be sure, this
highly complex example does not provide a series of identical
repeated “‘ learning ” sitnations. A typist must be able to
copy “new” as well as familiar manuscript,. When he has

1 See p. 1.
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learned to do this he ultimately makes an expert performance
which is part of a total Response to the fofal series of learning
situations, including tHe “ new ” copy, and for this he must
select and re-integrate. The astonishing power of the human
nervous system is seen not least in the ability to attain by
a cumplex integrative process a constant state of reaction to
a total set of situations in which the similar elements are
distributed in such a complicated manner. As will be seen
later, similarity and integration there must be for * learning ",

This is of course no new principle of explanation. It has
saidl nothing as to how the result has been effected. Quite
the contrary. It has left new principles of explanation to the
makers of such terms as * mnemic accumulation ”, claiming
rather that this instance of learning is to be considered as an
extensiop of the organism’s power of adjusting to a single
stimulus or sitvation. While the full implication of the
statement cannot be made clear at this stage of the discussion,
yet it may be repeated that starting from the conception of
the organism as reacting or adjusting to a single stimulus or
situation, learning must be considered as the process of making
an adjustment or total reaction to a total series of such slimuli
or situations. It is essentially similar to the process familiar
as the act of responding to a sitwation by means of an
inteprative process. It involves no new principle, but merely
the extension of one already known. The remainder of the
chapter will be devoted mainly to an exposition of this central
idea; certain immediately occurring objections will also
be met.?

Delimitation of the Term Learning—The fact that there is
no sharp line of division between the more elementary response
and the *learned” activity is well brought out by analysis

t Itisinteresting to find that the term ‘' learning * has only recently
found its way into psychological discussion. Thus no specific mention
of it is to be found in the Index of Ward (1918), Stout (1896), or Kulpe
(t8us). Theie 15 no heading “ learning ” in Baldwin's Ductionary of
Philosaphy, nor in the Index of James’ treatise (1890). For Wundt,
learmng 18 practically synonymous with the memorization of words
and by syliables, althongh reference is made to the animal's * capacity to
learn " (1903, Index). Thu relative silence does not of course mean
that the phenomena were not studied, but rather that they were given
different names, often such as to imply a special mechanism. The
terms ** Memory ", habit, training of Attention, Apperception, were
thus used. 1
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of the term ' learning ” as it is commonly used (p. 5). Not
every series of successive actions performed by an organism
is considered to exhibit learning. There must be, as we have
seen, modification of later terms of the series because of the
fact that earlier ones have occurred, and indeed it is sometimes
assumed that modification, at least under relatively complex
conditions, is synonymous with learning. But this is not so.
Where there is learning the later actions of the series ordinarily
differ from the earlier ones in the direction of the organism’s
advantage. In the terms of the last chapter, it may be said
that the term *“ learning " is not ordinarily employed unless the
modification of aclion has forthered the conservation of the
system., A gull, let us say, has learned to fly after the ships
as they leave the harbour. Clearly the learning rests on the
fact that the bird is able to oblain bigger and betier meals,
and easier oncs, That is to say, its energy intake is more
economically effected. If, after finding food behind a number
of ships, it had so tnodified its reactions that it flew in the
opposite direction whenever a ship appeared, we should hardly
say that learning had taken place. A burni child that used
its experitnce in order to acquire deftness in plunging its hand
into the flames would be a candidate for an institution. In
order then to exhibit learning, a series of organic actions must
first of all be such that later terms presuppose earlier ones,
which is the same thing as to say that modification has taken
place ; but in addition the series will generally show a general
approximation to an optimal term, optimal, that is to say,
from the point of view of systemic conservation. Beeause
the series consists of related terms it is a unity ; * and per-
formance must converge to an optimum which is fixed
physiologically or psychologically. Improvement cannot go
on for ever.

Types of Learnming Series~—Now most of the series that are
actually observed fall naturally into three or four main
divisions, according to the types of stimuli and responses
involved. These divisions correspond ultimately to a classifica-
tion of action seties in general, but the discussion of the
general problem offers complexities which are not germane
to our present purpose. Only such cases will therefore be

1 ¢ Logically and really all relations imply a whole to which the
terms contribute and by which the terms are qualified” (Bradiuy,
1530, p. 521).
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discussed as appear to offer possibilities for learning or at least
of a process allied to it.

Suppose first of all that a series of successive stimuli affects
one receptor field only, and is followed by a series of similar
responses of the same effector or effector group. Consider,
that is to say, the successive sets of environmental conditions
constant save for periodic change in those affecting a single
receptor field. Such a simple series of responses to simple
stimulation may be represented as follows :

SR, SR SR . . SR, (typeA).

This formula represents a very common type of reaction to
repeated stimulation. A particularly common case is where
action gradually diminishes to the zero point. For example,
a turtle is tapped with a pencil at successive intervals of two
seconds, The reaction, which consists in the withdrawal of
a foot, gradually decreases until the zero point. Here is a
quantitative change of visible response, the same effectors
being involved in each reaction, but to a progressively less
and less extent. The experiment clearly shows modification
of action because of previous action, A limit is reached,
namely, that of zero motion, although it might be thought
that in this simple cxample the term * optimum " would
perhaps be out of place. However, zero motion is clearly
an optimum as regards economy of energy-expenditure, so that
there is some justification for the use of the term.! In many
cases reaction to a simple repeated stimulus does not thus
diminish, and here at least the term learning would be out
of place. For example, a turtle was tapped at intervals not
of two but of one second; reaction progressively increased
and the whole animal gradually became more and more
*“ excited ”, until every limb was violently moving, with
apparently a qualitatively different systematization from that
observed at first. The “ swimming "' movements seem to set
in, which appear to involve at least a diffcrent organization
of the same muscles. Here, under the conditions of the
experiment, “learning ” has clearly not taken place. A
physiological limit is ultimately reached, but this can hardly
be called an optimum, for under the given conmditions this
limiting reaction does not differ from earlier ones in' the
direction of energy economy, or systemic conservation. The

! See Gengerelli, 1930.
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same result was observed by Jennings on continued stimulation
of the earthworm (19o6). But there are further cases where
a repeated stimulus is followed by a reaction that diminishes
and disappears, but where nevertheless it would certainly be
a misnomer to use the term “ learning . Thus we may have
a series of actions conforming to the type given, but without
convergence to a real optimal term. For example, if a stimulus
is repeatedly used to elicit a “* reflex ** from such an animal
as a dog, reaction will persist for a long time and will vltimately
fade away from ‘‘ fatigue . If sucl fatigue is carried to the
point of physiological exhaustion and death, the final state
can hardly be said o be an “ optimum ”. Ti, however,
reaction ceases before the siate of absolute exhaustion or
depletion of physiological reserves, then we have again a
borderline case. In this simple mode, indecd, we seem to be
in general on the borderline of learning. Generally speaking,
it is hard to draw the line at any one place and say, ** Here
learning begins.” Between * fatigue”’, which is primarily a
protective mechanism, and learning, it is often hard to make
a distinction,

This discussion of the simplest type of reaction to a repeated
stimulus illustrates a statement which is true of the more
complicated cases also. Learning, or a process allied to it,
may take place in any of three or four modes which will be
considered, but not all action-series fitting into these modes
give instances of learning. The types give no criterion of
learning, but they will be found useful in showing the relation
of the more complex to the simpler cases. The general possi-
bilities for “* learning ** in the mode represented by this type
of series will be considered later in the chapter. It will be
observed that here, as in all the other types to be considered,
each term of the series involves a relatively complete response,
that is to say a re-establishment of equilibrium to a change
of external conditions, the whole series representing, therefore,
a total adjustment that is a complex of minor adjustments,
Learning, if it occurs in this mode, is therefore constituted in
anumber of related terms, each of which is a relatively complete
stimulus-response element. This is characteristic of learning
as it is found in the other modes also, though an apparent
exception will be discussed later.

The first type, which will hereafter be called type A, may
be complicated by changing the quality of the response at
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one or more points, keeping the stimulus unchanged throughout
theseries. Theresulling action-series may thus be represenied ;

SRy SiRy SiRy . . SRy, SpR,, 7 (type B).

Here as before there is a succession of similar stimuli, followed
by qualitatively the same response up to the point S;R,, at
which, however, a fresh quality of response occurs,

Such a {resh quality of response may be brought about by
the use of different effectors, as in the case of flying or walking
in birds, or possibly by a different systematization of the
same cffectors, as perhaps occurred in the turtle experiment
to which reference has been made. It is important to observe
that such change of response may mean a qualitative difference
as regards the cffectors, while the general nature of the total
response remains unchanged. Thus the writer observed a rook
to take a few steps towards the rest of the flock, and cover the
remaining distance by flying. Here, indeed, an entirely different
set of effectors is put into operation, but it is fair to say that
the general character of the response apparently remained
unaltered. Movement was still fowards the fiock. The tactics,
if one may say so, have changed, but the strategy remains
the same. On the other hand, however, even though the
stimulus is kept strictly constani, the whole nature of the
response may apparently change at a definite point, This is
excellently illustrated by Jennings’ experiments on the sea
anemone. This observer found that if these animals were
stimulated by the dropping of water, at first the tentacles
were wilhdrawn, then this reponse disappeared, thus giving
an example of the type A series with the reaction diminishing
to zero. Ii, however, the drops were continued the animal
began to shrink away. Here seems to be a reaction of a slightly
different quality from the mere withdrawal of the tentacles,
In the same way, an anemone was stimulated fiftecn times by
light strokes of arod. At the first stroke it contracted strongly,
and continued the reaction fifteen times, when it bent over
to une side and extended in a new direction. An anemone
may even release its {oothold and move to a new position.
" Thus to the same stimulus when repeated many times the
unemone reacts first by contraction, then by turning repeatedly

1 Here, as in the other formule, there is assumed a constant stimulus

background. According to the gemeral convention, S significs the
changing element on this background. '
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inlo new positions, then by moving away > (Jennings, 1g0s).
Similar phenomena have been observed by the same inves-
tigator on the unicellular organism, Stentor, and on Hydra
by Wagner (Jennings, 190z ; Wagner, 1904). Another type
of qualitative change of reaction to continued stimulation is
to be found in cases where there are two conflicling mechanisms
involved. This is illustrated by the “ curiosity ”* reaction of
many animals, which alternates between flight and attraction,
though here the stimulus is generally continuous. Tt scems
that hardly enough attention has been given to the possibility
of learning in this mode. The complication which it represents
may occur in any of the more complicated types of action-
series to be discussed later. To anticipate, there are instances
recorded where a rai, having learned a simple maze, jumped
over one of the walls, thus short circuiting the obstruction to
the reward. Here the learning process involved a reaction
of an entirely different quality from those preceding it, for
of course the action of a rat in jumping uses a systematization
of the motor system different from that employed in running.
A similar result was reached in a well-known experiment of
Lashley who performed certain operations on a rat that had
learned to pass down the brighter of two passages for food.
After the operation the rat could not turn to the left ; when
such a turn was made necessary by the apparatus the rat
turned through three right angles to the right. This is, of
course, not strictly an instance of learning with a qualitative
change of response, but it offers a close parallel. Lashley has
obtained similar results with other rats after cerebral operation
(Lashley, 1924 ; cf. 1929 and 1930). It is highly desirable
that there should be made experiments with amphibians, birds
and other organisms with more than one means of locomotion
at their disposal. Although prophecy is dangerous, it seems
probable that such cxperimenis would disclose many cases
where learning involved such a qualitative change of response,
though whether this would involve any more than what has
been called a change in tactics is more doubtful. Such
experiments would corroborate the theory of the Gestalt
school that on the conscious side learning involves insight,
and indeed some of the cxperimental resulls adduced
by this school would seem to fit into the rubric of (his
mode.

This type of action-series with a qualilative change of
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response to a succession of similar stimuli is a variant of the
original type, which exhibits similar responses under the same
conditions. Complication of a different form may be intro-
duced by adding to the simple stimulus terms a repeated
stimulus affecting a second receptor field. In this case, instead
of a single periodic change in the environment, we now have
two such changes occurring at closely recurring intervals of
time. The resulting series may be represented as follows :

Si_ Sy _ Ss_ Sy _

R S T

(type C)

where S, S, ctc., and T,, Ty, etc, are stimuli affecting
different receptor fields, R,R, the tolal response, both S,S,, etc,,
and T,T,, etc., being repeated situalions or stimuli. For
example, food and light are presented simultaneously to a dog
on a2 number of successive occasions. Here successive pre-
sentations of food are represented by the S terms, and
successive light stimulations by the T terms. This is, of course,
the formula of the well-known conditioned reflex experiments,
in which, however, an additional T term is introduced at the
end of the series without the S. The light is shown without
the food, and if “ learning " has taken place the food response
follows. The relation of such learning to the organism’s
advantage will be discussed later.

It will be seen that type C is a simple development from
the primary type, being built up from it by the addition
of a stimulus affecting another sense organ. It presupposes,
of course, the existence of at least two kinds of sense organ,
while series of types A and B may theoretically be, and in
fact are, found where there are no clearly differentiated
receptors at all. Type C then presupposes an organism of
a considerably higher type than either of those preceding, not
only because such an organism must possess at least two
kinds of receptor but also because it must possess a nervous
system adequate to effect the necessary synthesis of receptor-
+data. It is further to be noted that the internal receptors
of the body, the proprio-ceptors and possibly the entero-ceptors
also, may conceivably form the second external receptor field.
As a matter of fact Kinwmsthesis, the stimulation of the
proprioceptors, generally acts as a complicating or third
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receptor ficld, at least in experiments on motor learning, where
it has becn found to play an important part. Now there is
no readily occurring theoretical reason why ‘‘learning ” of
the “ assaciative ” type should not occur between two main
receptor fields, one of which is external and the other kin-
msthetic. Such experiments as those of Miss Swartz (1929)
where worms were trained to turn in one direction rather than
another by the use of an electric shock perhaps provide an
approximation to such conditions,! although it is difficult to
know how far tactile stimuli are involved in this type of
experiment. In general, however, even the simplest action
of any of the higher animals is accompanied by an exira-
ordinarily complex nexus of internal and external stimulation,
and indeed the conditioned reflex experiment, which Pavlov
considered to be “ the simplest possible case ", has been shown
by Beritoff to be a highly complicated affair * (rgz4). The
formula by which the elementary type of association has been
represented ihus depicts an ideal which can never, perhaps,
be actually realized ; in which respect it resembles all other
formulze.

Learning in the mode of type C, the simple associatory
combination, may be further complicated by increasing the
complexity of one of the stimuli. This has been done, for
example, in the puzzle-box and maze experiments. By this
means complexity of response is increased. The animal, on
first being placed in the maze, performs a very complicated
series of movements which ceases when the reward is obtained.
This series gradually becomes less and less complex until it
attains the utmost limit of simplicity compatible with the
given conditions. But though such experiments present an
apparently different problem from that of the simpler con-
ditioned response, the two are of an essentially similar nature.
In each there are iwo [fundamentally contrasting sets of
stimuli, the *“ reward ”’ and the ““ non-reward . In the two
types of experiment these are food and maze, food and light
respectively. In each a necessary part of the process of
learning consists in associating these two different stimuli,
in providing, in other words, a ** motive * for the maze running

1 Yerkes' (1912) well-known experiments involved other forms of
stimulation,

% Beritoff worked with the motor reflex, while Paviov's original
experiments of course used a glandular response. Brain, 47, p. 358,
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or salivation as the case may be. It may be said that in each,
also, it will appear later that “ improvement "’ of performance
takes place. The difference between these two highly standard-
ized methods is that the maze experiment offers a process of
much greater complexity, where, the animal has its natural
liberty of locomotion, a point which will later be seen to be
of great importance. The maze experiments correspond, of
course, much more closely to the actual conditions of the
animal’s everyday life, and for that reason it might seem safer
to hegin in our analysis from the complex end. While it is
indecd often preferable to proceed from the complex to the
simple, rather than vice versa, yet the method actually
adopted has the advantage that it gives at least a logical
classification of the cases of learning actually observed. But
whether the analysis be begun from the complex or the simple
end, the same general point is illustrated. The experimental
instances where modification of response would ordinarily be said
lo have occurred may be arranged in a progressive series; at
one end stand the most complex cases such as the mazes and
puzzle-box experiments and incidenially the chimpanzee experi-
menis of Professor Kohler ; at the other the simplest cases of
modification hitherio observed, namely what is ordinarily termed
negative adaptation. Between the two and representing an
intermediate stage in complexity both of stimulus and reaction
falls the conditioned response. Further, no strict line of
demarcation appears between the simpler forms of modification
and the ordinary single response. For, as we have seen, we
should mot focus attention separately upon the individual
actions forming a series in which modification has taken
place ; these actions should rather be considered in relation
to each other and as forming a totality which may be con-
sidered as a total Response or adjustment. Such total re-
sponses to a complex stimulus-pattern differ in complexity,
not in quality, from the simpler response to a single stimulus
which is typically a systemic displacement leading to a fresh
conservative equilibrium.

We thus have a picture of Response growing gradually more
and more complicated, beginning with the primitive reaction
characteristic of the unicellulars, gradually increasing in
complexity to become reflex action, and diverging, perhaps,
at one point to follow the track which will later become
* instinct ”. This is apparently, if and where it exists, a
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unitary or “ closed '’ response to a highly involved situation-
complex which is of a serial nature but which typically contains
no repeated elements and thus no possibility of “ improve-
ment . In its purest form such * instinctive ” action should
appear as a fully-fledged and complete act of self-preservation,
reproduction or what not, on the first occasion that the {otal
stimulus-complex is presented. It is more complex than a
reflex both because of the greater complexity of the stimulus
that calls it forth and becausc of the greater complexity of
the response, It is, as Kolfka and others have poinied out,
more than the arithmetical sum of a number of reflexrs
because each individual action has meaning only in relation
10 the whole. That is to say, it is a totalily, a unit-series of
actions. How far the actions of thc lower organisms cunform
to this pattern it is difficult to say. We know much less for
certain about Instinct than we did ihirty years ago.l But at
least the conception is useful as showing one possible line along
which organic response may have evolved, and therc is a strong
probability that al least an approximation to this pattern of
behaviour exists in many forms of life,

In learning we have a depariure of a different kind. Here
is also a development in the direction of greater complexity,
but the complexity is of a different order. In place of a
combination of serial responses into one Response, which
appears completely integrated at the first presentation of the
necessary serial stimulus, we have a total response to a very
special kind of Situation-complex, namely one that is made
up of temporally disconnected similar elements. Or rather,
we may say that objectively the situation calling forth the
response is temporally discrete, bul in relation to the organism
—in the terms of introspective psychology, subjectively—it
is connected, unified into a single situalion, We speak,
indeed, of a person or an animal “ connecting " what happened
yesterday with what happens today, and such linking up is
considered the mark of a higher organism. A mouse has
“ learned ** {o run a simple maze by traversing it, let us say,
fifteen times, From the point of view of physical science the
successive  stimulus-complexes formed by the thrice-daily
presentations of the maze are discrete in time. As stimuli-

1 Sce Bernard (1924) for an analysis of the gemeral conception,
Interosting examples of criticism on detailed points are to be found in
Wheeler (1929).

"
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in-relation-to-the-mouse they must be considered in connection
with each other ; and unless there occurs in the animal some
kind of synthesis to which they are related, learning cannot
take place.r As a matter of actual fact those forms of life
that have progressed along this line of advance have apparently
found themselves ultimately able to make adequate response
to situations of a greater degree of complexity than those
which have apparently progressed farthest along the other,
“ instinctive ”, line, namely the insects. Whether this is
an inevitable consequence of the two forms of response, or
whether it is an accident, we are not at present in the position
to say ; ? nor is it germane to our purpose to enquire. Thus
we are enabled to trace the evolutionary genesis of learning,
Beginning with the simplest reaction of a primitive creature,
there is gradually developed by the acquisition of the requisite
organic structures the power to adjust to more and more
complex situations. This development may take place along
several lines ; it may consist in the possibility of a more and
more efficient response to a more and more complex and
delicate nexus of simultaneous stimuli, such development
being seen by contrasting the unicellulars with the simpler
fishes, with their much superior mechanism both of receptors
integration and of response; or there may be developed the
ability to make a unified response to a more elaborate unit-
block of stimuli in more or less continuous succession, as is
presumably the case where instinctive activity exists; or,
lastly, there may come the ability to make a unified total
response lo a still more complex situation, consisting of
temporally discrete but “ similar ”’ stimuli; these stimuli
may affect one receptor field only, or more than one, and each
of them will call for a response which can be considered as
more or less complete in itself but whose full meaning can only
be seen in relation to the whole response to the total situation.
Response to such a situation, comprising temporally discrete
but similar stimuli, is, at least in the more complex cases,
called learning.

The question naturally occurs, is there not a qualilative
difference at the point of transition from type A to type C,

1 Consciuus " connection is, of course, not implied.

* It will be reahzed that there is no intenilon of maintaining that
either **instinct ” or " learming” belongs exclusively to any form
of life.
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where response of the type of negalive adaptation goes over
into association ? This was the opinion of Loeb (1goo), for
example, who maintained that at certain points in the animal
scale there appears an entirely new phenomenon, psychic
memory, which is the mark that psychic processes are present.
Similarly S. J. Holmes contrasts adaptation as non-intelligent
behaviour with the formation of habit, which he says is based
on the making of associations (1911, p. 139).* Piéron, on the
other hand, maintains that the difference is mainly one of
complexity (1920, p. 143). There can be no doubt that he
is right. Tor consider the cvolutionary prototype of the
higher organisms, namely, the unicellular animal. I{ con-
sists of relatively undifferentiated protoplasm in which
reception and response are effected by a single cell. As
an organism, however, that is a living system, it functions as
a unity.® Whatever action a protozoan makes, whether it
is “ chasing "’ food or moving away {rom an intense light, it
makes the action as a whole. Tt is not the case that one-half
of the animal moves towards the food, the other half away
from it, or that one part moves towards the light, another
at an angle to it. TFurther, the possession of receptor cells in
higher organisms brings no novelty as regards excitability.
The evolutionary prototype of the cells in the receptor is still
the generally excitable protoplasm, but there has taken place
an accentuation of the power and delicacy of excitability by
certain kinds of stimuli. “ The main function of the receptor
is to lower the threshold of excitability of the arc for one kind

1 With this reference should be compared Buytendijk (19194),
containing a review of an article written in Dutch where he claims
that the unicellulars acquire no habits, the molluscs can acquire a
quantitative change in an instinct, not a quahiative one, while the
crustaceans can acquire a habit. Compare also Smith (1908} on ““ The
Limmits of Educability in Parameecium,” where it is apparently unphed
that * associative memory " marks a dislinct stage In lhe absence
of specialized receptors it 19 difficult to see how such memory would
be possible. The view of Buytendijk 1s a little confusing. Heapparently
agrees with Jennmgs that the unicellulars present habits of short
duratton (1919), hut scems to state 1 his book that the unicellulars
do not cxhibit habits, thus apparently regarding the time difference
as effecting a qualitative change. Buytendijk (1919) has apparently
disproved the contention of Smith (19o8) and of Day and Bentley (xg11)
that paramccium can learn.

2 Cf. e.g. Jennings (1go4) the paper on tropisms, whore tt is insisted
that the unicellular organmism behaves as a unity.
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of stimulus and to heighten it for &ll others ” (Sherrington,
1906, p. 11). When iwo receptor organs have developed we
have then merely a specialization in two sets of cells of excitable
properties possessed in the lowesl forms by all the cell indis-
criminately. When such diffcrentiation into two specific
receptor organs has taken place the organism must still
function as a unity. It must still be able 1o offer integrated
action to changes occurring in the tolal environmental
complex, whether these changes are such as correspond
specifically to the newly acquired receptors or not. The only
novelty conferred by the receptors is the possibility of more
finely discriminated and more delicate reaction to the iwo
kinds of environmenial changes in question. Of course,
parallel with the development of the receptors there goes
generally a more efficient mechanism of transmission and of
action ; the organism acquires a nervous system, lel us say,
and a motor system. Yet even these are but developments
of properties originally possessed by the primitive undifferen-
tiated protoplasm. Their function is to maintain and improve
an already existing synthetic power of action, not to create
anew power. ‘‘ The initial reaction or recepiion of the stimulus,
the spatial transmission or conduction of the reaction, and the
motor or other end-effect, are all processes that occur in one
and the same living structure [ameeba] ” (ib7d., p. 6). Clearly,
then, what will later in the evolutionary scale be known
as ‘‘associative memory ”, the integration of, and unified
reaction to, the stimuli affecting two receplors cannot be
regarded as a novelty. The burden of proof is certainly with
those who claim that, when concentrating the process of
stimulation along two or more channels, the organism must
at the same time develop a qualitatively new mechanism of
“ association " in order to effect an integration that has been
present from the beginning,

It may here be objected that two meanings of the term
Association are confused. When two simultaneous stimuli or
sitnation-elements encounter the organism an integrated or
associated response must indeed be made to them. But this
integration, it may be claimed, is nol the same thing as
association, whereby at a later period of time one sitwation-
element is found to have taken upon itself the response
originally attaching to the other only, giving the power of
** psychic "' insight into the future,
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This, of course, assumes the point at issue. There is on
examination no reason for believing that there is a qualitative
difference between integration whereby a unified response is
made as the result of simultaneously excited receplors and
that by which a unified (learned) response is made as the
result of successively excited receptors, All inicgration is
four dimensional, it is integration of organic processes, events,
corresponding 1o external changes that are four dimensional
also. ‘‘Space and time spring from 2 common root—Lihe
ultimate fact of experience is a spacc-time fact ”” (Whitchead,
1920, p. 132). In certain cases we are able, by a process of
absiraction, to consider the external events as simultancous
and as relatively timeless ; while in others the time co-ordinate
is too obtrusive to allow this. Timc musi be regarded as an
abstraction from events ; prominence of the time factor cannot
be considered as conferring a unique quality on certain
integrative processes. “ In the structure of (the) space-time
manifold space is not finally discriminated from time"
(Whitehead, $bid., p. 173). When used objectively such words
as “ memory " have only been made necessary because of an
ineradicably old-fashioned habit of thought, resting on the
illegitimate abstraction of time from events, If, then, we
regard the act of ‘‘ associative memory ' not in itself but
together with the preceding acts that go {o form the total
relevant series, we have a unified total Response to a four-
dimensional Situation, requiring four-dimensional integration
of neural impulses. Such four-dimensional synthesis we have
seen to take place in every act of integration; it is only by
an abstraction that a purely spatial integration seems possible.
Once, then, granting the essential similarity of the underlying
process of unification in what is called ‘integration” and
“ association ", the uniqueness of “ association " disappears,

For example, at any stage of the learning process all ihe
acts leading to the formation of a conditioned reflex are related
to form a unity, while the successive presentations of the
corresponding situation, the bell-food complex, must likewise
be considered as forming a single total Situation. So that at
any presentation after the first the sound of the bell must be
considered not in isolation but as parl of a total situation
including also past presentdtions of bell and food. Because
the bell is part of this total situation, reaction to it is modified
accordingly, just as reaction to any stimulus may be modified
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by the total situational context, This is, of course, what
integration implies, that a response is made to the total
situation, so that the effect of any single element of the
situation may thus be different according to the nature of the
total context of which it forms part. Now in the case of the
bell-food complex, the modification of bell-response which
takes place because the bell has been included in a new
temporally extended context is called the process of forming
the conditioncd response. Objectively speaking, we have here
no mystical prevision of the future, but rather reaction to an
clement which is part of a total Situation with its roots in the
past, It is often said that the bell serves as the signal for food
to come in the future. It is more correct to say that the bell
has become part of a total situation extending into the past.

To take another example : A cat responds to a situation,
in which a chair and milk on the shelf form part, by jumping
on the chair and thence to the shelf. A unitary, integrated
response has been made to this complex situation. The same
animal encounters a ringing bell together with a saucer of
milk on one day, the same combination on the next, and on
the third day hears the ringing bell in another part of the
house. The animal *‘ connects” all these events together—
again we are not implying a ‘ conscious ’ connection—and
runs to the saucer. The unified response on the third occasion
is part of a larger unity comprising behaviour on three days.
In view of the modern doctrine of space and time there can
be no reason for postulating that such “ connection” is
somehow different from the central unifying process which
takes place when the cat jumps up for the milk. There is,
of course, implied no explanation of the mechanism employed
in the two cases. Qur concern here is merely to make clear
the fact that there is no reason for assuming qualitatively
different mechanisms to be operative in the two instances.
It is remarkable that the cat can run to the saucer from another
part of the house; it is equally remarkable that it can jump
on a chair to get milk., The one process is no more astonishing
than the other in spite of the fact that the special name
* Jearning * has been given to it.

1t may be objected that at the beginning of the learning
period the integration is not complete, and that it is the
peculiar function of the learning process to eficct a gradual
fusion of nervous impulses originating in the two receptors
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concerned. Thus the conditioned response is but gradually
developed in the dog. At first the impulses from the auditory
and the taste receptors are received, but are unintegrated ;
by means of 2 number of repetitions of the combination neural
fusion takes place of the auditory and gustatory neural pattern.
This gradual process, it mighi be said, is peculiarly learning,
Such a statement, however, tends to the fault of which
complaint has already been made. At its best it is dangerous,
It iends to consider the neural responses to successive presenta-
tions of the combined stimulus as separate, and thus finds it
necessary to invoke a special faculty of ““ learning * to account
for the gradual neural fusion which takes place as the result
of a number of separate presentations, I the successive
presentations are regarded as aspecls of one lotal Situation,
then ihe gradual fusion of neural impulses may be regarded
as part of the general and total adjustment to this Situation,
without the necessity of postulating a special faculty. The
argument really reduces to this : if the successive presentations
necessary for the learning process are regarded as discrete,
disconnected stimuli, then it is apparently necessary to
postulate a faculty sui gemeris to account for * modification
by experience . If, however, they are considered as aspects
of the same, more inclusive, total Situation, then ihe “ learning
process "’ appears as an extension of the familiar activity
of response, and no new faculty is necessary. If the principle
of parsimony is adopted, we thus have an argument in favour
of the present theory.

At first sight it may seem impossible to treat “ entirely
separate ” situations as parts of one larger whole. But this
is exactly what we do with spatially extended situations,
which are considered to comprise spatially separated smaller
elements forming one inclusive larger pattern. In view again
of the present attitude of physical science to the space-time
continuum, the burden of proof ceriainly lies with those who
claim that we may consider an organism as reacting to a
single situation of spatially separated elements, but not to
a single situation comprising temporally separated elements.
Kohler's chimpanzee connected into a unity two sticks and
the banana which were simulianeously presented in space.
The animal’s reaction is Lo the total spatio-temporal situation
including these three specific elements, which the creative,
integrative activity of the animal has interrelated. In the
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same way the animal learning by repetition cflects a similar
creative integration involving the similar clements in the
repeated situation ; he connects what happens today with
what happened yesterday, the difference being that here the
“{emporal ”, there the *' spatial ’ aspect Is more obvious,

It may here be repeated that between the activities usually
considered to be due to a special process of learning and those
generally considered as simple responses there is a further
parallel in that each class of activity is typically conservative
of the living system concerned. Professor Haldane’s dictum
may be repeated from the last chapter. “ Biology must take
as the fundamental working hypothesis”, he says, “the
assumption that the organic identlity of a living organism
actively mainiains itself in the midst of changing external
circumstances,” The external slimuli are the changes in
cxternal circumstances. The responses are the resulting
systemic displacements, which, says Haldane (in general),
work actively in the direction of the maintenance of the
organism. In general response tends to the maintenance of
life, is * to the organism’s advantage . 1If, then, learning is
adjustment 1o a siluation of a special order of complexity, it
should be to the organism’s advantage; and, as we bave
seen, this is ordinarily so. As was seen earlier in this chapter
not every kind of * modification by experience ”’ is ordinarily
given the name learning, but in general only such modification
as tends to the organism’s advantage. Thus one of the most
striking properties of learning becomes at once an illustration
of the general rule that Haldane has laid down as a biological
postulate. The problem of the Direction of change in Jearned
activities, which was seen in the first chapter to be one of the
most puzzling with which psychologists have to deal, is thus
brought under the canons of ordinary biological thought.

J Special Criteria of Learning~Mention should perhaps here
be made of certain other special criteria of learning that have
been implied or proposed. In that very able book, The Amamal
Mind, Miss Washburn seems to make a distinction between
temporary and “ relatively lasting ”’ changes of behaviour,
the latter only being classed as learning. * To begin with,
we shtall distinguish between those modifications which depend
on some comparatively lasting alteration in the organism (in
its nervous system if it has one) . . . and modifications which are
due to a change essentially temporary in its character, in the



THE GENERAL PROBLEM OF LEARNING 121

physiological state of the organism.” * In the same way, Day
and Bentley state that Modification “ is not in itself the equiva-
lent of learning. It suggests learning only when it is preserved
by the animal and used as an acquirement upon a later occasion *’

(x911). In spite of Miss Washburn's important endorsement,’
I cannot believe that this distinction between changes * com-
paratively lasting” and those * essentially temporary in char-
acter "’ is scientifically valid. Many changes of behaviour that

would undoubtedly be considered as due to learning are of a

very temporary nature. Thus, Pavlov stresses the evanescent

nature of conditioned reflexes, which are admittedly learned

responses. ' So infinitely complex, so continuously in flux, are

the conditions in the world around, that that complex animal

system which is itself in living flux and that system only has a

chance to establish dynamic equilibrium with the environ-

ment " (1927, p. 13). Here the temporary nature of the organic
changes, as corresponding to temporary changes in the environ-
ment, is put down as a distinguishing characteristic of learning.

If, further, the difference in tempo of various forms of life be

taken into account, one organism living and dying in a day,

while another may live for a century, the criterion of temporari-

ness or its opposite does not seem sufficiently clear cut to

mark a dividing line. Here is hardly a point of division

between learned and non-learned activities.

Mention should also be made of another criterion of learning
proposed by O. Koehler (1924, p. 590), who claims that the
term should only be applied in cases where " a controlling
nervous centre is trained by practice .* This is ultimately an
anatomical criterion ; it claims that not the training of the
organism but the training of a nervous system constitutes
learning. One feels that such a distinction, which is one not
of behaviour but of the mechanism of behaviour, is in the
highest degree arbitrary, and that it ultimately admits that
in the behaviour itself no dividing line can be found between
what constitutes and what does not constitute learning.

Insight—The discussion naturally leads to the consideration
of yet another distinguishing characteristic that has been

1 1926, P. 247.

% * Ein {ibergeordnetes nervises Zentrum durch Uibung cingefahren
wird,”” Ho ascribes to certain unicellulars a " kind of learning ** like
that of a key that is orignally too big and comes to fit the lock.
(Experiments of Metalnikof, 1914, and Bbzler.}
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ascribed to learning, namely what has been called by the
Gestalt school Insight. This term is used to denote the
organization-into-a-whole of the total sensory and motor field.
“ A total field would be experienced without insight if all its
several siates, wholes, attitudes, etc., were simply given as
a pattern, in which none was felt directly to depend upon any
other and none to determine any other.” ! As an example
onc may give Kohler's well-known experiment in which he
placed a banana out of reach of a chimpanzee but with a
string tied to it which the animal could pull. This was a
simple problem for chimpanzee intelligence, The animals
pulled the string and thus obtained the banana. Here there
would be said to be insight into the situation, because the
animals were able s¢ to organize the total visually given field
that the string was scen as a tool wherewith to obtain the
banana, the requisite movements thereupon following because
of the synthesis of a new moto-perceptual pattern. Such a
performance is beyond the capacity of a dog.

In accordance with the postulate laid down in the first
chapter, learning of this kind will be considered from one
aspect only, namely that of the physiological processes
involved. For even though it be granted that there is an
organization of conscious elements, yet there must corre-
spondingly be a synthesis of nervous impulses and other
definitely physical processes, to which attention and description
will be confined. It may be noted that, even granting the
possibility of interaction between the physiological and the
psychic, whereby one side of the relation could influence the
other—and this is a hypothesis to which the present writer
cannot subscribe—yet our discussion is not vitiated as long
as it is kept on a descriptive level, If no attempt is made
to give an explanation of how the psychically effected physio-
logical synthesis comes about, discussion being confined to
statement and description of the fact, then at the worst a
description in physiological terms will be incomplete as
showing the fact and not the cause; unless it be maintained
that physiological organization plays no part at all, a proposi-
tiun which even the most hardy anti-behaviourist will scarcely
maintain, The phenomena of ‘“Insight” will then be
considered objectively, leaving for others to discuss the

} W, Kdhler, 1929, p. 371.
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relation between the strictly physical phenomena and those
known as “ conscious . In this connection atteniion should
be called 1o the fact that a sudden spurt of learning, indicating
perhaps on the neurclogical side a synthesis of neural processes,
cannot be taken as necessarily implying * ideational "
behaviour. Still less does the implication lollow that such
*“ideas " 1 as may conceivably be involved affect the physio-
logical processes ; this even though a parallel is thus offered
to human behaviour in which ideational synthesis is apparently
involved, Since again such an ideational process, even if it
occurs, is of necessity at least accompanied by a corresponding
physiological process, we shall keep to the surer physiological
ground.

Now when such learning takes:place as in Koller’s experi-
meni with the chimpanzee, does it not seem reasonable to
give the name learning exclusively to ithe *intelligent ** act
of synthesis by which the problem is solved? The animal is
faced with the * problem ”’. For a time he is baffled, then he
solves it by suddenly making the right movements. * After
a while—the animal being very restless as he was in all similar
situations, particularly on finding himsell in unwonie
isolation—Sultan (Kohler’s most intelligent monkey) suddenly
went to the tree, climbed up to where the cord hung, and
remained quiet a moment.” There he pulled a rope, to which
was tied a basket containing bananas, several times so violenth?
that a banana fell out, and on repeating this for a secorf®
banana broke the rope and carried off ihe fruit.”? €
repetition of the experiment the rope was at once broker
again, Should it not be said that in this experiment, whiclS
is not one of the most favourable, the sudden synthesis, what-
ever il was, was really “learning ”, which will then consist*
of the solving and understanding of a problem rather than
the painful fumbling of the animal in a maze or puzzle-box
The hypothesis is attractive. It scems to bring back the!
intelligent animal that all animal lovers know, and which has
been driven out of the house {o have its place taken by a
crealure of an almost uncanny stupidity who can never do
anything right excepl by the process of doing 1t wrong first,
There is no doubt that the * Insight ' animal is more attractive
than the  trial and error " animal. There is still less doubt

1 Cf, Yerkes, 1916. On 1his point see the discussion of Hunter, 1929
2 Koltka, 1924, p. 183.

‘
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that the “insight” baby is preferable to ihat somewhat
chilling changeling, the * {rial and error ” baby.

Fortunately, However, it does not seem necessary to choose
between the baby or the animal we love and whose mental
processes function by Insight, and the scientific bantling which
a generation of faithful scientific observation has given us.
They are really the same child. For the maze experiments,
supporting whal may be called the * repetitive theory " and
the Insight theory, are really stressing two sides of the same
phenomenon. Learning has been defined as the act of adjust-
ment 1o a complex repelitive situation. This adjustment
may be clfected quickly, by a relatively sudden readjustment
or synthesis of the neural clements involved, or it may take
place graduvally. Ii may be that ihere are involved in the
first case conscious processes which are absent in the second,
but there is no evidence that the objeclive dilference is any
more than one of speed in systematization. That is to say,
there is no evidence of two qualitatively different kinds of
neural systematization, one effected by a sudden synthesis,
the other by slow accretion. There may conceivably be
¢ mscious processes peculiar to a sudden synthesis and com-
purable perhaps to those concerned in the perception of motion,
which, according to Wertheimer, may have as their basis the
* physiological short circuiting ” of nervous processes induced
by the appropriate stimulation of separate retinal areas, The
point is well put by Hunter. ‘ Some learning periods may be
shorter than others, or may result in a higher degree of
efficiency than others, or may involve verbal guidance, but
there is no adequate reason for believing in two kinds of
learning.” !

This is not to say, however, that there is no such thing as
the phenomenon defined by Kéhler as Insight. On the
contrary. It seems certain that every act of learning, as
weell as every simple response, involves such a systematization ;
for let it be repeated that every organism, even the simplest,
fxcts as a unity towards the highly diversified external flux,
so that there must be syntbesis, systematization, of such
neural or conductive processes as may exist. It is only

1 The statement of Koffka's ihat ' the {improvement of efficlency
goes haod in hand with an incremsed insight into the nature of the

task ™ (1924) is strictly in agreement with the interpretation here
adopted.
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approximately true that such integration is completely
determined by preformed neural pathways, for natural con-
ditions are never iwice precisely the same. Synthesis is
perpetually in process of operalion in every living organism ;
and the higher the organism, the more delicate ils receptors,
and the more efficient its nervous system, the more complicated
is this continuously varying synthesis, until we come to the
human being and perhaps what Kant has called the * synthetic
unity of apperception . From the very fact that it is a living
organism so reacting that it preserves its own particular life
and limb, every creature is perpetually engaged in ils own
nicrocosmic act of creation, which brings about the systemati-
zation of its own little comer of chaos. The difference between
ihis act of synthesis and that which is ordinarily involved in
repetitive learning is that, while in the one casc a fresh synthesis,
involving organic action, can be accomplished in periods of
the order of reaction time, that is to say, from a few hundredths
of & second upwards, in the other the synthesis may take a
long period to effect. At bottom, however, simple reactions
and learning are in the general respect of synthesis entirely
similar. In each case a new factor is introduced necessitating
a certain organic re-systematization, with a systemic displace-
ment ordinarily called the response. In the one case the new
{factor, constituting the change of external conditions, is of
short duration and occurs once only; in the other the new
factor, the total Situation, includes smaller repeated situations,
and extends over a longer period of time, while the reguisite
systematization requires longer to effect.

Repetitive learning thus implies synthesis, which there is
no reason to believe is different from that involved in sudden
learning. The work of Kohler has performed a most valuable
service by focussing attention on the synthetic aspect of
learning, the distinguishing feature of the situations he used
being that they were ncar the animal’s limit of immediate
accomplishment and that the goal could not be attained until
the synthesis had been effected in a relatively final {orm.
Synthesis or systematization is characteristic of all organic
reaction. It may be of gradual growth, as in what is called
repetitive learning, or it may be more rapid, when, if the
sityation is “ hard”’ and unusually novel, it is called learning
by insight. In the latter case there may be unique psychic
correlates, with which we are, however, not here concerned.
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And even when there is a critical point in the learning series,
where sudden synthesis may be held to have taken place, yet
repctition is generally necessary for fully efficient performance.
Thus in the experiment of Kéhler’s to which allusion has been
made we find that when the test was repeated three days
later, Sultan, the monkey in question, at once performed the
trick without the preliminary period of delay. Tt seems then
fair to say that in all cases that would ordinarily be described
as Jearning we find the organism developing a pattern of action
which is, in most instances, improvable by repetition, bui
which in other cases—thosc where insight is exhibited-is
relatively fully formed at the outset. Admitting the striking
nature of Kohler's examples, we shall insist that they at least
imply improved performance on repetition. The term learning
is ultimately one of convenience. We shall then include the
notion of repetition in its definition, and regard any instance
which may apparently present a complete and unimprovable
act of learning at one presentation—if and when such occurs—
as a limiting case.

Learning and Purpose—As the term is ordinarily used,
“learning thus implies a series of reponses 1o successive situations,
* with successive approximation to a more advaniageous
* response, the total series of such responses forming the
- Response ! to the total more inclusive Situation. It has been

seen that later responses in general presuppose earlicr ones,
the total series thus forming a unity in itself,. When, further,
we speak of learning we generally, perhaps always, imply
a certain degree of similarity between the successive presenta-
tions of the stimuli ; that is to say, there is a certain amount
of repetition.

Thus there appears a certain similarity to the formula of
the last chapter, where was discussed the nature of the organic
systemic displacements characteristic of what is known as
‘“purpose . In each case the series considered is such that
later lerms imply earlier ones, and in each case the successive
terms exhibit a gradual approximation to the end result.
The learning series does indeed bear a fundamental resemblance
to the total set of actions of an organism which sets oul with
the ' purpose”’ of obtaining food, goes through a series of
part-responses to the various elements of a total sjituation,

! Oun the analogy of Calory, il is convenient to use Response to
designate the unified series of part-responses or adjustments,



THE GENERAL PROBLEM OF LEARNING 127

each such part-response bringing the final term nearer, until
an end result is reached. The fact that learning ordinarily
implies an intermitted series of actions, the animal being put
into the maze three times a day, for example, while in the
intervals it is in its cage, does not constitute a difference
between the purposive and the learned activity, For many
** purposes *' are interrupted in the same way. It is not
necessary that the series of actions leading to a * purpose
shall be uninterrupted. But there are differences in the
behaviour to which the terms “ purposive *’ and “ learning
are ordinarily applied, although here again there is no absolute
linc of demarcation. TFirst of all, the word learning usually
implies the repetition with improvement of at least two
sub-situations, themselves purposive. Learning is here, then,
the more inclusive term. The cal which has learned to escape
quickly from the puzzle-box has done so by escaping ; on each
occasion that it did so it carried out a purposive series of
actions whose end term was the act of escape. It is the
tolality of all these more or less complete escape-series, the
complexity of which is gradually telescoped into a relative
simplicity, that constitutes the learning series. " We learn
by doing.” In the limiting case, however, when learning
takes place at one repetition, the purposive series is identical
with the learning series, so that here again is a case where no
sharp dividing line can be drawn between learning and another
general form of response, If we are to say that the chimpanzee
learned at one sitting to fit together the two bamboos in
order to obtain the banana, it is equally true that the same
set of actions was a purposive one, the end term of which was
the taking of food.

In the common use of the terms learning and purpose there
is another difference which is perhaps worth noting. When
we speak of an action as learned, we are speaking of one term
of an action-series with reference to preceding terms, while,
when we speak of an action as purposive, we are describing it
with reference to succeeding terms. To use either method of
description implies a context for an action, without which,
indeed, the action is not properly described; but the context
stretches out in opposite directions in the two cases. A learned
action cannot be fully understood without reference to
* previous experience ”. Thorndike claimed that his trained
cats were supposed to be more “intelligent” than they
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actually were by the onlooker who had not been present at
the training experiments. In the same way the psycho-
analysts have insisted that many apparently meaningless
symptoms of neurotics mgst be referred to the past experience
of the patient, or, speaking in the terms of the present chapter,
to the preceding terms of the total action-series of which they
form part. To say that the cat is trying to open the door to
get food, a usage which has universal sanction, is to include
certain actions of the cat within a unity ; though the context
is here purposive,* not one of learning; it is further to speak
of certain terms in the total series with reference to the final
term, which is the taking.of food.

It will be realized, however, that, fundamentally, and perhaps
somewhat academically speaking, the differences between
“learning " and “ purpose’ are convenient descriptive
distinctions only, corresponding to no functional gap. Both
purposive action and learning are instances of the same
fundamental process, that of adjustment to a complex of
four-dimensional environmental conditions; for practical pur-
poses it is convenient to give the name learning to certain
cases where the environmental complex is naturally considered
as involving a number of less inclusive ‘‘ repeated” sub-
complexes, and where we wish to consider the stages whereby
adjustment is attained as well as the final state of adjustment
itself,

Is Uni-receptoral Learning Possible 7~—A brief account should
be given of a problem which cannot be said to be in any way
solved, but which raises questions of great interest. It concerns
the possibility of modification which ideally involves one
receptor field only. This might be called uni-receptoral, as
contrasted with plurireceptoral modification which effects a
synthesis involving impulses from two or more receptor fields.
‘Whether such modification should be called learning is another
matter, 1t is really a question of terminology, If the opinion

1 It is repeated that the use of the term * purposive ** has here no
subjective implications. It is not by an examination of an animal's
or a person’s consciousness that we are enabled to apply the term
purposive to what he does. On the contrary by an examination of his
bohaviour many psychologists feel that they can make certain inferences
about his states of conmsciousness. The present account prefers to
agree on the facts of observation without making the inferences.
Cf. Rignano {1931) for an objective account of purpose,



THE GENERAL PROBLEM OF LEARNING 129

of the present book be adopted, that there is no qualitative
break in behaviour between the most primitive response and
the most complicated instance of learning, then the problem
is one of arbitrarily fixing a point where a term of convenience
shall first be applied. The simple action of the amceba to
food or to light would be considered by nobody to be learning,
while the process by which a child acquires the ability to read
would be so styled by everybody. Between these extremes
some may prefer to set a dividing line at a specific point ; but
it is a matter of indifference just where such a line is
drawn.

Now there are two hroad possibilities for such uni-receptoral
modification ; the receptor end may be primarily involved, or
the central and motor mechanisms. Numerous examples of
the latter will be given under the heading “ negative adapta~
tion” in the next chapter. The simplest possibilily of
uni-receptoral maodification primarily involving the receptor
end is perhaps to be found in the cases of ** sensory adaplation
also to be discussed later, and variants of which have been
analysed by Hecht in the clam and Adrian in various forms
of life. Hecht points out that the sense organs, in their
capacity of adaptation, play an important réle as a buffer
between the outside world and the organism (xg29). Perhaps
at a slightly higher stage of complexity we may have modifica-
tion by what is known as “ semsory organization”. It is
conceivable that such organization may involve processes in
the receptor itself, Evidence for the possibility of such
strictly intra-receptoral modification is to be found in Adrian’s
experiments on the eye of the conger eel (1928) where repelition
seemed to improve the connection between different parts of
the retina. This result was apparently due to the action of
the retinal synaptic layers. However, such organization as
takes place within the receptor itself must be of a very
rudimentary nature; apparently neural structures of a higher
order are generally involved. This would seem Lo be the case
in the development of the * sensory attitudes , as, for example,
in Wertheimer's clockface experiment.! If two lines are
successively exposed with an angle between them like the
hands of a clock, with the proper conditions regulating the
exposures, not two lines but one line is seen, moving from the
first to the second position. This is the well-known Phi-

1 See Wertheimer, 1925, p. 59.
T
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phenomenon, which is at the basis of what is observed at the
moving pictures, Motion ordinarily takes place in the direction
of the smaller angle. Suppose, for example, that one line
stands on the other as in the illustration.

Motion here takes place in the clockwise

direction. If, however, the angle COB is ———A
gradually increased, motion will still take 0 B
place in the same direction, even when the angle COB is

c now greater than a right angle. With=
Y\ out the preliminary training the same
5 B objective stimulus gives rise to a counter-

clockwise perception. ‘The strength
of this working of predisposition showed itself as somewhat
different from person to person, and as dependent on the
number of predisposing experiments.,” With one observer
the phenomenon could be demonstrated up to an angle COB
of about 160°, with another up to one of 130° and it could
even be induced up to an angle of x75°. Now these results
are of course subjective, involving as they did the conscious
states of the observer, but they must have been correlated
with corresponding physiological processes. The scat of this
process of physiological training it is in the present stage of
our knowledge, impossible to define with exactitude. If
Wertheimer's account is accepted, it appears probable that it
lies in a part of the central nervous system that is mainly
‘ perceptual ” in its function. The training would then be
really a “ perceptual ” one, involving a portion of the central
nervous system whose main function is the organization of
the impulses originating in the receptor, the * optic sector ”,
to use Xbhler's term.! Such sensory or intra-receptoral
organization plays a large part in Gestalt {theory.

Other forms of uni-receptoral modification may readily be
imagined, It might, for example, be possible to * associate
a stronger with a weaker stimulus in the same receptor field,
so that the latter would finally come to cause a response that
originally followed only from the former, something as when
a gun-shy dog comes to run away from the distant sound of
a shot. The psychology of such cases is at present very
obscure, but therc seems little doubt of their existence. The
whole discussion should be regarded as somewhat tentative.

1 Kohlet's opfic sector seems to correspond roughly with Pavlov's
** analyser*’, except that the latter includes also the receptor.
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It is possibly the case that some such process is accountable
for many phenomena which bave hitherto been explained by
such ad hoc terms as the training of attention. In conclusion
it may be said that there is nothing to preclude the possibility
that in many cases of *“ associational *’ learning such organiza-
tion also takes place. Strictly speaking such * perceptual
organization " should perhaps then be considered as normally
constituting only part of a total conservative organic response ;
in this case it would be parallel to the modification of such
a structure as a synapsis. It would be one of the mechanisms
of learning, rather than a complete act of learning, Thus
when a child learns to read there may be specific organization
within the optic-scctor, as well as a definite motor-training
enabling the right ecye movements to be made ; just as Beritoff
showed that the conditioned reflex involved not only the
““analysis” of the motor conditioned stmulus, and its
association with the response, but a high degree of kinesthetic
organization as well. Tndeed, all evidence seems to be
pointing to the probability that learning in the higher organisms
will be found to be of a very much more complex nature than
has hitherto been suspected.

In the next chapters an attempt will be made to relate the
general conception of learning as a complex act of adjustment
or response to that of the organism considered as a living
system.



CHAPTER VI
HABITUATION

* A fox who had never yet seen a lion, when he fell in with him for
the first time in the forest was so frightened that he was near dying
with fear. On his meeting with him for the second time, he was still
much alarmed, but not to the same extent as at first. On seeing him
the third time, he so incrcased in boldness that he went up to him and
commenced a familiay conversation with him.” (Zsop’s Fables.)

WHEN a shadow is thrown on a sea urchin the animal raises its
spines. If the stimulus is repeated three or four times visible
reaction ceases. Such response has been classified as forming
an action-series of the first type, the stimulus remaining
identical and response diminishing until it finally disappears,
A vpreviously cited example of the same kind of thing is
illustrated by the tracing on page 141, which shows the
effect of continued tapping of a tortoise’s shell over the right
leg. The response may be observed to fall off rapidly until
the original stimulus produces no visible reaction. The
structures concerned are apparently still capable of reaction
to the same stimulus, as may be seen by examination of the
later part of the tracing, which shows the original tap again
producing response after a violent stimulus has been given.
The process of habituation has intervened and has been
neutralized by the extraneous stimulus.

Several names have been given to the phenomenon; in
addition to habituation il has been called, for instance,
* acclimatization ”, ‘‘ accommodation ”, and * negative
adaptation ”. These are, of course, ad koc terms ; one has still
to ask what has happened when a turtle becomes * accli-
matized ' to a tap on the shell. An answer seems to be
suggested from the previous considerations.

In the third chapter organisms were shown to behave in
general as would be expected of systems so organized that
external changes disturbing equilibrium are followed by intra-
systemic displacements leading to a fresh equilibrium which

132 :
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tends towards conservation of the disturbed pattern. In the
example given of habituation the organism was at rest with
reference to the environment ; this state of rest was disturbed
by a change of illumination, but upon persistence of the
external change a state of rest was rc-established. These
cases of habituation then illustrate the fact thal when the
living system has been disturbed under normal ! circumstances
there are initiated by virtue of the organization of the system
internal systemic processes such that a fresh equilibrium is
reached. Further, they illustrate very clearly a characteristic
property of biological equilibrinm. The process tends in
general to conscrve the biological pattern as il was belore
disturbance took place. This it does in two ways: the
elimination of * useless” movement is econumical of ihe
energy reserves, and further, as far as visible movement gocs,
the original action pattern has been restored. We may say
that mechanical equilibrium with the environment has been
re-established.

The statement may be generalized. Habiluation is an
instance of the living system's power of establishing a conservative
equilibrium o change of evternal conditions.

Ubiguity of the Phenomenon—The phenomenon is of very
widespread occurrence. According to von Buddenbrock ? all
*“ shadow reflexes”” rapidly degenerate. The assertion has
indeed been made that the phenomenon of habituation is
generally to be observed on repeated moderale stimulation.
(Goldsmith, 1927, pp. 243—4). It has been observed in
organisms of all evolutionary grades; in the ameeba, the
stentor, the vorticella, animals which are all of them single-
celled ; in the slightly more complex hydra, in worms of
various kinds, parasitic grubs, barnacles, sea urchins, mosquito
larve, bivalve molluscs, various primitive marine animals
such as sea anemones, in land and water snails, leeches, frogs,
dogs, turtles and fishes, and further in various insects such as
ants and spiders.® It is a commonplace of animal training

1 See Child, 1924, p. 236 and clsewhere for a discussion of the
meaning of ** normal”,

2 Quoted by Hempelmann, p. 456.

¥ ¥or the papers describing the experiments see : Buytendyk, xoa8,
D 40; Folger, 1927; Jennings, 1904, p. 229, (amwba); Jennings, 1902
(stentor and vorticella); (the writer has personally observed °‘de-
habituation’ in the latter); Wagner, 1904 (hydra); FHesse, 18u;
Hargitt, 1906 (annelids); Verkes, 1go6 (Hydrosdes dianthus); Walter,
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technique, whether a “ gun-shy ” dog or a “ motor-shy "
horse is being trained out of an undesirable reaction, or a
fiock of sheep or a herd of cows * learns ™ to graze on the
embankment of a railway undisturbed by the passing of the
trains ; and in human beings we have the same disappearance
of certain responses on appropriate repetition of the stimulus,
the lid response dropping away when the auditory stimulus
is repeated, the nystagmus or trembling of the eyes, that
results (rom rotation of the body, disappearing when the
experiment is performed a sufficient number of times, the so-
called ' psycho-galvanic reflex ”’ to a bell or buzzer diminishing
to zero; even the knee-jerk, if it is elicited often enough and
at suitable intervals, shows a tendency to lengthen its reaction
time—a step, as the Irishman might say, in the same direction.
When we come to activities primarily involving higher centres
in the human being, examples are exceedingly numerous from
everyone's personal experience. We cease to “ notice " the
originally insistent bell, the ticking clock, the pressure of our
clothes, the noise of the waterfall. Those who live in the city
hardly perceive the clash of the traffic, and there is a pretty
parallel to this residential habituation in a statement of Piéron’s
concerning water snails, ‘‘ Snails living in water shaded by

1go7 (planarians); von Uexknll, 1900 (sea urchins); Nagel, 1894
(moMuscs) ; Minnich, 1925 (caterpillars) (?); Goldsmuth, 1927, p. 244
(mosguito larvae); Jennings, 1905 and Kinoshita, 1910 (sea anemones);
Wolff, (colony-dwelling hydroids), 1003 ; Piéron, 1013 ; Humphrey, 1030
(snails) ; Gee, 1014 (leeches); Miller, H. S., and Mahafly, 1930 (fish
parasites) ; the writer and his colleague, Dr G, S. Melvin, observed
habituation to repeated stimulation in frogs, and the writer in the
musk turtle, Aromochlemys cdoratus (experiments unpublished). To
these should be added Jones, 1931, psycho-galvanic reflex in infants ;
Heeht, 1929, an analysis of visual adaptation; Adrian, 19264, b, ¢,
and d, and Bronk, 1929, for various kinds of sensory adaptation as
studied through the action current of the nerve. Wells and Holsington,
1931, have investigated adaptation to pain. To many of these
experiments reference will later be specifically made. Many of the
above references are given in Miss Washburn’s admirable manual.
The reader iy also referred 1o the erndite chapter of Piéron (1920,
Ph. 108~141), where reference 1s made to studies of adaptation occurring
in many other forms, notably the sensitive plant! (p. 12}, a state-
ment apparently confirmed by certamn experiments of the present
writers, various annelids (p. 1x6), goose barnacles (p. 122), and ants

{p. 123). No attempt has been made here to give a complete biblio-
graphy.
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trees whose branches and leaves move to and fro in the wind
hardly react at all to shadows, while very lively reactions would
be met in individuals of the same species found in a piece of
water absolutely open.” It would, of course, be a totally
unjustified procedure to assume that the same mechanism was
involved in all of these cases. In fact, the contrary is certain.
Habituation must be a very different thing in the almost
undifferentiated amceba, in the snail with its elaborate system
of receptors, nervous system and effectors, and in the almost
inconceivably complex human being. On the other hand it
would be equally unjustifiable and destructive of all scientific
progress to assume a different mechanism for each case. As
a matter of {act, the exact nature of every particular mechanism
involved need not and indeed cannot here concern us, We
are dealing with an clementary conservative phenomenon
common to living systems of many different grades of com-
plexity, belonging to them gud self-conserving systems however
they may be organized, and it is neither necessary, nor, in
the present stage of knowledge, possible to give a complete
description of all the processes concerned. It is certain that
the habituation of a one-celled stentor to the disturbance of
dripping water is not effected by exactly the same mechanism
ag that of the anemone to the prod of a pencil or that of the
turtle to the tap of an electric bell-hammer ; equally certain
it is that each would be impossible without the existence of
protoplasm with its fundamental property of irritability. It
is in something the same way that we may recognize that
locomotion, digestion, and the ingestion of food are charac-
teristic conservative activities, without understanding their
intimate mechanism in every case, Like the phenvmenon of
habituation, these latter processes are found in organisms with
pre-synaptic and synaptic nervous systems, and in those
with no nervous system at aill; nor, before accepting this
fact, do we feel obliged to enquire into the particular method
adopted in each case to move from place to place, to assimilate
or obtain nourishment. In order to avoid misunderstanding
reference should, however, be made at the outset to an
important general difference of mechanism, where higher
organisms are concerned, in the cases of habituation, In
certain cases the phenomenon is apparently due to processes
occurring mainly in the receptor system; in others it seems
to have a central origin. The former cases are generally said
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to be due io ““ sensory adaptation ” while for the latter the
ierm ' negative adaplation " may well be reserved. We shall
revert to this point later.

Experimental Instances—In order better to exhibil the
nature of the phenomenon under discussion certain experiments
will be described in some detail. Land snails of the variety
Helix albolabris, which is common in the St. Lawrence valley,
were placed by the writer (xg30c) on an oaken platform about
eighleen 1 by five by an eighth of an inch. By means of an
electrical atlachment this platform could at regular intervals
be jerked longitudinally on its ball bearings. The snails were
thus allowed perfect liberty of locomotion while they were
subjected 1o an absolutely constant stimulus at regular
intervals of time, generally two seconds. On being first placed
on the apparatus Lhe animals were allowed a rest during which
they emerged from the shell and began to crawl over the
board. The electric clock was then started and the jerking
began. The first result was a whole or partial withdrawal of
the horns (antenne), al each jerk of the platform on which
they rested. As a general rule, to which there were, however,
exceptions, the extent of this response gradually decreased,
until the jerks were followed by no apparent reaction.
Isolated responses might indeed occur after this but they
tended to become fewer and fewer, until a series of fifty or
sixty stimulations might go withoul visible movement.
* Habituation ” had set in. This complete absence of response
is very striking in view of the contrast which it presents
between the behaviour of the snail at the beginning and at
the end of the experiment. When first placed on the board
the animal is exquisitely sensitive to such stimuli as vibration
of the table and currenis of air. A person walking across the
floor will often cause a complete withdrawal of the antenne,
the slam of a door in another part of the building may cause
the whole body to retire into the shell. At the end of the
experimeni, however, it may be difficult to cause complete
withdrawal. On one occasion a snail totally withdrew for
fourteen scconds at the first jerk. At the end of a series of
stimulations the table was given a hard blow with a hammer,
when only a three-quarter withdrawal followed. Several cases
were observed where a habituated snail crawled half over the

 The reading 8’ in the paper desciibing these experiments was due
to an error in typing,
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edge of the board, so that a portion of its body rested on the
stationary table, the rest on the regularly jerking platform.
Even in this exiraordinarily uncomfortable looking posiiion,
with its body being visibly and suddenly bent every two
seconds, not a trace of reaction could be seen. This indifference
to an almost brutal stimulus was a striking change from the
original delicacy of response.

Now it does not seem appropriate to describe what has
happened as fatigue, at least as the term is ordinarily under-
stood. To begin with, several cases were observed where the
application of an extensive series of stimuli caused only one
reaction. One snail, for example, responded to the first
stimulus with a semi-withdrawal of the antennx: ; sixty-three
succeeding stimuli were without results. A reaction such as
the half withdrawal of a snail’s antennz can hardly be said
to bave been fatigued after a single repelition. Such a use
of the term fatigue would at least have the wrong implications.
Further, as will be seen later, and as is the case with the
protective lid reaction in the human being, a more intense
stimulus tends to restore the response to the original stimulus ;
a fatigue that is diminished by more inlense stimulation of the
same kind seems self-contradictory.?

In certain experiments a half-minute interval was allowed
during which the animal received no stimulation. At the end
of that period the jerk was begun again and response recom-
menced. But if the process is continued, a half-minute rest
will no longer restore the response, so that we feel justified in
assuming that there are different degreces of habituation,
which might perhaps be graded according to ihe length of time
necessary to restore the response. Let us suppose that the
snail, by repetition of the jerk stimulus, has been habituated
to such a degree that 2 one-minute rest now no longer resiores
the response. If now, during such a period of rest a steel ball
is dropped on the platform, movement of the antenna will

1 Nevertheless in certain cases there is considerable difficolty in
distinguishing between fatigue and habituation. It is possible that
some instances of habituation involve 1n a highly localized form the
same mechanism as thai responsible for certain phenomena to which
physiologists give the general name fatigue. See the heading Fatigue
in Bayliss' Prinuples of (Geneval Physiology. In view of the fact that
habituation and, 1n general, ordinary fatigue are each of them protective
agencies, it would not be attogether unexpected to find them shading off
into each other,
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again be observed when the jerk begins again. So that the
habituation may be removed by resl or extraneous stimulation,
and deepened by further stimulation of the kind originally used.

Now these series of facts clearly fit very well the hypothesis
that the snail is behaving towards an external stimulus in
the way that would be expected of a system so organized as
to preserve its mechanical equilibrium with reference to the
world without. For consider the animal as it is at the beginning
of the experiment. Under the influence of the totality of
external conditions it is cither at rest or moving as a whole
with reference to the environment. In particular the neuro-
muscular apparatus controlling the movement of the antennz
is in equilibrium with the external conditions in which it finds
itself. If these later are subjected fo alteration within a
certain range, movement takes place until equilibrium is
re-established ; this may be effected by a sudden jerk, a blast
of cold air, a change of illumination. This may be called the
primary re-establishment of equilibrium, the body, as already
discussed, bringing it about that motion ceases when the
disturbing factor no longer operates.

We are here dealing with a single change in the external
conditions of equilibrium, resulting in motion. A stimulus, it
has been pointed out, is defined by many as a change in the
external vital conditions. But what if the stimulus is repeated ?
If the interval between repetitions is below a certain minimum,
the organism will not have time to effect the necessary
replenishment of organic material. That is to say the second
stimulus will lie in the absolute refractory phase and no
movement can result. 1f, however, the second stimulus lies
outside the absolute refractory phase, movement is again
possible, and only observation can tell us what will happen
if the repetition persists. As we have seen, for certain time
intervals, movement actually decreases until it ceases
altogether, That is to say, a constant state—equilibrium—
with reference to the environmental conditions has again been
established, It may be said that the regularly recurring
mechanical shock has now become part of the constant
environmental conditions, This process may be called the
establishment of secondary equilibrium.* It may be under-
stood by considering the repeated external disturbance as an

! The problem of the relation of habituation to the relative refractory
phase is investigated in an interesting paper of L. H. Cohen (1929).
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instance of a single temporally extended Situation. This has
already been seen to be a fully justifiable procedure. Here, in
fact, we have illustrated the necessity of treating the organism
as a four-dimenstonal continuum, a spatio-temporal event.
It has been seen that we have just as much right to give the
term * situation ” to a succession of external events as to
a collocation of so-called simultaneous stimuli. It is only
because of a faulty abstraction, belonging to an outworn
system of physical analysis, that we have in much of our
psychological thinking become accustomed to think ot a
situation in terms of three dimensions, with uccasionally the
complication of a time element such as ** delay . Specifically
in this casc we may regard the rhythmically occurring series
of mechanical shocks as a single Situation, and as a different
situation from that formed by a single such shock, just as
fifty white spots on a wall present a different situation from
one such spot. And just as the reaction to a single spot may
be different from that to simulianeous fifty spots, or that to
a single person different from that to a crowd, so the reaction
to a single mechanical shock and to a series of such shocks
may be, and in fact are, different. To say that habituation
has taken place is to say that the organism has been disturbed
by a change of external conditions, and that by means of
intra-systemic displacements a stationary state has been
re-established.

Such an account is cven more easily seen to be true of
continuous than discontinuous stimuli ; thus Northrup (x9z0)
found habituation to heat in fishes.! A fish {ransferred
suddenly from a temperature of 10° C. to one of 35° died in
the course of one to two hours, whereas a fish transferred
first to a temperature of 27° for two or three days and then
put in water al 35° was able to live indefinitely at the latter
temperature. This means that a continuous stimulus has
induced changes in the organism whereby cerlain responses
ultimately no longer occur, and although the responses would
in this case ordinarily be described as physivlogical rather
than psychological, yet the principle is the same. As the
result of the new thermal conditions, intra-systemic changes
have been effected which issue finally in an organic stationary
state. With the sudden change from 10° to 35° the viganism
was unable to cope, On a higher plane, fundameutally the

1 Observed first by Loeb and confirmed by Northrup.
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same phenomenon is seen in the habituation of a human being
to a continuous noise, such as the roar of Niagara Falls, which
finally becomes part of the constant environment to those
that live near by. The mechanism by which this result is
achieved is very different in the two cases, involving obscure
biochemical relations on the one hand, and a highly specialized
neuro-receptor system on the other. But fundamentally the
same thing has been accomplished in each case. A living
system has been disturbed by a new external factor, and
intra-systemic displacements have occurred which finally issue
in a biological, not a thermodynamical, constant state. Equi-
librium has been established, the original reaction having
disappeared because of changes elfected in the system. From
these examples il is a short step to the habituation of a snail
to a series of jerks, or of a sca anemone to a series of taps; it
is necessary only to substitute a discontinuons external
disturbance for a continuous one.

It is now easy to see the intimate relalionship between
reaction to a stimulus and habituation to a succession of
stimuli. Each involves the disturbance of a constant state by
an external change; each involves also the re-establishment
of a constant state. When the environment returns to the
status quo ants, we speak here of reaction, when the environ-
mental alteration persists, either continuously or inter-
mittently, we speak of habituation.? Thus again in the light
of modern physical treatment of space and time it is hard
to see any fundamental difference between ‘‘ reaction ” to a
spatially discrete manifold, and ‘‘ habituation *’ to a temporally
discrete manifold, such as a series of taps. This point will be
considered later, The burden of proof would seem to be
with those who maintain the existence of such a fundamental
difference.

We thus have two contrasting situation-response relation-
ships. There is the total situation to which the organism
responds in such a way that habituation sets in. This may be,

* D. E. Mmnich (1925) stimulated caterpillars by means of sound.
He found that reaction ceased after an interval of from a few seconds
to a minute and attributes the result to sensory fatigue. He was
unable to obfam habituation using 5” intervals, Tt is not of course
maintained that fatigue, in the sense of exhaustion of some substance
necessary for reaction, or of clogging the machmery of reaction with
waste products, is never responsible for the fading away of response.
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for example, the total situation comprising twenty-taps-on-
the-shell, and the response to it a series of leg-withdrawals
gradually becoming less and less extensive until no visible
movement is produced. These movements must be considered
strictly in relation with each other, and as forming a single
unified response to the twenty-tap Situation. This unified
response by which equilibrium is established to the total
situation is a synthetic, integrative, activity of the organism
in process of progressively maintaining its essential unity in
space and {ime.

Contrasted with the total situation is any single tap, with
its ensuing response or lack of response. Such a single tap
must be considered as forming an element of the total twenty-
tap Situation ; as it forms part of the more extensive stimulus
complex, response to it is modified. Thus, let us say, the

by
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Fi¢. 3.—Habituation and Dehabituation in the Musk Turile,

The turtle was clipped to a stand, and to its right front leg was
attached a thread which worked a recording lever. The shell im-
mediately over the same leg was tapped every two seconds by an
electric hammer, which resulted in withdrawal of the limb at each
stroke. There is a noticeable reaction for the first seven stimulations,
after which response becomes insignificant. Later the turtle is given
two aor threc sharp taps on the shell near the same place, a small mallet
being used. A very pronounced reaction follows, after which response
to the electric taps begins again. Ncarly two minutes later this bas
again disappeared, when a second series of sharp taps is administered.
This lime response to the electric taps is not restored. This falling
away of the effect nf the mallet blows, similar to one obtained in the
writer's experiments on snails, may be due either to the fact that the
animal is beginning to become habituated o the mallet blows, or to
tho fact that habituation to the tap stimulus is now deeper than at
first. Possibly both causes operate. (Unpublished tracing.)
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twentieth tap, as belonging to a total stimulus-context
stretching back into the past, is now no longer followed by
visible movement. Further, the organism has eliminated overt
response as far as is possible under the existing conditions;
which here means that visible response has been completely
eliminated. Minimum possible movement is here zero move-
ment, Such elimination “ as far as possible under existing
conditions ” will be seen later to be characteristic of more
complex cases also.

Dehabituation—Equilibrium, such as is established to a
series of shocks or shadows and which depends on a nice
balance of internal and external conditions, is a delicate thing,
It may casily be deranged. We have noted such derangement in
the case of the snail, where an intense stimulus, applied after
habituation is established, will restore the original response,

The writer has observed a similar restoration of response
by extraneous stimulation in the mud turtle (Fig. 3) and the
frog. Holmes (1912) reported the same thing to be true of
gea urchins. The phenomenon may easily and prettily be
demonstrated on a young baby. The hands are clapped behind
the child’s back every two seconds; blinking occurs several
times, but has generally died down by the sixth or seventh
stimulation. Habituation has set in. The cradle is then given
a sharp blow, and the hands are once more clapped, keeping
the proper interval by counting. The child will be observed
to blink again. The explanation seems to be that the blow
on the cradle requires a new adjustment on the part of the
organism which is inconsistent with that involved in effecting
the habituation. The peculiar processes involved in the
establishment of equilibrium are thus nullified, and habituation
has to be re-established. Dehabituation by lapse of time and
by another stimulus are thus fundamentally the same, for
they involve each of them the derangement of an established
state of equilibrium by altered conditions, the alteration being
one of increase of environmental energy in the one case, of
decrease of energy in the other.

An interesting case occurred in certain of the writer’s
experiments on snails. Here the steel ball was first dropped
not during the period of stimulation or during a rest-pause,
but before the snails had been subjected to any other
stimulation. The jerk stimulus was then begun, and was
followed by responses which increased for a time as the ball
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stimulus was repeated. These resulls at once suggest the objec-
tion that what has been termed “ dehabituation ” is simply
an increase of excitability, which, under conditions not known,
may summate with repeated stimulation, Such a statement
would be in line with the results of certain recent work.?

This explanation is, however, not inconsistent with that
given in the present chapter, but rather gives a name to the
present account, according to which extraneous stimulation
does cause the organism to respond to stimuli which have
become inoperative. It should be remembered that we are
never able to start our experiments on an organism virgin of
stimuli and response. We must take the living creature as
we find it in a certain environment, into which certain changes
are introduced for the purpose of experiment. If these
experimental stimuli are of the proper kind, they will disturb
any adjustments that have been made to previous conditions,
and a condition of greater excitability results. Whether this
disturbance consists entirely of the removal of * inhibitory **
processes, or whether it involves also the accentuation of
excitatory processes, it is impossible to say in the present
state of knowledge—nor would it make any difference to our
argument.

The Locus of Habituation—While we have reserved the
right to hand over to others the investigation of the specific
mechanisms by which a particular vital system tends to
maintain any constant, such as the present instance of
mechanical equilibrium with the environment, yet, in view of
the widespread occurrence of the phenomenon of habituation
and the variety of the forms in which it has been observed,
a brief discussion of the question of its locus may not be out
of place. Jennings (19o2) has observed the phenomenon in
the one-celled stentor and vorticella, Buytendijk (1928) and
Folger (1927) in the amceba. Now the protozea are not
undifferentiated. Many of them are indeed very highly
structured along their own lines. Yet these creatures have, of
course, neither nervous nor receptor system differentiated. So
that in their case we should search for neither a nervous nor
a receptoral locus. But here, as in many other instances of
unicellular behaviour, we are justified in considering habitua-
tion to be the prototype of a functivn later to be performed

1 Beritotf (1927) lays considerable sttess on increased excitability
produced by stmulation, as does V. E. Shelford (1918).
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. by specialized organs. Again, the phenomenon has been

demonstrated, by Jennings and others, in the sea anemone,
which possesses a non-synaptic nervous system, and Adrian
(rg28) has shown that it can take place within the nerve
fibre of organisms possessing receptors and synapses. Thus
it may exist independently of both receptors and synapses,
Further, the remarkable work of Hecht (1929) has exhibited
in intimate detail the working of the intra-receptoral process
which occurs when an organism becomes adapted to continuons
visual stimulation. Primarily by the study of the clam
Hecht was able to deduce a formula expressing the relation.
ship between the intensity of the light and the concentration
of certain chemicals into which the photo-sensitive substance
in the eye is decomposed by light. The overt response of the
clam, for example, depends on this chemical relation. When
the animal is resting in the dark the chemical system in the
eye is in equilibrium. If it is then * suddenly illuminated
it responds to this illumination by a vigorous retraction of
the siphons. If the illumination is permitted to continue, the
animal no longer responds” (p. 229). Hecht claims that
when light falls on the animal’s eye a reversible chemical
process is initiated, that is to say one such that the breaking
down of the photo-sensitive substance is at the same time
accompanied by the converse building-up process. The
incidence of light causes the balance to be inclined in favour
of the former, thus releasing certain substances which them-
selves initiate a second chemical reaction causing a neural
impulse. 'When, however, the light is continued, the reversible
process comes to a stationary state. The necessary conditions
for the initiation of nervous impulses are lacking and move-
ment ceases, He has been able to put into the form of an
equation the situation in the sense organ during adaptation.?
This equation determines for any given intensity of light the
condition in which the sense organ comes to a stationary
state. Adaptation is thus automatic, depending on the fact
that a certain photo-sensitive chemical system in the eye
comes to a state of equilibrium when light of a fixed intensity

]
1 KI=£—_;. “In this equation the only two variables are the

intensity T of the light and the concentration # of the decomposition

products P and A produced by it from the sensitive substance $”
{p. 268).
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continuously falls upon it. Thus this treatment supplements
the discussion of Chapter III where it was shown that the
eye or visual apparatus may be considered as a partial system
of the total living system. The sensc organ, Hecht tells us,
is not an isolated group of cells: ““ It is an organ and functions
as a whole” ... "it conforms to what one has always
supposed the sensory process to be, namely, a nearly self-
contained system, high in energy content, which can be
released by a small addition of energy from the outside ™
(p. 238). TFurther, as a result of thesc experiments, Hecht
has given us the conception of the scnse organ as a buffer
between the environment and the organism. By its power
of coming to a position of equilibrium specific to persistent
environmental conditions, it acts as a protecting layer [or the
highly responsive nervous system., We have seen that the
ameeba can come into a state of equilibrium with light of
different intcnsities. In the more highly evolved organisms
investigated by Hecht, the visual receptor has, in addition to
acquiring the specialized function of visual reception, become
also a specialist in the mamntenance of equilibrium to external
photic conditions.

In addition to Hecht’s work, light has lately been thrown
upon certain forms of sensory adaptation by the no less
remarkable experiments of Adrian and his collaborators.?
Here an entirely different method was used, namely, that of
stimulating the sense organs in the skin or muscle concerned
mechanically and by means of several stages of radio amplifica-
tion recording the action currents produced in the nerve., In
this way Adrian claims to have demonstrated in the cat and
frog a process of adaptation in the end organs of pressure
and “‘ touch " and in those at the base of the hairs. The rate
of adaptation in these organs varies, that of pressure being
the slowest, that of touch coming next, while that for the
organs at the base of the hairs is apparently slightly shorter
still, Each of these threc receptors, according to Adrian,
adapts at a much slower rate than does the nerve,?® and
interesting problems arise involving time relations when one
of them js stimulated with conscquent neural excitation. Into
these problems we cannot, however, enter. Slowest of all in
adapting are the receptors in the muscles. So striking is this

1 See Adrian, E, D, 19264, b, ¢ and 4, and Bronk, 1929,
? See the diagram, p. 79, Adrian, 1928,
X
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difference in the time taken for adaptation that, following
a similar distinction made by Sherrington for reflexes, Adrian
differentiates between ‘‘ postural ” and “ phasic ”’ receptors,
the former being those whose long adaptation time causes
them to exert a relatively constant effect on the attached nerve
when they are stimulated by a protracted stimulus, the latter,
however, being such that protracted stimulation is quickly
followed by receptoral adaptation with correspondingly rapid
fading away of neural excitation. The receptors for ** touch ”
and those at the base of the hairs are then examples of the
phasic class, while the ‘‘ proprio-ceptors " in the frog’s muscle
spindle are said to belong to the postural class. Between the
two classes is the organ of pressure.

The effect of pain-producing stimuli was studied by the
same technique. Such stimuli may presumably be classed as
harmful to the organism, and many are of opinion that
adaptation occurs only to stimuli that are harmless, Yet
Adrian reports, “It is interesting to find that the pain
receptors adapt themselves to a constant stimulus at a rate
comparable to that of a nerve fibre and much more rapid than
that of a complex end organ like a muscle spindle ™ (1926,
P. 48; compare Wells and Hoisington). He later states,
however, that certain facts make it difficult to compare the
rate of adaptation with that of other receptors (1928, p. 102).
However, even though direct comparison of rate is impossible,
the fact that there may exist adaptation to a presumably
harmful stimulus would make a valuable addition to our
knowledge, and will later receive attention in its appropriate
context,

The work of Hecht and Adrian has then exhibited in highly
convincing detail the working of sensory adaptation. There
is, however, evidence which tends very strongly to show that
in organisms possessed of a sensory system habituation is
not necessarily confined to the receptors. Thus certain
experiments in Pavlov’s laboratory have apparently located
such a process in the dog's cerebral cortex (1927, p. 259).
Attention has been called to the fact that adaptation is to be
found in the nerve fibre, It will be recalled that it has been
demonstrated to exist in the sea anemone. Here its seat is
apparently the syncytium or nerve met which is free from
synapses, the facts seeming to make it improbable that the
responsible organic changes are of a purely receptoral nature.
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For the receptor in question is of a highly primitive kind,
being apparently not much more than a free nerve ending,
while according to report there may be produced in these
elementary creatures an adaptational process that will persist
for several days. According to the verbal report of Dr. Klugh,
sea anemones may become so habituated to constant handling
that it becomes difficult to make them respond for demonstra-
tional purposes to a mechanical stimulus.

Further, ' In the responses of molluscs to shadows the
experiences of one day appear to exiend their effects to the
following day ” (Washburn, 1926, p. 256). According to
Piéron, snails became more easily habituated on successive
days (xg911a and 8). The (amous experiments of the Peckhams
on the spider (1887) showed habituation to a tuning fork
lasting over a period of days. The spider dropped to the
ground at the first presentation of this stunulus, but gradually
“ became used ”’ to it, finally, after some days, ceasing to
respond at all Piéron claims that barnacles may become
more or less permanently habituated to photic stimuli (1920,
P. 122). The exact locus of the adaptational process in these
latter cases is, again, uncertain. It would seem, however,
intrinsically improbable that adaptation of such long standing
should be referred to a receptor, especially in those cases
where the receptors concerned are of a very primitive nature,
We are thus left with neural processes as an explanation,
the synapses probably being involved where they exist, The
usual distinction between ““ sensory adaptation ’’ and * negative
adaptation ”’ proper would accordingly appear to be valid.?
In habituation we seem, in fact, to be dealing with a con-
servative phenomenon characteristic of living creatures, a
phenomenon which may be of very varied complexity, is found
in all grades of life, and which may be mediated by many
different mechanisms,

Further, according as an organism is moie or less highly
evolved, it is rcasonable to expect that this characteristic
organic phenomenon will be found to be effected by means
that are of correspondingly greater or less complexity and
specialization. Thus where a receptor system and a nervous
system have specialized in functions of irritability and trans-
mission formerly effected by the same protoplasm, we

1 In this book the term habituation is used as inclusive of both
classes. Effector * futigue * possibly gives,a third class.
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apparently find this highly general organic function, involving
cessation of reaction to stimulation, so to speak parcelled out
between these two special mechanisms. In higher organisms
it is then possible to see both sensory and central adaptation,
as evolutionary descendants of the primitive unicellular
adaptation. When we come 1o such highly complex cases
of adaptation as the taming and domestication of animals,
and human * attentional ”’ adaptation, it is almost impossible
at present to talk of a locus at all, except to say that central
processes must be involved.

Harmless and Harmful Stimuli—~—According to certain
writers it is only the harmless stimulus that leads Lo habitua-
tion, Thus Jennings rcports that a feeble current of watler
would at first cause reaction in a sientor, while only a few
responded to the second stimulation, and some to the third
or fourth, Bui only when the stimuli are non-injurious does
the organism thus cease to respond. Jennings attempted to
accustom the animal to the stimulus from a minute quantity
of sodium chloride solution. This stimulus was repeated for
an hour steadily, and the stentor reacted in each case. There
was no indication of its becoming accustomed to the stimula-
tion; a fact, in passing, which seems to show that the first
results cannot be thought of in terms of motor fatigue as the
term is ordinarily understood. Similar results were obtained
by the same investigator when working with the sea anemone ;
here slight stimuli that are not injurious may cause at first
a strong reaction, then on repetition produce no reaction at
all or a very small one, but stress is laid on the fact that this
is only true of slight stimuli. Similarly Piéron states that
various annelids may become habituated to shadows but not
to “ brutal and dangerous ”’ excitations in the form of blows,
“nor even to contact stimuli which constitute more real
menaces than do shadows * (1920, p. 117).

Now attention has already been drawn to the fact that the
disturbances to which both organic and many inorganic
systems can make adjustment must lie within a limited range.
I1, for example, the pendulum is struck too hard a blow, the
system will be disrupted. Again when all the bicarbonate
in the buffer solution is neutralized, the buffer effect ceases.
And in general the constancy effect is only operative for non-
destructive disturbances. Disturbances outside of Lhis
‘“ harmless " range destroy the peculiar organization which
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is responsible for the requisite compensatory changes. The
same restriction must be made for the stimuli to which the
Living system can adjust. A moderate shock may produce
a reaction in an animal, while an intense shock will disrupt
the organism and cause death. For all organisms it is then
clear that there are certain very intense stimuli to which
there can be no question either of response or of habituation.
These are indeed harmful stimuli, but it is not this class of dis-
turbance that Washburn and the other writers have in mind.
Rather they are thinking of an intermediate group which do
not cause immediate disruption of the vital system but which
ultimately tend towards its destruclion when they are repeated.

Now it seems to be admitted thai an intense stimulus is
followed more slowly by adaptation than a lighter one, though
there appears to have been httle quantitative examination of
the relation (Piéron, op. cit., p. 116 ; Washburn, 1926, p. 251 ;
Yerkes, 1906), Danisch, lor example, found that a mechanical
shock involving the cxpenditure of 500 ergs required nine
strokes to produce habituation in vorticella, one involving
1000 ergs required fifteen strokes, while one involving 1500
ergs was followed by contraction even after forty shocks.
Expenditure of 2000 ergs still resulted in contraction after
two hours’ stimulation with 420 shocks—showing that fatigue
in the sense of exhaustion can again hardly be held responsible
for the habituation that occurred to less rigorous stimulation.
The same author also recorded dehabituation by lapse of time
(rgax)?

In general such a result is to be expected on the hypothesis
that adaptation is brought about by intra-systemic com-
pensatory processes tending to prescrve the original state of
equilibrium. For a more intense external change will require
a more pronounced action on the organism’s part (see Danisch,
p. 142). The more intense stimulus will be one that will
produce a greater derangement of cquilibrium, which it is
reasonable to think of as requiring a more persistent com-
pensatory effort on the part of the organism before the original
state is restored. It must nevertheless be insisted that this
is a reasonable supposition only, and one which lacks any
thoroughgoing and rigorous quantitative proof.

Taking a series of stimuli that are gradually increasing in
intensity we should thus expect to find a corresponding

1 The control of these experiments1s perhaps under suspicion,
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increase in the time necessary for' adaptation, with possibly
a limit of intensity, as was found by Danisch, beyond which
adaptation is impossible. This last class of stimuli would
presumably be of an * injurious”’ nature. It would include
Piéron’s “ brutal and dangerous ” excitations. There are,
however, further complications. Adaptation may take place
to painful stimuli, which are presumably for the most part
injurious. It may also take place to undeniably fatal stimuli,
as is shown by the well-known experiment where a frog is
gradually raised to a fatal temperature without exhibiting any
unusual reactions. It is further possible, by arranging a
sufficiently long time interval, to bring about that adaptation
does not take place to undeniably harmless stimuli (eg,
Hargitt, 1906).* So that the teleological criterion of *“ harmful-
ness ” is neither necessary nor sufficient, In the absence of
further evidence the most conservative statement seems to
be that under certain conditions adaptation will take place
to certain stimuli but not to others, and that in general, possibly
by a process of selection, the former group contains the
harmless stimuli, the latter the harmful ones. Further, at
least an important group of harmful slimuli are of a very
high intensity. To this general statement, however, there
are doubtless many exceptions. 'When these occur, as in the
case where the organism adapts to a harmful stimulus, it
must be concluded that Nature has made a mistake. For in
spite of the assertions of the romanticists, Nature is by no
means infallible.

Certain interesting problems are raised by the fact that,
other things being equal, a more intense stimulus apparently
does require a greater number of repetitions for adaptation
than a less intense one. The question of the exact mechanism
of non-sensory adaptation has been left unanswered, and is
perhaps at the present stage of knowledge unanswerable. It
is certain, however, that where such adaptation occurs the
one stimulus must exert upon the organism some effect that
tends against response of the same organism to the same
stimulus repeated at the appropriate interval of time. It is

} Miller and Mahafiy (x929) give an interesting example of vanation
between stimuli in the time needed for adaptation. In the parasitic
Cercaria Hamata habituation could be produced to r or z repetitions
of a shadow, while 79 mechanieal stimuli were necessary 1n one case to
reduce reaction to a few vibrations. They suggest separate mechanisms.
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the nature of this effect that is uncertain. Now the closest
parallel is that of the physiological process of inhibition, which
is the process whereby a reaction to one stimulus is impeded
by the action of a different stimulus, that is to say, one
affecting another receptor, though not necessarily another
kind of receptor. For example, “ Reflex inhibition of the
flexors of the knee (spinal dog) is regularly excitable by
stimulation of the skin of a digit of the crossed hind foot *
(Sherrington, 1911, p. 134). That is to say, reaction of the
flexor muscles is checked by a stimulus acting at a different
point, But there is good evidence that, like its counterpart
the excitatory process, the inhibitory process grows in general
more intense as the stimulus iiself increases in intensity.
Sherrington again states that * increase within limits of the
strength of the stimulus of the inhibitory afferent increases
the amount of relaxation which the inhibitory reflex can
produce in the contraction of a given excitatory reflex "
(1925). Heymans, working with visual, olfactory, and auditory
sensations established the fact that a more intense sensation
exerted an inhibitory action on a less intense one, and was
able to express his results quantitatively in the law ihat this
effect was proportional to the inhibitor (1899). Spencer (1923)
trained rats to react to a weak light, and then introduced a
stronger one, which he found to exert upon the already
established reaction an inhibitory effect proportional to its
intensity. These results are, in the main, in line with those
obtained in Pavlov's laboratory on dogs. A doctor’s thesis
of S. H. Fursikoff ! published from Pavlov’s laboratory makes
it clear that a more intense degree of inhibition was produced
by a very strong stimulus than by a weak one, and the same
general result is noted by Bechterew (1926, p. 254) for human
reactions. The results of these workers seem to point to the
general conclusion that any inhibitory effect attaching to a
stimulus will increase when the intensity of the stimulus is
increased. An extreme instance of an intense inhibitory state
following a stimulus of a very high degree of intensity is

1 Tursikoff, D. S., Inferrelations between Excilahon and Inhibition.
See Biblography of Pavilov's Conditioned Reflexes (22), p. 483, The
translation was with characteristic generosity loaned to the writer by
Professor . 8. Liddell of Cornell University. DIaviov's statement
concerning stimuli of medium intensity dees not seem explicable in
view of Fursikoff’s study, See his Conditionsd Reflexes, p. 388.
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perhaps to be found in the Charcot method of inducing
hypnosis where catalepsy and allied phenomena were brought
about by such methods as the sudden banging of gongs,
Following then the parallel of the only other organic checking
process of which we have exact knowledge, namely, the process
of physiological inhibition, it would seem reasonable to expect
that any checking process exerted by a stimulus upon the
reaction to a repetition of the same stimulus would increase
in intensity wilh increase of stimulus intensity. But here
a paradox seems to emerge. Experiment appears to show the
opposite. A very intense stimulus, as we have seen, may
not be followed by habituation at all |

This is one of these cases where an apparent exception
really throws fresh light on the point at issue. The solution
of the paradox les in the fact that fading away of response
depends not on the absolute intensity of the physiological
process of check, but on its intensity relative to the process
of excitation ; as the intensity of this latter rises the checking
process appears not to keep pace with it. The point is treated
by Sherrington, who worked with the scratch reflex and
obtained a phenomenon similar to that here termed habitua-
tion,! “In my experience’’, he says, “‘ these spinal reflexes

1 Sherrington implies a protest against the uncritical use of the
term "“fatigue " (x911, pPp. 222, 223). ' The wamng of a reflex under long
maintained excitation 1s one of the many phenomena that pass in
physiology under the name of ' fatigne’. It may be that in this case
the so-called fatigue is really mothing but a negative induction. Its
place of incidence may lie at the synapse. It seems a process elaborated
and preserved in the sclective evolution of the nervous machinery.”
And later * the loosening of the hold upon the common path by so-
called ‘ fatigue * occurs also in paths other than those leading to muscle
and effector organs. If instead of motor effects sensnal are examined,
analogous phenomens arc observed A visual image is more readily
inhibited by 2 competing image in the same visnal field when it has
acted for some time than when it is first perceived (W, MacDougall).”
In spite of the fact that the phenomenon observed by him was located
at @ relatively low level of the nervous system, for Shesrrington the
term ‘' fatigue *' is plainly one of classification only, without further
implication. If fatigue is involved, it is a special kind of fatigue, @
phenomenon sus geners. This is the position taken by the present
writer, who prefers, however, the term ** habituation " as less likely
to cause musunderstanding. Thus Sherrington’s use of ihe lerm
‘* fatigue * does not imply that he was dealing with a different phenom-
enon from that here termed habituation. Sce Kafka (1922, p. 86 seq.)
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fade out sooner under a weak stimulus than under a strong
one. This seeming paradox indicates that under even feeble
intensities of stimulation the threshold of the reaction gradually
rises, and that it rises above the threshold value of the weaker
stimulus before it reaches that of a stronger stimulus. . . .
We have to do then with a process which may often be,
rclatively to the production of the natural discharge, greater than
when a stronger stimulus is employed " (1906, p. 220. The
italics are those of the original text). The facts thus fit together
fairly well. Both in the experiments on intact organisms and
in those of Sherrington on isolated structures al a relatively
low neural level, it must be assumed that under appropriate
conditions a stimulus exerts some kind of checking effect upon
the reaction to a succeeding similar stimulus. This effect
may vary in its efficacy from stimulus to stimulus, ! for reasons
not yet established, and of course from species to species.
It may also vary within the same receptor with variation in
the intensity of the stimulus. As the latter becomes more
intense, the checking effect, whatever it is and wherever it
is located, gradwally increases in intensity, that is fo say,
gradually becomes capable of preventing reaction to more
intense stimuli; but it does not increase as rapidly as does
the exciting effect. Consequently, as the latter grows more
intense, the checking effect must in general be deepened by
more and more repetitions in order to induce habituation,
until a limit is reached where habituation does not take place
atall. Such a stimulus is likely to be harmful to the organism.
The picture is, of course, to a certain extent schematic, but
it seems to combine in a reasonable way the results of several
lines of experiment.

Higher and Lower Levels of Organization—From the experi-
ments of Sir Charles Sherrington described in the last section
there is a natural transition to a point raised by Professor
Dodge in his monograph entitled Elementary Condilions of
Human Variability (1927). The subjects of Shestington’s
investigations were spinal dogs, that is to say, animals in which

for an intercsting discussion. Where it is not merely a clogging process,
fatigue 1, of course, a protective (conservative) mechanism. When
Sherrington contrasts ihe cessation of a retlex under " fatigue” and
under inhibition, he means, of course, inhubition from another saurce of
stimulation.

1 See ¢,g. Miller and Mahaffy, 1930, and Yerkes, Ada, 1go6.
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the higher parts of the central nervous system were rendered
inoperative. The seat of the physiological process involved
is thought by the illustrious investigator to be * intra-spinal
and central . . . it affects the afferent part of the arc inside
the spinal cord, probably at the first synapse.” * Now a
casual inspection of Sherrington’s diagrams shows that the
decline of the reflex, though progressive, is much slower than
that of the responses with which we have hitherto been dealing,
The snail, for example, often ceases to respond after one
stimulation, and in the same way Ada Yerkes reports of
Hyadroides dianthus: “ In the greater number of these tests
with different specimens the animal responded only the first
time or possibly one to three times and then gave no further
response throughout the ten trials.,” Similar results are
reported by many investigators. Sherrington reports indeed
that different kinds of reflex have each their own characteristic
speed of decline, and that a similar statement is true of the
same kind of reflex under different physiological conditions.
But even so, the difference to which he alludes is not great
enough to allow of the possibility of the disappearance of a
response in from one to three trials, it being remembered that
in Sherrington’s cxperiments several hundreds of repetitions
were necessary. Some other explanatory factor musi be
sought, and it is apparently to be found in the fact that
Sherrington, as it has already been stated, was working on a
relatively low level of the dog's nervous system, a level, in
fact, whose chief function in the body seems to be the
engineering of automatisms. The spinal level is the home of
the stereotype, and it is remarkable that Sherrington has been
able to show even so much variation in a purely spinal action,
For variation of any considerable magnitude we must go
higher in the nervous hierarchy, which is what Dodge has
done, and his work is the more valuable in that he was able
to compare results at various levels of the same organism.
The subtitle of the work is “ A Study of the Variation of
Successive Responses to Similar Stimuli at Different Levels of
the Cerebro-Spinal System.” In fact (p. 105), “ One may
venture the hypothesis that the effects of repetition increase
progressively from lower to higher systematizations,” As
this remarkable series of experiments is of fundamental
importance in the theory of learning, it will be described in

1 Loc. cit., p. 218.
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some detail. The subject was an intact human being. * The
selected processes were recorded mostly by photographic
methods, in a series of experimental sessions lasting about
twenty-one months.” During this period there were studied
the knee-jerk, and the lid reflex which takes place to an
auditory stimulus together with other processes that do not
immediately concern us here. Later a study was made of
the compensatory movement of the cyes which occurs when
a human being is rotated. These three responses give cross
sections of the functioning of the human nervous system at
three different levels, the knee-jerk at a low level of the spinal
cord, the lid reflex higher up in the * Fourth Ventricle ” of
the brain, the eye movement at a still higher structure of the
brain, the pons. As is to be expecled from this fine experi-
mentalist, the {echnique was irreproachable, all the processes
studied being registered with extreme accuracy by photographic
methods. For the details as to methods and results the reader
is referred to the original monograph and the papers to which
it makes reference.

Records were taken of the knee-jerk, each showing the
reaction time (latency), and extent of two such responses
separated by half-second infervals. Twenty-four such records
were taken each day, so that a complete photographic
description of forty-eight knec-jerks was secured for each
working day of the total experimental period of twenty-one
months. Thus 1032 knee-jerks were studied in all. By
averaging ihe first and second reactions throughout the whole
period the following figures were obtained.

TABLE I
Comparison of the Latency and Extent of Paived Knee-jerks
Latency Extent

Average for first reaction . 4o5sigma! 125 mm,
Average for second reaclion, )
one hal{-second later . 404 sigma, 86 mm,

Thus, taking the average, the first stimulus of each pair
produced no effect on the latency of the second reaction, that
is to say, on the time belween the stimulus and the response,
but the average extent of the second reaction was diminished

1 By Professor Cattell’s cunvention, sigma is used to express om
interval of 1/1000 S€C.
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by about one-third, This shows the average eflect of repetition
at half-second intervals. Taking, however, the unaveraged
figures for the entire experimental period, which give the
progressive effect of repetition al twenty-four hour intervals,
the opposite is the case. An appreciable slowing down was
observed as the experimental period progressed, without,
however, any change of exteni.! That this change in spced
of a very elementary human response which was ** practised "
over a period of twenty months indicates progressive physio-
logical changes in the organism, there can be no doubt; how
far these changes are identical with those responsible for
phenomena observed in less highly differentiated organisms,
it is impossible to say, though the burden of proof undoubtedly
lies with those who maintain that there is any radical difference.
The data show the intimate and complicated relation that
exists between the problem of the refractory phase and that
of habituation, other experiments seeming to indicate that
one of the effects of practice may have been a lengthening of
the refractory period.

With the eyelid response we approach nearcr that part of
the human nervous system which is usually considered to be
the seat of “ learning ”’, namcly the cerebral cortex. “ As in
the case of the knee-jerk, approximately 1032 records are
available for the experimental period.” The averages of all
these records are expressed in Table 2.

TABLE 2
., Comparison of the Latency and Extent of the Paived
Lid-Reflexes
Latency Extent
First reaction . . . 30+4 sigma 7+Q mm.
Second reaction ome half-
second later . . . 405 sigma 2+ mm,

The table shows that the amplitude of the response is
diminished by about 73 per cent. Now it is known that the
refractory phase of the lid reflex may last abount three seconds,
so that this diminution of extent seems to be due to the facl
that at the time of the second stimulation the structures

3 This difference suggests the possibulity that receptoral changes

may have played a greater part in the effects of repetition at half-
second jntervals,
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concerned were slill in a refractory stale consequent upon
the first. There is a striking contrast with the corresponding
figures for the lower level, where a half-second interval has
the effect of reducing amplitude by only one-third; repetition
under similay conditions has more than twice the effect in reducing
amplitude of response al the upper than ai the lower level of the
human nervous system.

It is possible here to see a trend in physiological organization
which, when continued, will ultimately bring us to the physio-
logical correlate of some such function as memory. TFor while
it would clearly be absurd to speak of *“ memory " at the level
of the knee-jerk or even of the lid reflex, and while we are here
dealing with purely physiological mechanisms, yet at cach
level we have one physiological event influencing another
subsequent {o it, with this effect much more strongly marked
at the higher stage of organization. With ceriain reservations
it is characteristic of higher forms of life that their behaviour
is integrated over longer periods of time; and this possibility
of relating events in the life history of an organism over longer
time intervals corresponds objectively to one factor in what
is meant by the possession of a ** better memory . The devil
in disguise, it will be remembered, asked the nigger as a boy
how he liked his eggs, and disappeared. Filty years later the,
devil reappeared and the immediate response was * poached .
The fact that we can group these two events together as
question and answer over fifty years entitles the organism in
question 1o be assigned in this respect a better memory than,
let us say, Professor Hunter's dog, who after a delay of five
minutes *“ forgot ” which of the three chambers carried a light.

The same trend is shown by the following table which
exhibits a comparison of the first five and the last three sessions
of the entire experimental period.

TaBLE 3

Comparison of the first five Sessions of 1915 with
the Last three Sessions of 1917

November 17-December 17, 1915:  Latency Extent
First reaction, average . . 370 sigma II'2 mm,
Second reaction, average . . 396 sigma 36 mm.
July 5-July 7, 1917: ‘

First reaction, average . . 40-3 sigma 52 mm,

Second reaction, average . . 434 sigma I3 mm.
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Thus there was a strongly marked decrease in extent of
reaction over the whole period, contrasting with the knee-jerk,
which remained unchanged under the same conditions, The
same effect showed itself during each series of records and
during each four-hour session. That is to say, the total series
included a number of smaller series, in each of which
diminution of response was apparent,

This tendency towards increasing effect of repetition is
still more marked when we come to a still higher level, that
of what is called the compensatory deviation of the eyes.
When a human being or other higher animal is rotated, the
motion of the environment relative to the organism causes
a rapid to-and-fro movement of the eyes, which has as its
counterpart in ordinary life the tendency to keep the line
of vision directed towards the samec point. This result is
effected by a dual control. There is the more primitive, rougher
response originating in the stimulation of the semi-circular
canals. This can give only a first approximation to the
required accuracy of fixation ; the final adjustment is made
by means of vision. The praclice period here lasted only six
days, the subject being rotated each day in the same direction
at a speed as nearly uniform as possible. The nystagmus
or rapid oscillation of the eyes was photographically recorded
during and afterrotation. Post-rotational nystagmus decreased
from day Lo day and from record to record each day, Nystag-
mus during rotation decreased from record to record, and
from day {o day. ‘‘ During the last three days all records
after the first show that the amplitude of nystagmus reached
zero.,” Here we have habituation reducing movement to a
zero point within a weck.

Twenty months' experiments on structures at the two lower
levels show approximate reductions of movemeni by one-third
and three-quariers respectively ; four days’ experiment on
structures at the higher level show iis complete disappearance.

Although involving structures that are relatively high
in the nervous gystem, the last reaction , studied is still,
of course, a comparatively primitive response. Higher
activities were studied during the series of experiments
described in the Dodge monograph, and notably the process
of “memorizing” a series of words which were exposed
backwards letter by letter. The subject reacted to each word
by reading it, and memorization was measured by the [act
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that fewer and fewer letters were necessary for identification
as the time progressed, until finally the entire series was
learned. Such an activity, of course, involves the highest
nervous centres of all. As might be expected from the general
trend of the results previously described, modification of
response was observed to take place to an extent even greater
than before, In fact, whenever the same stimulus series was
employed twice, whatever the time interval, there was
observed a modification in the second response. Even though
'the time between the two was measured in months, response
to the “ first ”' situation had a noticeable effect on that of
the * second "—a cerebral Jowr de force which, when one
compares it with the performances of less gifted organizations
hitherto considered in this chapter, must be regarded with
feelings not far removed from awe. But there is a striking
difference between modification of response at the level of
the cerebral cortex and all other instances previously con-
sidered.

While in the experiments hitherto described the general
result of repetition, with the conditions of stimulation actually
employed, was to increase reaction time, at the highest stage
of all repetition was always accompanied, in Dodge’s experi-
ments, by decreased reaction time. At the one set of levels
we have, with the conditions of experiment employed, a
gradually increasing tendency towards elimination of response
when stimulation is repeated, accompanied by a tendency
towards lengthening of latency;! at the highest stage of all
we seem to have a tendency towards conservation of response
with decrease of latency. It is, indeed, a more or less accepted
principle in psychology that “reaction times” in general
decrease with practice.

It would, however, be too hasty a conclusion to assume
that Dodge's ? experiments had established a fundamental
difference between the effects of repetition at higher and
at inferior levels. For the stimuli were carefully selected.
We have no reason for believing that stimulus-series of every
range of intensity and temporal interval would have given
the same results at the sub-cortical level ; indeed, from what

1 An exception 1s found in Table 1, where, however, the latency is
practically unaltered,

2 Professor Dodge, of course, would never intend this interpretation
of his results,
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we know of the refractory phase and the supernormal period
following it, it seems possible that experiments could have
been devised which would give different results, at least for
short intervals, The experiments thus furnish no evidence
that repetition of stimulus at the lower levels of the intact
human subject must without exception bring decrease of
reaction-extent, and increase of latency. Equally unjustified
would he the assertion from these experiments of a contrasting
rule that repetition of stimulus at cortical levels is invariably
followed by conservation of response and decrease of latency.
Tor to begin with the reaction-time experiments on which
such a conclusion might conceivably be based have also been
carefully selected, out of the experimenter’s knowledge of
human nature, to produce such conservation of response. But
experiments might be cxpressly devised which would uge
the cortical level to eliminate response, for example, to train
a subject to “ control himself "' when a distracting stimulus
was presented. There is no doubt that such experiments
would succeed ; the physiological textbooks inform us indeed
that a large part of the function of the higher centres is to
exercise exactly such inhibitory control over actions which
would otherwise be carried out.

As a matter of fact, conservation of response was expressly
attained in these experiments by means of what is ordinarily
called a “ motive . For consider the conditions of experiment
of the two levels. In the one case a simple stimulus, such as
the snap of a rat-trap, initiates impulses which travel along
paths preformed from birth. One external receptor field is
alone involved, though of course the kinsthetic organs in the
eyelid muscles are stimulated. With this simple state of
affairs contrast the response of “ reading aloud " a * printed
word ”. There is the motor side, consisting of the highly
elaborated speech response which has been integrated by
the process of “learning to talkk’. There is the equally
complex sensory-motor process known as “ learning to read ”.
Even granting that the requisite training has taken place, it
by no means follows that the subject will read the word out
loud when he sees it printed before him. Because he can, it
does not follow that he will do so. There are only a few of
us who read aloud the subtitles at the moving pictures. To
ensure that the reading-aloud process will take place in the
experiment, the subject must receive some additional stimulus,
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either special instructions, or the general laboratory ** set ”
or something else of the sort. The conditions of stimulation
corresponding to this ““ set  or these “ instructions ™ are of
very great complexity. Further, the reading out aloud would
not necessarily persist from experiment to experiment unless
the original instructions were to the effect that such was to
be the case, representing a {urther refinement of stimulation,
or unless the instructions were given each time. The
“ instructions ”, again, are obviously nothing but auditory or
visual symbols entirely inadequate in themselves to produce
the very complicated response that actually does {follow them,
and depending f[or this efficacy upon prolonged education.
Even then there must be a ‘“motive” for " obeying the
instructions .2 Clearly the man in the street would not
submit to the ordeal of reading these series of words under
these rather uncomfortable conditions unless it were somehow
made “ worth his while ”. It is plain that there is a very great
difference between the unlearned, simple response to the clap
of the hands behind a child’s back and the amazingly complex
performances of which this cxperiment of Dodge’s is a sample.
We should have, in fact, no right to compare the two as
exhibiting at different sets of levels contrasting “ effects of
repetition "’ because we do not know what fresh factors have
been introduced into the more complicated response. It is
clear, however, at least that this whole performance at the
level of the cerebral cortex is intimately related with what
in the absence of a more objective term we have called
“motive ”, which was absent from the experiments at the
suhcortical levels. It is then possible that the response was
conserved because there were, extraneous to the response itself,
factors affecling its conservation, in which case if there were
any tendency towards disappearance of rcaction it may have
been masked by the very conditions of the experiment. Apart
from differences of complexity and the fact that responses
are ‘ innate ** in-the one case and " acquired ”’ in the other,
in order to compare these effects of repetition upon nervous
structures at cortical and subcortical levels the * motive ”
must then be eliminated.?

1 Thus some laboratories find it advisable to use paid subjects.

2 The term motive is popularly used 1o suggest that an action is
being performed not because of the immediate situation but because of
some environmental feature that will, perhaps, occur subsequently, The

L
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Here should be recalled the fact that there are recorded cages
of habituation where the onus of proof is certainly with those
who might claim that the cerebral cortex was not involved.
There should be mentioned firsl of all the phenomenon of
the “ extinction ” of the conditioned response, which will
later be seen very probably to involve the same mechanism
as habituation, although perhaps in a more complicated form.
Extinction is indeed exactly the repetition of a (conditioned)
stimulus with the elimination of the motive which was, in
Pavlov’s experiments, food. Conformably with what might
have been expected from the previous discussion, response
falls away. Yet there are here complicating factors which
will be discussed later, and which might hardly allow us to
adduce extinction as an example of habituation pure and
simple, Apart from extinction, however, habituation in
intact dogs has been obtained by Beritoff (1927), Popoff *
and Rosenthal (1929). Pavlov, in fact, claims that repetition
of any conditioned stimulus is followed by inhibitory processes
weakening further response. When the unconditioned stimulus
is presented at the same time, this effect is then masked, but
nevertheless still present. Thus according to Pavlov’s theory
what is ordinarily called the motive would be expected to
act in precisely the direction of covering up habituation. So
that Dodge’s results should not be adduced as showing that
the effect of repetition is different according as higher or
lower centres are involved. With motive for the contrary
eliminated, repetition of stimuli within certain ranges of
intensity and temporal interval may apparently be followed
by the same general result at the highest as at any other
level, namely, degeneration of reaction which may be more
or less complete. When conditions are really paraliel any

term is not strictly scientific, as Woodworth points out, and can
perhaps not be made so by any delimitation of its meaning, I{ is,
however, often useful to call attention to the fact that the fotal context
and the physiological condition of the organism must be taken into
account when seeking to explain behaviour Roughly it may be said
that when the immediately present environment seems obviously
incapable of explaining reaction and on the other hand the contextual
element seems necessary before we can explain it, then we ordinarily
speak of motive. Why is the hungry animal thus bounding over the
stream ? Clearly not solely  becanse "’ of any inherent property of
the stream, but because of the food on the other side
1 Reported by Paviov, 1927, p. 255.
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difference in response to repeated stimuli at the highest and
the lowest levels appears to be one not of quality but of degree.
This is not, of course, to say that all repeated stimuli result in
reactions which fade away unless there is a “motive to
conserve them. It has several times been pointed out that
such a statement would certainly not be true. Difference of
stimuli, differences of intensity, differences of temporal
interval, and probably other factors must be assumed to effect
a difference in the habituation rate, which may ultimately
amount to a total absence of habituation. It does, however,
imply that the phenomenon is not necessarily incompatible
with participation of the highest neural processes in the more
advanced organisms. This result was perhaps to be expected.
As a characteristic reaction of living things, a special case
of the general property of conservation, it would indeed be
surprising if we were to find that habituation could inot be
effected by the most highly organized of known living
structures. All the evidence goes indeed to show that the
process of adjustment to the outside world, like all others
that are accomplished by the central nervous system of the
higher organisms, is here effected with an astonishing degree
of finesse, elaboration and intimacy.

In summary it may then be said that habituation affords
an instance of the process whereby a living system re-establishes
a conservative mechanical equilibrium with the environment
when equilibrinm has been disturbed. It is found at all
grades of lile, and in the higher living forms it may be effected
by specialized structures such as the receptors and, apparently,
the central nervous system, when it is known as sensory
adaptation and negative adaptation respectively. There is
no rule which will determine whether it will take place in a
given organism for stimuli of a given intensity, quality, or
temporal interval. Teleological considerations do not seem
to apply.

Practical conclusions are at this stage a little premature ;
but it is not often that a moral may so easily be pointed
against a copy-book maxim, which has also the support of
a certain body of psychological opinion. Granting all the
conditions for habituation, repetition of stimulus will not
make for conservation of response. What these conditions
are, we do not know as yet with exactitude, but it may well
be that they are more often fulfilled than is recognized in



164 THE NATURE OF LEARNING

everyday life. When they do obtain unmotivated repetition
will necessarily defeat the end of conservation of response,
Quite apart from any effect of ** punishment ” in diminishing
reaction, practice does not necessarily make perfect, as many
thousands of school children have found to their sorrow.
Motivated practice may make perfect, unmotivated practice
will very often render imperfection still more imperfect. * Oh
most sad, that dry drudgery of the desk’s dead wood.” If
by the work of those whose researches are cited in this chapter
the intolerable boredom of endless classtoom repetition may
ultimately be lightened for only one schoolboy, they will, one

may suspect, feel that their labours have been most fully
repaid.?

1 Roservations as to the law of exercise have of course been expressed
by Thorndike (1931), To Dunlap 1s perhaps due the reopening of the
entire question. See his vigorous paper (1928).



CHAPTER VII
THE TRANSITION TO ASSOCIATION

" How much work has been done entirely in vain because we have
not as yel fully appreciated the fact that in the absence of the mechanism
for association nothing but the biologically adequate stimulus can
bring movement.” (Edinger.)

In the last chapter the phenomenon of habitnation was
treated as an instance of the organism’s seli-conservative
tendency. Being thrown out of equilibrium by various classes
of repeated disturbance, the living system initiates compensa-
tory processes whereby conservative equilibrium, a constant
gtate, is again attained, Such disturbances are in the higher
organisms initiated by organs specialized for the purpose;
and habituation was considered as involving stimuli from one
receptor field only, giving an example of what was called in
the fourth chapter an action series of type A.

Here it is advisable again to draw attention to certain facts
which have already been discussed in a preceding chapter.
Association, at least in its simpler forms, was seen typically
to be concerned with at least two receptor fields, giving an
action series of the third type. The dog secretes saliva becanse
his gustatory and auditory receptors have been simultaneously
stimulated. The rat threads his way through the maze in
quicker and quicker time because his contact, visual and
other receptors have been excited in a certain way immediately
before food, although he laler comes to dispense almost
entirely with all bul the internally excited proprio-ceptors.
Such combination of receptor function is, of course, a great
advantage for the organism in its task of self-conservation,
although, as we have seen, the claim of certain writers is prob-
ably not justified that the appearance of associative memory
marks also the appearance of a qualitatively different stage
of evolution. The process of assaciation may now be considered
from a slightly different point of view. Consider a multi-
receptoral organism of comparatively simple type. A dog is
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stimulated uni-receptorally by the sound of a metronome or
an electric bell. + These stimuli at first provoke what is called
in Pavlov’s laboratory the * orientation * reflex, well known
in all domestic and experimental animals., The animal turns
towards the stimulus, he “ is interested "', *“ pays attention ",
we say. On repetition of the bell, however, this “ interest ”
grows less and less marked, until he finally pays no attention
to the sound at all. Habituation has set in, as discussed in
the last chapter; in the terms of Pavlov’s laboratory the
orientation reflex has been extinguished (Rosenthal, 1gzg).
If the process is continued, sleep results, in all cases according
to the experimental account,

Suppose now the dog instead of being intermittently
stimulated by the sound of a metronome or a bell is given
meat powder at similar intervals, Then he will react in the
manner appropriate to this second kind of stimulation, namely
by salivation, gulping down the powder, and so on. If the
doses of food are kept small enough, it is to be suspected that
he will keep awake longer than when he was stimulated with
the bell, although, as far as I know, the experiment has not
been performed. If, however, he is given a large enough
quantity of food, he will again probably go to sleep.

The stimulation of these two different receptor fields has
supposedly been effected on each receptor separately. What
if they are conducted simultaneously ? It is in this case that
what is called a conditioned refiex will be formed, provided
that certain conditions are {ulfilled which need not concern
us here. Under these circumstances, the ringing of the bell
will finally cause a reaction originally set off by food, The
animal is now * interested ’ indeed, but in the food, rather
than the metronome. He " pays attention *, not to the source
of the sound, but again to the food. Thus for a conditioned
reflex we here have two receptor fields involved, with two
separate responses. After the formation of the conditioned
response, food-response occurs to either of the two stimuli.
The orientation response has disappeared.

A remarkable instance bringing into rvelief this fact that
the conditioned reflex involves two stimuli and two responses,
is related by Pavlov. ‘‘ Cauterization or pricking of the skin
deep enough to draw blood was made to acquire the properties
of an alimentary conditioned stinulus, These experiments
have been apt to upset very sensitive people; but we have
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been able to demonstrate, though without any pretension of
penetrating into the subjective world of the dog, that they
were labouring under a false impression. Subjected to the
very closest scrutiny, not cven the tiniest and most subtle
objective phenomena usually exhibiled by animals under the
influence of strong injurious stimuli can be observed in these
dogs. No appreciable changesin the pulse or in the respiration
occur in these animals, whereas such changes are always most
prominent when the nocuous stimulus has not been converted
into an alimentary conditioned stimulus * (1927, p. 30). '

Suppose now that the two stimuli in question call out the
same response. Such an experiment has been performed by
Ada Yerkes in the paper to which allusion has been made.
It provides an inlermediate stage between habituation, which
involves one receptor, one type of stimulus, and one response,
and association of the conditioned reflex type, with an ordinary
complement of two receptors and two responses. As occupying
a unique place among investigations on learning, this experi-
ment will now be considered in greater detail.

Mrs. Yerkes worked with a tube-dwelling worm, Aydroides
dianthus. The first stimulus used was a shadow. Ten trials
were given with this stimulus, “In the greater number of
these tesls (sixteen out of twenty-seven) with different
specimens the animal responded only the first time or possibly
one to three times, and then gave no further response through-
out the ten trials.,” ‘ Evidence from a later series of the
same experiments tends to show that fatigue s not the canse,
since the animals are capable under stronger stimulation
of contracting a large number of times in rapid succession
without apparent fatigue.” Afterwards the shadow was given
together with a touch stimulus, the latter always inducing
a reaction.* After a time it was found that the shadow
brought about a reaction much more frequently than at first.
That is to say, something very like the conditioned reflex
method was used. “ It seems possible that the shadow and
the touch have become so a$sociated that the occurrence of
the one intimates the probability that the other will follow.
The response to touch is fairly uniform, and after a few such
experiences the shadow, cast before, as it were, by the coming
event more frequently produces a reaction.”

This highly interesting experiment has apparently been

1 Whether two different reccptors are here employed is not certain.
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confirmed for another species by Piéron (x929). ‘' Molluses
and worms retrcat into their shells or into their tubes when
a shadow is thrown on them. If alter the shadow a shock or
a prick occurs, the reaction regularly takes place; but if
nothing happens the reaction to the shadow quickly ceases to
be produced. This is an acquired inhibition, conditioned in
Pavlov’s sense ' (1929, p. 114).

It is, however, difficult to decide just what happened in
these experimenis. On the one hand it is possible that we
have here a true instance of association, although had Mrs,
Yerkes been writing today she would probably not have
used quite the same terms to describe what she observed.
That is to say, it may be that alter simultaneous stimulation
had taken place a few times the shadow stimulns served as the
“ signal ”* of the touch stimulus to come, which is the term
used by Pavlov to describe the relation of the conditioned to
the unconditioned stimulus, In this case it will have to be
assumed with Mrs. Yerkes that the set of nervous impulses
injtiated in the tube-dwelling worms by tihe light were by
association with those set up by touch diverted ultimately
into the same motor paths. This is the view taken by Gold-
smith, who claims that the Yerkes experiment is a true
conditioned refiex (1927, p. 255). Yet this cannot immediately
be assumed. For it has been seen that Mrs. Yerkes’ experiment
involved two kinds of stimulation which originally initiated
neural impulses ultimately possessing the same final common
path, while this is not the case with the usual form of con-
ditioned response. In fact, while it is sometimes said that the
conditioned response attaches a new response to a stirnulus,
here the process of ‘‘ association ”’ apparently reaclivates a
response that would otherwise have disappeared through
repetition. In the one case a stimulus originally * inactive "
with reference to a given response acquires active properties.
In the other a stimulus is apparently prevented from becoming
inactive by simultaneous presentation with another stimulus,

There are then apparently two possibilities, between which
the experimental evidence hardly allows us to decide. The
phenomenon may be a true conditioned reflex, a true act of
association ; or it may be an instance of dehabituation by
extrancous stimulus, much as was discussed in the last chapter
and illustrated on p. 74x. It is at least certain that if a
turtle were stimulated by a light tap, closely followed by a
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violent one, and this were repeated, habituation to {he less
intense stimulation would require a much longer period ; and
it might be possible to account for this result without the
association hypothesis by assuming that at each double
stimulation habituation is progressively weakened by the
succeeding violent stimulus, In this case it would seem
natural to find that as the experiment proceeded and habitua-
tion began to set in to the violent stimulation the effect would
diminish. This apparently occurred in the writer’s experiments
on the land snail (Humphrey, 1930). It may be seen to have
occurred in the experiment on ihe turtle recorded on p. 141.
As a matter of fact, the same effect is noted by Mrs. Yerkes.
“The repetition of both stimuli many times in succession
causes the effect to wear away temporarily, since the touch
is not sufficiently injurious to force reaction” (p. 446, loc.
gid.)

I)t is, however, corceivable that the two explanations by
‘“ agsociation ™ and ** dehabituation ” really amount to the
same thing. The phenomenon may be really a simple case of
association accomplished through the process of dehabituation.
First let us take the dehabituation experiment. Excitation
of the turtle by a slight tap effects certain nervous elements.
Excitation by a more violent blow affects a larger number of
nervous elements, as may be seen from the fact that the
animal now moves all its limbs and to a much greater extent
than before. There is a mutual interrelation between the
processes occurring in these two sets of neural elements such
that after the more violent blow the “ tap "’ now brings not
habitvation but excitation. This much we know without
further assumption. But just the same statement is made by
Beritoff concerning the mechanism of the conditioned response.
He found, for example, that a preceding electrical stimulus
favoured the conditioned motor reflex, where the primary
stimulus was the shock, the secondary one a bell ; and after
ruling out several other possibilities for this result, came to
the conclusion that it was due to the  irradiation of excitations
from the cutaneous analyser (centre) into the focus excited
by the sound of the electric bell.” In fact, he claims that the
conditioned reflex is determined by ''the existence in the
cortex of foci of raised excitability and of reciprocity between
them owing to stimuli acting simultaneously on them ”
(Beritoff, 1924, p. 144). Here is an explanation for the
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conditioned reflex which exactly fits Mrs. Yerkes’ observations,
and those of the writer and other workers on dehabituation.
According to it, the intense stimulus and the habituation
stimulus determine each of them in the nervous system foci
of excitability which are mutunally related, so that the
habituation-stimulus, or more properly, in the terminology
of this book, the negative-adaptation stimulus, now initiates
reaction as the result of the general process of organic integra-
tion. This would make dehabituation, the Yerkes-Piéron
phenomenon, and the conditioned reflex ultimately referable
to the same fundamental formula. A paper of Sir Charles
Sherrington seems to throw further light on this possi-
bility.

According to Sherrington inhibition and excitation are
due to the instigation in the reflex arc of processes or substances
which have opposite effects. These he designates by the
letters I and E. They are thought of as able to neutralize
cach other and as having their locus at the synapses, This
assumption, though somewhat alien to previous notions of
neural action, is of course supported by numerous ohservational
data, and is able to unify 2 large body of experimental results
which were hitherto isolated and unexplainable. But it is
still an hypothesis, and is frankly so regarded by its eminent
propounder. The evidence on which it was based is obtained
from spinal phenomena, but there is no reason {o believe that
events occurring in the higher parts of the central nervous
system are qualitatively different from those occurring in the
lower. On the contrary, recent opinion seems to be inclined
more and more towards the idea of an essential similarity.
Suppose then tentatively that habituation in such an experi-
ment as Ada Yerkes' be considered as due to an accumulation
of the inhibitory I. This supposition stands in line with
the observed characteristics of certain habituatory processes.
Habituation may disappear by lapse of time and it may be

1 The following observation of Pavlov’s may be quoted: “ It is
obvious that in its intrinsic nature our work is closely allied to the
work of Sherrington and his co-workers upon the spinal cord, and it
is impossible not to notice in how many points the different aspects
of the nervous activity of the cortex correspond with those described
in the physiology of the spinal cord ; a fact which seems strong evidence
of a similarity of the fundamental laws governing the nervous activity
of the twa cases.” ' Pavlov, 1927, p. 378,
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deepened below the zero point. That is to say, aiter it has
proceeded to the point where a further stimulus produces no
reaction, the process still continues, as may be seen from the
fact that a longer or shorter recovery period may be necessary
(Humphrey, 1930). Thede facts seem consistent with the
hypothesis that habituation may be produced by the presence
of Sherrington’s I, Further, when habitualion is established,
a violent stimulus, by releasing a relatively large amount of E,
the excitatory subsiance, might reasonably be expected to
neutralize the accumulated I, and undo the work of habiiuation.
That is to say, an intense stimulus may effect dehabituation,
which has been seen to be the case. Finally, from general
considerations it would seem reasonable that if repetition of
a stimulus of slight intensity results in the accumulation of
a certain quantity of I, then vepeldtion of one of greater
intensity would accumulate a larger amount of the same
substance. This latler accumulation would prevent the
occurrence of reaction to the less intense stimulus. That is
to say, there would be habituation to the more intense stimulus,
which would at the same lime cause apparent habituation to
the less intense stimulus. That is to say, the effect of the
intense stimulus would appear to wear off. It has been
observed that this is apparently what happened in Ada
Yerkes' experiments and also in certain experiments of the
writer’s (1930) where repeated dropping of a metal bail gradu-
ally lost its dehabituating effect on the snail's withdrawal
reaction. This tentative supposition would thus apparently
fit many of the facts of habituation. It must, however, be
said that there is considerable difficulty in imagining just how
repetition of a stimulus could result in such accumulation,
for al first sight it would appear that any inhibitory substance
left between successive stimulations would be automatically
neutralized by the next stimulus. So little, however, is
known of the method of operation and production of these
hypothetical agencies that such accumulation cannot be
definitely set down as impossible, and it would not indeed
be impossible to construct a scheme by which the necessary
accumulation could be effected. Sherrington himself states
that excitation may be connected with the production of the
inhibitory substance. A further difficulty would appear to
lie in the fact that the time intervals involved in Sherrington’s
data are much smaller than those involved in habituation.
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The same plea of insufficient information may be made with
reference to the problem thus created. The application of
Sherrington’s concept to the problem of habituation is
undoubtedly attended by difficulties, but in spite of them
such application seems justified as a very tentative hypothesis,
Up to the present time no hypothesis appears to have been
propounded.?

Passing to the somewhat more complex problem of the
relation of the Yerkes experiment to association of the con-
ditioned refiex type, it may now be stated that each seems to
involve the existence of more or less permanent neural fields,
though in the case of the worm these are probably much less
clearly defined than in that of the higher animals. These two
fields may apparentily be thought of as influencing each other,
In the Verkes experiment the excitatory process spreads by
“irradiation ” from the one field, corresponding to the touch
stimulus, to the other, which is the locus of those processes
that are responsible for habituation. Here the effect of the
E liberated by excitation would then be to neutralize the I,
which is presumably responsible for ihe degeneration of
response. Comsequently, habituation would likewise be
neutralized, and reaction should occur to the previously
inoperative stimulus. Which is what is observed.

Thus, although the phenomena observed in the Yerkes type
of experiment differ in important respects from those of the
conditioned response, yet, as exhibiting the interaction of one
field of neural action upon another, the two sets of phenomena
are in certain respects closely allied. This is true, even though
the Sherrington schema. is.not adopted. If this is accepted
there seems reason for believing that it may provide a common
explanation for habituation, Ada Yerkes' observations, and
certain properties of the conditioned reflex. But it must
again be insisted that we are here in the land of schemata
and hypotheses. Those who venture on this terrain have
often succeeded in making confusion worse confounded,
especially when their steps are iaken too confidently. The
concluding sentence of Sir Charles Sherrington’s paper may
be quoted: “ But the aim of such a provisional scheme can
but be ‘ pour préciser les idées °, so the further and the better

1 The hypothesis would involve a similar mechanism for * extinction

and " disappearance " of secondary reaction in the conditioned response
experimends, i
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to test them against fact.”* And any such provisional
schema seems better than the procedure so often adopted in
psychological theory, by which’ an ill-understood process is
canonized by an initial capital, entering as Adaptation or
Attention a theoretical heaven towards which the investigator
may only turn admiring eyes.

Ada Yerkes’ experiment thus apparently stands as a vis
media between habituation, dehabituation and association
proper. Habituation may be said to be a simple form of
“ modification by surrender ”’, * learning not to do ”, change
of response having proceeded not by the acquisition of a new
response for a given context, as is primarily the case i the
conditioned reflex, but by the dropping of one originally
occurring in a given context. In the 'Yerkes experiment there
is retention of response in spite of repetition, and because of
‘the simultaneous presentation of another stimulus. There is
retention, but not acquisition, while in the ordinary forms of
the conditioned response proper there is both retention of
response to the unconditioned stimulus and acquisition of new
response for the conditioned stimulus.

1 It is well here to add certain observations of Sherrington’s which
seem to argue, the first against, the rest for the possibility of the sug-
gested application of his theory to the problem of habituation,

(x) " A stimulus which, when brief, is subliminal, becomes by pro-
longation, e.g. repetition, liminal or supra-liminal, ‘Mere duration of
the stimulus comes to be equivalent therefore to mtensity ' (loc. ci.,
p. 521). This seems to point to the intensification of excitatory process
rather than to the possibility of habituation. It must, however, be
remembered that the intervals of which he is speaking are much smaller
than those used in the habituation experiments. In fact there is
certain evidence that a stimulus repeated at too close mtervals will be
summated rather than habituated, or at least will nat be followed by
habituation. Something hke this appeared to happen in certain of
the writer’s experiments with snails, where mechanical shocks at one-
second intervals were not followed by habrtuation (Humphrey, 1930).

(2) The production of E and I, though it can take place independently
may also be connected with each other. Thus * post inhibitory rebound
contraction 1s a common sequel to strong inhibition.” Itis not therefore
indicated that '* excitation has no relation to or consequences for the
production of I and vice versa "’ (Jos. git., P. 53%).

(3) By consideration of the effects of temperature (p. 543) Sherrington
argues that his results tally with the idea that processes of such
chermical nature are involved in reflex excitation and inhibition. It
has lately been shown by Hoagland that learning in ants is dependent
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Learming not to do.—Such “ modification by surrender
appears in a more complicated form as ** learning not 1o do ”
a thing. It has been seen that learning may be considered
to consist in an adjustment to a total-stimulus. In ‘‘learning
to do " the primary result from the point of view of the response
is that reactions are retained, combined in a new way, or set
off by a new stimulus. In learning not to do, the primary
result is the falling away of response. In each case, there is
established a constant state at the end of the learning process,
but this constant state or equilibrium is in the one case static,
in the other dynamic. A child learns not to touch burning
objects. The final result of adjustment to the total series
of stimulus-representations is in a normal adult indifference
to the originally attractive stimulus, This indifference is a
constant state of the organism with reference to the particular
stimulus in question, parallel to the constant state achieved
by habituation of all kinds. As involving lack of action,
rather than action itself, such indifference is then static,

Now in its purest form habituation is typically uni-
receptoral, that is to say, as regards external stimulation.
There are, however, certain cases where the same kind of
statical equilibrinm may be achieved by the co-operation of
two receptors and two qualitatively different kinds of stimula-
tion. These cases are such that a stimulus which was originally
followed by overt reaction ultimately ceases so to be followed,
not from repetition of the same stimulus alone, but because
of the occurrence of a qualitatively different kind of stimulus,
one affecting another receptor field. This process seems to be
allied to the more simple habituation, although as involving
two receptor fields it resembles also the more complex forms
of association. It also may be treated as transitional to the

on temperature; the writer also found in a single set of unpublished
experiments that habituation apparently depended in the tadpole on
thermal conditions, This experiment was not confirmed, as at that
time it appeared to have no bearing on the general problem under
consideration. Lastly, Sherrington explains by his theory the fact
that * increase of strength (within limits) of the stimulus applied to
the afferent nerve shortens the initial latent period of the reflex.”
This may passibly have its counterpart in the increased latency observed
in certain cases of habiluation and *' extinction.”

It should be added that it seems exceedingly difficult to account
for a lasting state of habituation by the application of Sherrington’s
concept.
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latter type of reaction, again without any very definite
implication of a strict line of demarcation.

In this calegory of learning by surrender come many of
the learned avoidance reactions of early human life. This may
be illustrated by the process of ‘‘learning to control the
bladder ".

The presence of fluid causes rhythmic contractions in the
muscular walls of the bladder. These contractions stimulate
sensory endings in the wall, the nervous impulses thus
originated travelling to the spinal cord. Here, apparently by
a process of summation, there are initialed impulses which
produce motor impulses to the musculature of the bladder,
and at the same time impulses which inhibit the contraction
of the sphincter muscle which prevents the exii of the fluid.
The whole process is quite automatic, and can be carried on
without the co-operalion of the higher centres, as was shown
by certain cases in the war where injuries to the spinal cord
severed the connection with the brain. In ordinary circum-
stances, however, this relatively autonomous block of reflex
actions is under the control of the higher centres and
ultimately of the cortex of the brain. This means that it can
be brought into relation with the external conditions of ihe
organism, as these are registered by the receptors. Thus at
a very early age micturition may be caused to occur by
stimulation of an auditory or other kind, and it may within
limits be prevented from occurring except as a result of such
stimulation. Such * control ”’ is ordinarily attained in the
period between birth and the fourth or fifth year. Its
establishment has been shown, in the case of one infant, to
follow the form of the curve of learning (Hull and Haull, 191g).
The same process of training may be observed in a “ house-
clean ” domestic animal. In both these cases it must be
assumed that the stimulus for a whole block of reflex activity
is present, but that operation of the whole mechanism is
checked by inhibitory impulses from some point higher up
in the nervous system. Whether such * training ” is entirely
due to something like a gradual process of * learning ', or
whether the maturation of nervous tracks also plays a part,
it is impossible to say. But there is no doubt that in the
adult civilized human being or house-clean domestic animal
the primitive reflex is inhibitable by cerebral control. In
its operation such control prevents the functioning of a reflex
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whose biological stimulus is present. That is to say, considered
from the outside it is an instance of * learning not to do *,
learning by surrender. Physiologically, however, the matter
is not so simple, for the act of micturition involves, as we
have seen, motor impulses to the muscles of the bladder and
inhibition of the contraction of the sphincter, Control of
micturition must therefore involve a double process involving
the checking of both excilatory and inhibitory action, such
process being possibly mediated through a common centre.
In this complex process it appears certain that stimulation
of the external receptors of the organism may play a part.
Thus a baby is ** encouraged " to gain control of the bladder,
an animal is * punished " for relaxing such control, and so
on. The process does not therefore involve the bladder
receptors alone. It is ‘ pluri-receptoral ”, at least under
ordinary circumstances, Whether ** cleanliness " in this sense
could be acquired without the co-operation of the other sense
organs it is difficult to say. Ttard reports of his wild boy
that cleanliness was only attained by making discomfort into
a penalty. The boy had at first indescribably filthy habits,
which were cured by “ the certainty of passing the night in
a cold wet bed " (Itard, 18g94). The control of the bladder
thus gives an instance of what has been called adjustment by
surrender, where overt response is checked in a very complex
way, not by the sheer repetition of the stimulus but by the
co-operation of another receptor field. It will be observed
that the same generic result is achieved as in the case where
habituation is brought about by repeated stimulation of the
same receptor field, namely failure to respond in spite of
stimulation which might be expected to cause response. The
difference is apparently in the number of receptor fields
primarily concerned.

A similar example is given by the well-known experiments
of Mobius (x873) ! and Triplett (xgox). Triplett kept perch
in one half of an aquarium which was divided down the middle
by a transparent glass partition. On the other side of the
partition were minnows, at which the perch jumped but
without success owing to collision with the glass, After a
while the larger fish ceased to jump at the smaller, when the

1 The writer has not had access to the original paper. The experi-
ments have apparently been repeated, with interestmg variations, in
Pavlov's laboratory. See Ischlondsky, 1930, p. 179.
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screen was removed and the minnows allowed to swim round
the perch. This they did withoul molestation, the natural
“reflex ” having been successfully inhibjted. This inhibition
persisted except when the perch became hungry or when the
minnows moved too fast. Triplett reports that after the
partition was removed the perch would swim up to the place
where it had been and then {urn, as though it were still there,
and that they apparently crossed into the other half ol the
aquarium only with hesitation.

Here again overt response to a stimulus was gradually
surrendered, uniil the organism was left undisturbed by a
stimulus which had originally caused vigorous reaction. With
reference to this stimulus there has then been established a
stale of statical equilibrium, not, again, by sheer repetition
of one stimulus but by the co-operation of at least two receptor
fields. This shows again that just as habituation, which is
the establishment of such a constant stale by repeated
stimulation, may be broken down by stimulation from another
receptor field, so a process similar in its effect to habitnation
may be induced by such extraneous stimulation, The process
is of great importance, and is ordinarily known as learning by
punishment. In this way it is possible to inhibit even the
most powerful responses, such as that of food taking. Certain
frogs, for example, with which Schaeffer experimented refrained
from eating hairy caterpillars, and did not feed at all for some
days after being * punished ” with an electric shock for
eating certain kinds of food (rgrr). The reaction of sex may
be checked in a similar way, and up to a certain point (Moss,
1924). In fact, many features of our civilization are apparently
only made possible by the ‘“ social inhibitions "’ which are
highly complex instances of “ learning by surrender ’ and have
their simple counterpart in such experiments as Triplett’s.
The decalogue, couched as it is mainly in negative terms, is
a comprehensive statement of the chief situations where a
primitive society erected such social inhibitions. The Freudian
doctrine of the Censor refers to the network of social situations
where civilization has decreed overt inactivity in place of the
activity that would otherwise follow. As contrasted with the
simpler experimental instances in which animals were used
these human ‘' inhibitions ”’ are of course of almost incredible
complexity, and great caution must be exercised before
arguing from one to the other. But the fundamental effect of

M
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experience seems to be similar in both cases. An organism is
originally excitable to a certain course of action by a fairly
definite stimulus. In the case of the animals such excitation
was directly observed, in the case of the human being our
experience ol human nature and that of generations of law-
givers enables us to deduce with some certainty ithat it would
occur under “ natural *’, untrained or uncivilized conditions,
By means of a {urther excitation of other sense organs, which
in the human examples is of a high degree of complexity, such
excitation is checked. We do not ““ learn  not to kill our
fellow-citizens by killing a large number of them and thus
gradually becoming indifferent to their presence. Stimulation
of another quality is necessary to teach this lesson, and this
further stimulation is effected by our total general and moral
training. At least, this is true of such of us as are not criminals.
Thus we actually do acquire to a stimulus an indifference which,
in effect, is similar o the indifference resulting from habitua-
tion, but which differs from it in that it is brought about by
stimulation extraneous to that presented in the situation
concerned. If we “spare the rod " we are said to  spoil
the child .

It is then apparently possible to make two classifications
of stimuli according as their effects are inhibitory or excitatory,
and further as these effects are innate or individually acquired,?
giving in all four main classes, There is the stimulus which
produces an overt reaction in the living system, the first
time, let us say, it is presented, Such are the stimuli for the
positive reflexes such as Sherrington treats, and such, pre-
sumably, as the auditory stimulus producing a blink in a
baby a few hours old, There is the stimulus which produces
such an overt reaction not “ originally " but because learning
has taken place. In the terms of this book, such a stimulus
produces the response in question only when it occurs at a
term later than the first of an action series. Such are the
conditioned stimuli of Pavlov, and the situations involved in
most of the vastly more complex acts of human learning. In
the same way, there is the " innate " inhibitory stimulus, such
again as Sherrington treats in his study of the more primilive

L This classification is, of course, of pragmatic value only. It is
immaterial in this context whether or not all reactions of any kind
should be considered to be acquired, thatis to say, as due to the effect
of individual environment. See Carmichael, 1925,
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reflexes, and such, probably as the intense stimuli which are
the objective conditions of ‘* attention”. Examples of
inhibition innately determined are to be found plentifully in
the internal economy of the body, as in the reciprocal inhibition
of antagonistic muscles, though here the same stimulus is, of
course, a positive determiner of action for the opposed muscle.
Finally there is the acquired inhibitory stimulus, which is
again simply illustrated by many experiments,of Pavlov, and
is shown in a more complex form in the cases discussed in
this chapter. In Thorndike's terminology, there are bonds
which may be either innate or acquired, and either leading
to action or inhibiting it. As resulting in a state of inactivity,
similar to that which is produced in many cases by sheer
repetition of the stimulus, and as being in thal respect similar
to the simpler habituation, the latter class of stimulus-response
relation has been treated in this chapter before the conditioned
reflex proper; although as requiring the co-operation of at
least two receptor fields these reactions might equally reason-
ably be treated as a special case of associatory response.



CHAPTER VIII
THE PROBLEM OF ASSOCIATION

‘ Mortimer revenait tremblant d’un long voyage ; il adorait Jenny.
. . . Elle se promenait dans le parc; il y court, le ceeur palpitant

. . il voit qu'il est aimé . . . 1a robe de Jenny s'embarrassa dans un
buisson d’acacia épmeux. Jenny fut infidéle . . ., jamais il n'a pu me
donner le moindre détail. Seulement il tresaille visiblement dés qu'il
voit un buisson d’acacia.” (Stendhal )

It has been seen that from an action series of the simple type
where an organism is subjected to a rhythmic series of
temporally discrete stimuli affecting one receptor only there
may schematically be developed a simple type of association
by adding at each such stimulation a further stimulus affecting
a second receptor. Thus is obtained a response of the
conditioned reflex type. It is time to consider this type of
reaction in detail.

Historical Development of Conditioned Reflex Concept.—The
term conditioned reflex is associated with the name of Pavlov,
the eminent Russian physiologist, in 1904 Nobel Prize-winner
for his work on the digestive glands. According to his own
account Pavlov's investigations were initiated by the observa-
tion that so-called “ psychic '’ factors played an important
part in the process of digestion. The resulting seties of papers
on the conditioned reflex has lasted continuously for over
thirty years, the first being published in 18gg under the title
‘ Observations upon Salivary Secretion’ (Pavlov, 1027,
P. 412), while the last, it may be hoped, is yet to come. The
study of the salivary secretion was not new. The secretion
of the salivary glands had been investigated by many workers
under the name ‘' psychic secretion ”’. What was new was
the method whereby the apparently capricious action of these
glands was brought under the rubric of exact science without
the intervention of a psychic principle to act as a physio-
logical deus ex maching.*

1 Pavlov, X926, p. 8, Lecture delivered in 1903.
180
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In giving the world the conception of a reflex as the necessary
action of an organism consequent upon stimulation of a
receptor, Descartes had introduced into physiology the ideal
of a uniformity parallel to that of the inorganic sciences,
According to this conception, reflex movement followed the
appropriate stimulus necessarily and unconditionally by the
unvarying sequence characleristic of natural law.? Contrasted
with such movement seemed to be those organic actions in
which some principle other than inorganic cause and effect
seemed to participate, actions where some such factor as
*“ choice "’ was apparently operative. To express it otherwise :
when food is placed in the mouth of an animal, reflex action
produces salivation. Salivation can also be produced, however,
in other ways, such as by the sight of the food, or even by the
sight of a person who usually brings food. Tor such action
there is no direct physiological connection belween receptor
and gland, and to explain it investigators had postulated a
psychic factor. Men assumed, for example, that the mind
of the dog makes a connection between the food and the
person who brings it, the process being parallel to the associa-
tion of ideas which was thought to explain similar actions in
human beings. Other actions seemed to necessilate some power
of choice on the dog’s part. The dog may or may not salivate
when he hears a bell, he may or may not come when his name
is called. The fundamental principles of physical science
seemed here to be negated ; such phenomena were and often
still are declared to be outside the range of scientific method.

Pavlov’s attack on this elusive problem was highly ingenious
and simple—so simple indeed that its full importance is difficult
to appreciate today. It consisted in showing that the action
of the salivary glands only appeared 1o be capricious because
all the relevant circumstances were not taken into considera-
tion. Whether or not any particular dog salivated in any
particular situation depended upon the fulfilment of certain
strictly material conditions. If these conditions were fulfilled
Pavlov showed that such secretion could be just as closely
controlled and prophecy just as accurately made concerning
them as in the case of any other reflex. Thus it was found

1 Descartes, Traité de Uhomme, 4, pp. 130 . Descartes compared
the action of a stimulus to ihal of the foot in setting off certain
maechanical figures. Ses Skinner (193I) for an estimate of Descartes”
contribution.
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possible to dispense with the hypothesis of a psychic principle
and to apply the standard methods of physical science to a
class of problems that had hitherto seemed intractable and
mysterious, It is worth while {o quote Pavlov’s own words,
written at the beginning of the experimental period in 1904.
** There now arises an extraordinarily important question : by
what means would it be possible for us to investigate these
latter psychic relations ? After we had employed a number
of different methods, we determined to use the objective
method in the investigation of this matter also. This means
that the experimenter ignores the conceivable subjective state
of the object of experiment, and concentrates the whole of
his attention upon the problem of ascertaining in fullest
possible detail the external conditions which have any influence
upon the working of the salivary glands. The point of
departure for such investigation was formed by the idea that
so-called psychic secretion was fundamentally a specific reflex,
of the same nature as secretion initiated by stimulation of the
oral cavity, with the difference that this psychic reflex may
be initiated by stimuli affecting other receptor surfaces, and
that it is a temporary reflex, one dependent upon determinate
conditions. In this way the goal of our further inquiries was
clear ; it consisted in the determination and investigation of
those conditions under which these special reflexes appear.” *
By contrast with the unconditional reflexes of Descartes these
reactions were termed ' conditioned "’ reflexes.

It was soon found that the ordinary laboratory precautions
of the time were inadequate for the determination of these
excessively delicate conditions. The point is well made by
Pavlov in another connection. ‘* Constantly, every minute
one might say during our experiments, there may be seen
a positive reaction of the animal to each variation of the
surrounding situation. Every sound, however faint, that
chances to occur, amid the constant sounds and noises that
surround the animal, every weakening or increase of these
constant noises, every oscillation of intensity of the general
illumination of the room, whether the sun hides behind the
clouds or a ray of light crosses them, every sudden raising or
lowering of light of a little electric lamp, a shadow which
crosses the window or the room, a fresh odour that spreads

1 Pavlov's Nobel Lecture, Stockholm, 12th December 1904 (Paviov,
1926, pp. 24, 25).
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in the room, a puff of cold or warm air that penetrates it, even
the lightest possible grazing of the animal's skin, such as a
fly, a fragment of plaster from the ceiling, etc.”, may excite
the activity of this or that part of the animal and interfere
with the experiment. So delicately attuned is the complex
organic system to external changes (Pavlov, 1913). In 1910,
therefore, by the generosity of a business man, there was built a
remarkable new laboratory in which extracrdinary precautions
were taken against adventitious disturbance. Some idea may
be given of the thoroughness with which this work was done
from the description given of the sound-prooi rooms, the walls
of which comprised successive layers consisting of wax-cloth,
two layers of wadding, cement-embedded metallic net, cork,
ashes, twisted hemp, two layers of felt, veneer, sawdust,
veneer, two layers of felt, hemp, air-space, ashes, tar, two
layers of felt, cement-embedded metal net, two layers of
wadding, and wax-cloth! The doors of these portentously
isolated rooms were double, and consisted in all of thirty-six
insulating sheets. These elaborate rooms were as a matter
of fact found unnecessary for routine work and were reserved
for the more delicate investigations. According to the
technique gradually developed the operator was not present
in the same room with the dog, the salivary secretion being
automatically recorded by an ingenious pneumatic apparatus.
Elaborate measures were used also to ensure constancy and
control of the stimuli.! Further details of the methods used
will be discussed later.

While Paviov was developing his method, other workers
were active along similar lines. Thus the late Professor
Bechterew, Pavlov's rival savant, warked with human subjects
on what he called the “ associative reflex ”’ 2 at St. Petersburg,
using mainly the breathing reflex and the motor reflex produced
by giving the subject an electric shock such that the leg was
withdrawn. Kalischer in Germany used the same method on
dogs.® There seems to have arisen between these three
workers an unfortunate question of priority. Anyone who
will compare the publications of the three must, however,
come to the conclusion that in quality and quantity of output,
and in general power of thought, insight into the problems

1 See Podkopaew, 1926, for a complete description of techmque.
2 Bechterew, 1913, 1926.
8 Kalischer, 1907, 1909.
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and ingenuity in overcoming the severe difficulties involved,
Pavlov is overwhelmingly superior, even though historical
accident of the general trend of ideas may have inspired other
investigators to work simultaneously or even slightly before
him along the same lines.!

The possibilities of the conception were soon appreciated by
the behaviourist school of psychology in America. The
Russian objective school initiated by Setschenow in 1866 had
indeed much in common with the vigorously combative
American movement. In 191z Watson published a paper
setting forth the possibilities of the new method, and the
conditioned reflex has thenceforward become one of the pillars
of behaviourist thought. Since that time there have been
made along the lines struck out by Pavlov many experiments,
not only on dogs and human beings but on forms of widely
differing degrees of complexity. Among these are snails, fish,
various marine animals such as crabs, squids, and the clam-
worm, turtles, birds such as hens and pigeons, cats, guinea-
pigs, sheep and monkeys; in addition, conditioned reflexes
have been obtained upon children by various methods, and
on various human structures, such as the leg, already
mentioned, the finger, the eyelid and pupil, the knee-jerk, the
salivary reflex, and lastly, the so-called  psychogalvanic
reflex *'.2

1 See Pavlov, 1926, p. 4 #., for what appears to be an entirely
ijustified rebuke., Pavlov was not the first to treat the " psychic
processes '’ as reflexes; his prionly lay in putting a rather vague
conception into strictly controllable scientific form. See the interesting
nole in Bechterew, 1926, p. 153. The history of the Russian school of
objective psychology is taken up in Kostyleff, 1914.

® The references are as follows: Thompson, 1917, Garth, 1926,
snails ; Froloff, 1925, 1928, fishes; Mikhailoff, 1920, 19208, 192I,
1922, 1923, crabs and the squid Eledone Moschata (Mikhailoff is
apparently a pupil of Bechterew); Bechterew (1926, p. 314 #.) Tefers
to condilioned reflex work on the axolotl; Copeland, 1930 (one clam-
* worm) ; Parschin, 1929, turtles ; Watson, 1916, hens; Ten Cate, J,,

1923, Beritoff, J., 1926, pigeons; Upton, 1929, guinea-pigs; Wever,
1930, cats; Liddell, 1927, sheep; the official (Sovkino) film exhibiting
Pavlov's results shows an (imputed) conditioned reflex in a monkey ;
Krasnogorski, 1909, 1913, Mateer, 1918, Smolensky, 1927, children;
Cason, 1922 and 19224, pupl and eyelid; Lashley, 1916, Winsor,
buman salivary reflex; Schlosberg, 1928, knee-jerk; Freeman, 1930,
Jones, 1931 (with references), Slight, 1929, psychogalvanic reflex. To
these should be added the vaso-motor reaction and the general motor
reaction described by Ischlondsky (1930, pp. 42 fi.). He refers also to
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The general scheme of the experiments is now sufficiently
well known. In the] original work of Pavlov it consists
essentially in subjecting the animal to some form of biologically
adequate stimulus for salivation, such as food in the mouth,
together with a second stimulus, such as light, which was
originally without effect on the salivary reaction. As is well
known, the second stimulus comes to call out the salivary
reaction. In Pavlov’s terminology it becomes a stimulus for
this response if the condition has been fulfilled that the two
stimuli have been presented together sufficiently often. In
addition to the original term * conditioned ”’ such stimuli as
the light are often called * active”, as contrasted with
* inactive ” stimuli which after training have no effect on the
response in question ; sometimes they are termed ** secondary ”
by contrast with the * primary " or biologically adequate
stimuli,

An integral part of the method is objective registration of
response. In order to make this possible the dog is subjected
to a slight operation which, according to all accounts, leaves
him in perfectly normal health. The skin is cut and a small
plece of mucous membrane inside the mouth and containing
the opening of the canal from the gland is turned through
to the outside. The secretion ! is thus conducted to the
outside of the animal’s cheek and flows drop by drop into
a specially designed recorder. Seven or eight days after the
operation the dog is placed in the experimental chamber,
stroked, called by his name and fed a small portion of meat
powder by hand. On the next day he is put in the special
stall and attached to it by a collar only. On the same day he
is fed by hand and by the special feeding apparatus, After
ten or fifteen minutes he is freed and given a bone. Hence-
forward the object is to accustom him gradually to the
apparatus. On the third day the door of the experimental
chamber is closed ; on the fifth the animal is fed four of five
times with the sound of a metronome. The experiment has
begun.

The time of appearance and the fixation of the conditioned

respiratory reflexes. The list of course makes no pretence at being
exbaunstive, Ifs purpose is merely to show the extent of the conditioned
reflex work. A bibliography will be found in Cason, 1925.

1 Either the parotid gland in the cheek or the submaxillary or
sublingual gland under the tongue.
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response varies according to the receptor surface employeq,
the precise method used, the individuality of the dog, and
other such factors, In general, indications of “ association "
appear after from three to five simultaneous presentations,
fixation requiring approximately ten to fifteen simultaneous
presentations.* Pavlov gives twenty repetitions as ordinarily
necessary before the conditioned stimulus will uniformly evoke
the required reaction in its full strength.?

Pavlov’s Hierarchy of Reflexes—I1f this apparently simple,
because familiar, procedure is analysed, a host of intricate
problems is raised. For a {ull discussion of these the reader
is referred to Pavlov’s own account of his work, which has
been translated into English under the title Conditioned
Reflexes (1927). Certain questions only will here be canvassed
on account of their particular relevance {o the conception of
the organism as a living system in intimate relation with
environmental conditions. Perhaps the most obvious problem
concerns the difference in the effect of the two repeated
stimuli. Such difference has already been recognized in the
chapter on habitunation,

When two stimuli repeatedly fall simultaneously upon the
receptor surfaces of the same organism, what decides which
way the conditioning process will go? According to what
principle will the bell ultimately cause the animal to salivate,
while the food does not cause him to look to the bell? Pavlov
answers this problem by assuming that there is a certain
hierarchy of reflexes, The unconditioned reflex must be
physiologically the stronger and of biologically greater
importance. The alimentary reflex stands very high in the
hierarchy although there are reflexes such as those involved
in self-preservation which stand higher.® Even the nervouys
impulses causing a fixed and lifelong response can be diverted
to another more powerful centre. What causes a * powerful ”
reflex Pavlov does not say.

The idea of a hierarchy of reflexes is very similar to
Sherrington’s conception of the prepotent reflex which
dominates in competition with others for the final common
path.¢ Paviov’s hierarchy, however, exhibits variations
apparently lacking in Sherrington’s scheme, It fluctuates with
the fluctuating effect of certain biologically adequate stimuli,

' Podkopaew, 1926, Pp. 31, 35. 2 1927, p. 385.
* 1927, p. 31, 4 Sherrington, 19171, p. 228,
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In order to provide energy for its behaviour, and thus to
perpetuate its own existence, the organism must from time
to time replenish its supplies of certain materials, such as the
energy producing and structure building substances called
food, the equally indispensable liquid that serves for drink,
oxygen and so on. Now in the higher organisms the *‘ needs "
corresponding to these replenishable materials occur more or
less rhythmically. Thus man takes his food at ““ meal-times ',
Among animals in natural surroundings movement towards
water occurs at intervals during the day, depending on
circumstances. Experimental observations have been made
upon the periodicity of such food- and drink-movements.
Among certain animals they have been observed to occur at
surprisingly regular intervals, almost paralleling the '‘ meal-
time " of the civilized adult. °‘ The records show that the
rat drinks about ten times a day at intervals of two and a
guarter hours. The periodicity of the thirst response is quite
as remarkable as that of the hunger response, in view of the
current conception that the rats eat and drink at very frequent
and irregular “intervals .2 Thus stimuli corresponding to
these fundamental ** drives *’ are weighted from time to time
and, in many forms of life, rhythmically, This weighting of
special stimuli is apparently only an accentuation of the
generally increased sensitivity known to occur when the
animal is “ hungry ” or ' thirsty ”. A hungry animal is
“restless” in general; the threshold for a large number
of stimuli is lowered, but the animal is apparently particularly
responsive to food. When food has been taken, this special
sensitivity seems to disappear, and the conditioned reflex is
not formed. Thus Warner notes that if animals are let into
the food compartment after they have just eaten they * fail
to respond to the food any more than to other details ".?
Accordingly it is an obvious laboratory rule that when the
food-reaction is being used to form a conditioned reflex,
experiments can only continue until the animal is satisfied,
the daily number of feedings varying from animal to animal,
with an average of from eight to ten. When acid is used not
more than five or six applications are possible. With the
electric shock stimuli may be repeated for an apparently
unlimited number of times,* In the same way the female

1 Richter, 1927. ® 1928 (Warden, 1931, p. 61).

, 0 Podkopaew, 1926, p. 32.
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sex reaction shows a periodicity, at least in the mammal,
though Warner ! does not detect any similar phenomenon in
the male. The duration of these periods is, of course, different
in the case of different urges, that for oxygen being considerably
shorter than the others considered. These primary needs,
which depend ultimately upon the fact that the organism is
8 self-maintaining system with its own energy reserves,
correspond to what with others are called by Woodworth
dependable motives.2 They are, indeed, dependable but only
on occasion.

It is apparently on this fluctuating difference of sensitivity
that Pavlov's hierarchy depends. The hierarchy functions
only ai specified times. It is, in the life of the animals, a
rhythmical phenomenon. At certain times it is overthrown.
The conditioned response may be properly described as
motivated, and as subject to the fluctualions inseparable from
the particular motive that is used. The fluctuations depend
on the fact that the equilibrium of the organism may be
disturbed not only from without, but also from within, stimuli
corresponding to organic * needs "', which are of a fluctuating
character, themselves exhibiting a corresponding fluctuation
of eflect. Stimuli calling out protective or conservative
responses are, apparently, relatively invariable in their effect,
at least when the response in question is intense.®

Closely connected with the problem of why the bell causes
the {ood reaction, rather than vice versa, if indeed it does not
involve the same fundamental problem, is the fact ihat the
responses of the two stimuli behave differently on repetition.
Attention has already been called to the fact that under
normal conditions the secondary stimulus is originally followed
by response equally with the primary one. It must be

1 In Warden, 1931, pp. I1g, 120.

% 1929, p. 246.

# The conception of the hierarchy of stimuli or reflexes (Pavlov, 1927,
with author's preface written in 1926) seems now to have been sup-
plemented by that of the dominant (Ischlondsky, 1930), whereby the
direction of the central impulse initiated by an external stimulus is
deterrvined by the momentarily  dominant ™ centre, See Pavlov,
op. cit., p. 31, and Ischlondsky, pp. 213 f. ‘' Dominance *’ would then
in parf be rhythmically delermined by periodic organic needs. It
should be added that Paviov humself states that the unconditioned
stimolus depends on the fulfilment of definite, though fewer, conditions
(x927. p. 24).
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remembered that there are no absolutely indifferent agents
for the dog; every agent used for ithe first time calls out an
orientation reaction, which varies according to the strength
of the agent in question and the individuality of the animal.
The agent chosen as conditioned excitant must, however, be
thoroughly indifferent with reference to the unconditioned
reflex.” 1 After training this ‘‘ orientation " reaction dis-
appears. Thus Pavlov states thal in one of his public
experiments, ' In this very experiment the dog turns in the
direction from which it has been customary to present the
food and begins to lick its lips vigorously. . . . The sound of
the metronome is the signal for {food and the animal reacts
to the signal in the same way as if it were food ; no distinction
can be observed belween the effects produced on the animal
by the beating metronome and showing it real food.”’ 2 The
original *‘ orientation " response to the bell has gone, and its
place is taken by reaction towards food.

What we have in fact is the repeated simultaneous presenta-
tion of two stimuli, the responses to onc of which (salivation)
persists, while that to the other (orientation) disappears. Now
it must be remembered that under the proper conditions
response to the food stimulus will disappear equally with
that to the light, and that these are the conditions under
which the ‘‘ association ”’ does not take place. Thus it has
been seen that the satiated animal in whom food responses
have disappeared cannot be * conditioned ”* to food. It is
not then an absolute persistence of the unconditioned response
with which we have to deal, but rather one which depends
on circumstances and one which contrasts with the relative
ease with which secondary response degenerates, As the
experiment is performed in the laboratory the response
to the conditioned stimulus does fall away, while under
identical conditions of repetition that to the unconditioned
stimulus remains. TFurther, permanent indifference can easily
develop to the sound of a bell if this is repeated at the proper
intervals, while permanent indifference to food can never be
developed in a living creature. Thus a flock of sheep by the
railway line will rapidly grow indifferent to the passing trains
but can never grow permanently indifferent to the water in
the stream. We thus have a problem of what may be called
“ differential persistence *’ of reaction.

1 Podkopaew, p. 8. ? 1927, p. 22,
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At first sight it seems that we have here to do with the
phenomenon of habituation, It will be remembered that it
is the intense nocuous stimulus to which habituation is with
difficulty, if at all, achieved. In the ordinary conditioned
reflex experiments arrangements are specially made to the
end that habituation or its counterpart, satiety, does not
take place to the alimentary stimulus. Thus it might be
thought that conditions in these experiments are such that
because of a difference in speed of habituation there naturally
follows a difference in the persistence of reaction to the two
stimuli used. For one of the stimuli has been specially selected,
either in time of application or in quality, in order that its
response may persist while the other response dies down. As
long as response to the conditioned stimulus degenerates more
quickly than that to the unconditioned stimulus, at the end
of the experiment we must then be left with response to the
latter alone. Many experiments are so arranged that the
conditioned response never degenerates under the given
conditions. This is not necessary, however; all that is
needed on this view is a difference in habituation time. Such
an hypothesis would explain the action of the stimuli in
association by their intrinsic action apart from the fact of
association,

There is a certain amount of evidence for this view, which
would regard the experiment as involving a kind of race for
the extinction of response. If adopted, it would mean that
the effect of repetition upon response to the conditioned
stimulus is the same—namely, habitnation—whether a con-
ditioned reflex is being formed or not. There are, in fact,
three phenomena which exhibit very similar characteristics,
namely, the extinction of the original response to the con-
ditioned stimulus when given in isolation, extinction of the
same response during the formation of a conditioned reflex,
and extinction of the fully formed conditioned reflex.

The last of these phenomena, namely, that itermed by
Pavlov the extinction of the conditioned response, here
needs a certain preliminary description. It is well known
that if a conditioned stimulus such as a light is repeated a
number of times without the food, its power to produce the
conditioned reaction gradually falls off, until it is finally again
inactive. Such extinction has often been observed in human
subjects, Thus the writer trained a subject to respond to
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a certain musical tone by raising his hand, the primary
stimulus being an electric shock, When the training was
complete, two * conditioned " stimuli at five-second intervals
were each followed by responses, but a series of twenty-five,
beginning with a pair at quarter-second intcrvals, produced
only one such response. Temporary * exlinction ” had taken
place, which was removed by a rest of half a minute. Such
“* extinction ” has been observed by Pavlov to take place,
with increasing latent period, in conditioned responses estab-
lished on dogs (1927, p. 49) and by Bechterew, who worked
with human beings, and also notes a longer latency as the
extinction progresses (1926, p. 244).* The phenomenon has
always been observed when it has been looked for, and is in
fact a necessary corollary to the formation of the conditioned
reflex; an association that, once learned, could not be
unlearned, would be a biological absurdity, and repetition of
the light without the food is clearly the situation above all
others that should lead to unlearning.

Now Pavlov found that the extinguished reflex could be
restored by extraneous stimuli,? by the unconditioned stimulus,
or by lapse of time. It has been seen that similar methods
may be used to restore responses that have disappeared by
habituation. Many authors have reported dehabituation by
lapse of time, several have observed its occurrence as the
result of another stimulus, As already pointed out, the latter
phenomenon may easily be exhibited in the human wink
reaction, which may be restored by a rather more intense
stimulus after disappearance through repetition. It has been
observed also by Holmes in sea urchins (1912), by the writer
in snails and turtles, by the writer and his colleague, Dr.
G. S. Melvin, in frogs. Similar experiments are reported by
Piéron, who draws the parallel with Pavlov’s disinhibition,
and by Pavlov himself (1927, p. 256). Pavlov then claims

1 Cf, Beritoff, 1927, p. 142.

2 It is noteworthy that Pavlov found that very intense stimuli
were less efficacions than weak ones in removing extinction, The
cause seems in his opinion to lie in some obscure relation between
the excitatory and inhibitory processes. The writer used rather intense
stimulation to restore reaction, as in fact did Pavlov when he restored
the response by means of acid which caused a flow of saliva lasting
over some minutes. Itis probable also that, asin Pavlov’s experiments,
the intense stimulation used by the writer induced in the structures
concerned a reaction of a different systematization.



192 THE NATURE OF LEARNING

that the two processes, ‘‘ extinction” of the orientation
response, which is what we have called habituation, and
extinction of the conditioned response, are the same, referring,
for example, to an investigation by Professor W, A. Popoff t
which, he says, proves their identity. In addition there must
be added the weighty authority of Beritoff (1927) who makes
much the same point,

Apparently it is nowhere explicitly stated that the same
process is also involved in ihe disappearance of the investiga-
tory reflex, during the formation of a conditioned response,
Pavlov does state that every new stimulus which invokes
the investigatory reflex ceases on repetition to have any effect
unless the stimulus has been followed up with some other
reflex® This would perhaps indicate that in respect of
disappearance of response he makes no distinction between
the action of such a stimulus when presented alone or
simultaneously with the conditioned stimulus.

In fact, there is no doubt that we here have to do with
three very similar processes: that of habituation, which
involves the fading of response when an isolated stimulus is
repeated while keeping all other conditions constant; that
of the disappearance of reaction to the secondary stimulus
of a conditioned reflex, which occurs when the two stimuli
affecting different receptor fields are simulianeously repeated ;
and that of extinction, which occurs when a stimulus already
conditioned is repeated without the primary stimulus—the
bell without the food. Many instances of “ habituation ”’ as
discussed in Chapter VI could have been predicted from
Pavlov's results. These instances are independently observed
to have the properties of Paviov's extinction. At least it
should be said then that in the present state of knowledge
it appears to be the part of caution to assume that a common
mechanism is involved in “ negative adaptation ”, ** extinction
of the conditioned response ", and the disappearance of the
original response to the conditioned stimulus.

Yet it would be a mistake to assume that the three
phenomena should therefore be identically equated. For this
would mean, for example, that the process of negative
adaptation is unaffected by the fact that a unifying process

1 Pavlov, 1926, p. 288. I have not had access to Popoff's paper.
Cf. Rosenthal, 1929,

% 1927, p. 385.
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of “ association "' is simultaneously taking place in the brain,
an association which brings it about that nervous impulses
originating in the one receptor ultimately come to discharge
along paths leading to a hitherto indifferent effector. It is
unthinkable that such a process of unification should occur
without at the same time exercising any effect upon the
cerebral changes initiated by the first receptor, It isimpossible,
for example, to believe that the cerebral changes initiated
by the repeated ringing of a bell should be unaffected by the
fact that there is simultaneously occurring a cerebral synthesis
such that the bell will ultimately cause a * food ” reaction.
If negative adaptation is taking place in the first case, some-
thing more is occurring in the second. To believe otherwise
would involve a mental atomism entirely contradictory to
all we know of the unitary character of cerebral ‘function.
Similarly degeneration of responsc cannot be mediated by
identical neural processes during extinction of a conditioned
response and straight habituation. In [act, from general
principles it is clear that the neural processes initiated by the
two stimuli of a conditioned response must have a mutual
effect on each other. This indeed is precisely the conclusion
to which Beritoff came as a result of his experiments on the
conditioned motor reflex in dogs. He found that when a
stimulus is applied to another receptor field simultaneously
with the electrical excitation of the hind leg, there is a reciprocal
action between the cerebral centres concerned,! the develop-
ment of the reciprocal relation proceeding pari passu with the
formation of the conditioned response.

A study of Pavlov’s results leads to the same conclusion
{1927, lecture 14). Negative adaptation appears to be simple,
while the disappearance of the unconditioned response and
the extinction of the conditioned reflex would seem each of
them to involve a factor additional to the simple, habituatory
process. After all, when a conditioned reflex is extinguished
not only is the bell, let us say, being repeated, but the
accustomed food is being withheld. Kleitman and Crisler
(x92%) indeed, by a mathematical analysis of the process of
salivary extinction in dogs, found evidence that a double
Pprocess was involved, though their examination did not show
a corresponding double process in the formation of the
conditioned reflex. They add a specific warning that the

1 Beutoff, 1924, p. 129,
N
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data were not such as to allow more than a plausible conjecture
here to be drawn from their results,

Most illuminating of all in this connection is perhaps the
excellent monograph of Wendt on the conditioned knee-jerk.
Wendt (1930) employed the ingenious method of making a
stimulus on one knee into a conditioned stimulus for a reaction
on the other. The left and right legs were successively
stimulated at an interval of one-fifth of a second, the right
stimulus being ultimately omitted. Thus the experiment
began with two clearly marked responscs, to the left and to
the right legs; but as it progressed response to the left leg
diminished while at the same time stimulation of the same
leg comes to excite a response in the other. Here is a case
of the disappearance of the original response to the secondary
stimulus, entirely parallel to the disappearance of the orienta-
tion response. The particular interest of the experiment
comes, however, from the fact that under comparable conditions
the reaction employed, namely the knee-jerk, does not change
in amplitude as the result of isolated repetition.2 Here, then,
the disappearance of the original response to the secondary
stimulus must be due to processes incident to the formation
of the conditioned reflex, not to a habituatory process initiated
by sheer repetition of the secondary stimulus itself.

Thus when the conditioned stimulus is repeated during the
formation of a conditioned response, there are probably
initiated processes of two kinds, namely, those that result from
sheer repetition, corresponding to what has been called
habituation, and those that come from the simultaneous action
of the two stimuli. When, again, the same unconditioned
stimulus is repeated alone after the conditioned reflex has
been formed, that is to say, during extinction, there must
occur processes corresponding to the dissolution of the
reciprocal, connection-forming relations that come into being
when the conditioned reflex is being established. So that
here again we would expect to find the effects of sheer repetition
complicated by the fact that repetition is taking place in
connection with a conditioned response.

These results make it entirely impossible to believe that
there is nothing more involved in * extinction” or in the

1 “In the case of subject Mon. . . . no change in the amplitude
of response was obscrved as a result of 100 single stimulations on each
of three successive days” (Wendt, pp. 69, 70).
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disappearance of secondary response than the process whercby
the same stimulus gradually loses its cxciting effect when
repeated in isolation. Likewise they render impossible the
hypothesis that, in the persistence of the one response and
the disappearance of the other during the formation of the
conditioned refiex, we have to do with nothing more than a
race for habituation. However, it would, of course, be
unjustifiable to assume, per conira, that in the three processes
above considered, we have to do with three fundamentally
different mechanisms. In view of the similarities discovered
between them and the weighty authority of such independent
neurologists as Beritoff, such an assumption would, in the
present state of knowledge, be gratuitous and confusional.

The relation existing between the three phenomena just
considered affords an excellent illustration of the dangers
lurking in a premature simplification of the complex problem
of learning. The process underlying habituation very probably
takes part in the more complicated process of * extinction .
Yet the latter cannot be explained by the former. Considered
in relation to extinction, habituation may be regarded as
a limiting case where the influence of the second stimulus
is zero. We cannot tell without introducing new counsiderations
what effect the incidence of a second stimulus or change of
conditions affecting another receptor will have upon a response
which is disappearing through habituation. Still less can
we assume that this effect is zero. Such a mistake may be
called the “ fallacy of the limiting case ”. It leads to the
misleading procedure whereby a case 1s cxamined because
of its simplicity, and the more complex instance is thereupon
assumed simultaneously to have been explained. Contrasted
with this false procedure is the legitimate method of sim-
plification which consists in keeping constant all but one
of the factors affecting the complex case, in order to examine
the réle of the one selected factor. The latter procedure has
played and will play a valuable and necessary part in psycho-
logical experiment. To the former we owe, as we shall later
see, certain seductive, somewhat spectacular, but very
misleading generalizations.

To explain the disappearance of the original response to
the unconditioned stimulus an alternative hypothesis has
been proposed according to which drainage of neural energy
takes part; but it is hard to see how this hypothesis could
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account for “ extinction ”. In any casc the root hypothesis
of neural drainage is difficult to accepl. Whether again the
newly developed docirine of the * dominant ** can here be
invoked it is as yet hardly possible to say. On the whole it
appears at present to be the part of wisdom to regard both
these phenomena of response-degeneration in the conditioned
reflex as involving some factor or faclors which we cannot ag
yet classify.

Thus, exactly as in the maze experiments to be discussed
later, an important part of the problem of the conditioned reflex
concerns the disappearance of response, this being perhaps
equally important with the more obvious ‘ associative
aspects,.

Generalization and Differentiation—When the conditioned
reflex is first established certain characteristic phenomena
secm to be universally observed by those who look for them.
As important phenomena of learning these will be discussed
in some detail. There is first what is called * generalization ",
Not only does the conditioned stimulus now set off the primary
reaction ; it shares this property with a wide range of allied
stimuli. Thus in certain experiments human subjects were
given the note A natural on a metal instrument of the xylophone
type ; at the same time they received an electric shock through
the right hand. After a number of such repetitions the sound
of the note alone came to call out withdrawal of the hand.?
When 1ihis took place, il was found that any of the twelve
notes on the instrument had the same result, although they
had never been given at the same time as the shock. Further,
slight noises inside or outside the laboratory were found to
be equally effective. Thus in the early stages the slam of a
door in another part of the building would occasionally cause
movement of the hand, especially in a * nervous ” subject.
I have often been able to elicit the response, for demonstra-
tional purposer, by shouting from behind the operator’s screen.
Any environmental change may, in fact, have the same
effect, and Pavlov reports that the whole environmental
situation may acquire at first conditioned properties. Pavlov,
who, of course, was the firsl 1o describe the phenomenon,
reports generalization of musical lones, tactile stimuli, and
those affecling other receptors. What are called trace
(“ Spur ') reflexes are reported to be particularly subject to

1 Humphrey, G., 1927.
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generalization, which here extends over all the receptors and
is highly stable. A response with a tactile stimulus as con-
ditioned excitant will be set off, for example, by a thermal
stimulus of 0° C. and by a musical tone, both given for the
first time.! Bechterew reporis the observation of a similar
phenomenon in his work on the motor (leg) reflex, Mikhailoft
on the hermit-crab and other forms of marine life, and Beritoft
on pigeons.

The converse and correlalive process is that of differentiation,
whereby the activé range of stimuli is narrowed down until
only the original note, lone or whatever it may be, calls out
the conditioned response. Thus ullimately in the experiments
to which refercnce has been made the sound of A natural
alone cvoked movement of the hand. At this stage no
laboratory noise, shout, or other stimuius had the slightest
efflect. Similarly Pavlov’s dogs might respond to the active
tone, and be completely indifferent to one which was an
eighth of a tone lower or higher. They might respond
originally to an object rotating in either direction but come
finally to respond only when clockwise motion was used; or
originally to either a square and a circle, finally to a circle
only. Differentiation between lights of various colours is
reported by Mikhailoff (1g20) on the hermit-crab, Beritoff
(x926) who used the defence reflex in pigeons reporis that it
was difficult to establish, the difference between two stimuli
not being appreciated after months of work. As many as
five hundred repetitions may be without effect. He reports,
however, that a reflex built up to noise cannot be elicited with
light, and vice versa, and was able to note certain differences
between the “individual” responses produced by different
organ tones. The feeding reflex is easily differentiated, He
feels himself justified in giving differentiation as a characteristic
of the conditioned response in the birds used by him,

In general the process of differentiation is often irregular
and thus very discouraging to those who are attempting such
an experiment for the first time. TFurther, at a certain stage
the inactive stimulus may produce a more extensive response
than does the active one. Thus one of Pavlov's examples
shows rotation in a clockwise direction as the active stimulus
being differentiated from one turning the opposite way. The
active stimulus originally called [orth saliva corresponding to

1 Pavlov, 1927, Section VII
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twenty-seven divisions on the apparatus, the inactive seven
such divisions. During succeeding experiments the latter
figure increased to ten, twelve, and thirty-four such divisions,
when it began to decline and finally reached zero. At the
same time the figure for the active stimulus never exceeded
the original twenty-seven (1927, p. 119). This fluctuation is
very characteristic of the process of differentiation and also
of the related processes of extinction and negative adaptation.
This may be seen for one instance of negative adaptation by
reference to Fig. 3, p. 141. The phenomenon is held by Pavlov

i SEC. 2 SEC
I SEC, CUT ouT CUT oUT

RESPONSE

NOTE 7

F16. 4.—Showing that a Conditioned Reflex does not function il ils
Stimulus-tone 1s presented as part of a Melody. Sec page 237.

By admimstering an electric shock whenever a certain musical tone
was heard, the subject was trained to raise his hand at the sound of
this tone. No other tone produced this effect. In the record shown,
the active note was number seven on the instiument, which was tuned
to the common scale. The stimulus is shown by an oscillation of the
lower white line, the response by a downward displacement of the
same line, It will be seen that at the beginning of the record note
number seven was followed as usual by response. About three seconds
later notes numbers five, seven and nine were successively played, the
sequence occupying rather less than a second of time. It will be
observed that, when thus included in an arpeggio, note number seven
is not followed by its usual response. About two and a half seconds
later the same note 1n isolation is again followed by a response. Time
above in seconds, In order to compress the record, porlions representing
ntervals of one and two seconds respectively have been cut out of the
original tracing at the places indicated. No stimulus mark or reachon
of any kind appeared on the part cut out. The mstrument was of the
xylophone type with metal cylinders, which were not damped after
a note was struck, consequently the vibrations from one note persisted
during the striking of the next note, as in legato piano playing.

to be due to a certain conflict between the inhibitory and
excitatory processes, stimuli near the active one initiating
both of these processes, and thus having a conflicting effect
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on the organism. As to the physiological mechanism by
which differentiation is accomplished, there is considerable
debate. Generalization is probably to be considered as due
to some form of irradiation or spread of neural aclivity through
structures other than those most intimately connected with
the stimulus in question. Without such irradiation, indeed,
it is difficult to see how *‘ association " could take place, so
that there is a certain sense in which generalization may be
said to be a by-product of the conditioning process.

For differentiation two kinds of explanation are possible.
Here we have a process whereby certain outlets from a
' sensory " to a “ molor " arca are rendered impassable while
others are unaffected or possibly made more passable by the
same process. The mecchanism whereby onc sct of outlets
is barred off may be passive, the one set of connections being
strengthened at the expense of the other, something as one
path across a field may become more pronounced while others
fade out by lack of use; or the mechanism may be active, as
when all paths across a field are definitely and actively blocked
save one. The second kind of explanation is given by Pavlov,
who believes that the process of differentiation is accomplished
by inhibitory processes that bar certain paths and leave others
open. He believes that repetition of any stimulus causes a
gradually progressive inhibition. Thus he thinks of the
repetition of the whole process of establishment of the
conditioned reflex as causing inhibition of greater and greater
intensity, until it finally renders impassable all save the most
direct path ; indeed, he claims that repetition will ultimately
bar this path as well, so that the conditioned reflex becomes
totally inoperative (1929, p. 236). This conception is criticized
by Beritoff, who points out that Pavlov’s theory involves
the special assumption {hal the centre of excitation causes
a state of inhibition to arise round itself, an assumption
which, he says, is not true of any other form of excitation.
Further, he questions whether the inhibition could last as
long or whether it could spread as slowly as Pavlov’s theory
requires. In place of active inhibition as a physiological cause
of differentiation he substituted a general lowering of excita-
bility, particularly round the points excited by the active
stimulus. According to his theory differentiation is a relatively
passive process, It must be confessed that neither of these
explanations give a clear picture of the mechanism of
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this important phenomenon. Pavlov’s explanation is perhaps
the more claborately worked out, but Beritoff's objections must
be allowed to have considerable weight, It is possible that a
more adequate cerebral neurology will succeed in combining
the iwo principles.

Whatever its mechanism, the process of differentiation, like
that of extinction, shows the tendency of the organism to
revert to « ‘normal ” state. In the case of extinction and
negative adaptation we have the gradual assumptmn of a
state of indifference to an excitant, internal organic changes
resulting in a conservalive equilibrium towards a scries of
stimuli. The progress of differentiation seems to exhibit a
conflict between the tendency to achieve such a constant state
of indifference and the tendency towards excitation. As we
have seen, the iotal series of double stimuli, comprising, for
example, food and sound, has been so timed that reaction
consistently takes place to the food. After differentiation is
completed certain fresh stimuli do indeed cause the salivary
reaction, but their number has been reduced. To most of
the stimuli originally causing the salivary reaction the
organism has achieved such a state of indifference ; it may be
said that indiffercnce has been reached as far as is possible
under the given conditions. Under the influence of the two
tendencies, that towards excitation gnd that towards a state
of indifference, the organism comes during the process of
differentiation to a fresh equlibrium or constant state. Each
process spreads until it can extend no farther owing to the
resirictions imposed by the other. The position of balance
between the two tendencies is thus, like other limits, expressible
in maximal or minimal terms, There is a maximum possible
spread of the checking process, whatever it is, consistent with
the periodic state of excitation initiated by the conditioned
or secondary stimulus. A minimal number of exciting stimuli
are left. In fact, another and perfectly legitimate way of
expressing the facts of the process of differentiation would be
to say that the organism has so changed as the result of the
serial incidence of the two simultancous stimuli that there
occurs the minimum possible salivation under the new
circumstances. Such a statement would perhaps accord with
Wheeler’s principle of least action (Wheeler, 1929) and is
consistent with what we find in the more complex maze
situation.
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The biological imporiance of generalization and differentia-
tion it is not difficult to see. Pavlov points out, for example,
that natural stimuli are not constant but vary round a
particular strength and quality of stimulus. * The hostile
sound of any beast of prey,” he says, *“ serves as a conditioned
stimulus to a defence reflex in the animals which it hunts.
The defence reflex is brought about independently of variations
in pitch, strength and timbre of the sound produced by the
animal according to the distance, the tension of the vocal
cords and similar factors.”* A similar process is charac-
teristic of more complex mental life. An infant may be
observed to react in the same way to all men as to his father ;
he will at first give the name of ““ dog " or “ horsc *’ Lo many
other animals. If he has been bitten by a dog he will cry
when any dog approaches, and so on. Subjectively speaking
all Chinese or Indians logk alike; so do animals, which as
the naturalists are fond of insisting, and as every laboratory
worker with them knows, soon acquire by familiarity their
own very marked individualities. In this original similarity
of effect and subsequent distinction of differing stimuli there
is a close parallel to Pavlov’s generalization and differentiation,
and il is probable that the same neural process is responsible
for both phenomena ; though if this is so the process must
occur in a highly simplified form when the dog learns the
simple distinctions required by the conditioned reflex experi-
ments. The process offers many similarities to that called
by the Gestalt psychologists the sharpening * of the con-
figuration, a term descriptive of the fact that a configuration
tends towards a minimal or maximal state of structural energy.
Strictly speaking the same process gives an instance of the
transfer of training. A dog has been trained to respond in
a certain way to one stimulus; at the end of the training he
responds in the same way to other stimuli, and apparently
continues to do so unless these latter are given alone without
reinforcement, that is to say, until the animal is taught not
to respond in this specific way 1o the stimuli in question.
It is interesting to notice that, according to Beritoff, generaliza-
tion does not take place in what he calls new homogeneous
conditioned reflexes, namely those which are<-very casily
—formed by the combination of new conditioned stimuli
with the same active stimulus as was originally employed.

1 1927, p. 113. 2 Prignanz, Kohler, 1920 (the last chapter).
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This statement he claims to be truec for both dogs and
pigeons.?

Time Relations of the Conditioned Reflex.—In his early
lectures Pavlov stated quite catcgorically that the uncon-
ditioned stimulus cannot follow the conditioned one in time.
The ordinary method is, for example, for the light to be given,
and later, before it is extinguished, the food. Thus there
is no strict simultaneity but rather an overlapping of the two
stimuli. From this arrangement of Pavlov developed his
conception of the signal reflex, which regarded the secondary
stimulus as the ¢ signal’ that the primary stimulns was
about 1o follow, the whole process being termed “ signaliza-
tion ”.* Later experimenters have succeeded in obtaining
reversed conditioned reflexes, where the conditioned stimulus
follows the unconditioned one. Successful experiments of
this kind are reported io have been made upon dogs in
Pavlov's ¢ laboratory, by Beritoff ¢ on pigeons and by Switzer
on the lid reflex ® and the knee-jerk, though this investigator
failed to obtain a reversed psycho-galvanic reflex. Bechterew
similarly claims to have established reversed conditioned
reflexes, presumably of the motor type and with the human
being as subject.® The faci that such reactions may be
formed seems therefore to be sufficiently established, although
little is known of their properties.

Reaction Time and Extent—The reaction time of the con-
ditioned response presents a somewhat difficult problem. As
ynder ordinary circumstances the condilioned slimulus
precedes the unconditioned, it appears to be almost inevitable
that reaction time for the conditioned should be longer than
that for the unconditioned reflex. "Pavlov claims that the
latent period of the conditioned response is of the same order
as reflex time, and in this he agrees with Cason who worked
on the eyelid reaction, The majority of the experiments,
however, agree in placing the latency of motor conditioned
reflexes within the range for the so-called voluntary reaction,

1 1926, Here we havenot, of course, *secondary " conditioned reflexes.
For these compare Williams quoted by Tolman, 1932, p. 148, where rats
learn to run the maze in order to reach not food but a * sign " of food,

% 1927, pp 23, 24.

8 Croonian Lecture, 1928, also reported in Pavlov, 1927, P. 393.
This last reference I missed when preparing my paper (1928).

4 1926, 5 1930. 8 1926, pp. 253, 254
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which is longer than that for ithe ‘‘ unconditioned " reflex
proper.t Frenzied opposition to the term reflex does not,
however, seem to be justified on this account,? particularly
when Pavlov’s original statements are borne in mind.? Many
writers, however, prefer to use the term conditioned response,
and the usage is unobjectionable as long as it is free from any
implication that the reaction is any less rigidly determined
and thus less amenable to scientific analysis than the simpler
type of reaction. It is, of course, admitted on all hands that
the nervous connections involved in ihe conditioned reaction
are of much greater complexity, which would make it reason-
able to expect a longer latent period, but does not, at the
same time, necessilate a qualitative difference.

The question may be raised of the extent of the conditioned,
relative to that of the unconditioned, reflex, Certain difficulties
seem to be involved. It is well known that the extent of
the unconditioned reflex depends on a number of variables,
among which is the intensity of the stimulus. The conditioned
reflex, of course, necessitates the use of two stimuli, the
intensity of each of which may vary, and it is known that
a more intense conditioned stimulus may result in a more
extensive conditioned response.* To the question, therefore,
whether the conditioned response is always equal in extent
to the unconditioned response, the answer must be no. The
amplitude varies during formation, and, after formation, with
the intensity of stimulus. Thus, for example, Hilgard's &
conditioned lid response is of much smaller amplitude than
the corresponding unconditioned response, as may be seen
by reference to the plate on p. 213. The conditions under
which the two responses may be of the same magnitude
remain to be answered by experiment.

Inhibition and the Conditioned Respomse—In previous
discussions both of habituation and of various aspects of

! Hilgard, 1931, p. 33

2 As in Hamel, 1919.

3 See Pavlov, 1927, p. 105.

4 Kupalov, Lyman and Lukov, 1931, who refer (o other experiments.
Cf. Pavlov, 1927, p. 387 It 1simportant not to commut the *“ stimulus
error ”’ by confusing intensity of stimulus with response

& Hilgard, 1931 ; cf also Schlosberg, 1928, p 485. Examination of
any of the published papers where conditioned and unconditioned

response are both recorded will show that as a rule conditioned is less
extensive than unconditioned response.,
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the conditioned response considerable use has been made
of the term inhibition. By this term has been understood
a physiclogical process actively checking response. No
implication is intended as to the nature of the process, nor
as to whether there is actually more than one mechanism
which may produce the same result. These questions are
exhaustively discussed elsewhere, as in Dodge’s (1926) and
Howell’s (1925) excellent and thorough-going papers. At
bottom the discussion belongs, of course, to physiology,
although, as Dodge points out, psychologists have also a certain
responsibility, if not to elucidate the ultimate physics of the
phenomenon, at least to sce that the psychological use of the
term is not inconsistent with that of investigators whose
interests lie along different lines. This is exactly where
Pavlov’s resulls are so puzzling. In fact they are in certain
respects ditectly contradictory to the findings of other workers.!

Pavlov holds that inhibition during the formation of
conditioned responses presents many parallels lo excitation.
His results seem to show that a stimulus originally inactive
as regards its inhibitory effect may be conditioned , that is to
say, it may be caused to acquire inhibitory properties. Such
inhibition will spread, and then concentraie, in the cerebral
hemispheres, just as the excitatory process (irradiation). It
may be removed by other stimuli, giving disinhibition,
originally called inhibition of inhibition. A conditioned
inhibitor, once established, will check reactions other than the
one with which it was originally associated. As the inhibitory
process progresses, sleep and even a hypnotic state gradually
develops. An important difference between the inhibitory
and the excitatory process is to be seen in the fact that the
former is more mobile than the latter, in that it is removed
or reversed by less powerful stimuli, This is no place for
a full description of these highly important resulls, nor for
their neurological criticism, For such a description the reader
is referred to Pavlov's own account, and for a thorough-going
criticism to Beritoff's papers (1924, 1926, 1927). It may,
however, be said that peculiar difficulties attend the idea of
the spread of inhibition and of its {ransferability. That the
inhibitory process is intimately connected with that of
excitation is undoubled ; for an understanding of the exact
nature of this connection we must wait at least until the puzzle

1 See e.g. Beritoff, 1924.
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of excitation is itself resolved. Pavlov’s findings are apparently
undisputed, though in certain responsible quarters doubt has
been expressed as to the stringency of the sclentific controls
employed. Few have indeed the technique to question the
facts ; their reconciliation with current neurological doctrine
is another matter.

As particularly important in connection with the conception
of “acquired inhibition " it is worlh while to describe in
detail one of these phenomena, namely, the formation of
conditioned inhibition. The example is taken from Pavlov’s
work entilled Conditioned Reflexes. A metronome has, by
association with food, acquired the property of exciting the
salivary gland, producing a secretion of 8 to g drops. An
automobile hooter is now sounded for ten seconds, being
followed by a pause also of ten seconds, alter which the
metronome stimulus is given without being followed by food.
At the first combination salivary secretion is produced as
usual by the metronome. The second such combination
reduces the conditioned response to six divisions on the
apparatus, though, seven minutes before, the full response
of nine divisions had appeared to the metronome alone.
Twenty-four days later the metronome, when preceded by
the hooter, produces a response of one division only. The
metronome when given bv itself was always * reinforced *
by food; when preceded by the hooter it was never so
“ reinforced "' (pp. 69, #0). Thus, in Pavlov's language, it
served as a " signal” for no food. The process is entirely
analogous with * differentiation *’, of which indeed it is a
special case. The " hooter and metronome " combination
has really become a new stimulus, and has been differentiated
out ; just as Pavlov describes the differentiation of musical
notes 1, 2, 3, 4 from other permutations such as 4, 3, 2, I,
as being due to the fact that different modifications behave
as different stimuli. The formation of the * conditioned
inhibition " must be considered to be accompanied by the
development of a new neural pattern, involving cortical
regions or foci corresponding to the two stimuli in question.
The response is determined by the total unitary character
of the neural pattern, which latter is not activated by linearly
summated ‘‘ stimuli . There is formed '* a2 very complicated
excitatory unit” (Pavlov)—which is not the linear sum of
the two stimuli. These results are strongly confirmatory
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both of the Gestalt interpretation of neural activity and of
such work as Lashley’s on the functions of the cerebrum,

Mention has already been made of the fact that such
negative conditioning is a highly simplified form of * learning
not to do”, or “ modification by surrender ”, such as was
discussed in the last chapter. Such surrender may clearly
be of definitely economical value. Self-conservation may be
as definitely promoted by economy of energy as by its ex-
penditure. In the more complex organisms the two processes
are in practice found to go hand in hand, self-conservation
being effected simultaneously by acquisition and by sacrifice
of reaction. Such economical expenditure occurs in the
formation of a conditioned reflex, where attachment of a new
response to a stimulus is accompanied by the surrender of the
old response ; it is seen in “ extinction ”’ where unnecessary,
uneconomical response is checked ; it is seen in the experitments
illustrating *' conditioned inhibition "', which give a refinement
of the same process. To this interdependence of excitation
and inhibition in the learning process we shall return
later.

Locus of the Conditioned Reflex—The school of Pavlov has
always claimed that the conditioned reflex has an exclusively
cerebral locus. In a recent publication Pavlov himself states
that the unconditioned reflexes are functions of the basal
ganglia, the work of the cerebral hemispheres being to cor-
relate these unconditioned reflexes with external and internal
environmental conditions (1930). It seems to be established
that the co-operation of the cerebral hemispheres is necessary
for the development of conditioned reflexes in the dog, but
it does not, of course, follow that in other nervous systems
participation of the cerebral cortex is necessary. In particular
it does not follow that organisms lacking such a structure are
incapable of forming conditioned responses; this is shown,
for example, by Mikhailoff's experiments on the hermit-crab
and on similar organisms lacking such a structure. Even when
such a structure is present it does not follow that its participa-
tion is essential for the formation of conditioned responses.
Beritoff, for example, claims that the cercbrum, or more
properly its cortex, is not necessary for the formation of such
responses in doves, basing his conclusion on the results of
extirpation (1926). It may, however, be reasonably expected
that the site of the neural processes leading to the formation
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of these responses in ihe human being ordinarily lies in the
cerebral cortex.

Neurology of Conditioned Reflex Formation.—Thorough-going
discussion of the neurological processes involved in the process
of ** conditioning "’ would be out of place 1n a work of this
character, even if it were possible in the present state of
knowledge. Such discussion belongs to the specialized sphere
of neurology, which is specifically interested in the mechanisms
underlying the phenomena studied by psychology. In order,
however, to give the picture a certain completeness there will
be given a statement of the neurological hypotheses which
have been advanced to explain the observational data. It
will be realized that we have here to do with hypothesis only,
for no theory of nervous action in learning can be said as yet
to have acquired more than plausibility.

Pavlov uses the general metaphor of attraction to explain
what happens neurologically when the conditioned reflex is
formed, the cells which are excited by the unconditioned
stimulus becoming the focus of such attraction for nervous
impulses aroused by new stimuli, Later impulses tend to
follow the same path and thus to form a conditioned rcsponse.?
This explanation of phenomena that have been acclaimed as
providing an experimental basis for the doctrine of association
of ideas bears a striking parallel to a classical passage in Hume,
“ Here is a kind of Attraction,” Hume says, ' which in the
mental field will be found to have as extraordinary effects as
in the natural.” ? The metaphor is interesting, but it is a
metaphor only. Bechterew, whose authority as a neurologist
is unquestioned, although one feels at times that he is some-
what prolix in hypothesis,® speaks in the same terms, adding
that there occurs in the excited regions an output of ehergy
““ whereby there arises a certain disturbance of the potential
between the unexcited or less excited and the more intensely
excited regions, with the result that the excitations flow to
the latter from the regions functionally related to them.” ¢

1 1927, p. 38. One may compare Pavlov, 1926, pp. 211~12, for a
further statement.

2 Tyeairse on Human Nature, Part 1, Section IV '

8 Cf. Briicke, 1926, 1927, P. 443, who in reviewing the Rzflexologie
speaks of Bechterew's vast erudition and authority as a neurologist,
but ridicules the guasi-political premises of the book.

4 1926, p. 165.
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A variation of the * attraction  theory as set forward by
Hume and Pavlov is to be found in the well-known *“ drainage *
theory of MacDougall. MacDougall postulates a specific
amount of available neural energy, which, if concentrated
along certain paths, will be drawn off from others. The theory
explains a large number of facts, among which would clearly
be the formation of conditioned responses ; but it is regarded
as inconsistent with the results of modern neurological and
psychological investigations.?

Very similar to the drainage hypothesis is the statement
which William James made to explain “ association ”, namely
that when two neural structures have been active together
the one Lends on re-arousal to propagate its excitement into the
other. James scems indced to have had a certain sympathy
for the * drainage " idea.? His neurological statement does
not, however, cxplain why association is largely non-reciprocal,
why, for example, the sight of food does not make the dog
look towards the spot where he once heard a bell at meal-time.

A widely held theory is that of decreased synaptic resistance.?
This assumes that the junctions between neural elements are
changed by the nervous impulse in such a way that passage
of succeeding nervous impulses is facilitated. This is the
standard text-book theory. It came as something of a boon
to teachers of psychology who were in want of an objective
basis for habit, and is probably believed more extensively
than any other theory, at least in the class-room. In spite
of its distinguished adherents, however, its validity has been
seriously assailed in the last few years. It seems unable to
show why repetition does not always facilitate action. It
cannot explain such results as Professor Lashley’s who found,
for example, that limbs paralysed during training were used
in an adaptive manner after training. Here one set of synapses
was trained while the learned action could be effected by
means of an entirely different set.* There seems, in fact, grave
difficulty in explaining by the synapsis-decrement theory the
whole class of what have been called flexible reactions where

¥ The pertinent literature is listed in Dodge, 1925,

* See Holt, 1931, p. 28.

3 Cf. Pavlov, 1926, P. 274, 1927, D. 141, who refers the formation of
Conditioned Reflexes to the synapsis, without, however, specifically
mentioning synaptic resistance.

4 Lashley, 19244, 1930, cf. 1929, ad loc.
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the end-state is constant but the preceding terms of the
action series vary,® as in the case where a dog answers his
name by running to his master from any part of the house.
An identical sct of synapses used on successive occasions,
with resistances diminished by the passage of impulses, seems
too rigid a conception to serve as a neurological substratum
for such action. One should beware, however, of assuming
dogmatically that synaptic resistance is not lowered by the
passage of impulses. All that can be said at present is that
there is at present no direct experimental evidence for such
lowered resistance, and that there are experimental results
which it cannot explain. In particular, decrcased synaptic
resistance may possibly play some part in the formation of
conditioned reflexes. In view of the [acts of habituation,
extinction and disappcarance of secondary response, it is
difficult to believe that this ptocess alone is involved even in
this relatively simple form of learning.

Somewhat similar to the hypothesis ol lowercd synaptic
resistance, but with more direct experimental evidence to
support it, are the laws of Kappers and Bok, according to which
conditions of electrical potential at the synapsis may deter-
mine growth of the dendrites of one nerve ccll towards the
axone of the other, and correspondingly that of the axone
towards the dendrites. ‘* Association * is said to be due to
the fact that the two nerve cells are physically more closely
associated after simultaneous excitation.? The theory has the
support of Professor Holt.* It seems, however, to be open
to the general objections to a synaptic theory of learning
and specifically to the objections urged against the lowered
resistance hypothesis, of which indeed it is a specific form.
Further, Lashley has pointed out that it seems inadequate
to account for the rapidity with which many associations are
formed. Here, again, one should avoid the path of dogmatism.
While it is improbable that a topographically closer association
of axone and dendrite in the synapsis can account for all
cases of learning, and specifically of the conditioned response,

1 Cf. Lashley, 1930, 19244.

2 Kappers, A., 1928 Three Lectures, London.

3 1931, Ch. IV  Cf. Pavlov, 1927, p. 141, " It can only be suggested
that in the future synthesizing activity will be referred to the physio-
chemical properties of synaptic membranes or anastomosing neuro-
fibrils.”

o
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it scems equally improbable, in view of experimental results,
that such a process is entirely absent at least in decply grounded
associations, Neurobijotaxis is probably present in learning,
but it does not seem to be enough to explain learning.

The [act is that neurology is not at present in a position
to give much help to the psychologist in his study of the
complexities of organic conduct.! The theories to which
altusion has briefly been made are all based on the assumption
that when the organism performs a learned action on successive
occasions the same cerebral cells must participate, or more
exactly, that successive performances are mediated by a
cerebral track which necessarily involves the same neurons,
That is to say, the assumption is made that the function of
a specific neural clement is in general fixed, like the telephone
wires to which the brain is so often compared. Modification
of response must then be effected by modification in the fixed
neural path, This assumption is beginning to be questioned.
It was the product of common sensc as applied to eighteenth-
and nineteenth-century observation; and common sense,
while comforting, often turns out to be wrong. In view of
the onslaughts of the Gestalt psychologists and of others of
the younger generation, it is possible that the hypothesis of
fixed neural pathways will have to be replaced by a picture
of the brain as a structure over which there play various
patterns of excitation and possibly of inhibition. * The
same cells may not twice be called upon to perform the same
function. They may be in a fixed anatomical relation to the
retina, but the functional organization plays over them just
as the pattern of letters plays over the bank of lamps in an
electric sign.? To pervert Father Knox's Limerick, according
to this conception the nervous impulse is ** in fact not a tram
but a bus ”. With such a picture certain of Pavlov's resuits
are in accord.® For example, he states that if a conditioned
reflex to a compound stimulus is established, it can be main-
tained at full strength, and at the same time its individual
components may be converted into negative or inhibitory

1 At the end of a painstaking review Matthaei (1021, p. 40) concludes
that no theory can do more than account for part of the facts of
meniory.

* Lashley, 1930, p. 9.

% Pavlov, 1927. See cspecially the sections on conditioned intubition
and compound stimuli,
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stimuli.t Conversely, the compound stimulus may be given
negative or inhibitory properties, while the components keep
a positive cffect. Here exacily the same stimulus applied
to a sense organ results at one time in reaction and at another
time in no reaction, according 1o the setting in which it occurs,
It is difficult, though perhaps possible, to reconcile this result
with the doctrine of the fixed path of nervous impulse from
receptor to effector. Similar results were obtained when the
interval between the stimuli was temporal. The same stimulus
might be repeated in various complicated rhythms; or
successive combinations might be used of stimuli affecting
the same receptor, such combinations consisting, for example,
of the noles C D E T of a scale, or of a nowse, two tones and
a bell; or successive compound stimulations might be
employed affecting different receptors. In every case a
variation of the rhythm or order of presentation could be
differentiated from the original, causing Pavlov to maintain
that such a different permutation acted as a different stimulus ;
when this differentiation was effected the separate notes were
found to be without effect. So that here again we have a
combination of slimuli which elicits a definite response while
its components are entirely without effect. In the same way
of a strong and a weak stimulus in an active combination
the strong one could be extinguished, leaving the combination
still active, thus forming the antithesis of what was called
‘ conditioned inhibition ”, where one stimulus alone was
active, but was inactive when presented wilth another. In
another context Pavlov found that the same point of the
cortex may assume either excitatory or inhibitory functions
on different occasions, although this rule is apparently not
universal.? Comparable results were reached by the present
writer, who found that a subject who had been trained to
respond to a certain note would not do so when this active note
formed part of an arpeggio.® These results seem to be more
simply explained on some such theory as that of Lashley,
who conceives action to be due to a total pattern, which need
not necessarily involve the same anatomical elements at all
times, though under similar conditions there is no reason why
it should not do so. According as one or the other pattern
is initiated individual cells will assume different functions.
‘ The same cells may not be twice called on to perform the

1 p, 144. 2 Pavlov, 1927, pp. 147, 228.  ? Fig. 4, p. 198.
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same function "'—at one time they may be part of a neural
system leading to excitation of a given effector, at another
as part of one indifferent to it. In the same way it will be
remembered that Marina’s experiments seemed to show that
a definite excitatory-inhibitory pattern could persist at a
sub-cerebral level when the excito-inhibitory [functions of
certain of its neural elements had been interchanged. “ All
the numerous individual cortical points, each at any definite
moment, have some very definite physiological significance,
while the whole mosaic of functions is integrated into a complex
dynamic system, and perpctually achieves a unification of
the individual activities. Every new localized infinence
playing upon it influences to a greater or less extent the
entire syslem.”* Pavlov had in mind the assumption of
fixed functional paths when he wrote these words, but the
passage fits equally well Lashley’s description.

That the neural pattern corresponding to the conditioned
response must not be thought of as the sum of two patterns
corresponding respectively to the conditioned and the uncon-
ditioned stimulus, is perhaps obvious from the fact that at
least some kind of connection must have been established
between two foci. The results of recent experiments seem,
however, to force us to the further conclusion that when a
conditioned reflex is formed we have a neural siructure that
is entirely new, one which includes constituent elements
corresponding to the two stimuli, but in a modified form.

We may first remind ourselves of Beritoff's statement:
" The existence in the cortex of foci of raised excitability, and
reciprocity between them owing to stimuli acting simul-
taneously on them, determines the formation of temporary
connections ' (1924, p. 144). Such reciprocal interaction
means first of all that the secondary, in Beritoff's experiments
the auditory, stimulus must affect the neural pattern initiated
by the primary stimulus, the shock. This is illustrated by
a series of observations. For example, “ if a weak electrical
stimulus which evokes a slight flexion is applied to the limb,
and an electric bell is in addition rung for a few seconds, it
frequently happens that a stronger flexion of the limb is
obtained. . . . When the bell stops the flexion ceases, and
restarts when the bell is again rung” (p. 125). Auditory
excitation, supervening on the moto-neural pattern, changes

1 Pavlov, 0p. cil,, p. 232.
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this pattern, so that overt action follows. In the same way
a very weak electrical stimulus coming before the auditory
stimulus favours the conditioned reaction, and it is shown
that this must be due to the action of the electric stimulus on
the immediate neural effect of the auditory stimulus. Thus
when the conditioned reflex is established the neural effect
of the bell has been modified, the neural effecl of the shock
has been modified, and a new connection has heen formed.
In other words, an entirely new paltern has come into
being.

Perhaps the clearcst illustration of the newness of the
conditioned reflex neural pattern is to be found in the recent
important study of Hilgard (1931). This investigator used
more accurate timing and recording methods than had hitherto
been employed, availing himself of the beautiful Dodge
technique. By appropriaie liming of the stimuli he was
able to obtain a conditioned motor reflex which appeared
before the reaction to the unconditioned stimulus had taken
place at all. Noise was used as the biologically adequate
stimulus for the lid reflex while a light was the secondary
stimulus. At first the light has no effect on the eyelid; light
and noise are now presented a quarler of a second apart, and
after training there appear two lid responses, one, gencrally
small, the conditioned response, the other the response to the
sound. Of these the former persists when the sound is not
given. The plate reproduced illustrates the process. Such a
conditioned response must be initiated by an entirely new
neural pattern, formed by the interaction of two others. Here
again Pavlov’s results are confirmatory. A casual glance at
any of his published results will show that conditioned saliva-
tion precedes the response to food, the adminisiration of which
is termed *‘ reinforcement .1

Once pointed out, this *“ newness "' of the conditioned reflex
seems obvious., Thus it has been mentioned that the con-
ditioned response is not necessarily equal in extent fo the
unconditioned, In Pavlov’s results it is apparently very much
smaller (1926, Lecture 3, 1927, p. 51, 52). Hilgard’s conditioned
eyelid response was on the average smaller and examination

1 Resulls confirmatory of Hilgard’s are reported by Freeman, 1930
(conditioned galvanic reaction); Wever, 1930 (cal); Upton, 1929
{guinea-pig); Schlosberg, 1928 (knee-jerk). Tolman (1932) reproduces
Wever’s tracings, showing the same pomnt (p. 328).

b
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of Switzer's results * shows the same thing. Schlosberg’s
tracing similarly shows a much smaller amplitude for one
conditioned response. The evidence then appears certain
that the conditioned response is not a process of tacking on
to one stimulus of the response originally belonging to another ;
by simultaneous cxcitation a new pattern has been formed,
which activates the primary effector and which can be
activated by the secondary receptor. This is not to say that
conditioned response may not be as extensive as unconditioned ;
it rather stresses the fact that it need not necessarily be so,
so that the ‘‘ substitution "’ theory is clearly inadequate. In
‘¢ extinction '’ the fresh pattern is temporarily overlaid or
‘“ fatigued " ® It may be reactivated cither by lapse of time,
though such reactivation is, according to Beritoff, only partial,
or by a fresh double excitation, when reactivation is complete.®
Its formalion appears, if Beritofl is correct, to involve a
sensory as well as a motor reorganization, a result which would
seem to be consistent with subjective experience. One
certainly “sees” a word differently when one knows its
meaning ; and it is equally natural to suppose that the dog
*“ sees '’ the light differently when it has become the signal
for food. As mediating so-called anticipatory response the
new pattern is, of course, * economical ”’, as Pavlov and
others (Hull, 1929) have pointed out. When formed it is
part of the neural counter-correlate of a new conservative
equilibrium which the organism has attained to the double
excitation. It is a pattern of processes, and is thus four-
dimensional, occurring as a sequence of neural events unified
in space-time,

Conditioned Response Formation in Relation fo the Living
System.—We are now in a position to describe and summarize
in terms of systemic action what happens when an organism
acquites a conditioned response. Let us suppose that the
organism in question is in a situation such as that of Pavlov’s

1 1930, table 3.

% See Beritoff, 1927, pp. 255, 257, who concludes that extinction,
brought about either by rapid or slower repetition, is produced by an

alteration of the mechamism of temporary conmection; he uses also
the term *’ fatigue.”

3 Beritoff, loc. cih, who does not believe that another stimulus
really resuscitales the ** temporary connection ** but rather that it
increases exuitablity, The schoal of Pavlov claims that in all these
cades the inhibitions overlaying the temporary connection are annulled.



THE PROBLEM OF ASSOCIATION 215

special laboratory, where external conditions are kept rigidly
constanl, salivalion, for example, being so controlled that it
may not occur for as long as two hours. Apart from neurology,
which describes the mechanics of the process, these are the
facts of conditioned reflex formation. An organic system,
one which exhibits to a high degree the property of conserving
its general form and function, is being subjected at successive
intervals to a double change of external conditions. Let us
consider first the non-alimentary factor of this double change.
This is such that if it repeatedly occurred by itself the system
would, by means of appropriate internal processes, assume
a constant conservative state of zero reaction, in spite of the
successive changes of external conditions. To borrow Pavlov’s
term, which has been adopted elsewhere in this book, a series
ol auditory stimulations, such as those produced by successive
ringings of a bell is a “ different stimulus” from a single
ringing ; habitualion or extinction sets in to such a series,
and is a different organic ‘‘ response ' from the movement
following a single ringing, The other environmental change,
namely, presentation of food at the same temporal intervals,
is also followed by a constant organic state, namely, the
rhythmic secretion of a certain amount of saliva.

‘What is the result in the organism when the two series of
external changes coincide, and food and bell are simultaneously
and serially presented ? From countless experiments it is
known that such double presentation of stimuli is also followed
by a constant organic state, a state of reactive equilibrium.
The orientation response disappears and a constant secretion
of saliva occurs at the appropriate intervals. A new organic
equilibrium has been achieved.! This constant state or
equilibrium may be seen to be economic even when thus
cursorily considered. It tends towards the conservation of
the organism by reducing action to the minimum consistent
wilh what Kg¢hler might call the topography of the situation.
Provided, that is to say, thal the necessary food is to be
taken and digested, action has been reduced to a minimum
by the elimination of the orientation action and the reten-
tion of the indispensable salivation. In the Pavlovian
experiment being considered additional economy of action is
artificially effected by the complete elimination of locomotion,

1 See Child, 1924, on this organic property of perpetually reaching
a new equilibrium.
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though not of motor response ; it will be seen later that this
is a special case. The organism has then, by internal changes,
made an economical adjustment to the total Situation in
which it finds itsclf, such total Situation being made up of
a series of successive presentations of food and bell. The
process of differentiation completes the economical adjustment.

I{, now, we consider what has been happening in the
animal’s nervous system, it has been seen that this adjustment
has been effccted by the gencsis of a iresh neural pattern,
Where there were two relalively independent patterns at
first, the process of adjustmenl has been accompanied, and
perhaps accomphished, by a real synthesis of such patterns.
At first the two stimuli were relatively speaking two separate
external events, each calling out its appropriale systematiza-
{ion of nervous impulses. As the series of double excitations
progresses a third pattern is formed by the interaction of the
two already existing.! Experimental results up to the present
seem to indicate that the new pattern ordinarily requires
both stimuli for full activation, and that, further, the comn-
ditioned stimulus alone can also activate it, but generally
only in part. The latiter result is perhaps not unreasonable,
in view of the fact that under these circumstances part only
of the deiermining conditions are present. When such
activation by the conditioned stimulus alone occurs, we have
the unsupported conditioned reflex, which has been scen to
differ in general from the fully supported response. Such
an unsuppoited conditioned reflex is artificial; it is, so to
speak, a by-product of the organism’s synthesising activity,
and soon disappears by extinction if repeated.

This new pattern must be regarded as a fresh organic
creation, expressive of the organism’s progressive act of vital
integration. When formed it functions as a unitary four-
dimensional sequence of processes excitatory of the effector
mechanism. Its development is progressive with repetition ;
this may be seen by the gradual increase in amount of
salivation reported by those who have used this response,® and
by the increased frequency of reaction still more generally
observed as the experiment progresses. This gradual develop-

1 See Pavlov, 1927, p. 71, for very similar language. On p, 141 he
states that the formation of the conditioned reflex 18 of comise primarnly
an expression of the synthesising activily.

2 Kleitman and Crisler, 1g27.
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ment may be otherwise expressed by saying that the new
equilibrium to the two simultaneous stimuli does not take
place instantaneously but requires time to develop. In the
terms of this book, as the organism progresses along the four-
dimensional situation equilibrium is gradually effected. This
is ordinarily expressed by saying that repetition facilitates
action and is an instance of the generalization called the Law
of Exercise. However, when the primary stimulus is removed
from the Situation, the bell now being given without the food,
equilibrium is disturbed because of change of one of the
external factors. A corresponding change in neural pattern
takes place. The special pattern initiated by repetition of
food and bell disappears, for it was correlated with the process
of equilibration to the combined stimuli, A new cquilibrium
is again established, namely, that to bell alone, and brings
its own neural pattern. This is accompanied by a gradual
degeneration of the salivary response and it is said that the
Law of Exercise is violated.! This is frue; that the Law of
Exercise is honoured equally in the breach asin the observance,
the studies of adaptation have shown. As the organism is
attaining equilibrium with the environment, repetition may
sometimes increase or conserve action, sometimes diminijsh it,
according to the nature of the external change that has caused
disturbance or reaction. This statement is again, of course,
a description not an explanation. We do not know the
mechanism by which equilibrium is attained in the two cases.
Nejther, however, do we know the mechanism by which the
' formation of bonds * is expedited by repetition.? The fact
seems to be that the Law of Exercise suits only half * the cases ;
both the phenomena which obey and those which contradict
it are apparently better described in terms of organic
equilibrium,

As the organism lives it effects a progressive four-dimensional
integration—that is what is meant by its remaining the same
organism ; when a conditioned reflex is formed, the organism
is so constituted that it can make a single conservative Response

1 But see Thorndike, E. L., 1930, Cason, 1924. Dunlap has pointed out
the possibility of three resulis following repetition {1928).

2 Matthaei, e.g., after an exhaustive review of possible physiological
theories of * association " concludes that no decision can be made
between them without entering into the land of hypothesis (1921, p. 40).

3 Possibly only a third { See Dunlap, 1928, and Thorndike, loc, e,
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to a series of double stimulations, such total Response being
constituted of a serics of lesser partial responses. At any
stage reaction to the  conditioned ”’ ! stimulus is thus part
of the total Response to a total repetitive food-bell Sitnation
stretching into the past, and is consequently modified ; just
as response to a single letter-sign is modified by inclusion in
a larger unit such as a word, or for that matter any fresh
context. Such modification, due fo inclusion of a stimulus
in a four-dimensional stimulus-complex, is the formation
of the conditioned reflex.

1 There must be distinguished (z) the total series of say fifty food-bell
repetitions with the total corresponding response ; (b) response to any
single ring of the bell ; (¢) response to any single presentation of food,
Beritoff's theory demands that (¢) like (b) 15 modified by incluston in
the larger complex. Cf. also Wendt, op. cit., who found such modification,
in his (unconditioncd) knee-jerk. The relation between the conditioned
reflex, as initiated by the conditioned stimulus in isolation, and the

reaction to the unconditioned stimulus, as mn " reinforcement,” 18 very
obscure.



CHAPTER IX

THE PLACE OF THE CONDITIONED REFLEX
IN THE THEORY OF LEARNING

** Reflexes are the elemental units jn the mechanism of perpeiual
equilibration.” (Pavlov.)

Just as the  association of ideas " had seemed in the days
of a purely introspective and refleclive mental science to be
a key-conception in the explanatlion of the mind, so in the
days when psychology was beginning to be the sludy of
conduct the conditioned reflex appeared to offer a solid experi-
mental basis for thc study of aclion. We have seen how
Pavlov came to the idea of studying the so-called psychic
secretion of saliva by the use of objective methods and
assumptions strictly parallel to those of the other naiural
sciences. Such a programme was clearly very attractive to
the earlier members of the behaviourist school whose endea-
vours had been exactly to make this psychological transition
to objective methods. The conditioned reflex was thus
eagerly accepted and made into an important plank of the
new movement,

The situation as it appeared to the early behaviourists was
something as follows: Human and animal actions might be
divided in Pavlov’s terminology into conditioned and uncon-
ditioned responses. The latter might be set off by the
biologically adequate stimulus alone, the former by any
stimulus that had been simultaneously associated with it.
Pavlov and the other workers had minutely controlled the
stimuli, which were such as a carefully standardized pure
tone or colour stimulus, After the conditioning process such
a pure tone might be considered to have acquired a mew
response, namely, that originally set off by the biologically
adcquate stimulus. Now all psychological acquisition might
thus be explained; for the physical sciences had devised
methods by which an organism’s environmeni might be

219
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exactly analysed and experimentally reproduced when neces-
sary, ‘‘ In the psychological laboratory when we are dealin
with relatively simple factors . . . and are attempling to
ijsolate their effects . . . we speak of stimuli. . . A situation
is, of course, upon final analysis, analysable into a complex
group of stimuli. . . . Stimuli must be added to or sub-
tracted from . . .” * In this scientifically analysable world
the biologically adequate siimuli were accordingly those which
set off their response unconditionally ; when other stimuli
were found to cause response, investigation would show that
they had acquired such reaction by the conditioned response
mechanism, By thus considering the environment as physically
analysable and scientifically reproducible in the form of
conditioned or unconditioned slimuli, it seemed that another
step had been taken towards the establishment of a psychology
which should be comparable in method and exactiiude to the
physical sciences.

Many ad hoc psychological terms could apparently be
redefined by means of the new concept. Thus, “ Habit is
a series of conditioned reflexes, The conditioned reﬂexes are
the_uni(s mto which all habits"may be resofved.” * In the
sime Way 1ot PavIov The conditioned refiex is the signalling
reflex. Under natural conditions the animal must respond
not only to directly harmful or beneficial stimuli, but to other
physical or chemical agencies, waves of sound, light, and the
like, which in themselves only signal the approach of these
stimuli. Such phenomena as reaction to a drawing, with its
areas of light and shade which come to have a vital significance,
he describes as due to the formation of conditioned reflexes
which are continually reinforced by tactile and muscular
stimuli.® For him also “ Habits based on training, education
and_discipline of any sorf are nothmg'B"ut a_long chain of
cond1t1oned reﬁexcs "% "Speech is to be referred to ihe same
mechanism, He adds, however, cautions agamst too rashly
applying the results of animal experiment to the “ incalculably
complex symptoms observed in man .

The conception has also been used to explain those irregular

1 Watson, 1924, p. 10, 8.

% Watson, quoted by Burnham, 1924, p. r70, Cf. Watson, 1925,
PP, 157, 158.

% 1927, p. 151,

L Ibsd., p. 395, and Ch. XXIII, passim.
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cases of psychological state and acquisition known as abnormal.
Thus Pavlov, though with caution, elucidates by its aid
certain phenomena of human hypnosis.! Suggestion is a
simple form of conditioned response. Fufther, the abnormal
acquisitions of hysteria arc referred to the same mechanism.
Thus Kostyleff states that ' in the majority of cases, and
especially those which are most susceptible of cure, hysteria
yeduces to the establishment of abmoymal reflexes .2 Similarly,
Watson, in a series of classical experiments, applied the
conditioned reflex rubric to the emotional reactions of
children.®

In the present opinion of the writer, who at one time shared
the enthusiasm for the conditioned reflex as a means of giving
an objective description for facts hitherto only subjectively
describable,® such use of Pavlov's mechanism nevertheless
gives a false picture of the complexities of human and animal
conduct. It depends on two assumptions. Firsi that the
technique of physical science may be employed 1o exhibit
certain uniform relations between organic action and certain
features of the environment that are specific in the physical
sense. These specific features are the stimuli and the resulting
organic actions the “reflexes”. The second assumption,
intimately related to the first, is that the environment of the
organism at any moment may be considered to be composed
of such determinate stimnli in summation, together with
such equally determinate stimuli as have by association with
the first class acquired their propertics. The latter assumption
implies that when stimuli, conditioned or unconditioned, have
been defined, they may be treated—added to, subtracted
from, recombined and so on—in the manner of purely physical
data and without taking the organism further into account.

These assumptions do not appear to be justified. On the
contrary it will appear that an environmental feature that is
specific from the point of view of physical science need not
necessarily be so in relation to the organism; that is to say,
it need not by any means invariably call forth the same
response under different circumstances. Consequently a total

1 1927, p 406.

2 Kostylefl, x914, p 78.

3 Watson, J. B., and Rayner, R., 1920; See, 1921; ¢f. M. C. Jones,
1931,

% See, a.g., Humphrey, 1921.
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situation cannot be considered to be built up of specific stimuli,
each of which may be considered independently of the others
in its action on the organism. In fact, psychological analysis
and description of a situation is not necessarily best effected
by such description and enumeration of elements as would
suil the purposes of a physical enquiry.

These statements as here made perhaps assume a certain
air of platitude. No psychologist, it may be said, explicitly
makes such assumptions. Yet examples may readily be given
to show that they are really implicit in much psychological
thinking.

Remembering Watson’s statement that the conditioned
reflexes are the unils into which all habits may be resolved,
consider, as a single example, K&hler's experiment whereby
a hen was trained to choose the lighter of two greys. Watson's
stalement imphes that a conditioned reflex has been formed
to grey A, let us say. If this means anything, il means that
there has been formed a connection between the approach
response and the stimulus presented by grey A. Further, if
such description is to have any value it must imply that this
stimulus will have the same effect in other connections. If,
however, the bird is shown grey A and a still lighter shade
of the same colour, K¢hler has shown that it will reject the
previously * conditioned ' stimulus and choose the other
which it has never previously seen. Now it would be possible
to account for this result by a rather elaborate use of Pavlov’s
conception of inhibition; just as it was possible in pre-
Copernican times to account for the motions of the planets
by the Piolemaic system of cycles and epicycles. Such
description would save the reflex-conditioned-reflex theory,
exactly as the epicycles saved the statement that the sun
revolved round the earth, by an unnecessarily cumbrous and
fundamentally unnecessary superstructure. To divide up the
situation presented to the hen into a stimulus of one shade
plus a conditioned stimulus of another shade then seems to
be forcing description along preconceived lines. Here il is con-
fusivnal to adopt as a psychological unit a “ stimulus ” that
may be manipulated in the manner of a purely physical datum
~added to and subtracted from—without asking the question
whether such recombination will affect the relation of the
‘“ stimulus ”* to the organism. The same point is shown by
the facts concerning inhibition that have come out of Pavlov’s
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researches. The great experimenter’s implicit theory is here
belied by the facts that he himself has uncovered.

The unsuitability of ihis kind of analysis may, again, be
seen by considering an animal in its native habitat. Threading
its way through the forest it avoids this rock, goes round this
tree, runs towards this other animal, and so on. When we
attempt to describe the animal’s behaviour, that is to say, to
give an account of the situation-organism relationship, it is
not proper to describe the tree as composed of a collocation
of green and brown leaves supported by a dark brown aggregate
of particles comprising the trunk. The other animal is not
in this connection best described as a collection of bodily
covering and organs emitting light waves of various wave-
length, intensity and distribution, nor its cry as a sequence of
pure tones and overtones. Still less would one seeking for
convenient description call the ““tree” an aggregate of
elaborately organized chemical substances such as those of
which the plant physiologist speaks, or think of the rock as
a collection of calcinm carbonate molecules, or the animal's
cry as a complex succession of harmonic air-wayves. These
statements are so obvious that they have a certain grotesque
effect. Yet they may reasonably be in order to make clear
the fact that the unit of analysis and method of description
which may be useful in one line of enquiry, such as physics,
may be entirely unsuited to another, such as psychology, and
that different units may legitimately be used for different
purposes in analysing exactly the same set of data. They
provide a reductic ad absurdum.

To return to an example already taken, that of the simple
gravitational pendulum. According as I am interested in
the iron and carbon atoms as such, or in the properties of
harmonic motion, my unit of analysis will be very different.
Whenever we are investigating natural phenomena we must,
in fact, be careful in our analysis to stop at the stage at which
the phenomena under investigation are preserved, The
point was apparently first made by Leibnitz, who states that
in the subdivision of such a substance as a flint it is possible
to go a certain distance only without losing the peculiar
properties of flint. It is repeated by Maxwell in the Theory
of Heat. “ We do not assert that there is an absolute limit
to the divisibility of matter; what we assert is that afler
we have divided a body into a certain finite number of con-
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stituent parts called molecules, then any further division of
these molecules will deprive them of the properiies which
give rise to the phenomena observed in the substance’:
And yet, of course, for certain studies such analysis would be
necessary—as in modern inira-atomic physics.

The Stimudus——After these preliminary criticisms let ug
return now to Pavlov’s basic experimental method. * The
main requirement is for instruments which are capable of
producing a perfectly isolated and unvarying slimulus of 4
definite degree of intensity.” * In its immediate context this
statement is unquestionable. In order to control psycho-
logical or other conditions, it is necessary to have the means
of reproducing such conditions exactly, Without such power
the experimental method is impossible. With the implication,
however, that in such isolated stimuli we have the simplest
possible unit for dealing with stimulation, a unit which has
at the same time preserved all the essential features of that
which is being analysed, namely, the stimulating environment,
the statement is open to question. That the implication is
there seems to be clear from such references as that to * waves
of sound, light and the like " ® which can serve as conditioned
stimuli,

Now it is clear at the outsct that in an objective programme
the conception of necessary determination is fundamental.s
The question is, necessary detcrmination by what? The
great prestige of physical science in the nineleenth century
led the scientific world to believe that the analysis it gave
of the ' world " was the * exact "’ and ultimate—the * real
analysis, and that it could therefore in its exact and ultimate
form be employed to give an account of the delermination
of physiological by environmental events. Thus the prestige
of physical science had much to do with the popularity of the
“ reflex ** hypothesis,® which we have seen to be the basis of
the “ conditioned reflex "’ theory. It was easy for nineteenth-
century workers to equale the environmental, causally deter-
mining, factors of organic action with the entities with which

! Maxwell, Theory of Heat, p. 312.  * 1927, p. 131. 8 Ibid, p. 14.

¢ Whatever the future may bring forth, physiological and psycha-
lIogical science has not at the present time reached {he stage where
the possibility of an indetermunary, such as is treated by the newer
physics, need be taken into account.

8 Pavlov, 1926, p. 47.
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such physical science dealt, thus obtaining the conception of

“stimulus "’ as a “wave of light ” or as a change in
ﬂlummatmn The reflex hypothesis has of late been subject
to considerable criticism for its inability to explain many
facts of behaviour. At risk of flogging a dead horse there
will here be made certain further criticisms which seem
particularly germane to our treatment of the organism as a
Hving system.

Relations between Orvganism and Environment not necessarily
Linear —After there has been attained in a system, whether
living or non-living, equilibrium with surrounding conditions
the principle of scientific determinacy requires that external
conditions and systemic state are so connccted that their
interdependence may idecally be expressed in the form ol a
constant set of rclations.? But rclations need not necessarily
be linear, two quantities being lincarly related when a specific
change of the one is always followed by a proportionately
equal change in the other. This may easily be seen for a
chemical system,

Consider a substance which is split up into two others when
light fallsupon it, the action being reversible. Imagine a certain
quantity of such a substance in solution under a certain
illamination. Decomposition will have taken place. As the
chemical reaction is reversible this is momentarily offset by
synthesis of the primary substance. For any given intensity
of illumination these opposing processes come to a position
of equilibrium where synthesis and decomposition balance.
Thus the system is in equilibrium internally and with the
external conditions. When this happens, the state of the
system may be found from the formula

Ki=

%2

a—%
where I is the intensity of the light ? and » the concentration
of the decomposition products, K and a4 being constants.
This equation connects the state of the system with the
intensity of illumination by an invariable relation, which is

1 " The analysis of this establishment of equilibrium in the system
forms the first task and goal of physiological investigation considered
as a true objective enquiry.”” Pavlov, 1926, p. 10, who 1s drawing the
parallel between living and non-living systems.

# In meire candles.

P
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not, however, a linear relation. The same change in systemic
state is by no means produced by the same increase of different
illuminations. As a matter of fact approximately equal
changes of systemic state, as measured by increase of con-
centration of the two decomposition products, are produced
by changes of light intensity varying from about 1gq to
about 10,000 metre candles,? depending on the amount of
illumination already present. To repeat, here is a physico-
chemical system, the state of which is connected by a canstant
relation with external conditions; yet in order to produce
equal changes in the system very different external changes
may be employed.

Let us now consider an organic system. Ii is not necessary
to go far afield. The physico-chemical system just considerced
is in fact the one assumed by Hecht to exist in the eye, the
sensitivity of which to light he has primarily explained, as
we have already seen, by showing that there is in all prohability
a substance which is thus split into two others by light,?
with the ultimate production of a substance which stimulaies
the neural transmitting apparatus. Typical of the animals
on which these results were primarily obtained was the clam
Mya Arenaria, which, when its simple photo-receptor is
stimulated, responds by drawing in thesiphon. This withdrawal
is a constant effect, We have then a living system in which
the same constant effect requires, as its environmental counter-
part, greatly varying degrees of external change. Systemic
conditions are correlated by a constant relation or set of
relations with external conditions, and yet there is by no
means a linear relation between external and systemic change,
The same reflex may require on one occasion fifty times as
much increase of environmental energy as on another.

The question now arises: what is the slimulus for this
withdrawal reflex to light ? It is a change of the external
conditions affecting the photoreceptor, and initiating the
necessary nervous impulses. But, speaking exactly, many
different such external changes will have the effect; many
will have it for one intensity of light and not for another.

1 Seq Hecht, 1929, p. 248, Sirictly speaking we have here a partial
system, the total system comprising the light and the physico-chemical
2
system being connected by the constant relation K= ;”f—_}-
% This is, of course, & highly simplifie? statement. See Hechd, joc, cit,
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Nor can we take refuge in any such phrase as “ proportional
to the light intensity already present ”’; the relationship is
much more complex. It is indeed difficult to answer in exact
terms the question, * What is the stimulus to the reflex with-
drawal of Mya Arenaria? > The answer, indeed, comes out
rather lamely as ““ Any change in illumination that causes the
withdrawal ', and to it must be added the caution that some
changes do not cause reaction at all; * some will canse it at
certain intensities and not at others, and the “ necessary and
sufficient ’ external changes show enormous quantitative
variation. This is rather far from an exact scienlific statement,
and it seems to make the phrase “ the stimulus for the with-
drawal reflex *’ scientifically somewhat hazy. The instance
of the photic reaction of Mya Arenaria is only one of many,
the principle being implicitly recognized in much physiological
and psychological thought.

Non-linear relationship between environmental conditions
and systemic condition or change is indeed the rule. The
most famous instance is perhaps to be found in the Weber-
Fechner law, which correlates sensation with stimulus by a
logarithmic relationship, which is again non-linear. As
involving ‘ subjective ” factors this law cannot, of course,
be quoted in support of our general argument, but it has
been given an objeclive statement by Hoagland * who shows
that the curve which represents the logarithmic relationship
is “an approximation to the mid-region of an integral dis-
tribution curve relating thresholds of receptors to logarithms
of stimulus ”’. Hoagland gives a number of other examples
of organism-environment relations, and while indeed the linear
type does occur yet it is by no means universal and depends
on special conditions. Thus response of earthworms and the
concentration of the acid calling it forth stand in a linear
relation, this being due to special conditions. Between the
angle a of an inclined plane and the angle 8 which rats take
when they climb up it there is logarithmic relation invelving
@ and sin a. For tent-worm caterpillars the relation is likewise
logarithmic. For fiddler crabs it is linear. Sin ais the gravita-
tional component in the plane so “ this is equivalent to saying

1 e those below the '/ threshold " at any parlicular intensity.
* Threshold " is, of course, a useful description only ; 1t is an abuse to
assign to it any real explanalory significance.

2 1930, p. 370. )
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that {he angle 0 is proportional to the logarithm of the intensity
of the force causing orientation ”. Crozier has shown that
these differences are due to the mechanical structure of the
organisms involved, so that the effect of gravitation on these
animals depends on the special nature of the living system
under consideration. In other cases, as in the circns move-
ments of the slug, the effect on the organism is directly
proportional to the logarithm of the light stimulus, Enough
has then been said to show that while the general scientific
assumption is that there exists a constant relation or set of
relations between organic state or response, and external
conditions, yet these relations cannot be assumed to be linear.:
So that from an exact point of view the phrase ‘' the stimylus
becomes indeterminate in all these cases exactly as in the
case of the photic reaction of Mya Arenaria.

Consider then such a statement as Paviov’s, that “ deter-
minate (bestimmte) stable and inborn reactions of the higher
animals to determinate influences of the outer world, reactions
which are mediated by the nervous system, have long been
a feature of strictly scientific investigation and have received
in physiology the designation of reflexes ”, Or his description
of reflexes as ‘‘ regular causal conncctions between definite
external stimuli acting on the organism and its necessary
reflex reactions ” (1927, p. 16). It is clear that such s word
as determinate, as applied to environmental influence, cannot
stand, at least in connection with the phrase * strictly
scientific investigation . Speaking most generally no
quantitatively constant and thus fully determinate expression
can as a rule be given for a * stimulus ™ considered as the
external excitant of a quantitatively determined reflex, We
can speak of a constant relation or set of relations between
external conditions and systemic state, conceived in the most

1 Idem, p. 360. References will be found in the paper and i
Crozier, 1929,

2 Pavlov, 1926, p. 194. Cf. also 1bid,, p. 208, where it is stated that
the living creature ' antwortet mit seinen tatigkeiten nur anf ganz
bestimmte erschemungen der Aussenwelt,” and 1929, p. 7—'* a stimulus
appeats to be connected of necessity with a definite response, as cause
witheffect.” Cf. also Bechterew, 1926, ' bei den letzeren (unconditioned
reflexes) die Reaktion stets auf einen bestimmten Reiz und nach cinen
bestimmten Schablone in erstaunlich stereotyper Weise ynd bei
Wiederholung der Reize beliebig oft auftritt” (p. 119). This latter
half of the sentence is clearly false. Cf Beritoff, 1927, pp. 249 £,
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general terms, and between respective changes in these; but
that is another thing. Considerations of this kind have
indeed led to the proposal from authoritative sources to apply
the term stimulus not to the environmental factors affecting
a receptor but to the primary change produced in the receptor
(Parker and Crozier, 1929, p. 352).

The objection immediately occurs that as a matter of fact
the reflexes of the biologist’s everyday experience are to a
high degree determinate reactions to determinate stimuli.
This is because of the special nature both of the structures and
the mode of stimulation selected. Often a special “ spinal ”
preparation is used, The sensory structure employed is at
the beginning of the experiment in approximate equilibrinm
with the surrounding organic conditions. This equilibrium
is disturbed by the electrical stimulus and action follows. If
another stimulus follows within the refractory period, pre-
sumably no second reaction takes place. As a rule, however,
the time interval is longer; restorative processes have had
an opportunity to do their work of bringing the receptor and
the other structures approximately to the pre-stimulus state,
which is one of eguihbrium, again with the surrounding
conditions. This equilibrium is once more disturbed electrically
and so on. Thus we have something the same thing happening
as if a clam in total darkness were subjected to an illuminatory
stimulus which was then removed and not repeated until
dark adaptation had again set in. In this case it would be
found that approximately the same intensity of illumination
was necessary and sufficient to cause siphon withdrawal.
There would be a ‘ determinate, stable and inborn reaction
to a determinate influence of the outer world” (Pavlov).
This result would be due to the fact that not only does the
organism come into equilibrinm with external conditions but
this equilibrium is conservative, tending to reinstate the
organic pre-stimulus condition.

The same thing may be seen if we examine certain other
facts connected with habituation. This phenomenon may be
correctly described by saying that on repeated stimulation by
a constant disturbance the organism gradually approaches a

! Cf. the interesling analysis of the reflex concept by Skinner (xo31),
vmo maintains that the comcept can be wuseful only in expressing
the fact of determinate relationship belween orgamsm and
environment.
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new conservative equilibrium. As we have seen such habitua.
tion of reflexes is called by Sherringlon “ fatigue” 1; and
by Beritoff '* extinction . A tracing of Sherrington’s shows
about seventy reactions of a spinal dog. These are of very
unequal extent, gradually becoming slower in rhythm, pro-
gressively more irregular and of smaller amplitude.? With
different experimental conditions Beritoff shows up to seven-
teen reactions of a spinal dog and ten of an intact animal,
all of them very variable in extent.® Here then are cases
where the same determinate stimulus produces different
effects according to its place in the total series of stimuli,
The determinate reflex causally produced by a determinate
stimulus is here again a special and highly simplified case,
The phenomenon observed may better be thought of as a
stage in the attainment of organic equilibrinm.$

The specific unconditioned reflex on which is fo be built
the conditioned reflex is thus a simplification which, under
cértain circumstances, will lead to serious misconception. In
certain psychological and physiological contexts this has, of
course, been recognized. Thus a stimulus of increased intensity
is said to be followed by increased exteni of-+eaction, and so
on; and the physiologists have exercised themselves to
recognize this fact of observation with the all-or-none law
which maintains that nervous and other organic elements
regpond either maximally or not at all. As a matter of fact
when a response is being used as the basis for a conditioned
reaction special precautions are taken to ensure the required
constant relation between stimulus and response. The animal
must be “ hungry ”, and by this means a determinate response
to a determinate stimulus is very approximately produced.
As we have said the unconditioned stimulus is subject to
definite conditions. This is indeed stated by Pavlov in one
connection (1927, p. 24). Our quarrel is not, of course, with
the fact that “ reflexes” do appear; it is rather with the
notion that as ordinarily defined and used they give the
possibility of establishing a scientific psychology resting on
a quantitatively exact set of relations between the environment

1 It will be remembered that the italics are Sherrington’s.

% 1911, p. 216.

3 1927, pPp. 251, 250.

4 For a criticism of the reflex arc concent, see Wheeler, R. H., 1929,
p- 483
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and unlearned reactions, Nor do we quarrel with the fact
that conditioning takes place, but rather with the assumption
that all acquisition may be described as the process whereby
any stimulus can come to act as a substitute * for certain other
definite stimuli which innately produce a definite organic
response. Up to the present our criticism has been to the
effect that save in special cases the definite stimulus to a
definite, innate response is not typical, and exists only when
special arrangements are made to secure it.

Now the assumption has hitherto been made that stimulation
consisted in the homogeneous excitation of a single receptor
field, When there is inhomogeneily in receptoral excitation
the problem becomes ruch more involved. Suppose, for the
sake of simplicity, that one arca alone of a visual receptor
field is excited. Kohler has discussed the physical chemistry
of such an occurrence.? In general, according to his hypothesis,
the whole receptor-arca is involved, coming to an elcctro-
chemical equilibrium of its own. In this a special part is played
by the illuminated arca as contrasted with the rest of the field.
The physico-chemical discontinuity thus introduced corre-
sponds subjectively to the perception of a figure-on-a,
background, a unilary perceplion which it is psychologically
false to dnalyse into a detached figure and a separate ground.
There begins to be a highly complex relation between such
a simple relinal excitation pattern, the external conditions
calling it forth, the neural impulses which are initiated, and
between all of these and the final equilibrium-state of the
organism and the movements of reaction by which this is
reached. It has been seen that Koffka and others believe
that in such a complex mechanism as the human or near-
human eye the whole oculo-motor system comes to its own
equilibrium, the functioning of individual neural elements
being affected by the state of the whole reccpto-neural
structure in question. The reactive movements lo a specific
photic stimulus will be affected by many factors, such as
the position of the eyes, the intensity of illumination over
the rest of the retinal area, and so on. Again the delerminate
reaction to a stimulus consisting of determinate light waves
does not exist,

1 « Stellvertreter der bestdndigen Reize.” Pavlav, 1926, p. 195.
This was written by Pavlov in 1913,
2 1920, p. 195 ef sa7.
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We are thus brought to the second assumption of conditioned
reflex theory, namely, that a situation may be considered as
the aggregate of isolated stimuli. Suppose that there are two
such spots of retinal excitation. What will be the relation
of the general bodily equilibrium then reached, and the move-
ments employed to reach it, to that attained when a single
spot is excited, and of these to the stimuli or changes of
external energy? At the present time we have to these
questions no answer that will directly relate organic state to
surrounding energetic conditions. The Gestalt psychologists
have accumulated a large amount of evidence tending to show
that such inhomogeneity of excitation gives rise to its own
characteristic phenomena, analogous to the stresses and straing
following inhomogencous pressure on a mechanical structure,
Thus in a classical series of experiments Wertheimer * in-
vestigated the effect of successive excitation of differant
retinal areas, using the method of introspection and report of
human subjects. Wertheimer's claim is that under certain
conditions the unique perception of movement, named by
him in order to avoid implications the ¢ phenomenon, arises
from such successive excitation of different parts of the
human photo-receptor area. Such perception of movement,
analogous to that on which the effect of the moving pictures
depends, is not due to excitation of one or other retinal area,
nar can it be considered as due to the addition of two
excitations, considered as linearly summated. It is rather
a qualitatively new phenomenon of consciousness, the bio-
logical correlative of which is according to Wertheimer a
set of physiological processes induced by mutual inter-
action of two excited neuro-receptor fields. Thus again,
if Wertheimer is right, the ‘ addition” of a specific
external stimulus gives rise to entirely fresh physiological
results,

In the description of such an occurrence the concept of the
addition of stimuli is valueless. It is, of course, true that,
when the energy emitted from each surface is given separately,
that from the two taken together may be found by a process
of linear addition, Yet this will not help us in the psycho-
logical problem. For such summation treats the emission of
light [rom the two sources as mutually independent physical
events, events which are also ideally independent of any

* 1928, DD I-1€%.



THE CONDITIONED REFLEX 233

organism.! As strictly physical events, they are, of course, so
independent, at least to a very high degree of approximation,
But such a purely physical description will not help in the
understanding of the organic occurrence, where ihe effect of
each external event is profoundly modified by the presence
of the other. Here, then, is a case of heterogeneous retinal
stimulation where addition of “stimuli” is inadequate to
describe the correlated psychological or physiological events,
Further a determinate stimnlus will produce entirely different
effects according as it has or has not been preceded by another
such stimulus. Watson’s statement that “ stimuli must be
added to or subtracted from " cannot be admitied ; a different
method of combination must be employed when the rays of
light are considered as physical phenomena and when they are
considered as being in relation io the organism, that is, as
“stimuli ”, This may conceivably be implied in Watson's
statement, but il is certainly not expressed.

This again is not to say that linear addition of stimuli is
never of value as a method of obtaining the combined organic
effect of two or more stimuli taken together. Holt # indeed
quotes Magnus as laying down a general rule for reflexes of
posture that * every group of muscles reacts to the algebraic
sum of stimuli arising from the labyrinth and neck receptors ”
and gives references tending to show that the rule may be
extended to cover all reflexes. Whether such algebraic or
linear summation of reflex stimuli in the cases given is funda-
mentally justifiable, or whether as a principle of combination
it is approximate and applicable only as a limiting case, T
am not competent to say. In either event there is a multitude
of cases where the method of linear addition of stimel is
valueless and misleading, especially where the complicated
distance receptors of the higher organisms are involved.

This is, of course, only a negative statement concerning
a much more complex phenomenon. It may be said that

1 Heisenberg's principle of uncertainty seems to have reduced physics
to a position where it is :mpossible to aseribe fully determinate law to
the data of observation, No event described by physics is here stricily
indapendent of obscrvation, a conclusion which Eddington seems to
share. Yet 1t is true that the ideal of science has been to describe
events as lbey are in relation 1o themselves, apart from their relation
1o observation or an observer, See Compton, 1931, and Eddington,
1926,

? 1931, p. 71.
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combination by linear addition of two quantities is a simple
instance of the philosopher’s ' external relation ” to which
reference has been already made. When we say that since
the length of the straight line A is 4, and that of line B is p,
therefore the length of the two together is @ plus b, we assume
that the two lengths in question are unaltered by the fact
of combination. This is the same as to say that in this fresh
combination # and b are externally related. Now the whole
impact of the Gestalt attack on the more traditional psychology
has been directed upon this point. It has attempted to show
that however physical events may be related in themselves,
that is to say, when considered from the physicist’s point
of view, their arganic effects arc in general internally related.
We are, not therefore helped in our understanding of their
combined cffect by any simple process of combination of the
physical stimuli. This is sometimes expressed by saying that
Gestalt psychology rejects the “ constancy " hypothesis which,
in behaviouristic terms, is the reflex hypotlhesis as stated by
Paviov.! Thus in Werthemmer’s experiment, when the two
excited retinal arcas are brought into relation, a fresh unity
arises, consisting of two terms in internal relation and such
that processes in each excifed receptor area are altered in
a highly complex manner by being bronght into relation with
those in the other. Wertheimer’s experiments were elaborated
by Korte and Koffka, who formulated definite laws for the
phenomena he describes.? 1f, then, the stimulus value of an
external event is changed by its relation to other stimulating
events, each stimulus must be considered in its context and
in relation to all other stimuli present. The total external field
must be taken into account when considering the stimulus
value of any particular physical event, We may again use

! In an ordinary chemical calculation the principle of the con-
servation of matter requires that if the mass of two separate reagents
is respectively @ and b the total mass after reaction is @ plus b; that
is 1o say, this mass is found by linear addition of the quantities
expressing the separate, unconnected masses., In the same way, under
the older physies two velocities were compounded by linear addition
of vectors; here as in many other instances modern thought has
rojected the process of simple linear addition as a principle of com-
bination, In order accurately to compound two velocities the Lorentz
transformation must be employed. Linear addilion hete gives results
which are correct only approximately and in the limiting case,

* Korte, A., and Koflka, X, 1915,
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an instance already given. In Kohler's experiment in which
he trained hens and chimpanzees to choose the lighter of iwo
greys the ** stimulus value '’ of the grey in the first experiment
depended upon the total stimulus field; when this was
appropriately changed the stimulating efiect of a certain shade
of grey was profoundly modified, although no alteration had
taken place in the stimulating light waves in question. That
is to say in the two sets of light waves corresponding to the
two shades of grey present at any one experimeni there were
two cxternal events capable of stimulating the organism ; as
physical events they would, when treated by the ordinary
principles of elementary science, be considered as externally
related, each unaflected by the mutual presence of the other.
Their organic effects, however, are mutually altcred each by
the presence of ihe other.

The situation here considered is, of course, for experimental
purposes highly simplified. The gencral principle must be
extended to include the total situation surrounding the
organism, including, in the higher forms, very complex visual,
auditory and olfactory fields, each of which will comprise a
nexus of elements which are relatively independent from the
point of view of physical science, but the effects of which on
the organism are mutually interconnected in a highly com-
plicated manner. These complications will make necessary
a fresh grouping of the physical situation-elements if the
uniformities necessary for psychological science are to be
exhibited.

There is thus opened up a vista of complexily which far
surpasses the conception of a situation which can for psycho-
logical purposes be directly analysed by elementary physical
treatment inlo separate stimuli, a situvation which is “ on
final analysis analysable into a complex group of stimuli”.
Such analysis will literally lose the wood for the trees. It
will destroy the specific organic effects of that which is being
analysed. The physical and psychological sciences require
different units of analysis in order to exhibit that conslancy
of relation which is necessary for scientific statement.?

The Conditioned Reflex and Habit—Llet us now consider
Watson's statement that when a complicated habit is

1 The point is at boitom the same as that made by Professor Kohler
in his Gesiall Psychology (1929). It was made also by the present
writer in a paper wriiten in 1¢3s, g.v.
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formed each part of the habit is a conditioned reflex.!
Returning once more to Kdhler’s experiment. We have seen
that the conditioned reflex to the lighter grey is not active
when a still lighter grey is presented. So that the psycho-
logical situation cannot with any value be analysed into one
(conditioned) shade of grey plus another shade.

Thus it can hardly be said that each part of the habit
is a conditioned reflex. For if again we say that choosing
the lighter grey is a conditioned reflex, then we must qualify
this statement by adding that this is such that it functions
whenever there is present a darker grey but is inhibited
whenever therc is a lighter grey. In the same way, if we
say that rejecting the darker grey is a conditioned reflex, we
must farther add that this reflex is such that it is inhibited
and a positive conditioned response induced by the presence
of a still darker grey. Further one must add that this latter
conditioned reflex functions the first time the specific stimulus
is presented. In fact, in order to analyse this habit according
to Watson's rule we must assume a conditioned reflex that
is inhibited by a whole range of stimuli, and at the same time
a series of other conditioned reflexes that spring into being
at the first presentation of the stimulus, possibly by the
mechanism of generalization. These qualifications are felt to
be grotesque, because it is impossible to describe this simple
habit in terms of stable conditioned reflexes to fixed stimuli
composing the situation. In fact, if a habit or constant
response is described in relation to the situation calling it
forth, to divide the action into specific conditioned reflexes
to specific stimuli makes necessary so many special qualifica-
tions that the description becomes useless, just as to describe
the planets as rotating round the world in cycles and epicycles
is, in practice, useless. Order is only introduced into the
description of the simple habit described by saying that the
hens have learned to choose that one of two stimuli which is
lighter, apart from its absolute degree of lightness, a description
in terms of the whole context and one which is fundamentally
irreconcilable with the concept of the conditioned response
to a specific stimulus.

Music, Reading and the Conditioned Response—The question
under consideration is so important that yet another example

1 3925, p. 157, Cf. his analysis of how we may learn to walk round
n room by four conditioned reflexes. Set also Pavlav, 1927, p. 395.
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may be given. Subjects were trained by the writer to raise
their hand at the sound of a certain specific tone. The training
was accomplished by administering an electric shock when
the tone was sounded, but never when any other tone was
sounded. Suppose that the active tone was G above middle
C. We have then a conditioned reflex to this tone, which
has been differentiated out so that no other tone producible
on the apparatus was followed by response. By prolonged
practice this conditioned reflex became very highly stabilized.
Suppose now that the active note is included in a melody
or an arpeggio such as that formed by the successive notes
C, E, G, C, where G is the active note. The arpeggio then
contains the stimulus for the conditioned response. The
records show that while the isolated note was consistently
followed by response, the same note, repeated immediately
in an arpeggio, was consistently not followed by response.
The melody “ Home Sweet Home * when played in the key
of C contains the note G fourteen times.! IExperiments
showed that subjects trained to this note consistently respond
to it when presented in isolation and do not respond to it
when presented in the melody.? This result is very striking
in view of the fact of the fourteen repetitions of the active
note included in the melody as played. In the same way
a scale containing the critical note is regularly not followed
by a response, although this note is shown by control
experiments to be active. See the tracing 'on page 1g8.

1f now the arpeggio in relation to the organism is analysable
into four notes, successively and linearly ® added, that is to
say, if the arpeggio consists merely of four successive notes
of which the active note is one, then there can be no reason
why tesponse should not take place in as well as out of the
arpeggio. If the melody considered in relation to the organism
was nothing but fifty-two successive notes, fourteen of which
were the active one, there is no reason why response should
not have taken place when the melody was played. The

1 A slightly simplified form of the melody was used.

Y Humphrey, 1g27. There were one or two minor exceptions to this
statemeni which tend, however, in the direction of ‘' proving the
rule.” See the original paper.

% The word is here used by a slight extension of ifs mathematical
meaning. Strictly speaking hnear addition is arithmetical addition,
which 1s, of course, impossibletin the case of different notes.
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above results show, however, that in finding the organi,
psychological effect of the total aggregate of stimuli some
other method than that of simple combination of stimuli
must be employed. The arpeggio cannot be considered as
consisting of three notes with zero effect and one note with
active conditioned effect upon the organism. The organic
effect of each note, considered as a series of sound waves, is
altered by its relation with the other notes. That is to say
again, in philosophic language, phenomenally the melody
consists of a unity of internally related notes ; behaviouristic-
ally the slimulus value of the notes composing the melody
are internally related, and it is just these internal relations
that give the subjective totality the character of a melody
or musical phrase. Finally, from the point of view of physics,
the melody is a succession of relatively independent sound
waves, When, then, Watson asks, *‘ Isn't iypewriting, piano-
playing and every other act of skill resolvable or analysable
into just such a set of units? ”' 2 that is to say, individual
conditioned reflexes to each note, the evidence is very strong
that the answer should be no, for lhe subjects in the above
experiment did not react to a melody or musical phrase as
to so many discrete notes ; and it is safe to say that if they
had been playing the melody they would not have done
so either,

Here the conditioned reflex enthusiasts, among whom the
writer was once numbered, will perhaps answer that in these
experiments we have nothing but what might have been
expected according to the results of Pavlov's laboratory. The
active note has been conditioned by continual association
with the electric shock. The other notes have been given an
inhibjtory value by the process of differentiation. Conse-
quently when the active note occurs in conjunction with ihe
indifferent notes forming the melody, response is inhibited.
Thus it would be said that because of this inhibition the
arpeggio is a different stimulus from ihe individual notes
coroposing it, just as Pavlov says that a “ compound stimulus,
the component units of which remain in themselves unaltered
.+ . behaves in different modifications as a different
stimulus ”.3 In fact Ivanov Smolensky in Pavlov’s laboratory
performed the reverse experiment of the writer’'s. He estab-
lished a conditioned reflex to a compound successive stimulus,

! 1925, p. 157, 2 1927, P 147
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parallel to the four-note arpeggio, and when complete
differentiation had taken place found that the individual
notes had no cffect.r But to speak thus of inhibition exerted
by the other notes is really to claim exactly what we are
claiming. It is to admit that a rational account can only be
given of the effect of one conditioned stimulus by considering
it in relation to other stimuli. Full scientific description must
include the total coniext, in this case the arpeggio on the
background of the experimental room and so on. The only
adequate psychological description is to say that, on the
common background of the laboratory the isolated note causcs
a responsc but the arpeggio containing it does not. Pavlov's
statement thal external inhibition has occurred because of
the other notes is only another way of putting the same thing.?
Of course, when we say that the arpeggio consists of notes
whose stimulus values are internally related, because each 1s
modified by the presence of the olher, we are again making
the same point as the Gestalt psychologists, who claim that
the melody is a unitary configuration ; for il has been seen
in the second chapter that it is exactly the interrelation of
differcnt elements that constilutes them a unity. The sup-
position that physical events may be linearly combined to
form a psychological situation can give no reason why the
active tone on one occasion causes response, on another does
not do so. The fact is that no analysis of a situation into
specific stimuli in the sense of determinate external events
correlated with specific conditioned or unconditioned responses
can help very much in the description of psychological facts.
Response is indeed intimately related to external events, but
nol in the sense that a determinate “ stimulus” from the
point of view of physical science is followed by a specific
response. The relation between the two is of a much more
complex character,

One more example. Consider the activity of reading.
Here the perlinent sitnation is the printed matter which is
being read. The obvious element of analysis into which to

1 192y, p. 147 Before differentiation of the compound stimylus the
individual elements were in general apparently active, See Lecture 7.

2 It mught conceivably be maintained that, because of the process of
ditferentiation, we have here a unique kind of arpeggio. It would
probably be hard, however, to find a complex entirely free from the
same kind of criticism.
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divide this situation is the letter. This was indeed the analysis
current thirty years ago. One ‘learnt one's letters " by
a method seemingly akin to the acquisition of conditioned
reflexes. The letter was presented and the “ name ™ of it
simultaneously given. ‘““ A” we were told, was an archer
who shot at a frog, and there was the letter A to look at,
A line of print would then seem at first sight to offer the ideal
possibilities for analysis into discrete stimulus-elements, each
of which by training had acquired the property of a conditioned
reflex. And yet, as is well known, such analysis is not only
fallacious psychologically but harmful pedagogically. Since
Cattell’s investigation in 1885 we have known that “ words
and letters are nat apperceived singly, one after another, but
a whole group together by one mental process .1 Reaction
times to words are but little longer than those to a single
letter. In order to “read” the printed page the eye, as is
well known, moves in jerks across the line, reading taking
place entirely or almost entirely during the periods of rest,
during which whole groups of words are apprehended. It is
quite clear that the reading situation is not analysable into
a number of discrete conditioned stimuli, Considered out
of their specific relation with the reacting organism, the lines
of print are indeed anslysable into a number of linearly
additive, previously experienced letters. This is the analysis
of the typesetter, who builds up rows of print in the confident
expectation that the letters will be unaltered by the fact
of their “ physical” association. But such typographical
analysis and association is of no psychological use, Considered
psychologically, in the reading-relation to the organism, the
letters are altered by their association with each other in
words and sentences. As part determinants of the activity
of reading they are not linearly additive, as in the typesetter’s
“stick”. They change their stimulus value according to
the particular context. This may further be seen from ihe
fact of proof-readers’ error, where the actual perception of
o, misprint is modified by the context. Typographically, for
example, thelettersphilos o p by maybepresent. Exposure
for a short interval in a tachistoscope shows readers reacting
as to the word ** philosophy ”* and seeing the word philosophy.
The stimulus value of the sign “b” has been modified
by the context, althaugh typographically it remains the

1 Quoted by Erdmans and Dodge, 1898, p. 5.
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same. In the same way, the two signs i and ) have in

typewriting an entirely different “ meaning ” according as

they are writlen together at the beginning of a paragraph as
i), or in the directions of an orchestral score as. (tutti).
Whole groups of letters may thus be completely changed
as regards their meaning according to the particular
context.

To analyse a reading situation into its typographical letters
as component conditioned stimuli would clearly negate the
whole purpose of analysis, for it would be {o analyse into
chaos. It would be comparable to a chemical analysis into
elements which ' were fundamentally changed as chemical
elements whenever they entered into a new combination. The
reading situation is typical of every other situation which
confronts an organism. No situation can be analysed into
linearly additive, externally refated stimuli, according to the
obvious methods of clementary physical science; no habit
can be analysed into independent conditioned responses,

Further Objections lo the Conditioned Response Theory—1f
this criticism of the conditioned response doctrine were not
enough, there would yet remain an insuperable objection to
the use of Pavlov’'s mechanism as a unit of learning. The
animals on which the experiments were performed were
confined in a stall, in which they had been trained to stand
quietly. The human beings on which the shock experiments
were made were, by the conditions of the work, kept at the
table in the obnoxious situation, and, in the writer’s experi-
ments, only by means of inducements of one kind or another.t
Fishes used for the work are tied up, turtles fastened in a
clamp. Thus the ordinary condilioned response experiments
are in the highest degree unnatural, for by the necessary
exigencies of the work the total, normal response of the whole
organismn is impossible. These total responses ordinarily
include locomotion, which is nccessarily eliminated in the
usnal conditioned response work. For example, in describing
an experiment that was demonstrated to an audience Pavlov
states, " Besides the secreiory, the motor component of the

1 We found considerable difficulty in inducing people to endure the
very real discomfort. Students in psychology were willing fo lend the
corpus wile for the sake of science, Others had to be quite highly paid.
From personal communication with other experimenters I know that
this is not an unusual experience' with the shock-conditioning experiment.

Q
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food reflex is also very apparent in experiments of this kind.
In this very experiment the dog turns in the direction from
which it has been customary to present the food and begins
to lck its lips vigorously.” * Anyone who has fed an animal
knows that under ordinary, non-experimental condilions the
animal would have run towards the food, jumping up to the
dish as soon as food or the person bringing it was visible,
These intervening motor responses may vary almost infinitely,
according to the circumstances and the general topography
of the situation. On one occasion a dog or cat may run in
one direction round a chair across the kitchen and put his
paw on the table where food is being prepared; on another
the same animal may follow the food along a totally different
route. To call these possibly variant reactions the same
constant conditioned reflex to food is to talk scientific nonsense,?
The , official Sovkino fillm depicts a monkey coming down
from a perch to food at the sound of a metronome. There
is little doubt that many differcnt series of responses would,
be used by the animal in this total reaction, all of them
initiated by the same “ stimulus,” and ending with the same
 consummatory ' response, but including very many different
intermediate actions. All of them would be described as
conditioned reflexes or as part of the same conditioned reflex.
In the same way a cat which has learned to run for food when
it hears the plates being removed may be observed 1o do so
whetever it may happen to be at the time. A dog which has
learned to answer its name will run to his master on a walk
whatever the nature of the intervening terrain. He will, if
trained to do so, fetch a cane from land or water. A sheep-dog
will “ go and fetch the sheep ' in whatever part of the field
they may be, and so on ad infindtum. Paviov calls the
conditioned reflex a signalization response. It is only by
eliminating the natural movements of locomation between
the signal and what is signalled that he is able to maintain
that the conditioned reflex is parallel to the unconditioned
one where “‘a stimulus appears to be connected of necessity
with a definite respomse ”. And it is only by limiting his
observation to salivation in a confined animal that he is able

2 1927, p. 22.

% On the date of writing a well-trained rat in & maze in the writer’s
laboratory taok an entirely new ‘ illegitimate "' path to food gver one
of the walls,
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to make even reasonable the statement that the animal
reacts to the signal in the samc way as if it were food, or
that no distinction can be observed between the efiects
produced on the animal by the sounds of the beating metro-
nome and showing it rcal food.! In a natural setting only a
very small proportion of the actions produced, for example,
in a carnivore by the actual prescnce of the prey are identical
with those produced by the sound of the same animal’s cry.
The difference is due both to the intervening terrain, which
may itself vary indefinitely, and to the different natute of
the responses subsequent to salivation. * Signalization”
implies a difference in time between the unconditioned and the
conditioned reflex.? Unless the animal is in the unnaturally
confined circumstances of a laboratory, this intervening time
will ordinarily be filled with action preceding, and thus
additional to, the reaction produced by the unconditioned
stimulus, If the intervening reaction between the uncon-
ditioned and conditioned stimuli creates a difference, in the
same way the final reaction to the uncondilioned stimulus
is different from that to the conditioned. Nobody will
maintain that afier hearing (he metronome the dog will
respond in the same way as to food, by following salivation
with the entire normal series of digestive and assimilative
mechanisms—a procedure which would involve a spurious
digestion followed by a make-believe incorporation of food
and ending in a fictitious defecation. One may suspect that
even a well-trained dog would find a diet of metronome beats
somewhat nnsatisfying.

The fact is that a specific conditioned stimulus cannot, as
we have already seen, serve in any real way as a substitute
for an unconditioned stimulus with a constant, innate response.
What we have is a constellation setting off a plastic series
of reactions ending, if food be present, in the food activily.
This is a very different thing. But when the constancy of
the conditioned response is taken away, there disappears also
the possibility of the claim that by its means science is able
to fulfil the praiseworthy object of establishing the precise
relationship existing between the given phenomena of nature
and the corresponding activities of the given organism,?

i Ihd, p. 22.
2 Even if these overlap, as in the ordinary experiment,
% Pavlov, 1926, p. 46"
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together with the point of the claim thai “ habits are nothin
but a long chain of conditioned reflexes ”. Any satisfactory
psychology of habit must take into account the fact that our
learned responses are plastic; any theory which treats habit
as a rigid concatenation of specific response loses one of the
chief characteristics of habitual actions in the higher organisms,
At present science is hardly perhaps in a position to give
a full and exact general description * of habit in terms of the
organism-environment relation. It does not follow that this
iask is impossible, nor that it may be solved by pretending
that the problem is simpler than il really is.

General Statement—It is now possible 10 give a general
treatment of our primary problem, namely, the position of
the condilioned response in learning. The statements that
a habit is a serics of conditioned reflexcs, that the conditioned
reflexes are the units into which all habits may be resolved,
go with Watson's further statements that *‘a situation is
analysable into a complex group of stimuli” and that
“ stimuli must be added to or subtracted from . We have
throughout insisted that any part of the universe in which
an organism finds itself may be analysed by the technique
of physical science into a complex group of physical events.
For scientific practice such analysis is essential as providing
4 means of exactly reproducing and describing objective
external events considered as independent of the organism.
It has been adapted to the purpose of describing the totality
of the objective universe in mutually self-consistent terms.
Thus the facts of chemistry have to he described in such a
way that all chemical statements are self-consistent; the
facts of combustion must be reconciled with the facts of
oxidation in general and these again with chemical combina-
tions of all kinds, Further, the description of the facts of
chemistry must be made consistent with the most general
facts of physics, such as the laws of thermodynamics, this

1 Parallel, that is to say, to Crozier’s general expression of relation-
ship botween the aungles ¢ and o where # is the angle taken by a rat
on a plane inclined at an angle « to the horizon. This relation holds
good whalever value ¢ may have. The most highly standardized
analysis yet made of habil, namely that reached by the maze experi-
menters, does not at present approach such generality. It s at present
impossible to guess what degree of generality wmay ultimately be
attainable for such an expression, Posgibly analysis along Lewin's
lines will ultimately be adopted.
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being the task of physical chemistry. The ultimate ideal of
science is the general description in mutually consistent terms
and with as few assumptions as possible of all natural events.
Whether or not such should be the ideal is another and
irrelevant question. At least the ideal of present-day scientific
endeavour is actually an ideal of coherency. When, however,
we introduce a special system and describe the world specifically
in relation to it, thus deliberately introducing a dichotomy
of “inside”” and “ outside " not present in the mosi general
description, we are at the same time introducing special
conditions,! For each such system introduced, whether
organic or inorganic, we must exhibit special relations designed
to take account of the special case thus created. The laws
of physics are designed to be perfectly general. If we are
describing the effect of external change upon a chemical
system, special treatment is necessary, which is not the
same as the special treatment necessary for the description
of a purely mechanical event, although both must be made
consistent with the same fundamental postulates. The task
of giving this special treatment, and at the same time of
reconciling it with the postulates of science in general, is the
task of chemistry and mechanics respectively. In exactly
the same way the special task of exhibiting the relation of
the external universe to an organic system, and at the same
time of reconciling such treatment with the more general
postulates of science belongs to the biological and psychological
sciences,

Now when the attempt is being made to exhibit the relation
of certain events to the organic system, the description
appropriate fo physical science is not of necessity directly
applicable without {hat special treatment which is forced
upon us by the particular task in hand. Stated otherwise,
the particular organization of the living system imposes special
conditions under which the * laws of nature " are to operate.
These special conditions it is the function of psychology and
allied sciences to investigate, and in this they join hands
with the other special sciences, which have as the subject
of investigation their own particular sets of conditions., Much
elementary and enthusiastic behaviouristic thinking has lost
sight of this fact, and has tacitly assumed that analysis such
as is given by physics can be directly applied to exhibit the

1 Special postulates il the terms of certain logicians.
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relation of the world to the organism. In particular this
assumption has apparently been responsible for the doctrine
that the world may be split up into physical stimuli, * cop-
ditioned ”” and " unconditioned ", which may then be directly
manipulated, added to, and subtracted from, in order tg
exhibit the organism-environment relation,

It would, however, be a mistake to deny, as many haye
done, the extraordinary valuec of the work that has come
from the laboratories of Pavlov and others who have in-
vestigated conditioned reflex. We have seen the premature
and illusory nature of the claim that upon the conditioned
reflex there can be founded a scientifically determinate
psychology parallel to an exact physiology, the basis of which
is the unconditioned reflex. This denial of the theoretical
conclusions drawn from the results does not impugn the
results themselves, Undoubtedly Pavlov’s dogs had acquired
a habit ; after training they habitually salivated at the sound
of the bell, just as in the knee-jerk experiments the trained
subjects habitually kicked up their foot at the sound of the
bell. It is true that the stimulus leading to this habitual
action is highly simplified as compared with such a habit
as reading, so much so in fact that simplification could hardly
go further. After all, environmental change such as the flash
of a lamp on a constant background is about as elementary
a stimulating sitnation as may be imagined. But the ensuing
reaction is nevertheless habitual. The conditioned reflex,
the determinate learned response to a highly simplified and
physically determinate environmental event, must indeed be
considered as the ultimate word in simplified associational
learning. In it, indeed, simplification has gone so far that
the habit of everyday life has lost some of its characteristics
while retaining qthers. It has lost the relative robustness
of the habit which has given rise to such phrases as “ the
slave of habit”, a phrase which every psychopathologist
knows is often pitiably justified. A large part of the work
of many such workers consists exactly in the elimination of
habits which, if they were really conditioned reflexes or series
of conditioned reflexes, should be with great ease inhjbited
by repetition of the unreinforced conditioned response, One
feels that a dog could never learn to answer its name by
means of Pavlov's mechanism, for any slight alteration in the
surrounding conditions should catse ‘‘external inhibition *,
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which might indeed wear off by repetition but should never-
theless be present at each new situation. James' chapter on
habit, which is undoubtedly for the most part based on very
accurate observation of what actually occurs, forms indeed
a striking conirast with Pavlov's conditioned reflex which
was put out of operation by every passing cloud.

Habit as we know it outside the laboratory is certainly
a much more stable affair than the evanescent conditioned
response which, when repeated, progressively and spon-
taneously disappears.? Probably it is best fo think of the
conditioned reflex as a limiting and an incompletely recorded *
case of habit, retaining the automaticity and the learned
character of the more general mechanism, retaining also the
synthesis of neural pattern, whereby, as we shall see, the
" association ¥ of stimuli into a complex unity is effected in
the more complex forms of learning. In the process, however,
of cutting down to the barest minimum the external stimuli
by which these results can be effected there has been eliminated
the locomotion characteristic of animal as contrasted with
plant life; there have also been eliminated, by the sheer
simplicity of the stimulation employed, many characteristic
receptoral and neural processes; and finally there has been
introduced apparently as the result of this simplification a
high degree of inhibitability not characteristic of the more
complex forms of habitual response.® With this special
simplified case in mind, the more complex process of maze
learning will be considered in the next chapter.

1 Paviov, 1927, p. 234. °* The cortical cells under the influence of
the conditioned stimulus always tend to pass, though sometimes very
slowly, into a state of inlubition.” Similarly, A stage 15 reached when
no condrtioned secretion can be obtamed durimg any length of 1solated
action of the conditioned stumulus.” The phenomenon is characterized
by ** invarjable progressiveness’’ (p 236).

2 Inta personal letter to the writer, Wendt has made the point ihat
the conditioned reflex is incompletely recorded, the whole habit m-
volving, &.g., the salivary secretion to food (reinforcement) as well
as that to bell. Wendt prefers not to call the conditioned reflex a
simplified form of habit.

3 In the same way we have special properties belonging to the
circle, which is a limiting case of an ellipse, thus the circle, not the
ollipse, is the locus of the vertex of triangles with a conslant base and
a constant opposite angle,



CHAPTER X
THE PROBLEM OF THE MAZE

 Murder would be a prerequisite for the absorption of biology into
physics as expressed in the traditional concepts.” (Whitehead.)

ToE essential principles of the maze method of studying
animal learning are too well known to need elaborate
description, The experiment consists essentially in placing
a hungry or thirsty animal on a number of successive occasions
in a labyrinth of the Hampton Court or other type with a
food or other reward-chamber attached. The experimenter
notes the time taken to reach the * reward "’ or the numbers
of “* errors ” made, or both, these being found in general to
decrease with repetition until a limit is reached, improvement
normally being rapid at first and gradually slowing down.
After training, in place of a wandering, * curious "’ animal,
requiring anything up to an hour to find the food, one sees
an apparently {ransformed creature, out strictly for business,
no sooner placed at the beginning of the first alley-way than
it makes for the food-box by the shortest route, disregarding
irrelevancies and paying little or no attention to those
by-ways so thoroughly explored at first. A dilatory, somewhat
busy-bodying amateur has been converted into an animal
very much “ with a purpose ",

In order to understand the objective facts that lie behind
this anthropomorphic description, let us imagine such an
organism as the rat at rest in relation to the environment,
but breathing and performing all the other functions necessary
for the maintenance of life. These functions of maintenance
are effected through the expenditure of energy. With decrease
of the reserve of energy-liberating material we know that
bunger contractions are ultimately associated by a mechanism
not yet understood in all its details, With the hunger con-
tractions is also associated a greater degree of “ restlessness ' ;
the animal is excitable by externsd stimuli that, after food

248



PROBLEM OF THE MAZE 249

has recently been ingested, would cause no visible reaction.
This is the specific mechanism whereby internal change in
the system disturbs equilibrium with the environment; for,
as many writers have pointed out, equilibrium can be dis-
turbed by any alteration in the relation between the organism
and its surroundings.? Such times of activity are periodic ;
thus Richter showed that in the case of the while rat the
hunger activity occurred at intervals of from one to four
hours, according to the conditions of feeding.? Habit appears
to play a parl in determining these periods.

Let us suppose that by some malevolent providence, or
what will for the animal come to the same thing, by some
benevolent experimenter, such arrangements might con-
ceivably be made that the surrounding topography was
perpetually changing. In ihis chaos the creature’s movements
will be correspondingly chaotic ; his path, for example, during
the periods of special activity associated with hunger con-
tractions will not be the same during any two such periods.
Suppose that the surroundings are then standardized at
regular intervals corresponding to the periods of special
activity. This will mean that at the beginning of each activity-
period the animal finds himself in the same general surroundings,
and that food is to be found at the same place, Under these
circumstances locomotion will ordinarily take place under
the standardized conditions until food is found. Now such
topographical consistency must, from the beginning, impose
certain restrictions on action and thus render the successive
paths less dissimilar. Under certain conditions we know that
the incipient similarity of paths will increase, the successive
paths gradually approximating more and more closely to a
minimal form until they are indistinguishable from each other.
The path taken to food is now approximately constant. At
this point a relatively constant state of motion has been
reached under the standard and rhythmically recurring!
conditions,® We say that learning has taken place, that the

1 Cf,, for example, Borovski, 1930, p. 50. Verwora and Jennings
make the same point, to choose two famous names at random.

¥ 1927, . 312.

8 This constant state is, like every other organic phenomenon,
relative, not absolute. There seems in many loarned performances
to be a certain variation round the equilibrium position. See the
discussion of the multiple tracX later in this chapter.
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animal has reached his opiimal performance for the given
situation.

Such standardization of conditions has been attempted in
the maze experiments. Non-topographical conditions such
as temperature and light are kept as nearly constant ag
possible from run to run. Topographical conditions are
almost exactly constant. If the maze is within the animal’s
powers the animal's path then gradually approximates g
certain form ; when the form ceases to change—to improve—
we say that the animal has “‘ learned the maze . In general
the maze experiment is complicated by the fact that presenta-
tions of the maze take place, at least originally, without
reference to the hunger contractions and the resulting general
activity.

Now it will be remembered that as Dr. Woodger has insisted
in his valuable work (x930) we have in the organism to do with
a four-dimensional system in a four-dimensional environment.
The animal is functioning in three spatial and one temporal
dimension all four of which are always involved, It is a
complexly unified event, comprising processes which take
place in a space-time, from which the temporal and the spatial
elements cannot be separated save by a devitalizing abstraction.
‘We cannot think of the organism'’s life as comprising a series
of states, spatial collocations of atoms, muscles, limbs and
what not, occurring one after the other in a time dimension
like linen on a clothes-line. What we have is a unitary whole
pracess in which time and space are not originally distinguished,
a happening in time-and-space. The animal is always running
in a certain direction at a certain time. He never can run in
space pure and simple without time being involved. At a
certain time he is lying down and digesting his food; he
never does this in a timeless place, any more than he can
exist at a placeless time, “ The immediate fact for awareness
is the whole occurrence of nature, . . . There is no holding
nature still and looking at it.” * In the same way the environ-
ment consists of things that are happening. As the animal
lives he is confronted with events, manifestations of thermal,
photic, chemical energy and so on, as well as that energy of
material deformatjon which gives human beings the conception
of solidity in the universe without. These environmental
events are likewise taking place in four dimensions which are

1 Whitehead, 1920, $p. 14, 15
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in experience inseparable. The maze conironts the animal in
a certain conformation af a certain time; it is not a timeless
thing, except by a process really involving abstraction.t

The facts of observation in the maze cxperiments are then
that the four-dimensional living system is confronted by a
four-dimensional environment with relatively constant features;
locomotor disturbance is induced in the system and after a
while, according to the exigencies of the siluation, a constant
state is achieved. This achievement of a relatively constant
state, or equilibrium, in the face of a relatively persistent
feature of the four-dimensional environment is called learning
the maze. Learning is again adjustment to a four-dimensional
situation, comprising the successive presentations of the maze
at, let us say, twenty-four hour intervals. We may remind
ourselves that it is just as legitimate to speak of a total four-
dimensional situation comprising a number of such logically
distinguishable maze-presentations as it is to consider a
printed word as comprising a number of typographically
distinguishable letters; ‘even though we ordinarily think of
the word as a spatially organized complex of letters, while
the total learning-situation before the animal is obviously a
spatio-temporal complex of maze presentations.

Once more, if it be said that the word is clearly a single
complex, while the successive presentations of the maze are
just as clearly separate situations, the answer is twofold.
First, the printed word is not clearly a single complex. It
consists of elements spatially separated, and it is only in
relation to the organism that it is a single complex. As
a matter of fact it is generally part of a still more extended
complex. Secondly, to say that successive presentations of
the maze are clearly separate situations begs the question.
We are equally justified in treating a * temporally separated *
series of maze presentations as a single complex situation
as we are in so freating a * spatially separated ” series of
carbon marks upon paper. Whether either may profitably
be treated as a unit depends entirely on the organism’s relation
to the series in question. Experiment has amply shown that
the word must be treated as a unity that is not the sum of

1 1 is, of course, not maintained that such abstraction is illegitimate ;
but rather that, for certain purpuses, it 1s unprofiluble. By referning
o the maze as a repeated situation I am, of course, making ita tnneless
thing which can be viewed at Qifferent iimes.
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its letters. As a matter of fact it is really easier 1o see
that the total series of maze presentations must be considered
to form a single four-dimensional situation unity, For the
very nature of the learning idea implies that the situations
are not separate, discrete, in their effect upon the organism.,
Since these elements must be grouped together as a whole
in order adequately to show the organism-environment
relation, clearly the proper way of describing this grouping
is by means of the fundamental terms assumed by present-day
physical science, which in any case we have no excuse for
neglecting in favour of the older set of descriptions.

Now it has alrcady been pointed out that learning of this
type is on a par with any response, which involves the dis-
turbance and re-establishment of equilibrium, and which
requires special mechanisms both for disturbance and for
re-establishment of a constant state, It is on a par also with
the single synthetic reaction to a complex situation, such as
that involved in reading half a dozen words at a glance,
synthesis here being ordinarily thought of as uniting spatially
separated elements only, while in maze learning spatio-temporal
synthesis is obviously involved. The sole difference between
the three cases of adjustment, namely, response to a single
stimulus, to a complex one, and learning, is really one of com-
plexity. Except for convenience of description there is no
need to speak in the onc case of reaction to a situation, in the
last of modification by experience, and in the sedond of
integrative reaction.

It has been seen that the organism has the property not
only of coming fo a constant state, when disturbed by change
of conditions, but that this equilibrium is conservative, that
is to say that it tends towards the conservation of the biological
pattern in question, This is illustrated in maze learning.
For on the whole the establishment of the new equilibrium
conserves the systemic pattern. It is economical. As tending
to conserve the four-dimensional pattern which is life, it is to
the “ organism’s advantage'. The organism that can do
such a trick has the advantage over one that cannot, As a
matter of fact, granting the conception of a system which
comes to a new position of equilibrium when disturbed by
change of conditions, either external or internal—a property
which, given the due presuppositions (p. 33), we have scen to
belong to all material systems—ard which in addition is so
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organized that the fresh equilibrium is also conservative,
then such a process as maze lecarning is a natural development.
All stimulus-events are primitively four dimensional, All
reaction is four-dimensional organic change in answer to
four-dimensional environmental change. It must again be
insisted that between a simple reaction, such as a reflex,
and a learned response, such as that to a maze, the differcnce
is one of degree only.

The Maze Reaction as a Unified Response.—Now the stimuli
employed in the maze experiments may be divided into iwo
classes. There is the reward and the obsiacle overcome in
order to reach it. Before training has begun, the food and
the maze have no relation to each other as stimuli; the maze
does not “ mean ” food to the animal, whatever significance
one attaches to the word ““mean ”. After iraimng it is fair
to say that the maze means food-at-the-end. The food
stimulus and the maze situation have been brought into
functional relation with each other, with the result that when
the animal has been placed at the entrance of the maze there
develops in a progressive and orderly manner a series of actions
culminating in the taking of food.

Now learned reaction, like reaction of any kind, requires
in such an animal as a rat a definite nervous pattern. Thus
on being taken out of the cage a rat trained to run through
a certain maze after being inserted through a hole in the
glass covering was observed to attempt of its own accord to
reach the hole and thus start the run. In order thus to bring
the food and the maze into functional relationship as stimuli
a fresh neural pattern must have been formed; this is not
to be thought of as the sum of two patterns corresponding
to “ maze ” and " food * and still less as the sum of patterns
corresponding to the successive stages of the maze—alleys,
turns, and so on—plastered fly-paper fashion one after the
other with food at the end. This fact is shown rather strikingly
by Lashley’s recent work. In a well-known series of experi-
ments Lashley trained rats to run a rather simple maze and
extirpated various portions of their cerebral cortex. The
extirpations differed very widely in position and extent, the
latter ranging from 4-5 to 50-9 per cent of the total cortical
area. After the operation Lashley found that rals might
behave somewhat as they originally did in the maze, moving
slowly and exploring ; they might wander aimlessly, or repeat
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the same error time after time; or they might rush aimlessly
at a high speed through the maze. There is no evidence that
one part of the habit may be affected without the rest being
involved. After injury the habit is affected as a whole, rather
than in parts. ‘‘ None of the studies of learning or retention
of the mazes after cerebral lesions has given the slightest
indication that the maze habit is made up of independent
associational elements. There was never amnesia for one part
of the path with retention of another (except that the habit
of manipulating the doors, once acquired, was never lost),” t
The maze habit is a unity. Injury to the cerebral corlex
depresses the operation of the whole neural pattern concerned,

Moreover, the habit is such that when the first movements
are once initiated the successive reactions follow in an orderly
manner without the intervention of the sense organs involved
in training. Watson (1914) has shown that external receptors
are unnecessary; an animal can apparently run through
a complex labyrinth by the use of the kinesthetic receptors
alone. It was thus, as Lashley points out, reasonable Lo
conclude that we have to do with movement-chains each
link of which is set off by the preceding link, and which serves
in its turn as the stimulus for the next link, the stimulus
throughout being kinwmsthetic. This hypothesis is furthered
by the fact that a trained rat which has been started al a
point other than the usual starting-place will make exploratory
movements until it bas chanced to perform a few correct
turns, when it ' picks up " the correct procedure and runs
the rest of the path correctly. That is, in Washburn’s state-
ment, ' precisely as playing over the preceding passage would
enable a pianist to proceed beyond the point of a breakdown .3
In the same way it is found that shortening a passage has
for its result that the rats bump up against the end, while
lengthening it causes them to attempt a turn at the place
where the open passage originally stood.®

Yet there is a certain amount of evidence that in the fully
formed maze habit we have more than a chain of independent,
kinesthetically initiated single habits. Tor, to begin with,
anyone watching a trained animal can soon convince himself
that the run along any passage is influenced by the nature
of the succeeding passage. When the animal approaches

1 Lashley, 1929, p. 141. 2 1926, p. 280,
® Carr and Watson, xgo8,
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a corner to be turned ‘" he sweeps to the outside and gocs
around in a wide curve; he does not simply advance step
by step to the corner and then start his turn .t That is
to say, his movemenis are not linearly or arithmetically
additive, but each is affected by the context of the stimulus
immediately facing the animal as well as by that stimulus
itself, the whole series thus being not a chain of independent
links which would be the same were they taken out of the
chain ; rather there seems to be a unified movement complex,
within which the nature of each element is determined by its
place in the whole. In other words, the activily of maze
running scems to consist of movements that are ** internally ”
related, to use a phrase that has already done hard service.
The whole activity seems to be a unity which in a certain
sense ‘‘ defermines” the nature of the partial activilics
according to the topography of the situation and the reactive
systems at the animal’s disposal. The strategy, so to speak,
is fixed, while the tactics may vary; something as the laws
of thermodynamics may determine the direction of the flow
of heat betwcen two bodies, whatever be the particular
circumstances under which this flow takes place.

This concept is illustrated by certain other experimental
results, Thus Lashley * {rained a rat to run a maze that
involved turning to the left. After training the animal was
subjected to an operation such that a turn in this direction
was impossible. On the theory of the kinesthetic movement-
chain the rat should now be unable fo traverse the maze.
What actually happened was that left-hand turns were
accomplished by a three-quarter revolution to the right.
As a matter of fact animals may use widely different methods
to effect a learned movement, although naturally, in the
ordinary conditions of training, very similar means will be
adopled on successive similar occasions; just as a human
being who has been taught to write with a pen will ordinarily
use the finger movements but will nevertheless be able to
write on a blackboard without training ab initio of the entirely
different muscles here involved. So Lashley reports that
when animals are trained to run the maze by the “ natural
method and are then subjected to various operations, * One
drags himself through with his forepaws; another falls at
every step but gets through by a series of lunges; a third

1 Woodworth, 1929, pp. 133, 134« ? 1921,
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rolls over completely in making each turn, yet manages to
avoid rolling into a cul-de-sac and makes an errorless run. , , ,
If the customary sequence of movements employed in reaching
the food is rendered impossible, another set, not previously
used in the habit, and constituting an entirely different motor
pattern, may be directly and efficiently substituted without
any random activity.” * Here we must assume a general
unified neural set or pattern dircctive of activity towards
food-in-the-maze. This primary pattern can apparently result
in appropriate movement by a number of different mechanisms,
A rather pathetic instance of the same kind of thing was
observed in the writer’s laboratory. A somewhat senescent
rat had been trained in a simple maze, On one occasion the
animal, being placed at the starting-point, dragged and pushed
himself along with his belly touching the ground, stopping
at intervals on the way, and thus giving himself kinwsthetic
stimulation entirely different {rom ihat involved in the usual
dapper trot. In this pitiable way a flawless run was made,
at the end of which the animal stopped without eatidg. Within
twenty minutes it had died.

By contrast with the theory that such learning takes place
by a chain of successively determined, stereotyped actions,
even more striking is an experiment of Helson’s. Helson
attempted to train rats to choose one of a pair of alleys
covered with two different shades of grey. Food was placed
in both alleys, but was inaccessible in the “wrong” one;
both paths included a metal grid, that on the “ wrong ” side
being connected with an electric battery. Thus the choice
of one shade of grey was rewarded with food, that of the
other was punished by a shock, Now Helson was unable to
train the animals to make the discrimination between the
two shades. However, after a number of trials one of the
rats which had made the wrong choice, instead of subjecting
itself to a second shock by retracing its steps over the grid
as it had done nine times before, climbed over the partition
ta the accessible food in the other alley. In a later experiment
the same rat jumped directly on the top of the alley-way and
thence to the partition separating the alleys and ran to the
end, thus obtaining its food without going near the unpleasant
grill. “ Rat 2 used this method sixteen consecutive times
with intervals ranging from twenty-four to forty-eight hours

1 1929, p. 1»37.
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between successive sels of experiments and until prevented
from climbing by a wire netting placed on the top of the box.
When the wire netting covered only the forward portion
of the box, to force the rat to choose the grey after getling
into the wrong box, instead of going back over the wires
it then took the shortest cut to the food by climbing over
the partition. . . . When the wire netting was removed this
rat resorted to its old method of avoiding the wires, . . .”
Of another rat Helson reports that it climbed from either
the right or left to the top of the partition in order to do the
gsame thing.! Somewhat the same thing was observed, as
already reported, in the author’s laboratory, where the animal,
after thorough training in the maze look an cobvious ** short
cut '’ by climbing over one of the walls,

These results point to a synthesizing aclivity in maze
learning which is not that of serially fitting one invariable
response into another like the lengths of a gas-pipe. One can
only interpret the behaviour of Helson’s and Lashley’s animals
by supposing that there has been established a neural pattern
which involves, in one whole, patterns corresponding very
generally to the maze with its food, and which at the same
time can activate a number of different series of interrelated
actions with the same final term. Under the accepted neuro-
logical theories this supposition is at first sight ridiculons.
Yet some such supposition must be made in order to explain
what is observed. Moreover, a little reflection will compel
us to admit, if we are honest in our psychological thinking,
that a very similar hypothesis must be made in connection
with many instances of everyday human behaviour, When
a mother tells a child to deliver a letter to the neighbour, she
expects that the child will go to the back door if no answer
is obtained ai the front, In the same way a sheep-dog will
execute an order, the details of which will vary according to
the disposition of the sheep and the nature of the terrain to
be traversed. In each of these cases it must be assumed
that a neural pattern is formed which includes elements
corresponding to certain specific environmental features and
which, according to topographical exigencies can determine
different scries of interrelated responses with the same end-
terms.® This conclusion is forced on us if we honestly face

! Helson, 1927, PP. 393, 394
2 The reader is referred to Lashley, 1930, pp. 5 ¢ s¢4.
]
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the facts. The alternative is apparently to believe that
somewhere or other the nervous impulses are acted upon by
the mind which re-sorts and re-integrates them by some
supra-physical means.

Apparently then for such an activity as maze running it
is necessary to assume the formation of a neural pattern that
is new, that brings into functiomal relation definite elements
corresponding to the maze and the food, and that is capable
of initiating different unitary series of motor activities with
the same end-term.

Certain other experimental results seem to point in the
same direction, There is first the phenomenon of what is
called by Tolman the “ multiple track ".* Tolman refers to
the experiments of Gilhousen, who found that crayfish,
trained to traverse a simple T maze, “tended to indulge
in a wide range of varying routes. The animal sometimes
followed one side of the stem of the T and sometimes the
other,”* In this connection Tolman quotes also the results
of Muenzinger,® whose guinea-pigs would use either the left
or right paw or the teeth to press a button in order to enter
a cage containing food. Rats trained by Yoshioka would
choose either of two equally long paths after training. In
the same way Dashiell, in a striking series of experiments,
found that trained rats would take any one of a number
of equally short paths. Dashiell speaks of a ** general orienta-
tion function, enabling (the rat) to pursue new pathways while
remaining successfully oriented towards the objective.” ¢
This is much the same language as we have used above.
We seem then to see in ordinary maze learning the formation
of a new neural pattern giving rise to action which is
specific only because of the ordinary method of conducting the
experiment, but which is naturally flexible. By the conditions
of learning an essentially flexible pattern is‘forced into a more
or less rigid mould.s

T 1932, . 170. 2 Joc. cif. 3 rg28.

4 1930, p. 139. These examples with others to the same effect are
collected by Tolman m his admirable work Purposive Behaviour 1
Animals and Man (Century Co., 1932),

% This implies a neural process or pattern which is in a certain sense
* prior * to that initiating the learned action on any specific occasion.
One may perhaps compare Head’s concept of pre-language activity in
thonght, and Freud's distinction between * latent”” and ' manifest *
dream content. Heed, 1926, vol. 1. ©
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In this formation of a fresh neural pattern we are reminded
of Beritoff’s conception of the development in conditioned
reflex formation of cortical centres which exert a reciprocal
influence upon cach other. In fact, bearing in mind the
difference of complexity, the conditioned reflex experiments
and the maze work point seem to hint at a fundamentally
similar neural process, which is in cach casc the underlying
neural process of learning. It is a process of creating a new
neural pattern out of the previous disjecta meimbra of originally
unassociated patterns. Learning is creation of behaviour and
of its underlying neural configuration. This property it shares
with all intcgrative response, that is to say, with all response
of an intact organism 1o an essentially complex world.

The Conditioned Reflex again.—It is then possible to see yet
another reason, why the conditioned reflex cannoi be regarded
as the unit of learning. A unit should be the product of an
analysis pushed to. the furthest point possible without
destroying the essential characteristics of that which is being
analysed. Thus a molecule is theoretically the smallest
particle which retains all the essential properties of the
substance analysed. If subdivision is carried further the
essential properties of the substance are destroyed. The
chemical result of such further subdivision is that the molecule
is split up into chemical elements or compounds with ditferent
properties. Now by splitting up learning into conditioned
reflexes not only have we obtained a very unreliable unit, as
we saw in the last chapter, but in eliminating natural loco-
motion we have gone a long way towards obscuring the effect
of the food on the response to the rest of the situation. This
effect is very characteristically seen in the maze experiments ;
in fact learning is here best measured in terms of the improve-
ment of response to the maze sitnation. It was indeed seen
in the last chapter that the formation of a conditioned reflex
does affect the original response of Lthe conditioned stimulus;
but the cffect is masked by the insignificant nature of this
response. The characteristic process whereby out of a number
of previously unconnected or differently connected responses
there is created a new unified response to the maze part of
the situation is completcly absent in such a rudimentary event
as the formation of a conditioned reflex.

There is another characteristic of natural learning which is
brought out by the maze exgeriments, namely, what has been
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called the property of plasticity. A learned response is, we
have seen, essentially plastic. A conditioned reflex is esgent;-
ally rigid. Pavlov’s purpose in his original experiments was ip
fact to show that the so-called psychic response was a deter-
minate reaction to a determinate stimulus. The original maze
experiment, with its rigid conditions [rom one trial to another,
can indeed be made to exhibit this plasticity. The conditioned
reflex experiment, with its specific response to a specific
stimulus, and with intervening locomotion cut out, exhibits
it not at all. Once more the conditioned reflex cannot be
considered as a unit of habit, but as habit simplified in such
a way that it has lost some of its characteristic properties. It
is, as we saw, only because of this rigidity of the response
studied that the ' substitution ” theory of the conditioned
reflex has been possible.

However, the conditioned reflex ideally exhibits the effect
of simultaneously working stimuli. True it is that in practice
it is found advisable to allow the conditioned stimulus to
operate a few seconds before the beginning of the unconditioned
one; but it is the overlapping, the simultaneity of the two
stimuli that is stressed in the theoretical treatment.! Consider
now the organism as a four-dimensional continuum faced
by a four-dimensional environment, From such a continuum
we can in imagination at any moment cut a three-dimensional
slice which will represent the animal’s position at that instant.
An approximation to such a slice would be obtained by
making a photograph, or better still, a model of the animal
when running the maze. A full representation would show
the animal in a position fixed once and for all, amid fixed
external and internal conditions. Unforlunately, of course,
in order to obtain even an approximation to such a stationary
representation we should have to kill the animal. For life
is essentially an event in four dimensions. The nearest living
representation is obtained in the conditioned reflex experiments,
which in their most characteristic form theoretically exhibit
the organism as subjected on a number of separate occasions
to overlapping stimuli, termed simultaneous, although, of
course, time must be introduced in order to show the successive
presentations. In this unusual diminishment of the time
factor lies the great value of the method, It has shown the
mechanism of learning with temporal complications reduced

! Pavlov, 10%7, 1. 26.
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to a minimum, and has thus focussed attention on the synthetic
aspect of learning. It may perhaps be regarded 4s a maze
experiment with the * reward ” moved up to the beginning
of the maze, so that the first part of the maze is simultaneous
with food, thus cutting out the inlervening locomotion, and
leaving only the unification or psychological association of
the alimentary and non-alimentary parts of the total situation.
The delayed and track varieties of conditioned reflex which
interpose a period of time between the conditioned and
the unconditioned stimulus only make the experiment more
ariificial by cutting out intervening stimulation. The normal
sequence of affairs is for the animal to sce or smell his food or
his prey, to run for it, and finally to devour it. Tor him to
see it, to wait half a minute in absolute quiet, and then to
have food placed in his mouth is, as Paviov found it io De,
a considerable strain on the organism's power of adjustment.
It is then not surprising to learn that where food followed
a number of scconds after the conditioned stimulus to form
a track reflex, synthesis was more difficult to attain and
unstable.

Conversely the maze experiment may, again, legitimately
be considered as an association experiment, that is to say
as one involving the forging of a new unified yesponse to
external stimulation originating in more than one receptor
field, but with the conditioned stimulus cxpanded into a highly
elaborate spatio-temporal manifold.

The specific problems of the maze thus become those of
the establishment of a relatively constant, or equilibrium,
state between two four-dimensional manifolds, namely, the
highly organized system we call the rat and the less highly
organized but still by no means chaotic manifold we describe
as the presentation on successive occasions of the spatially
identical maze-and-food situation ; this latter being organized
on a background of environmental flux, much as a word is
organized on the neutral background of the paper.

Elimination of Errors—As in the case of the conditioned
reflex, no attempt will be made in this book to treat all the
problems and results which have been thrown up by the maze
experiments, Many of these have recently been analysed
very acutely by Professor Tolman in an authoritalive and
compendious work.,* However, there is one problem con-

! 1932,
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sideration of which is particularly germane to our general
treatment. This is the classical puzzle of what is known ag
the “ elimination of errors *.

This phrase derives from the “ trial and error ” theory of
learning, which has been so severely criticized by the Gestalt
psychologists. Bearing, however, in mind the conception of
the establishment of organic equilibrium, let us contrast the
final path with any of the earlier ones. Movements have
been eliminaled, making the final track more economical
than the first ones. By such economy the “interest” of
the organism has on the whole been furthered. That is
to say, the arrival at the learned or *‘ equilibrium ” state in
relation to successive presentations of food-in-the-maze tends
ultimately towards the conservation of the system. The
elimination of errors or unnecessary, ‘' useless ”’, movements
is then another way of stating the fact that in these more
complicated cases the general rule still holds ; not an equi-
librium, but a conservative equilibrium has been reached by
the organic system. At bottom an “ error " is an unnecessary
movement ; the fact that the living system achieves a
conservative equilibrium towards the situation comprising
successive presentations of the maze-food combination really
implies then elimination of errors. The advantage in our
method of description seems to lie in the fact that it brings
the phenomenon in line with many other observed facts of
organic life.

But it is possible to consider this development of reaction
from another aspect. The most primitive instance of
* modification by.experience "', to use the accepted term, is
to be found in the phenomenon comprehensively designated
in Chapter VI as habituation, and there discussed under
that name. Here we have seen the organism faced by a
persistent change of external conditions, gradually coming
to a fresh state of equilibrium in which visible motion no
longer occurs. Since energy is thus saved, the new equilibrium
is a typically biological one. Thus the general principle of
the establishment of conservative equilibrium brings complete
cessation of motion. Contrast now such entire elimination
of external reaction with the conditions in which the organism
finds itself when faced by the maze on successive occasions.
It is clear that cutting down movement will conduce to organic
conservation, It is equally cles¥, however, that complete
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elimination of movement will be unbiological, for it would
bring starvation. There must be movement to obtain
food.

1t is then possible to see two opposing tendencies, each of
which must have its effect in the final establishment of relative
equilibrium. Organic conservation demands movement-
elimination ; organic conservation demands also movement-
until-food-is-reached. These demands are both met in the
organism capable of synthesizing a unified reaction to such
complex conditions. In the maze-running activity of the
rat, locomotion is eliminated as far as possible under the
condition that the maze must be run to obtain food. This
elimination goes on until, under this latter condition, it can
go no further; always bearing in mind that {here is required
a special organization to effect this resull, and leaving out
of account " stereotypes "’ of an uneconomical kind that often
persist, presumably because the mechanism is not functioning
perfectly. The learned path is thus minimal for the particular
topography of the maze. Many writers have pointed this out.?
The path is minimal because under the given conditions it
has been changed as far as possible in the direction of economy,
and change in this direction may be subsumed under the
general biological principle of Haldane, Such a path possibly
represents a minimal expenditure of energy, though there are
no experimental data on the point,

In this conception of maze learning as establishing a minimal
path because the maximum possible elimination of locomotion
has taken place, we have a parallel to the establishment of
maxima and minima in many inorganic systems, The stone
rolls until, by the total conditions of the gravitational field,
movement can go on no longer. “ Often”, says Mach when
speaking of the establishment of inorganic equilibrium, ** the
phenomena of nature exhibit maximal or minimal properties
because when these greatest or least properties have been
established the causes of all further alteration are removed. . . .
It sounds much less imposing but is much more elucidatory,
much more correct and comprehensive, instcad of speaking
of the economical tendencies of nature, to say: ‘So much

1 See Szymanski (1917}, Gengerell1 (x930). Bethe noled the pomnt
m a famous paper (1898). Helson (1927) also discusses it. Borovsk
uses fundamenially the samg principle in his theory of ' adaptive
economy *’ (x930)
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and so much only occurs as in virtue of the forces and cireym-
stances involved can occur.’”’?

Granting the particular conditions, first that the animal
must eat, secondly that the structure of the maze is such ang
such, thirdly that the organic system tends towards con-
servative equilibrium, Mach’s words will equally well describe
this characteristic phenomenon of maze learning. The animal
cannot walk through the wall, must run along the alleys, and
so on, and must finally obtain food. There is ultimately
established a dynamic equilibrium, which involves motion
organized in space and time according to the peculiarities
of the determining spatio-temporal conditions.®? The whole
process is again very much the same as that of the formation
of the conditioned response. In each case movement is cut
down ag far as possible under the given conditions, and a fresh
neural pattern is created involving elements corresponding
to the nutritive and non-nutritive parts of the situation.

The actual mechanism of this process of elimination of
errors is even more obscure than that of the disappearance
of the original response to the conditioned stimulus. The
fact to be explained is that the presence of a specific alley is
{ollowed by reaction of a certain kind at the beginning of the
experiment, and is not so followed at the end. The immediate
parallel is of course again the phenomenon of habituation
where a specific stimulus is originally followed by a reaction
which it finally loses. Possibly the process of habituation
is, indeed, involved to a certain extent, in something the same

1 1803 (tr.), p. 460.

2 It must again be insisted that the equilibrium and the minimal
path achieved are not in practice absolute. An absolute or ideal
equilibrium can never be achieved in concrete cases even by inorganic
systems. There are always disturbing forces which cause the observed
equilibrium to differ from the ideal, or theoretical one. It must also
be remembered that the minimal path is such as can be achieved by
the particular organic system in question. Thus when a rat running the
maze is observed to turn his head from side to side, we have not maximum
possible ehimination of motion. To what such residuary movement is
clue, it is hard at present Lo say; any statement would be premature.
It may be that the amimal is not * good enough ' to concentrate his
attention, in subjective ierms, wholly on the job It may be that
waving the head makes running easier for him It may be that to
describe his learning as the achievement of an equilibrinm represents
only a first approximation to what has haDpened.
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way as it is possibly involved in the extinction of the con-
ditioned reflex.

Apparently we have in negative adaptation, extinction,
disappearance of the original response to the conditioned
stimulus, and elimination of errors closely allied phenomena.
All {our are a necessary part of the attainment of new organic
equilibrium ; in the case of negative adaptation and extinction
this equilibrium or constant state is static,* while it is dynamic
in the disappearance of the original response to the conditioned
stimulus and the elimination of maze-errors. For in these
last two phenomena after learning has taken place the repeated
situation still induces reaction—salivation and maze-running
respectively—while at ihe same time part of the original
response has been cut out during the process of learning.
Negative adaptation we have attributed to the development
of an actively checking process resulling from repetition of
the stimulus concerned. Extinction we have found reason
to believe somewhal more complex. Here there seems reason
to think that, in addition to a checking process due to sheer
repetition, repetition of the conditioned without the uncon-
ditioned stimulus may also induce some process tending
towards degeneration of the conditioned response. In the
same way we have seen that it is probably unwise to attribute
the degeneration of the original response of the conditioned
stimulus to habituation pure and simple, In the discussion
of the conditioned reflex we saw that it is highly probable
that the synthesis of the new neural pattern may of itself
develop some kind of inhibitory or deactivating process which
contributes {0 such phenomena as the disappearance of the
“ orientation * reflex which have been referred to the drainage
hypothesis. This is all more or less speculation. It has,
howevet, a certain amount of experimental background.

Much the same thing can be said of the elimination of errors,
for the physiological explanation of which we have, however,
no experimental data. Introspective evidence and observation
alike seem to show that the development of such a habit as
is acquired by the rat may be accompanied by intense
“ attention ”’ to the relevancies of the situation, with corre-
sponding ** distraction "’ from everything else. It has been
pointed out by Sherrington that “ attention " implies both
activation and inhibition in the central nervous system.?

1 As far as any organic equihﬁrium can be static. ¥ 1911, p. 234,
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It is then not unreasonable to believe that the formation of
the maze habit implies both the activation of certain nervoug
patterns and the inhibition of others. Thus a mouse engaged
in running a maze may run straight past food left in an
unaccustomed place.* In view of the intimate relation known
to cxist in the nervous system between excitation and
inhibition the definite establishment of any other conclusion
would be surprising.

However, when all is said and done, the part played by
inhibition in learning has yet to be described. At the present
lime we may express ourselves as anticipating that future
rescarch will show that the eliminalion of maze errors is
attended by phenomena which are properly described as
inhibitory.

Whatever the ultimate solution, the four phenomena to
which reference has been made represent four different parts
of the same problem. One may suspect that with fuller
understanding the solution of the conditioned reflex problems
will be seen to be obtainable by simplification: of the maze
problem. In this way, for example, we can apparently regard
the disappearance of the * orientation reflex ”’ as a limiting
case of the maximum possible diminution of response to the
maze. When the mazerun s zero, maximum possible
diminution of response results in zero motion. The circum-
stances do not demand response, as in the maze proper. In
the same way, the habituation experiment will presumably
be derived by simplification {rom the conditioned reflex
experiment. For here again response to the Zofal situation
may economically be entirely eliminated, which is not the
case with the conditioned reflex, since the animal must eat.

Of course the foregoing description of maze learning as
the establishment of a conservative equilibrium gives no
explanation. It merely states that this kind of learning
comes under a general descriptive rule which has been seen
to hold good of the stimulus-response relation in general.
There is no implication thal the same mechanism is here
involved as in the simpler cases. For all the description
tells us, the equilibrium attained by a rat and similar animals
in the maze might be reached by an entirely fresh mechanism,
a “learning " activity uniquely different from any of the
simpler biological processes. If this were so, the description

} Unpublished experiments o D.C.G. MacKay.
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adopted would still be valuable as showing that learning and
the simpler responses are both instances of organic equilibrium,
even though this might be attained by different means.

And yet what evidence we have seems to indicate somewhat
massively, if generally, that maze and associatory learning
in general is not due to a special process which suddenly
appears in the evolutionary chain, The point was taken up
somewhat extensively in Chapter IV. It was then shown
that, starting with the conception of the integrative aclion
of the most elemeniary organisms—an integration, he it
noted, that is effccted by a four-dimensional system as the
result of four-dimensional stimulation—it is possible to see
organic synthesis growing more and more complex as specializa-
tion and development procced, uniil we come to the complex
learned aclivities of such animals as the rat, which still
retain their four-dimensional integrative nature. At no stage,
we may repeat, can we say ‘‘ here learning enters .t Life
involves unitary, integrative action. It is apparently because
we live at approximately the same iempo as most organic
creatures that the learning of a rat seems uniquely different
from, let us say, the adaptation of the heart-beat to the
exigencies of the body. To an organism the tempo of whose
life was such that the fraction of a second’s quiescence between
heart-beats appeared as long as twenty-four hours fo us, the
process by which successive beats are related would surely
seem to involve some special faculty of memory. And con-
versely, to a being the tempo of whose life was much slower
than ours, the learning of the maze might well seem nothing
bul a process of almost instantaneous adaptation.

It should further be realized that the total situation involved
in learning the maze may include other than repeated and
ideally identical presentations of the same maze-food complex.
Any particular maze response is effected by an integration
which involves a total Situation which has originated in the
past. Important clements of this total Situation are the
highly similar repetitions of the maze-with-food. Other
elements may have involved presentations of maze-fealures
in an entirely different conlext. This is well shown by the
concept of *latent learning ™. It is known that an animal
which has previously been allowed to * familiarize " itself

1 Readers of Herbert Spenger will notice that he made somewhat
the same pomnt
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with the maze is thereby helped considerably when the maze
has to be traversed in order to attain a reward. The fact
was established by Lashley and has been corroborated by
other workers.! It seems to be similar to a very familiar
occurrence in human life, where we may use all our “ relevant ”
experience to effect a given task. As we have seen, learnin
with repetition shades into learning of the *insight " type
where repetition is less important and thence into the
integration of response to a single complex situation.

We have then a picture of any particular run of the maze
as a facet of the progressive integration and perpetual
equilibration that is the animal’s life. All the past experience
of the animal converges on any one run. Reaction is being
made to a present element of a total backward-stretching
gituation which is really co-extensive with the total environ-
ment-continuum since birth or even fertilization. On this
background of environment-continuum there is organized, as
we have seen, the special " learning ™ situation, including
repetitive and non-repetitive elements. This organization
takes place because of the four-dimensionally integrative
powers of the living system; to say that the living system
integrates in four dimensions is to say that it is the same
gystem during the progress of time. The particular system
in question can effect this, that, or the other feat of unification
according to the efficiency of its mechanism. And finally,
when we speak of organization it is not of course implied
that anything is done to the things-in-themselves—whatever
they are—constituting the environment. The organization
is of things-as-they-affect the organism ; perhaps we may say,
it is an organization of stimuli or environmental features, if
we define environment or stimulus in relation to the organism.
As Kant pointed out, it is the organism that actively effects
the organization, Subjectively, organization is of phenomenal
things.?

i Haney (1931), who refera to the other experiments. See also Tolman,
op. cosf.,, on " latent learning”’. The same fact is illustrated in a more
complex form by certain of Maier's experiments (1929).

® If it seem to the rcader that we are here far from the conceptually
simplified systems described in Chapter II, he 1s reminded that no
prefence is made of explaining the living by the non-living system,
The discussion of system was for the purpose of illustrating the general
meaning of system as a unitary, interrelated complex. The attempt is
made only to describe the living system, and that all too roughly.
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The Problem of Motive~—The distinction between the
alimentary and non-alimentary part of the situation touches
the problem of what is ordinarily called '‘ motive ", which
has already been briefly discussed. It has been scen that
when the context of a situalion rather than its immediate
features seem more important in the determination of action,
we ordinarily speak of a motive. We can now go further,
There are, we have seen, certain substances in the environment
with which the organism stands in a very special relation.
These are substances forming food, drink, and so on, such
as are nccessary for the maintenance of the homeeostatic
constants. Now if any environmental feature is incorporated
in the same context with any of these special substances,
then the phenomenon of motive will be especially clear.
Context is, of course, a metaphor. But, considering the fact
of synthesis in learning as already discussed, we may say
that synthesis of necural elements corresponding to both
nutritional and non-nutritional {eatures of the environment
is the objective basis of what is subjectively known as the
motivation of the animal's conduct in the maze. When in
Kohler's ingenious experiments the ape was forced to go the
long way round in order to obtain his banana, it must be
assumed that there was synthesized, this time with relative
rapidity, a neural pattern involving elements corresponding
to the détour and the banana. Or, to take a more complex
instance, a child that has learned to avoid a certain street
because of a terrifying dog that lives in’ one of the houses, has
presumably effected a neural synthesis comprising elements
corresponding to the street and the dog. Equally in these
experiments as in the mazerunning activities it would
ordinarily be said that the “ motive ™ for certain actions is
to be found not 1n the physical conditions immediately con-
fronting the organism but in another part of the total situation.
The motive for the ape’s défour is the banana, that of the
child’s avoidance of the street is the avoidance of the dog,
that of the animal's running the maze is the gaining of the
{food in the box.

‘We do not presume to explasn organic systems by inorganic ones, any
more than the chemist presumes to explain logical systems by chemical
ones. Living systems are primarily four dimensional. The systems
of Chapter II were considered by abstraction to be primanly three
dimensional and as exhibiting a related unity that 1 primarily timeless.
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The term meaning is similarly related to the new synthesis
of action and neural pattern; the meaning of the maze is
now food, Likewise in the conditioned reflex experiment the
meaning of the light is now food.

The effect of repetition as such is still obscure,® The
existence of the refractory and supernormal phases, together
with such phenomena as habituation where repetition
diminishes overt aclion, with other cases such as those in-
vestigated by Thorndike, where repetition seems to have no
effect one way or another, give a picture of astonishing
complexity, It seems, however, at least possible to say that
in an important group of cases where practice does make
perfect we have a gradual synthesis of neural pattern and
action providing a motive for action that would otherwise
degenerate, and gradually giving meaning to a relatively
meaningless complex of stimuli. In many of these cases the
synthesis gradually effected involves a feature of the environ-
ment with which the organism is in some special relation,
such as the chemicals forming food, or air, or even another
living system, as in the case of the important but obscure
sexual activities.

There are then three main characteristics of the learning
process, which may brieflty be called the principles of equilib-
rium, association or synthesis, and minimal reaction. They
are three aspects of a single unitary occurrence, and attention
has been separately focussed on each of them by experiments
on three apparently different forms of modification by
experience. These are the habituation, conditioned reflex
and mazesunning experiments, They are the three modes
schematically represented in Chapter V by the action-series
of types A, C and C modified. Each of them emphasizes
a single aspect of a total four-dimensional event known as
learning.

Maze Learming and Orgawic Equilibrium—The maze ex-
periments thus provide an admirable example of the com-
plexities of organic equilibrium. To start from first principles,
the fact of what is ordinarily called learning forces us to
recognize that successive responses to successive maze-
presentations are connected. They cannot be regarded as
separate, discrete, but must be considered as related to each

1 Discussions of the * law of exercise ! will be found in Thorndike
(1931) and Tolman (1932).
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other, This is the primary fact from which all discussion of
repetitive learning must start. The sum total of all these
responses may then be considered as forming a tolal unified
Response, unification being eftected by the relations existing
between the component responses.?

Thus the total behaviour of the animal during twenty
experimental sessions may be considered as forming a single
Response to the total Situalion which is twenty-successive-
presentations-of-the-maze. Regarded in this way, improve-
ment of performance is seen as the gradual approach to a
position of equilibrium; this represents a stage beyond
which improvement cannot go, and is in every way comparable
to the organic equilibrium achieved when the organism is
confronted by a non-repetitive situation. Such cquilibrium
is not reached because the organism is a system ; for we know
well thal many animals cannot learn the maze. Maze
equilibrium is rather reached because the organism is a system
constituted in a certain way.

Thus again we must contrast the total Response to twenty-
maze-presentations with any single component response, say
ithat reached on the last presentation. At the twentieth
presentation the organism is faced with a maze situation the
effect of which is different from that of the same situation
at the first session. This difference is due to the fact that
the maze is now part of a more inclusive, time-extended
Siluation with its roots in the past; response is modified,
because the stimulus has become part of a larger Stimulus
complex. Such modification of response is the maze learning.
It is sometimes said, as in the case of the conditioned reflex,
that the animal anticipates food at the end of the run. This
is dangerous language if it implies that he is reacting to a
stimulus that has not yet been experienced or which is perhaps
not in existence at all. Objeclively considered response is
progressively called out by environment.® When we wish
to compare any individual run with a preceding one, then
we must take the whole greater Response unity into account.
Then it is seen that the individual response o any individual
maze presentalion is modified because its stimulating situation

1 Cf. note, p. 8.

2 There 1s no atlempt, of course, to deny that subjechvsly anticipation
may be presenl, We have specifically excluded the problem of the
correlarion of ** objective ' and ¥ subjective *’ events.
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is part of a larger Situation which expands as repetition
increases, ‘I am a part of all that I have met,” cried Ulysses,
Learned response, like all response, is at any moment a part
of the organism’s total previous history. Specifically, when
repetition has taken place learned reaction to one of the
repeated situations is part of the total Response to the repeated
situation.

Finally, as to synthesis: the organism is a system the
component elements of which are processes. The unifyin
relations of these constituent elements bind it into what is
at any moment a functional unity. This unifying of function
is the physiological Integration, and such integration is
momentarily progressive. At every instant the organism is
effecting progressive integration ; if the process stays, even
instantaneously, death results.

But here again we are really taking a three-dimensional
slice out of biological processes; it is better to consider the
whole four-dimensional environment as progressively develop-
ing, and, facing it, the four-dimensional organized living system,
Then it is seen that if the organism is to remain the same
organism throughout its life, integration or unification must
be four dimensional. The organism actively effects a spatio-
temporal unity ; or, in the terms of a preceding chapter, when
disturbed it actively effects a conservative equilibrium. Were
it not for this four-dimensional unification, this maintenance
of itself against a hostile and time-progressing world, the
living creature would biologically disintegrate at every instant.
When we speak of maze-learning, with its synthesis of pro-
gressive presentations of the maze food situation, we are
then abstracting for convenience of thought from the total
progressive four-dimensional integration that is momentarily
being effected. According to its constitutior, an organism
can effect a more or less complex integration of relatively
simultaneous stimuli. Certain organisms can likewise effect
& more complex integration or synthesis than can others of
situations that are separated in time. That is to say, they

can effect the more complex feats of repetitive learning, can
better profit by experience.



CHAPTER XI
CONCLUSION

“ The word ‘ memory ’ is here used in the widest legitimate sense ;
it implies stability of organization in spile of change, a stability which
enables it to survave change and 1o incorporate effecls of change within
itself,”  (Willam MacDougall.)

Tue ihesis which this book has attempted to maintain rests
upon a truism. It is the truism that if any material complex
is found to persist in a world where the flux of Heraclitus
reigns continuously, such persistence must ultimately be due
to the special organization of the complex. This proposition
is as true of inorganic as of organic complexes ; equally true
of both animate and inanimate nature is the related proposition
that in a world where change has reigned continuously in
the past those complexes which have such organization-for-
constancy will, on the whole, be more in evidence than others
lacking such special organization, For they alone survive for
any length of time; all others must be disintegrated. These
statements are, of course, akin to the affirmation of a docirine
of survival.

While, however, organic and inorganic survival rest on
much the same presupposition, yet as we leave the chemical
and physical sciences for the biological ones we begin to find
a shift of emphasis. The chemical atom is a complex which is
highly stable, and which indeed could not until lately be split
up by any means at the disposal of physical science. It has
its own organization for constancy, the nature of which is,
however, not yet known. Thus one is not surprised to find
Whitehead maintaining that the atom is an organism-—a
curious reversal of the older mechanistic point of view. The
chemical compounds are similarly systems, interrelated
complexes, with organization for constancy, although they
are not so stable as the elements. Their organization for
constancy is not so robust. Now by far the greatest part of
the work done by physicicts and chemists upon these stable
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systems of inorganic nature has been confined to the jp-
vestigation of their properties without reference to the
possibility of disturbance created by external change, Te
properties of'the carbon atom are examined. We ordinarily
see it as stable, not in the process of preserving its stability,
1f some physicist succeeds in doing the appropriate things to
the atom of carbon, we shall sec another atom, likewise stable,
In the same way, the chemical compounds are in genera]
examined as stable, not in the process of preserving their
stability when external conditions change. We know that
molecules of water when heated to a high temperature will
disintegrate into hydrogen and oxygen. What happens to
such a molecule when it is in process of preserving its integrity
after external disturbance we do not know, nor, for that
matter, whether the phrase has any meaning.

When we come, however, to the biological systems it is
of very great importance to observe precisely that which
is lost from observation in many pre-biological complexes,
namely the displacements which arise after disturbance,
Such disturbances are ususlly said to be due to stimuli, or
change of conditions, a usage which affirms belief in the
applicability of the “law of causation ” to organic events.
Stimuli must, of course, be confined within a limit, which
is pathetically narrow if the total possible of cosmic conditions
is considered. Change of heat conditions amounting to a
few degrees will act as a stimulus for the temperature-
regulating and other structures of the body. Just what span
of variable heat conditions will so act upon our hothouse
human organizations is difficult to say. It is certain that
it shrinks into insignificance by contrast with the heat of
the stars and the cold of interstellar space. Organic dis-
placements caused by the narrow band of stimulating
disturbances we call responses, adjustments, or behaviour,
The fact that disturbances never come singly we recognize
by the use of the term situation, which denotes a complex
of stimuli to which unified organic adjustment is made.
Thus in anatomy and physiology the biological sciences
investigate the structure by means of which compensatory
adjustments are made and life preserved, and to a certain
extent the bebaviour of the organism after disturbance,
Here it is to the genius of such biologists as Sherrington,
Adrian, and Forbes that we owe ¢ur knowledge of the reflex
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and of the nervous impulse, each of them essentially phenomena
of distmbance. To the psychologist, however, belongs
peculiarly the task of investigating such transitional states
between one equilibrium configuration and another. When
the four-dimensional organized manifold we call the living
system makes an adjustment to a four-dimensional situaiion
containing similar spatio-lemporally distributed elements,
such as successive presentalions of the maze complex, and
eslablishes a new equilibrium 1o such an extended situation,
then we say thal learning has taken place. The term is
also used by the Gestalt psychologists to describe adjustment,
or unified systemic response, to complex situations wherc the
temporal aspect is not so obvious.

There are, of course, many cases where the organism does
not learn. Thus it may be impossible for a new equilibrium
to be reached to a temporally extended situation which does
not include any repetilive features. In an entively chaotic
world, where no two successive events were ever in any way
similar, organic equilibrium, at least of the kind seen in
repetitive learning, would be impossible for organisms of the
type we know. This is because the organism is a partial,
not an isolated, syslem in delicate interrelation with the
environment. In such a world there would be no persistent
feature of the environment in relation to which such organic
equilibrium could itself persist. Subjectively, and by the
same token, it would be impossible for the organism to * profit
by experience ”, since there would be nothing in the pasi
to which the present experience could be referred, for the
achievement of a constant state by a system implies a corre-
sponding environmental constancy, whether the system be
organic or inorganic.! Without this, as we have previously
remarked, the constant organic state would be immediately
disturbed. In the time-extended biological situation such
constancy is given by the repetitive element. Thus it is that
from the time when training begins the maze-food camplex
is experimentally lept as constant as possible, and it is to
this complex that the fresh equilibrium is reached, If again
the character of the maze were totally altered at each run,
the maze-food complex would present to the rat a small

1 Reservationsshould perhaps be made asto thresholds. My colleague,
Prof. Viastos, points out that it is doubtiul whether absolute chaos 1s
posstble.
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chaos ; once more no equilibrium would be possible, and no
learning. Similarly, even if constancy is objectively present
in the four-dimensional situation-manifold, the organism may
not be sufficiently endowed to achieve the requisite equilibrium.
Thus Lashley has shown that a rat deprived of more than
40 per cent. of its certbral cortex cannot learn the maze.
Here we have indeed a biological system, but not one with
the organization necessary to achieve equilibrium to such
complex environmental conditions. Similarly many intact
biological systems of a lowlier order cannot “learn ”’ a maze
which presents little difficulty to a rat. A tortoise would
be hopelessly lost in a structure that could be learned by
a mouse in a dozen trials.

Moreover, a four-dimensional situation presenting chaos
to a rat may exhibit to the highly endowed human organism
points of similarity which will make learning possible. “ The
human brain can fabricate symbols and abstractions; it
can use language, numbers and equations, design machines,
bridges, telescopes and use them. The chimpanzce does not
know the meaning of y2=29x, and he can never find out.” !
The symbols, abstractions and formule of science and mathe-
matics are, of course, statements of uniformities in nature,
not ultimate explanations. These uniformities can be detected
by the more subtle human brain and used to further the ends
of human organism. The Egyptian geometer detecting the
uniformities in the rise of the Nile waters and using them
to ensure next year’s crops is doing on an extended scale
what the rat does in the maze. Confronted with an originally
chaotic spatio-temporal manifold in which to get food and
thus to keep intact his bodily organization, he succeeds in
economizing time and energy by the recognition of certain
similarities in the protean phenomena of nature. Because
he can detect these similarities underlying chaos he achieves
in his food-hunting activities a constant economical level
unknown to his nomadic ancestors, A still more economical
and improved level is reached today, as the result of the
uniformities detected in nature by agricultural and other
sciences, Scienlific methods are economical, and economy
can proceed only up to a certain point, the point of equilibrium.,
Scientific formul®, learned in one connection and with one
motive, may later be incorporatgd into another context by

1 Herrick, 1926, p. 290.
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a process of “latent learning’ similar to that observed in
the maze-learning of rats.

In any act of learning it has been throughout insisted that
we are apt to look not at the total four-dimensional series of,
actions by which equilibrium is attained, but at the individual
actions composing this series. Thus we see a cat escaping
from a puzzle box, and cry “ See what a clever animal {
The cat appears clever, as Thorndike remarked, because we
have not seen the training which preceded the accomplishment.
The learned action here appears unique only when we {orget
that it is a phase of a more extended process of establishing
equilibrium. To explain it a unique organic property of
memory, mneme, or what not, is often postulated. Thus the
cat's performance is said to be possible because the animal
‘ remembers "’ previous cvents ; or one who is more objectively
minded may speak of ““ organic traces’’. In each case the
statement has about it a certain flavour of the plea of sui
gemeris which, however, is not so apparent in the behaviouristic
statement, If, howevcr, learning is considered from the
point of view here advocated the necessity for any special
terminology largely disappears. The rat’s learned performance
seems qualitatively different from unlearned reactions because,
in our inveterate habil of tri-dimensional thought, we are
isolating a three-dimensional slice from a four-dimensional
event and contrasting it with other, preceding, three-
dimensional slices. From first to last the cat’s behaviour in
the puzzle is a connected, unified process of attaining equili-
brium, This at the risk of repetition. If we do not thus
consider the total set of reactions in their total context,
special terms must be used to explain any individual reaction.
In the same way, in order to explain such events as the rise
of water in a vacuum without considering the whole relevant
content, including the atmospheric pressure, it became necessary
to postulate the special principle that nature abhors a vacuum.

Of the peculiar relation of what are called events of
consciousness to this process of the attainment of equilibrium,
we cannot here speak.? The problem of the relation of the
events of consciousness to physiological and other ** objective *’

1 The reader is referred to the works of Lewin, whose attitude, very
much like thai of the present work, is entirely subjective. The promused
second volume of Holt (19313. is also to discuss the subjective side.
Ses also Tolman (1932).
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happenings is an ancient one. It is elsewhere discussed in
the light of modern psychological findings. At the beginning
of this book permission was asked of the reader to shirk this,
the most difficult, if the most fascinating, of all scientific
puzzles. Because of this limitation of subject-matter, the
discussion of this book is essentially incomplete. It is, however,
only by carrying the analysis of “ bodily ' activities to the
furthest possible limit and by the use of the fullest possible
objective experimental evidence that the stage may adequately
be cleared for the major investigation.

Thus this book ends with a recognition of its incompletencss.
Nor is this the full tally. Many of the problems involved in
the stupendously complex aclivity of human learning have
not been considered at all. Such are the relation of many
of the everyday activilies of human life to the major drives
or urges; the intricate interlacement of the sexual urge
with apparently non-sexual functions; the widely ramifying
@sthetic response, the emotional responses. But the enumera-
tion would go on to the crack of doom. Certain of these
problems may possibly in the future be found amenable to
description along the lines of this book. Some may not be
amenable to objective description at all. Others will possibly
require an entirely different, though still objective, formulation.
For the reader may once more be reminded that in considering
the organism as a living system final description was not
intended, any more than such completeness of description is
implied by the chemist when he shows chemical processes to
take place in the organism, In each case the aim is more
modestly to provide a slightly more adequate account of
certain features of organic behaviour by relating apparently

unique organic events to already known and more general
principles.
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Tractatus Logico-Philosophicus. By Ludwig Wiitgcustein.
Introduction by Bertrand Russell, F.R.S. xo0s. 6d, net,

‘ This is a most imporiant book conlaining original ideas on g large range

of topics, formng a coherent system which is of extraotdinary inicrest and

deserves the attention of all philosophers.'—Mind. ‘ Quite s exciting as

we had been led Lo suppose it to be.'—New Statesman.

The Measurement of Emotion. By W. Whalely Smith, M.A.
Foreword by William Brown, M.J)., D.Sc. 10s. 6d. nel.
‘It shwuld prove of great value to anyone inteiesled in psychology and
familiar with current theories ; while the precision of the authior’s methods

forms an abject lesson in psychological rescarch,’—7iscovery.
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Scientific Thought. .By C. D. Broad, Litt.D., Lecturer in Philoso-
phy at Trinity College, Cambridge. Sccond edition, 16s. net.

‘ Thus elosely-1easoned and particularly Iucid book is certain to take a chief

place in the discusstons of the nature and impotrt of the new concepis of

the physical aniveise. The book 1s weighty with matter and marks an

intellectual nchievement of the lughest order '—Tumes Literary Supplement

Psychological Types. By C. G. [ung. Translated with a

oreword by H. Godwsn Baynes, M.B. Third edition, 25s. net.
¢ Among the psychologists who have something of value to iell us Dr Jung
holds a very high place, He is both sensitive and acute; and so, hke a
great wrniter, he convinces us that he 13 not inadequate to the immense
complexity and subtlety of lus material. We are conscious throughout of
a sensitiveness, a wide range of understanding, a far-mindedness, which
give us a real respect tor the author '—Tunes Literary Supplement

Character and the Unconscious: a Critical Exposition of the
Psychology of Freud and Jung., By J. H. van der Hoop.
10s. 6d. net.

‘ 11lis book 1s an almirable attempi to reconcile the iheories of Jung and

Freud [lo shows that the positions luken up by ihese two psychologists

ae noi as antagonistic as they appear at first sight. The bouk coniains a

very adequale account of Ifrend’s leaching in ils salieni features, and his

treatment of both theoues 18 clear and sympathetic.’—New Statesman,

The Mcaning of Mcaning: a Study of the Influence of Lan-
guage upon Thought. By €. K. Ogden and I. A. Richards.
Supplementary Essays by Professor B. Malinowsksi and F. G,
Crookshank, M.D., Third edilion, 128, 6d. nct,

* ‘The authors attack the probiem from a more fundamenial point of view

than that [om which olliers have deall with it, The impoilance of their

work is obvions, It 1s a book for educationists, ethnologists, grammarians,

logicians, and, above all, psychologisis. The book is wulien wilth admirable
clarity and o stiong sense of humour.'—New Stalesman.

Scientific Method, By 4. D. Ritchie, Fellow of Trinity College,
Cambridge. 10s. 6d. net.

* The Iresh and bright siyle of Mr Ritchie’s volume, not without a salt of

humour, malkes 1l an inieresting and pleasani book for the general reader.

Taken as a whole 1t 15 able, comprehensive, and right in it8 main argument ’
—British Medical Journal * His brilhant book.’—Daily News,

The Psychology of Reasoning. By Eugenio Rignano, Pro-
fessor of Philosophy in the University of Milan. 14s. net.

‘ The theory is that reasomng 1s simply 1maginalive experimenting. Such

a theory offers an easy explanation of error, and Professor Rignano draws

1t oul in a veiy convincing manner ‘—Times Luterary Supplemant.

Chance, Love and Logic: Philosophical Essays. By Charles
S. Peirce. Ediled with an Iniroduction by Mor#is R. Coken.
Supplementary Essay by John Dewey. 12s. 6d. net.

* 1 1s impossible to read Petrce wilhout recognizing the presence of a superior

mind. He was something of & genius’—F. C. 8. Schiller, in Spectator.

*Ti1s here that one sces what a brilliant mind he had and how indeper~lently
he could think '—~Nation.
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The Nature of Laughter. By J. C. Gregory, 108, 6d. net,

* Mr. Gregory, in ths fresh and stimulating study, joins issue with all s
predecessors.  [n our judgment he has made a distinel wlvance in the study
of laughter; and lus remacks on wil, humoui, and comedy, aie most dig-
criminating.'— Journal of Education.

The Philosophy of Music. By IVilliam Pole, F.R.S., Mus. Doc,
Edited with an Introduction by Professor I. J. Dent and a
Supplementary Essay by Dr. Hamilton Hariridge. 10s. Gd. net,

‘ This is an excellent book and its re-1ssue should be welcomed by all who
take more than a superficial interestinmusic  Dr. Pole possessed not only a
wide knowledge of these matters, but also an aliraclive siyle, and this
combination has enabled him to set forth clearly and suificiently completely
to gave the general reader a fair all-round grasp of his subject.’—Discovery.

Individual Psychology. By Alfred Adler. Second edition,
18s, net.

‘ He makes a valuable contribution o psychology. Ilis thesis 1s extremely
simple and comprehensive : mental phenomena when coirectly undeistood
may be regardod as leading up lo an end which consists 1 establishing the
subject's superiority,'—Discovery.

The Philosophy of ‘ As If’. By Hans Vailtnger, 25s. net.

' The most important contribution 1o philosophical literature in a guarter
of o centurfr. Brielly, Vaihingor nmasses oviclence 1o prove thatl we ean
arrive at ihcories which work prelty well hy “ consciously false assump-
tions” Weknow that ihese ficlivng in 1o way voflect reality, but wa treat
them as if they did. Among such fictions are @ Lho average man, freadom,
God, emply space, matler, the nlom, inlinity.’ Spectator,

Speculations : Essays on LIumanism and the Philosophy of Art,
By T. E. Hulme, ILidited by Herbert Read. Frontispicce and
Foreword by Jacob Epstein. 10s. 6d. nel,

! With ils peculiar merils, this book is most unlikely to meet with the
slightest comprehension from the usual reviewer. IInlme was known as a
bnlliant talker, a brilliant amatenr of metaphysics, and the author of iwo
or three of the most beautiful short poems 1n the language. 1n this volume
he appears as the forerunner of a new attitude of mind '—Crilerion.

The Nature of Intelligence. By L. L. Thurstone, Professor
of Psychology in the University of Chicago. 10s. 6d. net.

‘ Prof. Thurstone distingmishes three views of ihe nature of intelligence,
the Academic, the Psycho-amalytic, the Behaviourist. Apainst these
views, he expounds his Lhesis that consciousness is unfinished action, s
book is of the first importance. All who make use of mental tests will do
well to come to terms wilh his theory.’—Times Laterary Sup piement.

Telepathy and Clairvoyance, By Rudolf Tischner. Preface
by E. J. Dingwall. With 2o illustrations, 1os. 6d. net.

' Such investigations may now expecl to rcceive the grave altention of
modern readers. They will find the material here collected of great value
and interest, The chief interest of the baok lies in the experiments it
records, and we think that these will persiude any reader free trom violent
prepormessions that the present stats of the evidence nccessitates at least
an open mind regarding their possibility,’—Tmes Literary Supplement.



InTerNATIONAL LIBRARY OF PsycroLoGy 7

The Growth of the Mind : an Introduction to Child Psychology.
By K. Koffka, Prolessor in the University of Giessen. Iifth
edition, revised and reset, x5s. net.

* His book i extiemely interesting, and it is to be hoped that 1l will be
widely read.’—Tismes Literary Supplement. Leonard IWoalf, 1eviewing this
book and the following ono in the Nation, wriles: ‘ Every serious student
of psychology ought to read it [The 4 pos], and he should supplement 1t by
reading The Growih of the Mind, for Professor Kofika joins up the results of
Kéhler's observations with the results of the study of cluld-psychology.’

The Mentality of Apes. By Professor W. Kochler, of Berlin
University. Third edition, with 28 illustrations, 10s, 6d. net.

* May fairly be said to mark a turmng-point in ihe history of psychology.
The book 15 both in substance and form an altogether admurable piece of
work, Ttis of absorbing interest to the psychologist, and haidly less to the
layman. His work will always be regarded as a classic in 1ls kind and a
model for fuiure studies,'—Times Literary Supplement

The Psychology of Religious Mysticism. By Professor [ames
H. Lewba, Second cdition, 15s. net.

' Based upon solid research.'—Twmes Litsrary Supplement. ' The boolk 15
fascinating and stimulating even Lo those who do not agree with il, and it
is scholarly as well as scientific."—Review of Reviews, ' ‘Lhe most success-
ful allempl m ibe English language to penelrate to ihe hearl of
mysticisin.'—New York Nation

The Psychology of a Musical Prodigy. By G. Revesz, Director
of the Psychological Laboratory, Amsterdam. 10s. 6d. net,

' Vor the first timo we have a scienliflic report on the developmenl of a

musical genins. Instead of being dependent on the vaguely marvellous

repori of adoring relatives, we enter Lhe more salisfying atmosphere of
recise tesls, Thal Erwin 13 a musical genius, nobody whe reads this
ook will doubt.—Z'wnes Literary Supplement

Principles of Literary Criticism. By I. A. Richards, Fellow of
Magdalene College, Cambridge, and Prolessor of English at
Peking University. TFourth edition, 10s. éd. nel.

" An important contribution to the rehabilitation ol English criticism—
perhaps because of its sustained scientific nature, the most imporiant
contribution yet mada, Mr. Richards begins with an account of the present
chaos of critical theories and follows wilh an analysis of the fallacy in
modern aesthetics.’—Criterion.

The Meta%l:iysical Foundations of Modern Science. By
Professor Edwin A, Burit, 14s. net.

* This book deals with a profoundly interesting subjeci. The critical portion
13 admirable,’—Bertrand Russell, in Nation ‘A history of the origin and
development of what was, until recently, the metaphysic generally asso-
ciated with the scientific outlook . . . quite admirably done.'—
Times Liievary Supplement.,

The Psychology of Time, By Mary Sturt, M.A. 4s. 6d. net.

' An interesting book, typical.nf the work of the younger psychologists of
to-day. The clear, concise style of writing adds greatly to the pleasure
of the reader.'—Journal of Education.
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Ph sique and Character. By . Kretschmer, Uotosson in (he
niversity of Marburg,  With 31 plates, 155, net.

* His contitbulions Lo psyehiatry are practically unhnown w1y country,

and we therefore welcome a translation ot his nutable work,  The problem

considered is the relation hefween human torm amd homan natme

Such researches must be regarded as of lundamental importance. We

thoroughly recommend this volume.'—131:tish Medical [ownal,

The P;ychology of Emotion: Morbid and Normal. By
Joan T. MacCurdy, M.D. 25s. net.

' There are two reasons in paiticular tor welcommng Llus book. [irst, 1t is

by a psychiatrist who takes general poychology sertously  Secondlv, ihe

author presents his evidence as well as hus conclusions  This 15 distinctly

a book which should be read by all inteiested 1 psychology. It subject

18 important and the treatment interesting —Manchester Guardian,

Problems of Personality : Tssays in honour of Morton Prince.
Edited by A. 4. Roback, Ph.D. Sccond edilion, 18s. net,

' Liere we have collected togethier samples of the work of a greatl many of
the leading ihinkers on the subjects which may be expected to throw hight
on the problem of Personahity,  Some such sutvey s always a liemendous
help in the siudy of any subject Taken all togelher, the book v Lull of
inleresl ‘—New Statesman

The Mind and its Place in Nature. By . ). Broad, Lilt.D.,
Lecturer in Philosophy at Trinity College, Cambudge.  Sceond
impression.  10s. net.

‘ Quite the best book that D1, Broad has yel given us, sl one of the most

important contiibulions Lo phulosophy made in recenl funes ™ 1 uies

Literary Supplement, ' Il of acensale thought and uselul disfine hons

and on this ground it desetves to he rewd by all senous students ' Bertrand
Russell, n Nation

Colour-Blindness. By Mary Collins, M.A., Ph.D. Introdue-
tion by Dy. James Drever. With a coloured plate, 125, bd, net.

‘ Her book is worlhy of high praise as a punstaking, honest, well-wutien
endeavour, based upon exiensive 1eadmg and close ouginal mvestigalion,
to deal with colour-vision, mainly fiom the poiut of view ot the psychologist
We believe that the book will commend itself to evetyone inlciested 1n
the subject,’—Times Literary Supplement,

The History of Materialism. By F. 4. Lange. New edition in
one volume, with an Introduction by Bertrand Russeli, I.R.S.
15s. net.

* An immense and valuable work.'—Speciator. * A monumentul work of

the highest value to all who wish to know what has been said by advocates

of Materialism, and why philosophers have 1n the main remained uncon-
vinced.'—Trom the Iniroduction

Psyche : the Cult of Souls and the Belief in Immortality among
the Greeks, By Evwin Rohde. 25s. net.

* The production of an admirably exact and unnsually 1eadable Lianslation
of Rohde's greai book is an event on which all concerned ate to be con-
gratulated. ~Itaisin the truest sense a classy;, to wluch all future scholars
must turg if they would learn how 1o see the imward sygnificance of primitive
cults’—2aily News.
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Educational Psychology, By Charles Fox, il.pcturcy on
Education in the University of Cambridge. Third edition,
10s. 6d, net.

* A worthy addition to a series of ontstanding mext,'—Lancel. * Cortamly

one of the best books of its lund.'—Observer. * An extiomely able book,

not only useful, bul otiginal '— Journal of Education.

Emotion and Insanity., By S. Thalbitzer, Chiel of the Medical
Staff, Copenhagen Asylum. Preface by Professor H. Héffding.
7s. 6d. net.

‘ Whatever the view taken of this fascinating explanation, there1s one plea

m this book wluch must be whole-heartedly endorsed, that psychlat.nc

research should recetve much more consideration mn the effort to determine

the pature of normal mental processes.'—Nature.

Personality. By R. G. Gordon, M.D., D.Sc. Second impres-
sion, 10s. 6d. net.

* The book is, in shott, a very usclul critical discussion of the most imporLant

modern work bearing on the mind-body problem, the whole knit logether

by a philosophy at least as promusing as any of those now curieni '—Times

Lusrary Supplement. ‘' A significani contrmbution to ihe study ot

peisonality '—British Medwcal [ournal,

Biological Memory. By Eugenio Rignano, Professor of
Philosophy in the University of Milan. 10s. 6d. nel.

‘ Professor Rignano’s book may prove 1o have an important beating on Lhe

whole mechanist-vitalisi conlioversy, He has endeavouted 1o give meaning

to the special property of *“hivingness.” The author works out his theory

with great vigonr and mgenunily, and ihe book deseirves the carnest atten-

tion of studonts ol biclogy '—Spectator

Comparative Philosophy. By Paul Masson-Oursel. Intro-
duction by F. G. Crookshank, M.D., F.R.C.P. 10s. 6d. net.

‘ IIe is an anthority on Indian and Clunese philosophy, and in this boolk

he develops Lhe idea Lhat philosophy should be studied as a seiies of natuial

evenils by mceans of a comparison of its development 1n vaiions countries

and environments '—ZTimes Lilerary Supplement

The Language and Thought of the Child. By Jean Piaget,
Professor at the University of Geneva. Preface by Professor
E. Claparéde. 10s. 6d. net.

* A very interesting book, Everyone inlercsted in psychology, educatton,

or the art of thought should read 1l. The resuls are surprising, bul perhaps

the most surprising thing 15 how extraordinarily hittle was previously known
of the way 1n which children think.’—Nafton

Crime and Custom in Savage Society. By B. Malinowski,
Professor of Anthropology in the University of London.
With 6 plates, 5s. net.

‘A book of gieat interest lo any intelligent reader.’—Sunday Times.

* Thisstimulating essay on primitive jurisprudence.’—Nature. ' Inbringing

oul the fact that tacl, adaptabilily, and intelligent self-interest are not

confined ta the ctvilized races, nge author of this inleresling study has
rendered a useful service to the humanizing of the science of man '—New

Statesman
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Psychology and Ethnology. By V. II. R. Rivers, M.D., Litt.D,,
F.R.S. Preface by G. Elliot Smith, F.R.S. 15s. netl.

' This notice in no way exhausts the tieasures 1hal are 1o be found mn ths
volume, which really requues long and detuled sludy,  We congratulate
the edilor on producing it. It is a woirthy monument to a greatl man,’—
Saturday Review, ‘ Everything he has wrilten concerning anthropology is
of interest Lo serious students '— Tunes Liferary Supplement

Theoretical Biology. By J. von Uexkiill. 18s. net.

‘Tt is not easy to give a critical account of this important hook. Partly
because of its ambitious scope, that of re-setting biological formulations
in a new synthesis, partly because there is an abundant use of new ierms,
Thirdly, the author’s arguments are so radically important that they cannot
justly be dealt with in brief compass. No one can read the boolk without
foeling the thrill of an unusually acuie mind."—J. Arthur Thomson, in
Journal of Philosophical Studies.

Thought and the Brain., By Henri Piéron, Professor at the
Collége de France. 12s. 6d. net.

* A very valuable summary of recent investigations mto the structure and
working of the nervous system. Ile is prodigal of facls, bul sparing of
theorics. His book can be warmly recommendedl as giving the reader a
vivid idea of the intiicacy and subtlely of the mechanism by which the
human animal c¢e-ordinates its impressions of the outside world,- -Tines
Litevary Supplement.

Sex and Repression in Savage Socicly. By B. Malinowski,
Prolessor of Anthropology in the Universily of T.ondon,
ros, 6d. net.

‘This work is a most imporianit conbiibution to antluupology and
psychology, and it will be long hefore our texi-books are brought up 1o the
standard which is hencaforlh indispensable.'—Salurday Review,

Social Life in the Animal World. By F. Alverdes, Professor
of Zoology in the University ol Marburg. 10s. 6d. net.

‘Most interesting and useful. IIehas collecied aweallh of evidence on group
psychology,’—Manchaster Guardian. ' Can legitimatoly be compared with
Réhler's Mentality of Apes.'—Nation. ‘ We hava learnt a great deal from
his lucid analysis of the springs of animal behaviour,’—Saiurday Review.

The Psychology of Character. By. 4. 4. Roback, Ph.D.
Third edition, 21s. net.

‘ He gives 2 most complete and admirable historical survey of the study of
character, with an account of all the methods of approach and schools of
thought. Its comprehensiveness 1s little short of a miracle; but Dr.
Roback writes clearly and well ; his book is as interesting as it is erudite.’—
New Statesman,

The Social Basis of Consciousness, By Trigant Burrow,
M.D,, Ph.D. 12s. 6d. net.

‘ A most important book, He is not merely revolling against the schema-
tism of Freud and his pupils. He brings something of very great hope for
the solution of human incompatibilities. ﬁPsycho-a.na.lyms already attacks
problems of cullure, religion, politics. But Dr. Burrow’s book seems to
promiss & wider outlook upon our common life.'—New Statesman.
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The Effects of Music. Edited by Max Schoen. 15s. net.

* The results of such studies as this confirm the observations of experience,
and enable us 10 hold with much greale: confidenco views about such {hings
as the durability of good music compared with bad.'—Times Literary
Supplement. ' The facts marshalled are of wmterest to all music-lovers, and
particularly so to musicians,’—Musical Mirror.

The Analysis of Matter. By Berrand Russell, F.R.S. 21s.
net.

* Of ihe first importance notl only for philosophers and physicists but for
the general reader too. The first of its three parts supplies a statement
and 1interpretalion of the doctrine of relativity and of the quantum theory,
done with his habitnal uncanny lucidity (and humour), as is indeed the
rest of the book.'—Manchester Guardian. * His present brilhani book is
candid and stimulating and, for both its subject and its ireatment, one of
the best that Mr. Russcll has given us '—Times Literary Supplement

Political Pluralism : a Study in Modern Political Theory. By
K. C. Hsiao. 108, 6d. net.

‘He deals with the whole of the literature, constders Gierke, Duguil,
Krabbe, Cole, the Webbs, and Laski, and reviews the relation of pluralistic
thought Lo representiative governmeni, philosophy, law, and international
relations, Thare isno doubi that he has a grasp of his subject and breadth
of view.'—Yorkshire Posi. 'This is a very intercsting book.’—Mind.

The Neurotic Personality. By R. G. Gordon, M.D., D.Se.,
F.RCP.Ed. 10s. 6d. net.

‘ Such knowledfe as we have on the subject, coupled wilh well-lounded
speculation and presenled with clarity and judgmeni, is oflered 1o the
reader in ihis inlercsting book.'-—Timaes Literary Supplement. ' A most
excellent book, in which he pleads strongly for a rational viewpointi lowards
the paychoneuroses.'—Nalure.

Problems in Psychopathology. By T. W. Miichell, M.D.
0s. net.

‘ A masterly and reasoned summary of Freud's contribution 1o psychology.
He wrilos temperntely on a controversial subject.'-—Birmingham Post
 When Dr. Mitchell writes anything we expect a brilliant eftort, and we are
not disappoinied in this serics of lectures.'—Nazure,

Religious Conversion. By Saniz de Sanciis, Professor of
Psychology in the University of Rome, 12s. 6d. net.

* He writes purely as a psychologist, excluding all religions and metaphysical
assumptions., This bewng clearly understood, his astonishingly well-
documented book will be found of great value alike by those who do, and
those who do not, share his view ol the psychic factors at workin converston,’
Daily News.

Judgment and Reasoning in the Child. By Jean Piaget,
Professor at the Universily of Geneva. 10s. 6d. net,

' His new book is further evidence of lus cautious and inieresting worlk.
We recommend it to cvery student of child menlalily.'—Spectator. ‘A
munute investigation of the megtal processes of early childhood. Dr. Piaget
seems to us to underrate the imporlance of hig investigations. He makes
some original contributions to logic.'—Times Literary Supblemens
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Dialectic. By Mortimer J. Adler, lecturer in Psychology,
Columbia University. 108, 0d. net.

* Il concorns itsell with an analysis ol the logical pocess wvolved in

ardinary conversalion when & contlicl of opinion atises,  This enquiry intop

the essenlial implications of everylay discussion 15 ol keen inlerest.'—

Brrnungham Posf

Possibility. By Scott Bucharan. 10s. 0d. net.

' Tlus is an essay in philosophy, temarkably well waitien and atiractive,
Various soils of passibilily, scientific, wanginative, and * absolule " are
distingnished. In the courss of arriving al s conelnsion the anthor makes
many challenging statementia which prodnce o book thal many will find
well worth reading *—Brtish Journal of Psychology.

The Technique of Controversy. By Boris B. Bogoslovsky.
12s. 6d. net,

' We can only say ihat, in comparison with the orthodox tiealise on logic,
this book makos really profilable and oven fascinating reading. It is
fresh and stmulaling, and is in every respect worlhy of a place in the
imporiani, serics to which 1t belongs,'-— Jonrnal of Edueation

The Symbolic Process, and its Integralion in Children. By
John'F, Markey, Ph.D. T0s. (xl. net,

* He has collecterd an inferesting series of slatistics on such points ay Uhe

composition of the childish vocabulury al various ages, the provalence of

personal pronouns, and so on, iy merit i thal he insists thronghont

on the social charactier of the ' symbolic process . Tunes Literary

Supplement. -

The Social Insects ¢ their Origin and Evolution. By William
Morton Wheeler, Professorof EEntomology at Harvard University,
With 48 plates, 215, net,

‘ We have read no book [on tho subjecl) which iy up Lo the standard of

excellence achioved here.'——-—["iel(l._ “The whaole ook 1 so crowded with

biological facls, salisfying deductions, and philosophiv comparisons that
it commands attention, and an excellent index renders it a valuable bouk
of reference '—Manchesler Guardian.

How Animals Find Their Way About. By E. Rabaud, Pro-
fessor of Experimental Biology in the University of Paris,
With diagrams, s. 6d. net.

* A charming essay on one Of tho most interesting problems in anumal
psychology.'—Journal of Philosophical Studies. ‘ No lnologist or psychol-
ogist can afford to ignore the critically ¢xamined experiments which he
describes in this book. Ii is an honest aitompt to explain mysteries, and
as such bas great value'—Mancheslter Guardian.

Plato’s Theory of Ethics : & Study of the Moral Criterion and
the Highest Good. By Professor R, C. Lodge. 21s. net.

* A long and systematic treatise covering practically the whole range of
Plato’s philosophical thought, which yet owes little to linguistic excgesis,
constitutes a remarkable achicvement. It would be dafficult to conceive
of a work which, within the same compass, would demonsirate more cleaily
that there is an organic whole justly known a3 Platonism which is internally
coherent™and eternally valvable.'—Twmes Litarary Supplement,
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Contributions to Analytical Psychology. By C. G. Jung.
Dr. Med., Zurich, author of ' Psychological Types’. Translated
by H. G. and Cary F. Baynes. 18s. net.

‘ Taken as a whole, the book 1s extremely importanl and will further
consolidate his reputation as the most purely brilliant investigator that the
psycho-analytical movement has produced.'—Tisnes Literary Supplement

An Historical Introduction to Modern Psychology. By
Gardner Murphy, Ph.D. Third Edition, 21s. net.

‘ That Dr. Murphy should have been able {o handle tlus mass of material
n an easy and attraclive way is a considerable achievement, Ile hasread
widely and accurately, but his erndition is no burden to him His
summaries are always lively and acute.'—Tmmes Literary Supplement.

Emotions of Normal People. By William Moulion Marsion,
Lecturer in Psychology in Columbia Universily. 18s. net.

' He 1s an American psychologisi and neurologist whose wotk 15 quite un-
known 1n this countiy = He has writien an mmportant and daring book, a
very stimulating book. He has thrown down challenges which many may
considlor outrageous.'—Saturday Iteview

The Child's Conception of the World. By Jean Piaget,
Profegsor at the University at Geneva, I2s. 6d. net.

‘ The child-nund has bheen largely an untapped region, Professor Dinget
has made a serious and offeclive diive into 1his arce, and has succeaded in
marking in a consideiable vuiline of tho actual facts. Thoy are of interost
1o all who want to understand children, 'We know of no other sourco fiom
which the same insight can be oblained '—Manchester Guardian

Colour and Colour Theories. By Christine Ladd-Franklin.
With 9 coloured plates, 12s. 6d. net.

! This is a collection of the varwus papes in which Mis, Ladd-Franklin has
sel out her theory of colour-vision—one of the best-known atiempts to
make a consistent story out ol this tangle of myslerious phenomena Her
theory is one of the most ingenious and comprehensive that has been put
forward.'—T'imes Literary Supplement.

The Psychology of Philosophers. By Alexander Herzberg,
Phr.D. 108 6d. net.

' It has been left for him to expound the points in which the psychology
[oI philosophers] appears to difler both from thal of 'homms moyen sensust
and {rom that of men of genius in other walks of life It may be admitted
freely that he puts his case with engaging candour.’—Times Lifsrary
Supplement.

Creative Imagination : Studies in the Psychology of Literature.
By June E. Downey, Professor of Psychology in the University
of Wyoming. ros. 6d. net.

‘ This is an altogether delightful book Her psychology 1s not of the

dissecting-room type that destroys what it analyses The author's own

prose has a high lilerary quality, while she brings to her subject originality
and breadih of view.'—Bwmingham Post,
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The Art of Interrogation, By K. K. Hamilton, M., B.Nes,
Lecturer in BEducation, University College of North Wules,
Introduction by Professor C. Spearman, F.R.S. 7s. bul. net,

‘ His practical advice is of the ulmost possible value, and s hook s to
ba recommended not only to ieachers hul to all purents whe lake any
interest in the education of their chulticn, Lt sets out firsl principles with
lucidity and fairness, and is stimulating *~—S8aturday Review.

The Growth of Reason: a Study of Verbal Activity. By
FErank Lovimer, Lecturer in Social Theory, Wellesley College.
10s. 6d. net.

‘ A valuable book in which tho relation of social Lo organic factorsin thought
development is traced, lthe argument bemng ihat while animals may live
well by instinct, and primitive communities by culture patterns, ¢iviliza-
tion can live well only by symbols and logic.’—Lancel.

The Trauma of Birth. By Otto Rank. 10s. 6d. net.

* Hig thesis asseris that the neurolic patient i5 still shrinking from the pain
of bis own birth, This motive of the bitth trauma Dr, Rank follows in many
aspects, psychological, medical, and cullural. Ilo sees {6 as the oot of
religion, ari, and philosophy. ‘There can he no doubt of the illwmination
which Dr, Rank’s 1hesis can cas! on {he newrotic payihe'- - Times Latermy
Supplament,

Biological Principles. By J. 1. Womdger, B.se., Reader in
Biology in the Universily of Tondon.  21s. nel.

* The task Mr. Woodger has nnder{aken must have heen very diffienlt wnd

laborious, but he may be congratuloiedontheresulls  Manchesrer Guardian,

‘ No biologisL who really wishes to face fundamential problesus shoull omit
to read it.'—Nature.

Principles of Expcrimental Psychology, By II. Diirvon,
Professor at the Collége de France. 108, Gd, net,

' Trealing 11:syc}mlogy as the science of reactions, Professar Pidron ranges

over the whole field in a masterly résumé. We do nol know of any general

work on ihe subject which is so completely modern in ils outlock., As an

introduction to the whole snbject his book nppoars lo us very valuable,’

Timas Literary Supplement,

The Statistical Method in Economies and Political Science,
By P. Sargani Florence, M.A., Ph.D,, Professor of Commerce
in the University of Birmingham. 25s. net.

¢ It sums up the work of all the best authorities, but mosl of i1 is the anthor's

own, is fresh, original, stimulating, and written in that lucid style thai one

has been led to expect from him. Iis breadth and thoroughness are

remarkable, for it is very much more than a mere text-book on statistical
method.’—Naiure,

Human Specch. By Siv Richard Paget, Bt., F.Inst.P, With
numerous illustrations. 23s. net.

* There is a unigue fascination aboui a really original piece of rescarch. The
process of detecting one of Nature's secrets constitutes an adventure of the
mind almost as thrilling to read as to expericncs, Iiis such an adveniure
that Sir Richard Paget describes, The gist of the theory is that speech
isa ggsture of the mouth, and more especially of the iongue, Woe feel that
we ¢aa hardly praise it too highly.'—Timeas Litevary Supploment.
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The Foundations of Geometry and Induction. By Jean
Nicod. Introduction by Berirand Russell, F.R.S. 16s, net,

‘ Anyone on first reading these two essays might be tempted to undorrate
them, but further study would show him his mistake, and convince him that
the death of their author at the age of thirty has been a most serious loss
to modern philosophy.'—Journal of Philosophical Studies.

Pleasure and Instinct: a Study in the Psychology of Human
Action. By 4. H. B. Allen. 12s. 6d. net.

‘An eminently clear and readable monograph on the much-discussed
problem of the nature of pleasurs and unpleasure. Since this work
amplifies some of the most important aspects of general psychology, the
student will find it useful to read in conjunction with his text-book.—
British Medical Journal.

History of Chinese Political Thought, during the early Tsin
Period. By Liang Chi-Chao. With 2 portraits, ros. 6d. net,

* For all his wide knowledge of non-Chinese political systems and the breadth
of his own opinions, he remained at hearl a Confucianist, Amidst the
drums and trumpets of the professional politicians, this great scholar's
exposition of the political foundations of the oldest civilization in the world
comes lile the deep note of some ancient temple bell.'—Times Lilerary
Supplement.

Five Types of Ethical Theory. By C. D. Broad, Litt.D.,
Lecturer at Trinity College, Cambridge. 10s. net.

* A book on ethics by Dr. Broad is bound to be welcome to all lovers of clear

thought, There is no branch of philosophical study which stands more in

need of the special gifts which mark all his writings, great analytical acnmen,

eminent lucidity of thought and statement, screne detachment from

irrelevant prejudices,'—Mind.

The Nature of Life. By Ewugenio Rignano, Professor of
Philosophy in the University of Milan. #s. 6d. net.

' In this learned and arresting study he has elaborated the arguments of

those biologists who have seen n ihe activities of the simplest organisms

purposive movements inspired by trial and ertor and foreshadowing the

reasoning powers of the higher animals and man, 1t is this purposiveness

of life which distinguishes it from all the imorganic processes.’—-New
Statssman.

The Mental Development of the Child. By Karl Biihler,
Professor in the University of Vienna. 8s, 6d. net.

‘He summarizes in a masterly way all that we have really learned so far
about the mental develofment of the child. Few psychologists show a
Judgment 8o cpol and so free from the bias of preconceived theories, He
takes us with penetrating comments through the silly age, the chimpanzee
age, the age of the grabber, the toddler, the babbler.'-—Times Literary
Supplement,

The Child’s Conception_of Physical Causality. By Jean
Piaget, Professor at the University of Geneva, 12s. 6d, net.
‘ Develops further his valuable work., Here he endeavours to arrive at
tome idea of the child’s notions of the reasons behind movement, and hence
to consider its primitive system of physics. His results are likely to prove
nseful in the study of the psychglogical history of the human race, and in
the understanding of primitive peoples, as well as that of the child, His
method is admirable.'—Saturday Rsvisw. -
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Integrative Psychology: & Study of Unil Response. By
Wiltiam M. Marston, C. Daly King, and Ihzabeth H. Marston,
21s. net.

* Iero is a danng attempt to explain perstmality in terms of physiology

It mught seem that m such an attempt the authors must have slighted

personality. 1t 13 found, howover, That they have magnitied ils nnportance,

To deal adequately with the long and admirably co-onlimated argument

of this book 1s mmpossible, and it must suftice to refer all who desite that

psychology shall be placed on ascientific basis Lo the hool sl Saturday

Review.

Eidetic Imagery, and the Typological Method. By I. R.

Jaensch, Professor in the University of Marbury. 7s. 6d. net.
¢ While the work of Professor Jaensch is well-known to psychologsts and
edncationahsts, itis too ittle known to physicians. An excellent translalion
recently published leaves no excuse for ignorance of a subject as important
asitisinteresting. . . . Thoauthor epitomizes much of the recent
worls on ihese fascinaling topics.'—Lasnget.

The Laws of Feeling, By F. Paulhan. Translated by C, K.
Ogden. 10s. 6d. net,

* It Is strange that so important a contribution 1o our knowledge of feeling

and emotion should have sullered negleet, e mado thesis thad {Te author

advances is that all feeling, even pleasure and pan, wd atl emabon ae due

o the arrest of tendencies.”  Safurday Review.

The Psychology of Iniclligence and Will, By I7. (. IFyatt.
128, GcL. net,

* Iiavalue licy, not merely in the analysis of volitional converonaneis i {he

definile relation of will-proctss in ity highest form of free putitive to e

capacily for relational thnking in its most creative jspecd, but jn the

reagsoncd challengo which it suakes to all forms of mechanistie paychology.’ |

~ Journal of Philosopincal Studics.,

The Concentric Mcthod, in the Diagnosis of the Psycho-
neurolic. By M. Laignel-Lavastine, Associate-Professor of
the Paris Medical Faculty. With 8 illustrations. 1o0s. 6. net.

‘ This book emphasizes ihe physiological aspeets of the psyehonsuroses

which are liabla to be overlooked 01 altogeihor negledtud, and it will cerlainly

be read with advaniage by those concerned with the treniment of psycho-
neurotic patients.'—British Medical Jonrnal.

The Foundations of Mathematics and other logical Essays,
By F. P. Ramsey. Edited by R. B. Braitlwaile,
Fellow of King’s College, Cambridge. Preface by G. E. Muoore,
Litt. D., Professor of Mental Philosophy and Logic in ihe
University of Cambridge, 15s. net.

* His work on mathematical logic scems to mo ihe most imporiant that has

appeared smce Wiligenstein's Tracltatus Logico-Philosophicus.'—Borirand

ussell, in Mend, ‘Irecommend itasbeing at once more exciling and more
froitful than the more sustaincd theorizing of maturer philosophers,—(:rania.

The Philosophy of the Unconscious. By E. von Hartmann.
Introduction by C. K. Ogden. 15s. net,

‘ The reprimnt of so famous & book in a cjieap and accessible medinm is a
boon which should not be aceep!.ed ungmciously. My, Ogden contributes
2. sho? but suggestive iniroduction.’—T4mes Literary Supplement,
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The Psychology of Men of Genius. By E. Kreischmer,

Professor in the University of Marburg. With 42 plates, 15s. nel.
‘ We arc grateful for a deeply interesiing and illuminating smvey of the
problem.— Journal of Neurology. ‘A {ascinating study which illuminates
on almost every page some now corner of biographical lustory. Much
learning is used, and instead of wriling many books the author has con-
centrated a life-time of study into one.'—Morning Post,

Outlines of the History of Greek Philosophy. By
E. Zeller. Thirteenth Edition completely revised by Dr.
W. Nestle. 15s, net.

¢ This new odition of a clagsical work on the history of philosophy will be

of great use to the student and not less as a handy manual to the specialists

We find masterly essays on tho pre-socratic thinkers, a succinct review of

Platonic and Amstotellan plulosophy, with a clear survey ol Ilellenistic

and Roman philosophers and Neo-platonism '—Philosopher.

The Primitive Mind and Modern Civilization. By
C. R. Aldrich, Introduction by B. Malinowsks, Professor of
Anthropology in the University of London. TForeword by
C. G. Jung. 12s. 6d. net.

‘ Ilo has tried to show how far the psychology of the savage is alive ancd

operative m modorn civilizalion, and to oller adequaie psychological

oxplanations of manners and customs seemingly irrational or supmstitions,

He davelops his thesis with ingenuily and a wide knowledge of the vast

\iternture.’'—News-Chi onicle,

The Psychology of Childien’s Drawings, {rom theliirst Stroke
o the Coloured Drawing. By Ilelge Eng., With 8 coloured
plates and numerons line illustrations, t2s. 6d. nel.

* Lhe fust part of {he book is data, the dolailed desciiption of a single child’s

drawings fiom the age of ten months to eight years, wilh many excellent

reproductions of tho original sketches, In the sccond part Dr. ling discusses
ihese stages moze lully and Lraces their development and psychology  ‘Lhis
is ihe most valuable contribution of her book.'—Manchesier Guardian,

The Theory of Legislation. By Jeremy Bentham. Edited, with
an Introduction and Notes by C. K. Ogden. 7s. 6d. net.

‘ Emphatically a book that every political studeut should possess and keep

Jor constant relerence '—FEweryman. ' A handsome edition of one of ihe

great classics of social science —Lilerary Gurde. * This book is cordially

recommended to the legal profession "—Law Journal,

Invention and the Unconscious. By J. M. Montmasson.
Translated, with an Introduction, by Dr. H. Stafford Hatfield.
I55. net.

‘ Hig iformative and stimulaling essay, in which he firsl examines many

discoveries in ihe scientific and mechanical field, and then considers

generally how ihe unconscious mind may bring inventions 1o brrth,'—

Discovery.

The Mind and its Body : the Foundations of Psychology. By
Charles Fox, Lecturer on Education in the University of Cam-
bridge. 10s. 6d. nei.

‘ The whole field of psychology isreviewed withcandour. I{ will lead many

1o review their basic concepts and some 10 realize that psychology has

sLomet}ung to add to our understanding of the workings of ihe body.'—
ance =
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The Social Life of Monkeys and Apes. By S. Zuckerman,
Anatomisl to the Zoological Society of London. With 24
plates, 15s. net,

‘ This 1emarkable book discusses monkey socinlogy 1n general, and that ot
the Zoo Monkey Hill in particular. The clear white hght of truth whih
Dr. Zuckerman's tircless rosearch throws upon the lalter is particularly
welcome, This is a notable book, tho result of long observation and sound
reasoning.’—E. G. Boulenger, 1n Daily Telegraph. ' A graphic and frank
account of the amazing doings of tho baboons he watched. It is no exag-
geration to claim that the book marks the heginning of a new epoch in the
study of a subject which is tho essential foundation of the biological approach
to sociclogy."—Professor G, Elliot Smith, F.R.S,, mn Sunday Times,

The Development of the Sexual Impulses. By R. E, Money-
Kyrle, author of The Meaning of Sacrifice. 10s. 6d. net.

! Dr, Money-Kyrle has developed his iheme with exceplional insight and

genso of proportion. Students who wish Lo know what prycho-analyss

really implies, and what an impressive theorelical structure it has built up,

could hardly find a moro stimulating introfduction o Llreud's own wrilings

than Dr, Money-KKyrle's book,'—Times Literary Supplenent,

Constitution-Types in Delinquency. By W, d. [Villemse,
Leclurer in Psychology at the University of Prelovin. With
32 plates, 155. net.

' A valuable book which students of delingquency cannot atluud Lo ignore,’

—-Thnos Litevary Supploment, ' A groat deal of valudlte matesial for the
criminologist.'-——Rrain.

Mencius on the Mind, By 1. A, Richards, aunthor of
Principles of Liserary Criticism, ros. Od, net. "

' His very inleresting amdl suggestive book, 1o takes certain passages

from Mencivs and attem}wts a litaral rendering, as an intreduction to his

gencral theme, the difficully of translation. 1t well deserves reading by all
intereated in relalions beiween [Zast and Wesl.'~New Statesman,

The Sciences of Man in the Making. By Irofessor L. 4.
Kirkpatrick. 15s. net.

¢ Introduces the reader to scienlific method and to the poinls of view of
anthropology and ethnology, of physiology and hygiene, of eugenics and
euthenics, of economic and polilical science, of individual and sociol
peychology, of sociology and education, of rehgion and ethics. Shonld be
mteresting to a wide public.'— Journal of Education.

The Psychology of Consciousness. By C. Daly King.

Introduction by Dr. W. M. Marston. 12s. 6d, nct,
Consclousness is not an accidental by-product of human life, but rather
constitutes the chief goal of living. The degrec of compleleness of con-
sciousness, as distinguished from such criteria as happiness or pleasure, is
the one valid measurs of normalcy ithat wo posscss.

The Psychology of Animals, in Relation to Human Psychology.
By F. dlverdes, Professor of Zoology, University of Marburg.
gs. net. .

Shows how the psychological attitude to animal behaviour may be used to

guide experiment, arguing that animal Tehaviour ran be interpreted by
buma™ minds.
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hical Relativity. ByE. A. Westermarck, Ph.D., Hon.LI.D.,
withor of A4 History of Human Marriage. 128, 6d. net.
is very important work. . . . Itisof great advantage to have i
oretical doctrine in this separate and consulerwl form, In ihese days 1t
refreshment to have a writer who attempts to throw light on night and
wng and good by tracmg them back to thewr otigin. Psychology and
hropology may give us vital and hopeful knowledge about the natuie of
rals,’—S. ALEXANDER, O M., in Manchesier Guardian.

e Spirit of Language in Civilization. By K. Tossler.
:28. 6d. net.
velops a profound philosophy of language, based on a distinclion between
inner language [orm (individual and racial) and the outer language
m {umversal)

e Moral Judgment of the Child. By Jean Piaget, Professor
ut the University of Geneva. 12s. 6d. net.

is book will appeal to an even wider cucle of 1cadery than his previous
dies. How cluldren think ahout bebaviour is now investigated-—whatl
as ihey [orm of right and wrong, of justice, of punishment, anl ol lairness
Lhewr own games.

he Gestalt Theory, and ihe Problem of Configuration. By
Bruno Petermann. Tlustrated, 158, nel,

> imporlance of 1he gostall theory in conlemporary psychology cannot
gainsaxl, Dr DPelormann's book reviows the wholu sub%ect, bolh ihe
oretical enunciations and tho oxperimental researches of Wertheimer,
illa, Kohler, and their colleagues,

1e Theory of Fictions. By Jeremy Bentham. Edited, with
an Introduction and Notes, by C. K. Ogden. 12s.6d. net,
stndy ot fictional influences in every branch of thought, anticipating
¢ enlire philosophy of ' As If' and many of the findings of modern
suistic psychology.

NEARLY READY

he Nature of Learning, By George Humphrey, M.A., Ph D.,
Professor of Philosophy in Queen’s University, Kingslon
Canada. About 15s. net.

he Dynamics of Education. By Hilda Taba. Introduction
by W. H. Kilpatrick, Professor at Columbia University., About
128, 6d. net.

he Individual and the Community: a Historical Analysis
of the Motivating Factors of Social Conduct. By Wen Kwei
Liao, M.A., Ph.D. About 15s. net.
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VOLUMES IN DPREPARATION

(Not ineluded v the t lavahed Indev)

The Nature of Mathemidtics . . . . Mav Blg,
The Psychology of Speech Defrets . K. M, Shach
The Turbulent Child . . . M Wa
Psychological Optics ., .. .o D. Me. L, Pusg
The Theory of Heuring . . . M. Mwtidge, D§
Emotional Expression m Birds . . . F.B. Réarkwmg
The Mind as an Organism . . . . E. Milth
Animal Behaviour . . . . . H. Munre B
The Psychology of lnsc('ts . . [ G M*x
Colour-ITarmony . . . C.K. ()gdm and Jumes 1y
Gostadl . . . K, l‘wﬂ;
Theory of Medical Dt.q'nm.n». LGt mnksiumk. ALD,, ERC H
Language as Sywbal awel g Uapesgone . . Snpt
Pyycholopy of Kinship . . . . N AL, L
Socind Biology . . . o MLtk l)m
The Philosophy of Law . . Ao L Goodh
The Paychology uf Mathematiey . . bR, Hamiyy
Mathe uﬁh‘:q for Philosophers . .t Hadv, BB &,
The Pgychology ol Myihw . . . G B Hud Suth, B
The Psychalogy of Musie . . . bdward J. D
Paychology of Drimitive Peoples . . R, Madinnki, DS

Development of Chinese Thonght . ) . I Sy






