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The present thesls was concerned with a test of the
Hullian theory of drive, using privation with respect to -
'%ESEWAAd Wwith respect to water. The position was formalized,
and conséquenﬁ theorems were testede.

A combined activity box and panel=pushing device was
used in the present study. The panel-pushing device was so
arrahg;a‘to provide a measure of force of response, and of
the number of trials to extinction,

Forty-eight male albino rats were used as subjects in
the study, and were divided into two major groups:

l. Twenty=four animals deprived of water;

a. Twelve animals given a large feward (0,20 cc)
be Twelve animals given a small reward (0.1l2 cc)

2. Twenty=-four animals deprived of food;

a. Twelve animels given a large reward (0e32 gm)
be Twelve animals given a small reward (0,08 gm)

All animals were given habituation training in the

apparatus during the first five days of the experiment,

while on an ad liovitum fecding schedule, Activity level

was recorded,

On days 6 through 13 all animals were trained on the

panel-pushing task, under 22% hours of appropriate privation

and reward. Each animal was glven ten trials per day,

Activity leﬁel was recorded on all 8 days, and force of

response was recorded on the last 3 dayse

At the completion of the training series the animals






went immediately to the tegting series, where they were
tested after different numvers of hours of privation, i.e.,
onl, 2, 6, 12, 222 and I8 hours of appropriate privation.
The order of presentation of privation levels was randomized
for each animal. Each animal was given L trials per day.
Activity level end force of response were recorded each daye.

At the concluslon of the testing series each animal
was extingulshed on one of the above mentioned hours of
privation.

The results are as follows:

1ls Activity is not a~}eflection of privation, per se,
but 1s rather dependent upcn the amount and kind of reward
in interaction with privation, and on a learned anticipation
of reward,

.2; A general concept of drive 1s not tenable, because
the correlation between the food and water groups, when
activity 1s constant, was not significants

,3. A drive concept is not tenable, because the water
grouﬁé did not shocw the increase in behavior measures which
the large food group showed,

Lo There is a significant interaction between the kind
of reward substance and the privation level,

S5« There is a significant interaction between the amount
of reward substance and the privation level,

The Implications of the study for activity as a measure
of drive, and for drive as an explanatory construct, were

discussed,
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The category of need was discussed, and an alternative

interpretation of need, as interaction, was suggested.
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INTRODUCTION

The present thesis has two objectives: first, a
formalizaetion of the Hullian theory of drive; and, second,
a test of the empirical adequacy of this theory of drive,
This introductory chapter attempts to do three things:
first, to isolate the Hulllan theory of drive; second, to
consider the theory of drive in the context of the larger
theory of which it is a part; and, third, to conslder the
empirical research which bears on the task of testing the
part-theory of drive,

The part=theory of drive finds 1ts most complete
elabcration in the Principles of 3Behavior (16), and this book

will be uced as the source for the drive theorye. The latest
revision of the general behaviocr theory, of which the drive

theory 1s a part, 1s presented in A Behavior System (17).

It 1s unfortunate that we have to go to two sources, but
Hull did not deal with drive as completely in his System
as he did in his Principless

Hull's theory of drive begins with the assumption that
animals behave in such a way as to provide optimum conditions
for survival, From thls general assumption Hull arrives at
the notion of need. Hull says:

" eee When a condition arises for which action on

the part of the organism i1s a prerequisite to
optimum probability of survival of either the






individual or the species, a state of need is saild
to existe Since a need, either actual or pctential,
usually precedes and accompanies the actlion of the
organism, the need is often sald to motivate or
drive the assoclated activityes Because of this
motivational characteristic of needs they are
regarded as producing primary animal drives." (16, pe. 57).

Drive is an intervening variable, and as such is not
directly observable, However, if it is to be a satisfactory
intervening variable it must te defined by reference to
events which are themselves observable, Hull defines drive
in terms of privation with respect to a need and the amount
of energy expended by an animal in an effort to get the
needed substance, Hull says:

"Specifically, the amount of food need clearly
increases with the number of hours elapsed since
the last intake of food; here the amount of
hunger drive (D) is a function of observable
antccedent conditions, 1.6., of the need which
13 measured by the number of hours of food
privation, On the other hand, the amount of
energy which will be expended by the crganism
in the securing of food varies largely with
the intensity of the hungor drive existent

at the time; here the amount of 'hungert! is a
function of observable events which are 1its
consequence,.” (16, p. 57-58),

Drive abstracts from the specificity of need, Needs
are specific for certailn classes of environmental supportss
Drive abstracts away from this specificity and is the
resultant of all of the needs operating at a given time,
Hull says:

"The drive concept, ese , 13 proposed as a common

denominator of all primary motivations, whether

due to focd privation, water privation, thermal

deviations from the optimum, tissue injury, the
action of sex hormones, or other causes." (16, p. 229),
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individusl or the species, a state of need 1s sald

to existe Since a need, either actual or potential,
ususally precedes and accompanies the action of the
organism, the need is often sald to motivate or

drive the assoclated activity, Because of this
motivational characteristic of needs they are

regarded as producing nrimary animal drives." (16, ve 57)e

Drive is an intervening variable, and as such is not
directly observable, However, if it 1s to be a satisfactory
intervening varlable it must te defined by reference to
events which are themselves observable, Hull defines drive
in terms of privation with respect to a need and the amount
of energy expended by an animal in an effort to get the
needed substance, Hull says:

"Specifically, the amount of food need clearly
increases with the number of hours elapsed since
the last intake of food; hers the amount of
hunger drive (D) is a function of observable
antccedent conditions, i.e.,, of the need which
1s measured by the number of hours of food
privation. On the other hand, the amount of
energy which will be expended by the organism
in the securing of food varles largely with
the Intensity of the hunger drive existent

at the time; here the amount of thungert! is a
function of observable events which are 1its
consequence." (16, p. 57-58).

Drive abstracts from the specificity of need, Needs
are specific for certain classes of environmental supportse
Drive abstracts away from this specificity and is the
resultant of all of the needs operating at a given time,
Hull says:

"The drive concept, ese , 1s proposed as a common
denominator of all primary motivations, whether

due to food privation, water privation, thermal
deviations from the optimum, tissue 1njury, the

action of sex hormones, or other causes." (16, pe. 239).






The reader will note the use of the word energy in
last quotation but one. This word energy will be interpreted

to mean general activity in the present discussion. It 1is

difficult to xnow just wnrat Hull hsd in mind when he wrote
this wvord, and an adeguate test of the theory devends upon
a correct Interpretation, Whatever was meant by the word,
it must be something cobservable, because it is to be one

of ths otservadbles in terms of which the presence and amount
of drive are {c be determired, Furthermore, 1t cenno®t mean
one of the four observables in terms of which reaction
potential is measured, because this would introduce into
the theory a nice tight circle., The word enercy must refer
to scme observable whlch 1z independent of the remainder

of the system,

By the term general activity we refer to whet an animsl

does when placed in a specific apparatus for a determined
length of time, The apparatus used will be the MSC activity
box, and the animal will be the white male albino rate It
1s necessary to define activity in terms of ihe situation,
for as Reed Las pointed out nat the stert of his review:
Much of the research to be reviewed depenis upon
a generel concept of spontaneous activity without
regard to how the activity 1s measured., It will
become evident in the course of the review that
our concent of activity must be tied to the measure
of 1t which we have used, «ee o (27, Pe 393).

The elements of the Hullian theory of drive may be



summarized as dumry equations% as followss
Let: new, "g" gand "h" denote functions,
"a" denote magnitude of activity,
"q" dencte magnitude of drive,
"n" denote magnitude of privation with respect

to a need, then,

d = f(n) (1)

a = g(d) (2)
An interesting consequence of this position 1s that

a = h(n) (3)

We may now consider the relation of drive to other
concepts of the Hullian system, Hull consliders that the
performance of a particular pattern of behavior 1s dependent
upon the strength of the effective reactlion potential for
that pattorn of behavior, There arc five varlables which
determine reaction potential in the Hulllan system. One
of these, drive, is the subject of the present thesis,

The others are: 2, habit (SHR), which is determined by the
number of reinforcements to the response being learned;

3, incentive motivation (K), which 1is dependent upon the
quantity of incentive given as reward; L, stimulus intensity
dynamism (V), which is dependent upon the intensity of the

stimulus; and 5, delay of reinforcement (J), which is

*We speak of dummy equations because the expressions used
are not equations. The letters "f", "g", "h", etc. represent
functions which are unknown; hence the expressions make no
assertions., They are, rather, assertions of dependence, and
the hope that some mathematical function will describe this
dependence.



dependent upon the time interval between the making of a
response and the receipt of reward. (18, p. 6-8).

Hull's basic equation for reaction potential,

"olsd
may be written as
sER=CxDxK (L)

where C 1s a constant determined by lumpirg a1l cf the
variables except D (drive) and K (inceptive motivation) and
holding them constantes We wish to point cut here that C

is a constant determined by holdirng each of the components
of C constants C could remain constant even if all of its
components were not constant, if their variations compen-
sated for each otheres This latter method of holding C
constant is not what is meant in tho present formulation,
This second method of holding C constant is fundamentally
weaker than the method adopted for the present interprs-
tations It would have to be shown empirically that there were
no interactions between the variables SHR’ V and J before
it could be legltimately used,

The equation for reaction potential as it will be used
in the present study 1s represented by (4)e¢ D and K will be
variables, D will be varied in the test of the part-theory
of drive. K was chosen as a variable because of the possi-
bility that there may ocour interactions among the diffsrent
values of the variables, As the Hullian system is set up

today there i1s implicit the assumption that the components






of reaction potential are independent. However, this
assumption may not hcld when we deprive animals of food to
set up drive, and then reward the animal with food for the
performance of a given response,

If we now find some magnitude of water reward which is
behaviorally equivalent to a given magnitude of food reward*,
we may eliminate K from the above equation (4). If we,
then, let "e" denote the magnitude of reaction potential we
may rewrite (L), in terms of our previous notation as

e = cft(d) (5)
where ¢ 1s a constant. An interesting consequence of
(1) and (5) 1is

e = cg'(n) (6)

Drive as a function of privation

The studies of Herenstein (15), Kimble (19), Yamaguchi
(41) and Cotton (7) were direct tests of equation (6).
These 1nvestigators all used food privation and food reward,
and their results in general support the assertion of (6).
Cottonts results, however, sugsest a limitation on the
generallity of the Hulllan theorye Cotton measured running
time in a straight alley, and when he eliminated trials on
which competing responses occurred, he showed that the

decline in running time with increased privation approximates

*pavis (8) has shown that 0,08 gms. of food reward was
behaviorally equivalent to 0,20 cc. of water reward, using
the panel-pushing device,






a straight line, rather than a negatively accelerated
decreasing curve., Hull has usod the results of Yamaguchi's
study as a first approximetion to the drive function, at
least that based on food privation. The writer was unable
to find any studies on water privation, comparable to these
based on food privation,

E. E. Anderson (1) conducted an extensive correlational
study on the interrelationship of drives in the male albino
rat. He obtalned intercorrelations among L7 different tests,
using 51 male albinc rats, Anderson concluded that in
general nelther the thirst nor the hunger tests correlated
significantly. He states

"intercorrelatlons between measures of different

drives, on the whole, are somewhat sporadic in

occurrence, and there 1s little evidence of any
important 'general drive'! factor influencing
perfcrmance upen a large number of tests,

There is however, some slight indication of

relationship between such direct tests of

different drives as esting, drinking, and

copulation tests."

As the term 'food privation' and the term 'water pri-
vation' are used 1n the experimental literature, ons recsives
the Impression that the two are independent., This is not
the case. TFinger and Reld (10) and Verplanck and Hayes (37)
have shown that when animals are deprived of food they
automatically deprive themselves of water, and conversely,
The results of the rather extensive study by Verplanclk and
Hayes has been confirmed by (31) and (5)e It is thus seen

that to ccprlve animals of focd is to simultaneously dsprive

them of water, and conversely,






Activity as a function of privation

Equation (3), 1l.e., a = h(n),
has been the object of a large number of experimental
researches. The litorature on activity as a function of the
number of hours of privation is very extensive. Since thers
have been a number of excollent reviews of this material we
will te primarily concerned here with studies which have
been directly concerned with activity as a function cf
differences in privation. Of the generesl review articles
we may mention the Bulletin article by Shirley (29) which
Includes work un to 1929, and the later Bulletin article by
Reed (27) which covers the work betwsen 1929 and 1947,
Richter (28) Las summarized the research on activity which
has been done under his direction. Munn (26) has a sumnary
cf the work on activity which was comnleted up to the
publication of his book,

The two methods that have mostly been used for the
study of activity have been the running drum and the tambour-
or spring-mounted cage. The running drum consists of two
circular boards mounted on an axel shaft and separated by
a sheet of wire mesh wound around their periphery. This
basic design has been modified in a number of ways. One
may vary the diameter of the boards, arvange the 1living cage
so that the animal may enter the drum at its leisure, cr
confine the animal to the drum for given periods of time,

One may record the total activity by attaching a counter to
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the drum supports in such a manner that each revolution of
the drum advances the counter one unit, or one may record
activity as a function of time, Rellability measures using
this device are on the order of 95, but it is unknown
whether this value reflects the reliability of the measure=
ment of activity or whether it reflects the consistency of
different drums,

The temboure- or spring-mounted cage is a small cube
of wire mesh mounted at three points on either a spring or
an air tambour., The latter 1s the more effective Because
the air pressure provides some dampening effect. This
plece of apparatus has also been modified in a number of
ways to study various aspects of activity. Other devices
that have been used to study activity are tilting cages,
utilizing the movements of the animal to interrupt the beam
of 1ight which activates a photoelectric cell, a horizontel
turntable, the pedometer, and various observational methods.

The most interesting thing about all of these methods
is that they give different results, and modifications of
one apparatus give still different results. It is thus
necessary to know what kind of an apparatus was used to
record activity before one may interpret the resultse

With respect to food and water it i1s commonly accepted
that privation will increase activity up to a point, after
which further privation is accompanied by a decrease in

activity, probably due to physical weakening of the animal,
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Most of the attempts to quantify the relationship between
the number of hours of privation and activity have been done
with food privations Using the Columbia Obstruction
Apparatus, Warden (39) has shown the number of crossings of
the charged grid drops off faster with water privation than
with food privation.

Siegel and Steinberg (30) have utilized the movements
of the animal to interrupt a beam of light which activates a
photoelectric cell to study activity as a function of food
privation. These investigators used privation intervals of
0, 12, 24, 36 and 48 hours, and their results indicate that
activity Increases as a negatively accelerated function of
the number of hours of privation. With respect to this study
it should be pointed out that the animals remained in their
home cages all during the study and 1t 1is possible that the
activity was influenced by expectancy of foode.

Hall, Smith, Hanford, and Schnitzer (13) report the
results of a study designed to determine the effects of a
restricted feeding schedule on activity levele These in-
vestigators used 10 standard Wahmann activity drums, each
mounted separately, and each provided with a small stationary
living cage. All wheels were equated for frictional torque,
Control animals had unrestricted access to food and water,
while the experimental animals had unrestricted access only
to water, being allowed access to food for one hour in the

morning. The experiment was continued over a period of 20
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dayses These investigators report:

"Although activity during the control condition

remained relatively stable, mean daily activity

during the experimental period rose to more than

1,400 percent of normal, reaching this level on

the twelfth day of restricted feeding. The rise

seemed to take the form of an exaggeration of the

normal daily activity cycle, imposed upon a

rising base line,"

Campbell and Sheffield (4), utilizing an activity
recording device constructed by Campbell (2), report the
results of a study from which they conclude that "Starvation
does not instigate activity; it only lowers the threshold
for normal stimull to activity." The apparatus was a small
round wire mesh cage, plvoted at the center of the base so
that it would tip a maximum of 1/8 inch. Four sensitive
microswitches were placed at each of the four quadrants,
Activation of any of the microswitches advanced an electro-
magnetic counter, The experimental animals were placed on
an ad libitum diet for four days while in the apparatuse.
Then on the succeeding three days the animals were deprived
of food, but not of water. On each of these three days the
activity of the animals was recorded for ten minutes at
noon, after which an environmental change was introduced
and the animals! activity recorded again for ten minutes,
An environmental change consistently produced an increase
in activity, and the magnitude of the change in activity was

correlated with the change in the environmental condition,

but not with increased privation. The results of this study
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stand in striking contrast with the results of other studies
in the area, and the reason for this may be found in the
fact that "The apparatus usually fails to record certain
small movements like scratching, but it records larger
movements such as moving from one quadrant to another or
shaking the cage." (4, pe 320)s In other words, the
method may not be very sensitive,

Thompson (36), using a rectangular elevated maze, has
studied the exploratory actlivity of maze bright and maze
dull rats, under three conditions of privation: 0, 24 and
48 hours of food privation. He reports that while exploratory
activity in an unfamiliar situation declines as a function
of time, food privation increases the amount of exploratory
activity in which animals engage. Male rats show a steady
increase in exploratory activity as privation increases
from O to 48 hours, while for female rats the maximum of
exploratory activity 1s reached after 24 hours, as measured,
Maze bright and mazo dull rats did not behave differently,

Montgomery (25), using an enclosed Y-maze has reported
the results of a study which show that food or water pri-
vation significantly reduces the amount of exploratory
activity, the maximum reduction occurring at 24 hours of

food privation,



THE THEORY OF DRIVE

Preliminary considerations

It will be the purpose of the present chapter to set
up the theory of drive in the notation of symbolic logic,
so that testable consequences of this theory may be deduced
as theorems, In this section on preliminary considerations,
we shall attempt to relate the theory to conventional experi-
mental methodology, to relate the theory to the more general
problem of measurement, and in general to explaln what the
task of formalizing the theory of drive amounted to,.

The first task 1s to relate the theory of drive to the
conventional methodology of experimental psychology. Hull
has stated hls assumptions about drive in terms of individual

aninals, We find him using in the Principles of Behavior

such phrases as "the organism", "an organism", "the individ-
ual®™ and "the individual or the species", It is obvious
that Hull intended his speculations to apply to the animal
as an individual,

On the other hand, the conventional methodology of
experlimental psychology is not conceived in terms of the
individual aninal. Groups of animals are used in psycho=-
logical experiments, and conclusions are drawn in terms of
the behavior of these groups of animals., Furthermore, all

of the tests of Hullian notions have been in terms of group
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behavior. Consideration of individual animals results in
failure of the theory (7).

What is demanded here is some sort of an individual
which has 1ts genesis in a group, or in a class of individuals.
Leonard and Goodman have provided such a conception in their
calculus of individuals (22). This is the fusion-individual,
or sum-individual, of a class of individuals, The fusion-
individual has the same logical type as the individuals
which are members of the cla ss, but derives from the class
itself, The notion fusion 1s concelved as a heterogeneous
relation between an individual - the fusion-individual -~
and a class. An individual 1is said to stand in that relation
to a class, when everything that is discrete from the
individual 1s discrete from every member of the class, and
conversely. Their first postulate assumes that every class
which has members has a fusion-individual, i.e.,, has a sum,

Therefore, in view of the above considerations, we will
understand by the term organism, a sum-individual of a class
of individuals, When we use the term animal we will under-
stand the common-sense usage of the term, e,g., & rat is an
animal, a dog 1s an animal, a human being is an animal,

The theory of drive, as an empirical theory, is inti-
mately related to measurement, We will want to speak about
the amount of drive operative in a given situation, Or, to
speak more precisely, we will want to speak about the magni-

tude of the drive of a given organism, The use of the phrase
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the magnitude of drive in equations that represent empirical

situations, implies that we have at hand some method of
determining the magnitude of drive. The theory of drive
is, in fact, an application of the general theory of measure-
ment to a concrete situation, 1.e., every measurement pro-
cedure 1s a model of the general theory of measuremente.
How this is accomplished can best be explained by showing
the parallels'between the notation of the general theory of
measurement (22) and the notation of the theory of drive,
Some di scussion of the general theory of measurement will
have to come firste

By the term measurement, we will understand the assigne
ment of numbers as names of the properties possessed by
objects. This definition of measurement differs from that
commonly found in the writings of psychologists, in that it
is more restrictive. The definition excludes, from the class
of measurement procedures, the assignment of numbers as
names of objects.s Thus, the use of numbers in a nominal
sense 1s not measurement. It 13 to be emphasized also, that
measurement is an empirical procedure. Measurement is some=-
thing that a person does, thrbugh the actual manipulation of
events in the environment, in accordance, we would assert,
with the above definition.

A theory of measurement has as its purpose, the elabor=-
ation of the nature of the relationships which must exist

between: (1) the objects of measurement; (2) the class of
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properties with respect to which the objects are measured;
(3) the number signs which are used as names of the magnitudes
of these properties. The use of the phrase the class of

properties in (2), above, is to be noted. A measurement

procedure, that is, a valid measurement procedure, is con-
cerned with only a single class of properties., Examples
might be heights, weights, numbers of moles on the body,
Stanford-Binet I.Q.'s, etcs Comparison of any two such
classes of properties, say for example, Stanford-Binet I.Q.
and number of moles on the body, would require additional
empirical knowledge, and would involve two applications of
the theory of measurement,

The general theory of measurement (22) assumes three
primitive ideas, These are: a class, K, of objects of
measurement, ee.g., bulldings; a class, L, of properties
which the objects of measurement possess, ©esZe, heights;
and a relation, R, which takes members of K as arguments,
©+¢8s, Smaller than, According to the examples, aRb would
be interpreted as bullding a is smaller than building b,
Later theorems show that R has some of the properties of the
less~than relation which holds between numbers,

Given the three primitives, three notions are defined,
These are: a relation, S, taking members of K as arguments;
a relation, Q, taking members of L as arguments; and a

notation for the expression the magnitude of the property,

1.8+, the member of the property-class, possessed by an
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object, 1.0., "mag(a)". Later theorems show that S has
some of the properties of the relation identity, which holds
between numbers; Q is an ordering relation for mag(a), and
corresponds to the relation less-than which holds between
numbers,

Three primitive sentences, or postulates, are required,
Postulate 1 asserts: 1if two objects, a and b, have the
properties M and N, respectively, then M is identical with
N if and only if a stands in the relation S to be Postu-
late 2 asserts: R 1s transitive. Postulate 3 asserts:
there 1s some property, M, which a possesses., Between them,
postulates 1 and 3 assert that each member of K possesses
one and only one member of L.

Theorems are then deduced which present interesting and
important properties of the relations R, S and Q. Three of
these theorems are particularly important because of the
formal parallelism between them and the ordering axioms fér
the real number system. These three theorems show that Q
is an ordering relation for mag(a). It is through these
three theorems that the relationship between R and S and the
number system 1s established,

The present theory of drive requires five distinct
applications of the theory of measurement, That is to say,
we will be concerned with five different classes of properties
attributable to organisms, and also to animals, The animals

considered will, of course, be rats; white, male, albino ratse
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The five classes of properties will be: 1, privation with
respect to fbod; 2, privation with respect to water;

3, general activity; L, drive; and 5, reaction potential.
To illustrate the parallelism between the general theory of
measurement and the theory of drive we list in Table 1k,
below, the corresponding notation for the theory of measure-
ment and one of our classes of properties. We chose priva-

tion with respect to food.

TABLE 14

PARALLELS BETWEEN THE NOTATION OF THE GENERAL THEORY
OF MEASUREMENT, AND THE PRESENT THEORY OF DRIVE,
IN THE CASE OF FOOD PRIVATION

e — —
Theory of measurement Theory of drive
ﬂa" ﬂaﬂ
"mag( )" "priv( ,x)"
"mag(a)® "priv(a,x)"
A class of qualities M, N, A class of privations Ml’
0, etce M2, M3’ etce
mag(a)e = - .e(7M)(Ma) priv(a,x)e = _.e(@M)(Mx,2)
Expressions like "mag(a)", Expressions like "priv(a,x)",
"mag(b)" may be substituted "oriv(b,x)" may be substi-
for expressions like "M", "N™ tuted for expressions like
etce "Ml", "M,", etce

Tables similar to 1l could be constructed to show the
identical parallel relations between the notation of the
theory of measurement and each of the other classes of

properties used in the theory of drive,
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Four primitive ldeas are required for the theory of
drive., These are need, general activity, reaction potential
and drive, Of these four, the notion of need is most
interesting. Need 1s a notion which Hull borrowed from
common=~sense for incorporation in his theory. Hull speaks
of actual and potential needs (16, pe. 57)e W2 wlll consider
that needs are dispositional properties of animals (6).

That 1s to say, needs are constant. An animal has a con=-
stant need for such and such an amount of food per day. It
mekes no difference whether the animal has eaten its fill
only ten minutes ago, he still needs a given amount of food
per day. OSimilarly, in the case of water, an animal has a
need for a constant gmount of water per day; and for optimal
conditions 1t needs this amount of water regardless of the
state of 1ts thirst at any given time. It will thus be seen,
that we chose the notion of potential need, not the notion
of actual need. Instead of speaking of the actual need of
an animal for a given substance, we will speak of privation
with respect to that substance. Thus, we hope to make the
notion need a little less ambiguous. Need will be conceived
as a relation between an environmental support and an animal,
The expression "xNa™ is to be interpreted as x is & need

of animal a,

Adequate treatment of the concept of need requires
another symbol concerned with need, besides the relational

symbol, We shall wish to speak of privation with respect to
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a need., For this purpose the expression "priv(a,x)" 1is
used, and is to be interpreted as the magnitude of the
privation of a with respect to the need X,

General activity 1s likewise conceived as a relation
between the activity of an animal and that animale. The
expression "yAa" is to be interpreted as y is the activity
of a, When we use the term general activity, or when we
speak of the magnitude of the activity of an animal, it will
be understood that we refer only to activity as measured in
the present situation. Any other use of the term activity
is a use which 1s not included in the present system, and
the present system makes no statement about any other use
of the term activitye.

We shall wish also to speak of the magnitude of the
activity of an animal, For this, we will use the expression
"act(a)", to be interpreted as the magnitude of the activity
of a,

The notion of reaction potential was conceived, by Hull,
as a relation between a stimulus and a response. He used
it in the sense of a functor, i.e., a symbol taking number
signs as values, Hull's use of the term reaction potential
corresponded to the notation "mag( )" in the thecry of
measuremente, Unfortunately Hull was not consistent in his
usage (16, ppe 344=345% We are here interested in reaction
potential only in the sense of the magnitude of reaction

potential. We will be concerned with a notation for the



magnitude of reaction potential only, and with only those
other considerations which Hull's general system forces

upon us. As was explained in the introduction, it will be
necessary to assume that gll of the variables, in the Hulllan
system, which determine reaction potential, except drive and
the magnitude of reward, are constant over all of the experi-
mental groupse. Thus, the measures of drive which will be
obtalned are measures of relative drive, Differences which
we will seek are relative differences,

The expression "ef(a)" is to be interpreted as the
magnitude of the reaction potential of a, Likewise, the
expression "dr(a)" is to be interpreted as the magnitude
of the drive of a.

Three postulates are required for the theory of drive,
These three postulates correspond to dummy equations (1),

(2) and (5) in the introduction. The postulates are set up
in the form of Carnap's bllateral reduction sentence (6),

i.0,,

Qe Q= Q3
In each case Q; corresponds to the asaumptions that are
necessary for the assertion of Q2 E'Q3° In each case
Q= Q3 corresponds to the dummy equations of the intro-
duction. We have made one modification of Carnap's usage,
For Carnap,'Q3 represents a dispositional predicate. For
the present usage, we have modified this interpretation,
Q2 and QB are the same sort of notion, predicates taking

definite descriptions as arguments. It is necessary to
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assume that the descriptions exist in each case. For example,
in the case of priv(a,x) it 1s necessary to assume that the
property M, such that, a has }, exists. This essumption 1is
made .,

The first postulate 1is:
ﬁ;; = ﬁzb.yeﬁ?}:.(x):xeﬁ7}.x # Yo 2 epriv(a,x) = priv(b,x):e” o

. priv(a,y) < priv(b,y) = dr(a)< dr(b)
Postulate 1 ss3ys, in affect, that'}f two organlisms, a and b,
have identical needs, one of which 1s y, snd if they have
been cqually deprived with respect to each of thelr nceds
exceot y, then the deprivation of e with respect to y 1is
less=-than that of b if and only if the drive of a is less-
than that of b, Of course, y is the test need in this
assertion, and it 1is necessary to assuzie that all of the
orgarisms have all of thelr needs ln comnoun, as well a3 to
assume that thelr privatiors with respect to 811 of their
needs, except y, are equal,

The second postulate is:

(Hu):.(v):ﬁa = Fb.v-eA-?aDu = Vie—o
act(a) < act(b) = dr(a)< dr(b)

Postulate 2 ssys, in affect, that if two organisms, a and
b, have all of thelr activities in common, snd that they all
do the same thing, implies that the magnitude of the
activity of a 1s less-than that of t if and orly if the
drive of a 1s less-than that of b,
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The third postulate 1is:
ef(a) < ef(b) = dr(a) <£dr(t)

Postulate 3 says, in affect, that the reaction potential of
organismn a i1s less-than that of b if and only if the drive
of a is less-than that of b, This postulate comes directly
from Hull, and it should be obvious that it is only true in
the limited context of the present theory, where cdrive 1is
the conly variable which effects reaction potential,

The reader will note that in the consequences of the
postulates we have used the relation less-than, The relatlon
less-than 1s more powerful than the relation identity. We
could have set the postulates up in terms of ldentity. Had
Wwe cone this, we would be unable to assert any statement
involving the less-than relation. The holding of identity
can be derived from the holding of less-than, but not con=-
versely. Since we wish to assert both kinds of stetements,
wé must begin with the relation less-than. Thils consider-
ation points out another parallel between the general theory
of measurement arnd the present theory cof drive, The theory
of measurement was begun with the reletion, R, which corres-
ponds to the less-than relation. Tt willl be remembered that
the relation less=than 1s an ordering relstion. Lesc-than
orders the number domain which 1s its field, Identity, which

1s, never-the-less, a very useful relation, is not an ordering

relation,






The arguments to the relation less-than, in the postu-
lates will nct be numbers, These are expressions like "the
magnitude of the drive of", etc. Expressions cf the form
used are called functors. Functors are functions which take
numbers as values. We spesk of the magnitude of the privation
of a with respect to x, when we have in mind some unique
value of the magnitude of the privaticn of a with respect to
Xe Functors are a form of definite description, as the
definition of priv(a,x) shown in Table 1l indicates. The
general theory of 3ingular descriptions is dealt with in

Principia Mathematica in 1l and #30. We may make similar

remarks about act(a), dr{e) and ef(a).

Theory
Let: "x", "y" and "z" be variables denoting possible needs
"u" and "v" bec variacles dencting acts
"a", "b", "c" and "d" be variahles denoting organisms
"xNa" denote x is a need of organism a
"uaa" denote u is en activity of organism a
"priv(a,x)" denote the expression the magnitude of
the privation of organism a with
resnect to the need x
"act(a)" denote the expression the magnitude of
the ectivity of organism a

"dr(a)" denote the expression the macnitude of

the drive of organism a
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"ef(a)" denote the expression the magnitude of
the reaction potential of organism a,

An expression of the form "xNa" will be meaningful if
and only if it takes a variable, or a constant, denoting a
possible need as a member of the domaln of N, and a variable,
or a constant, denoting an organism as a member of the
converse domain of N,

An expression of the form "uAa" will be meaningful if
and only if it takes a variable, or a constant, denoting an
act as a member of the domain of A, and a variable, or a
constant, denoting an organism as a member of the converse
domain of A.

An expression of the form "priv(a,x)" will be meaningful
if and only if it takes in first argument position a variable,
or a constant, denoting an organism, and in second argument
position a varlable, or a constant, denoting a need,

An expression of the form "act(a)" will be meaningful
if and only if it takes as argument a variable, or a constant,
denoting sn organism,

An expression of the form "dr(a)"™ will be meaningful if
and only if 1t takes in argument position a variable, or a
constant, denoting an organism,

An expression of the form "ef(a)"™ will be meaningful if
and only if 1t takes in argument position, a variable, or a
constant, denoting an organism,

We will assume as logical vehicles: (1) Principia






Mathematica of Whitehead and Russell (40); and (2) The

general theory of measurement of Leonard (21).
We will use the mathematical relations less-than (<),
identity (=), and diversity (*).
The primitive sentences of the theory are:
P 1l. ﬁfa = §7B.y¢ﬁ7a:o(x):xiﬁ7a.xi=y.D epriv(a,x) = priv(b,x):e2 »
priv(a,y) < priv(b,y) = dr(a) € dr(b)
P2. (Q u):e(v):BTa = Fb.veFa:u = Vied o
act(a) ¢ act(b) = dr(a) ¢dr(b)
P 3., ef(a)¢ ef(b) = dr(a) ¢dr(b)
The above propositions are consistent with a universe
of: (1) two distinct sum-individuals, a and b; and (2)
four distinct elements, ¢, 4, e, and f.
Following are certain theorems derived from the primi-
tive sentences, specifically for the purposes of testing in

the present thesis:

Verbal statement of the theorems

On the hypothesls that two organisms have all of their
needs in common, and that theilr degress of privation with
respect to all of thelr needs, except the test need, are
equal, then:

The 1le¢ If their degrees of privation with respect to the
test need are equal, then thelr drives are equsal,

and conversely,

The e If the degree of privation with respect to the test
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need of organlism a is less-than that of organism b,
then the reaction potential of a is less-than the
reaction potential of b, and conversely.

The 5¢ If their degrees of privation with respect to the
test need are equal, then thelir reaction potentials
are equal, and conversely.

On the hypothesis that two crganisms engage in the same
activity, then:

The 2¢ If thelr activity 1s equal, then thelr drives are
equal, and conversely,

The 8¢ If the activity of orgenism a is less-than the
activity of organism b, then the reaction potential
of a 1s less-than the reaction potential of b, and
converselye.

The 9¢ If thelr activities are equal, then their reaction
potentials are equal, end conversely,

On the assumption that all of the determiners of reaction
potential, with the exception of drive, are constant for two
orgénisms, then:

The 3¢ If thelr reaction potentials are equal, then their
drives are equal, and converselys

On the hypothesis that two organisms have all of their
needs and activities in common, and that their degrees of
privation with respect to all of their needs, except the test
need, are equal, thens

The 6o If the degree of privation of organism a with respoct



to the test need is less-=than the degree of privation
of organism b with respect to the test need, then

the activity of a 1s less~-than the activity of b,

and converselye.

The To If their degrees of privation with respect to the
test need are equael, then their activities are equal,
and conversely,

On the hypothesis that two organisms have all of their
needs and activities in common, and that their degrees of
privation with respect to all of their needs, except the
test needs, are equal, then:

The 10 If the activity level of organism a 1s less-than
the activity level of organism b, then the reaction
potential of a is less-than the reaction potential
of b, and conversely,

The 11, If the activity level of organism a is equal to the
activity level of organism b, then the reaction
potential of a 1s equal to the reaction potential
of b, and conversely,

Theorems 10 and 11 are interesting, because the test
needs can differ for a and b, For example, theorem 1l asserts
that 1f two organisms are deprived with respect to different
needs, and if thelir activities are equal, then their reaction

potentials are equal,
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Theorems of the present system are designuated "Th",
Theorems from the theory of measurement are designated

'pn after .eonards practice,

--» — -»
fhel.s N'a ®Li'b. Jeli'a:(x):xeli'@.x#3.).
priv(a,x) ® priv(b,x):.J.
priv(a,y) * priv(b,y) = dr(a) = dr(b)

Dem,
£1.%4.11 Hp(N,x,y,8,b). D
~[priv(a,y) < priv(b,y)] 2 ~[dr(a)<dr(b)] (1)
(1)[(b/a,a/b) Hp(N,x,y,b,a).).

~[priv(b,y) < priv(a,y)] = ~[dr(b)<car(a)] (2)

(1).(2).*4.38 Hp(N,x,y,2,b).):
~[priv(u,y) < priv(b,y)).~[priv(b,y) < priv(a,y)]J.
= . ~[ar(a) car(b)].~[ar(v) < dr(a)] (3)

(3)+T6.64."4.11,Dual 0N 23D

Th.2, (-lu):.(v):A"’a = A"'b.v €478 ) uavid.
act(a) = act(b) = dr(a) = dr(b)
Dem,

Same proof as Th.l., starting with :2.

Th.3. ef(g) ® ef(b) 2 dr(a) = dr(b)
Jem.,

Jame proof a&s Th.l., starting with .3,
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d -y - L d

‘h.4, H'a = ['b, .y»:;}L;.(x):x‘inua.x S Yo
priv(u,x) = priv(b,x):.)D.
priv(a,y) ¢ priv(b,y) = ef(&) < ef(b)

Jem,

.1 and (3 ) =D

e - » —»
Th.5. 4'a ® H'b, ,yei'ar.(x):xel'a.xy.).

priv(a ,x) = priv(b,x):.).

n

priv(a,y) = priv(b,y) ef(a) ® ef(b)
Jém,
same proof as (h.2., starting with . h.4.

—-» > > o
The6. '@ ® N'be ,y€.i'a:o(x)ixXxeN'@aex 3.,

priv(a ,x) = priv(b.x):.(éd):.(v):nru = ATB.
Vz:4?£ Ju=v:.depriv(a,y) < priv(b,y) = awct(a) < act(b)
Dem.,
.1.r2.%11.02.21.73.47.%4.21.):;
l—"a = n'_’b.‘ WY € ;I_';&: (x):x€ Iiza.x 36 e
priv(a ,x) = priv(b,x):.(;u):.(v):A;; = Ail.
V‘ATG d u*v:,.):
priv(a,y) < priv(b,y) = dr(a) < dr(b):
dr(a) ¢ dr(b) Z act(a) < act(b) (1)

(1).*4,22 ) "ED



31

— —

—» -»
The7. L'a = L'b., ,ye H'a:,.(xX):xe N'a,x+y.).

priv(a ,x) ® priv(b,x):.

(Ju):.(v):iTa = ATB.VE A'a du = v:.).

priv(a,y) ™ priv(b,y) = act(a) = act(b)
Dem.,

Same proof as Th.l., starting with Th.6.

-» —- »

TheBe. (du):e(V):a'a * A'D.,VE 4'& ) u®v:D.
act(a) < act(b) 2 ef(a)< ef(Db)
Dem.

r2 and P3 ) QED

Th.9. (-]u):.(v):A'a = Arb.ve A—:a ) u*v:D.

act(a) = act(b) = ef(a) = ef(Db)

Dem,

Th.2, and Th,3. ) ED

Th.10. ii'a = N"’b.j,zc 1;",8:.(x):xeu_"a.xv‘-y.x#z.).
priv(a,x) ® priv(b,x):.
> » -~
(du):e(v):4'a = A'D.ve a'a ) u<v:,. ).
act(a)< act(b) 2 ef(a) < ef(D)
Dﬂ’mo
. - > -
*3.31 [(Ju):(v):A'a ® 4'b.ve A'a ) u*v/p,
uct(a)< act(b) = ef(a)< of(d)/x,
» = -
N'a "N'b.#,z;u'a:.(x):xeN'a.x"y.x» z..

priv(a,x) *= priv(b,x)/ql::¢d::.



(du): o(V):4'@a = A'b.vV € ATB J u*v: ).

act(a) < act(b) 2 ef(a)<eof(b)::)::

—» g —y -»

N'a = N'b.),z EH'@:4(X):XE N'@.XFJoXF 20 Do
priv(a,x) ® priv(b,x):.

(Qn):.(v):A-ra = A'b.ve A?a ) utv:.)d.

act(a) ¢ act(b) 2 ef(a) < ef(Db)

T™M.8.(1).*3.22.35 ) “ED

Th.1l1l.

IITa - N"b.i,z eh:}’a:.(x):xe- N""a.x#y.x:,& Zede
priv(a,x) ® priv(b,x):.
- ad -
(du):e(v):A'@ = A'b,ve A'& ) u®v:.)D.
act(a) ® act(b) = ef(a) * ef(b)
J6em,

Same proof &8 Th,10., starting with Th.9.
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STATEMENT OF THE PROBLEM

The problem for the emplrical part of this theslis was
to put to experimental test certain of the theorems derived
in the sectlion on theory. Using water privation Theorems
4, 5, 6 and 7 were tested, Using food privation Theorems U,
5, 6 and 7 were tested. Finally Theorem 1l was tested,

In combination with the above, two magnitudes of food
reward and two magnitudes of water reward were used in
training the animals, to determine whether there was any
interaction between the amount of reward and the degree of

privation,






PREDICTIONS

Using Theorem L we have:

Hyp. 1.

Hype 2

Hyp. 30

Hype Lo

With food privation, the greater the level of
privation, the greater the force of response

(Test data)e

With food privation, the greater the level of pri-
vation, the greater the number of trilals to
extinction,

With water privation, the greater the level of pri-
vation, the greater the force of response (Test data),
With water privatlon, the greater the level of pri-
vation, the greater the number of trials to

extinction,

Using Theorem 5 in conjunction with Hullt's postulate on

the magnitude of reward, we have:

Hypeo 50

Hypes 6.

With food privation, the farce of response of the
small reward group will be less than the force of
response of the large reward group (Training data)e.
With water privation, the force of the response of
small reward group will be less than the force of

response of the large reward group (Training data)e

Using Theorem 6 we have:

Hype 7o

With food privation, the greater the level of pri-

vation, the greater the activity level (Test data),






Hyp .

Hype.

Hyp .

Hyp .

Hype

35

8. With food privation, the greater the level of pri-
vation, the greater the activity on extinction days.

9. With water privation, the greater the level of pri-
vation, the greater the activity level (Test data).

10, With water privation, the greater the level of pri-
vation, the greater the activity on extinction dayse.

Using Theorem 7 we have:

11, There will be no differences in activity among the
four sube=groups in the training series,

Using Theorem 11 we have:

12, For a given level of privation of food or water,
where the activity level of a food privation animal
is equal to the activity level of a water privation
animal, the force of response of the food privation
animal 1i1s equal to the force of response of the water

privation animal,



SUBJECTS

The subjects used in the present study were 48 experi-
mentally naive male albino rats from the colony malntained
by the Department of Psychology of the Michigan State College.
The ages of the animals at the beginning of thelr use as
sub jects ranged from 100 to 120 days,



APPARATUS

The apparatus used in the present problem was especially
constructed for the series of problems of which this thesis
is the third. Davis (8) and Smith (34) used the apparatus
in their studies, and with one minor modification the appar-
atus 1s the same as they reported. The apparatus itself
consists of a combination activity chamber and panel-pushing
device, so constructed that one may obtain from it a measure
of the activity of the experimental animal, as well as
measures of response latency and the force with which the
animal responds, It consists of a 1/2 inch plywood box
with overall dimensions of 20 x 16 x 11 inches,

Figure 1 presents a cross-section of the apparatus.

The bottom of the activity chamber was a false floor which
was supported by three springs near the edge, and by a rubber
ball at its center. At the four corners of the false floor,
small, attached, rubber balls served as stops, preventing the
floor from tipping more than 1/} inch. |

A guillotine door at one end of the activity chamber,
when raised, gave access to a hinged 4 inch by 2 inch panel.,
This panel was constructed of rectangular plece of plywood,
1/16 inch thicke At the upper end of the panel a small piece
of 1/2 inch plywood, 2-1/2 inches long was attached. This

formed the base for hinge,
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The flat grey interior was illuminated ty a T7-watt
bulb, located at the end of the box opposite the gulllotine
door. The bulb was covered by a piece of opal=flashed glass,

The box was entered from the top, through a 10-3/l4
square inch hinged door. In the center of this door was a
large clear-glass ooservation windowe

Activity level was measured by a device consisting of a
GE 2=36KRL mercury switch, suspended vertically beneath the
false floor and connected in series with a Gorrell and Gorrell
115 volt electric counter., The mercury switch was situated
beneath the floor in such a manner that movement by the
animal caused the floor to tip, causing the mercury in the
tube of the switch to flow, womentarily making and breaking
the circuit in accordance with the vigor and frequency of
the movements of the animal,

A thin metal rod, hinged at the top of the panel was
twisted so as to extend to the back of the panel in one
direction, and to the top of the box in the other. The rod
was so placed that it "rode" back on the panel when the
latter was pushed open, and at the same time the upper half
of the rod came forward towards the activity chamber. By
means of this rod, the force applied to the door was trans-
mitted to a slender stick of wood which was glued to a
light plastic wheel (a child's toy roulette wheel) mounted
on a plastic axel. The force of the response, applied to the

panel, was thus transmitted into rotary movement of the wheel.






e}

The extent of movement of the wheel was read in degrees of
angle. Because the wheel offered very little resistance to
the metal rod, the initial movement of the panel caused 1t

to turn out of the range of further movements of the rod.

The extent of rotation of the wheel depended upon the initial
force with which the panel was struck, not on the distance the
panel was moved., Thus, force of response was read in degrees
of rotation of the wheel,

Response latency 1s not considered in the present report
because the experimenter feels that his own latency is con-
founded with the animalts response latency.

Single reward pellets were placed on a tray located 1/i
inch below the lower Jjamb of the panel., Metal walls were
built up on either side of the tray to discourage exploratory
behavior., The cormners of these walls were bent toward the
panel, forming stops to prevent the animal from forcing the
panel and breaking 1t. On the tray itself, a small well of
solder was constructed to hold the food pellet in place,

Water reward was administered through a curved glass
tube attached by a rubber stopper to a burette. The
burette was clamped to a standard ring stand, and the whole
assembly was retractable. The tube was so adjusted that the
end was located in the same position in which food pellets

were placeds






PROCEDURE

That portion of the procedure which was common to all
of the sub-groups will be presented first. We will then

discuss the individual groups separately,
Habituatlion

All animals were handled for a pericd of 20 minutes on
each of three days prior to their first experience 1in the
apparatus. This handling consisted of stroking the animals,
and allowing them to run ajout on top of a large table. On
the fourth day each animal was placed in the activity box
for a period of six minutes, during which time 1its activity
level was recordeds These six-minute habituation trials
continued for five days, or through the eighth day of the
experimental series, This six-minute activity measure is
standard for the entire experimental series., The activity
measures obtained during the time period day L through day 8,
inclusive, represent the initlal activity levels of the
anlmals under conditions of ad libitum feeding,

Training

On the ninth day each animsal was given the regular six
minutes in the box, during which time activity level was

recorded. At the end of six minutes the guillctine door was
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ralsed, allowing the animal access to the hinged panel, The
panel was open to its fullest extent (approximately two
inches) making the reward easily accessible to the animal,
After the animal had taken the reward, the panel was closed,
and the guillotine door was lowered., After a period of 30
seconds had elapsed, the guillotine door was again raised,
presenting the animal with the open panel and the reward.
This procedure continued for eight trisls. On the ninth
trial the panel was open only approximately 1/2 inch, so
that the animal had to open the panel the rest of the way
to obtain the reward. Another trial was given 1n the same
manner, making a total of ®10 rewarded responses for the daye
The following day the entire procedure was repeated with the
sole exception that for the first two trials the panel was
open approximately 1/2 inch, and on the last eight it was
closed all of the waye. On the remaining six days of training
each animal made 10 responses to the panel fully closed. At
the end of training each animal had received 80 rewarded
trials in the apparatus,

The six-minute activity level, before the trials of
each training day, was recorded,

The force of the response for each trial was recorded
on the last three training days.

All animals were trained on 22-1/2 hours of privation

of the reward substance,
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Testing

On the 17th day of the experimental series, testing was
begune The animals were randomly assigned to the particular
privation level at which they would be tested cn a given daye
The appropriate privation manipulations were carried out
(details to be specified below) and the animals were intro-
duced into the apparatuse The six-minute activity level was
recorded, Then the animals were given four rewarded trilals
on the panel, in exactly the same manner as on the last six
days of training. The force of response was recorded for
each of the four test trials. If a subject refused to
respond for a period of six minutes it was removed from the
apparatus, and the expression "NR" (no response) was recordsd
for that day's trials, Each animal was tested at each pri-
vation level considered, and the order of presentation of
privation levels was randomized for each subject. Six pri-
vation levels were studied and there were seven testing days.
The reason for the extra testing day is that one of the

privation levels was 48 hours without food (water),
Extinction

On the 24th day of the series each animal was again
assigned at random to one of the six privation levels. The
animals were placed in the apparatus, the activity level was
recorded, and extinction was begune. An extinction trial

was conducted as was an ordinary testing trial, with the






exception that no reward was given the animal, Extinction
trials were continued until an animal had refused to make a
response for three consecutive minutes., An animal was con-
sidered to have responded if and only if 1t opened the panel
and placed its nose in the position that it would have had

to assume to get a reward. The force of each response was
recorded, as well as the number of responses to criterion.

A summary of the procedure common to all groups follows:

Days 1 - 3 Handling, 20 minutes per day,

Days 4 - 8 Habituation in apparatus, six-minute activity
level recorded,

Days 9 = 16 Training, 10 trials per day. Activity recorded
on all days. Force of response recorded on
days 14, 15 and 16,

Days 17 = 23 Testing, 4 trials per day under the appropri-
ate privation conditions, Activity level and
force of response recorded each day,

Day 24 Extinction, to a three minute criterion,.
Actlivity level and force of response recorded,

All animals were weighed at the beginning and end of
the experimental series, and at least one other time during
the series,

The main division of the present experiment is with
respect to the privation substance, Half of the animals
were deprived with respect to food and half were deprived
with respect to water, _

Of the 24 animals which were placed on food privation,
12 received a large reward pellet and 12 received a small

reward pellet. The large pellets weighed, on the average,
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0.32 grame The small reward pellets welghed, on the average,
0,08 gram,

Of the 24 animals placed on water privation, 12 received
a large water reward and 12 received a small water reward,
The large water reward was, on the average, 020 cc. of
water, and the small water reward was, on the average 0.12 cc,
of water,

On days 1 through 8 all animals were on an ad libitum
feeding schedules During the tralning series, the animals
were on 22-1/2 hours food (water) privation., During the
testing series, the animals were deprived for various numbers
of hours, depending upon the particular random sequence of
privations for any given animal, The privation levels
studied were 1, 2, 6, 12, 22-1/2 and 48 hours. During the
extinction series an animal was extinguished at only one
of these six privation levels,

It was felt that any cumulative effect of privation
would seriously impalr the validity of the experimental
results, so an attempt was made to keep the animalst welghts
as close to ad libltum weight as possible, To this end, one-
half hour after each animal had completed his performance
for a given day, 1t was allowed free access to a wet mash
mixture and to water for a period of 45 minutes., During the
testing series, animals were also alloved free access to the

mash and water for L5 minutes just prior to the beginning of
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theilr privation pericd. An exception to the general pro-
cedure 1s the case of 22-1/2 hours privation, where the
single feeding time was lengthened to one hour,

Those animals deprived with respect to food (water)

had water (food) available in their home cages at all times,



RESULTS

Actlivity level

The habituation activity levels of all 48 animals were
broken out in terms of the sub=-groups into which the animals
would fall, and analysis of variance was done to determine
whether there were differences in activity level with
respect to the groups-to-be., The results of the analysis
are presented in Table 1. There are no significant differ-
ences between groups=to-be, There are significant differ-
ences between the five habituation days. The general tend-
ency 1s for activity level to decrease over the five-day
habituation period (see Figure 2). The days-times-groups
Interaction term 1is not significant, indicating that all
four groups-to-be behaved in the same way over the five
habituation days.

Table 2.presents the results of an analysis of variance
of the difference iIn activity level between the mean of the
last two habituation days, and the first day of training,
This analysis should indicate whether the change in priva-
tion, as such, 1s instrumental in bringing about an increase
in activity., There were no differences between the four
groups-to-be., The interaction term groups=-times-days 1s not
significant, indicating that all of the groups-to-be behaved

in the same way. There is a significant difference between






TABLE 1

ANALYSIS OF VARIANCE OF THE HABITUATION

ACTIVITY FOR THE FCUR GROUPS=-TC=BE

43

Source of variance d.f. Sum of squares F P
Total 239 5,506, 714440
Between animals L7 1,855,549.60
Between groups 3 140, 311.40 1,20  ns*
Between animals
within groups Ly 1,715,638,20
Within animals 192 3,650,764.80
Days L 1,559,430,02 35,86 «01
Days x Groups 12 177,837.81 1.35 ns

Pooled animals x
days interaction

176 1,913,496.97

*ns denotes not

significant
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TABLE 2

ANALYSIS OF VARIANCE OF THE ACTIVITY DATA COMPARING
THE FIRST DAY OF TRAINING WITH THE MLAN OF
THE LAST TWO HABITUATION DAYS

—

Source of variance defe Sum of squares F P
Total 95 1,232,864499
Between subjects L7 705,139.49
Between groups 3 39,178.49 £1 ns*
Between subjects
within groups Ly 665,961 .12
Within subjects 48 527,725650
Dsys 1 217,6L46426 33.70 o0l
Days x Groups 3 25,910,611 le3L ns
Error N 284,169.13

*ns denotes not significant
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days, indicating that the change from ad libitum feeding and
watering conditions to 22-1/2 hours privation did signifi-
cantly increase activity level,

The analysis of variance of activity on the training
series is given in Table 3 (see also Figure 3), There are
differences significant at the five percent level of confli-
dence between: (1) the four sub-groups, (2) large and small
reward, and (3) successive training dayse The difference
between sub=grcups can be attributed to the difference between
large and small reward, since the differences between food
and water, and the interaction term food-water-times-large-
small-reward, were not significant. Thus, hypothesis 11 1is
not denied by these results. There was a general tendency
for activity level to increase.with successive days of train-
ing, in the case of the large food reward group only.

The analysis of the activity levels on the testing
series 1is given in Table Lo Inasmuch as there were differ-
ences in the training data, introduced by the use of two
levels of reward, the analysis of the testing activity is
a covariance analysis,

Table L shows significant differences between privation
levels, The F-value for this factor was significant beyond
the one percent level of confidence. More interesting than
this result, however, 1s the finding of significant F-values

for the two Interaction terms food-water-times=privation






TARLE 3

ANALYSIS OF VARIANCE OF THE ACTIVITY DATA
FOR THE TRAINING SERIES

52

Source of variance dofe Sum of squares F P
Total 383 13,310,719.40
Between animals L7 7,689,586,10
Between groups 3 1,465,872,60 3¢37 .05
Food vs water 1 323,292,.,16 2423 ns¥
Large vs small 1 930,23k 44 642 «05
Food vs water x
Large vs small 1 212,346.00 1.47 ns
Between animals
within groups L3 6,223,713450
Within animels 336 5,621,133.30
Days 7 231,818,450 2.09 0e5
Days X Groups 21 £03,905.50 1,51 ns
Days x food-water 7 176,519,744 1,59 ns
Days x large-small 7 170,911,54 1454 ns
Days x food-water
X large-=small 7 156,474 422 lo41 ns
Pooled animals x
days interaction 308 4,885,409430

Fram—
ns denotes not significant
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TABLE L

ANALYSIS OF CO=-VARIANCE OF ACTIVITY LEVEL
ON THE TESTING SERIES

Source of varlance defe Sum of squares F P
Total
Deprivation 5 692,590,440 12,97 o0l
Animals L7 2,815,729.99 561 01
Groups 3 179,291,498 1.50 ns¥®
Food=water 1 53,243.28 1.33 ns
Large-small 1 85,56L..26 2.14 ns
Food-water x
Large=-small 1l 21,321,37 Z1 ns
Between animals
within groups 43 1,715,892.77
Animals x Deprivation
Groups x Deprivation 15 60L.,557 410 3,77 «05
Food-water x
Deprivation 5 291,407.12 Sel6 «01
Large-small x
Deprivation 5 182,989430 3643 .01
Food=water x
Large=-small x
Deprivation 5 126,962.09 2438 «05
Error 219 2,339,737483

*ns denotes not

significant
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level and large-small reward-times-privation levels. The
significance of the food-water=-times=-privation level inter-
action term indicates that the food groups did not behave

in the same way over the privation levels as did the water
groups. Reference to Figure L and to Table 5 indicates that
only the large food group deviated from the trend of the
water groups. These data do not support elther hypotheses

7 or 9,

The large-small-reward-times=-privation level interaction
term was significant for the same reason that the food-water-
times-privation level interaction term was; l.e., the large
food group deviates from the trend of the other groups. 1t
is noteworthy that the large food group deviates from the
trend of the other groups only with respect to the early
privation levels., Table 5 is included to point up these
differences in trend.

A remark on the rellability of measurement of activity
is in order at this pointe Johnson (19, pe 136) recommends
the use of the error term and the individual mean square in
estimating the reliability of measurement, We obtaln an
estimate of the relliabllity coefficient if we subtract from
unity the ratio of the error mean square to the individual
mean square, Using this procedure, with the result s of the
analysis of varlance of the activity data for the training
series, we have as an estimate of the reliability coefficient,

rn = 00910
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Table 6 summarizes the results of analyses of varlance
of activity on the extinction day. It 1s seen that none of
the F=-values 1s significant., Hypotheses 8 and 10 are not

supported,

Force of response

For the training series, force of response was recorded
only for the last three training days. The analyses of these
data, using the mean force of response for each animal for
each day, are given in Tables 7 and 8.

Table 7 presents the results of the analysisfor the
food groups. None of the F-values 1s significant, lndicating
no differences in force of response attributable to size of
reward, and no differences in force of beSponse on the last
three days of training. The lack of significance in the
interaction term groups-times-days, indicates that both
groups behaved similarly on the last three days (see Figure
5)e These results, with respect to size of reward, do not
support hypothesis 5, These results, with respect to differ-
ences between days, indicate that the habit for the panel
pushing response was at a maximum by the end of training,

It was hoped that this would be the case for valid results
on the testing data,

Table 8 presents the results of the analysis of variance
of the force of response on the training series for the water

revward groups. The total degrees of freedom here are L1






TABLE 6

STMMARY OF THE ANALYSES OF VARIANCE OF
ACTIVITY AT EXTINCTION

Source of variance defe F P
water=food 1 21 ns*
Large-small 1 <1 ns
Groups 3 1.16 ns
Deprivation 5 z1 ns

*ns denotes not significant

TABLE 7

ANALYSIS OF VARIANCE OF FORCE OF RESPONSE ON THE
LAST THREE DAYS OF TRAINING FOR THE FOOD GROUPS

59

Source of varlance dele Sum of squares F P

Total 71 3,154.089

Between animals 23 2,054..842 <1 ns*
Groups (Large-small) 1 3.167 <1 ns
Between animals
within groups 22 2,051,675

Within animals L8 1,099.247
Days 2 37406 £1 ns
Days x Groups 2 524795 1.15 ns

Pooled animals x
trials interaction Ll 1,099,046

*ns denotes not significant
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TABLE 8

ANALYSIS OF VARIANCE OF FORCE OF RESPONSE ON THE
LAST THREE DAYS OF TRAINING FOR THE WATER GROUPS

Source of variance = d.f, Sum of squares F P
Total T 3,445.736
Between animals 13 1,821.169
Groups (Large-small) 1 1,010,381 14495 Mol
Between animals
within groups 12 810,788
Within animals 28 1,62l4.567
Days 2 78,832 Z1 ns*®
Days x Groups 2 3504917 3.52 0.5

Pooled animals x
trials interaction 24 1,194,818

*ns denotes not significant
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instead of 71, as in Table 7. This 1s due to the fact that
data for 10 animals were not avallable., The difference for
size of reward is significant beyond the one percent level
of confidence., This result supports hypothesis 6, since it
is the small reward group which showed the smaller mean force
of response. There were no significant differences over the
last three days of traininge. The significance of the inter=
action term size of reward-times-days reflects the fact that
the small reward group shows a steady decline in force of
response over the last three days of training, while the
large reward group does not (see Figure 5),

Estimates of reliability of measurement of force of

= 0,95 for the food groups, and r__ = 0,91

response give
p 8 r XX

xx
for the water groupss

Table 9 presents the results of the analysis of variance
of the force of response on the training series., The
original data were not homogeneous, and hence a square root
transformation was useds The data for this analysis were
obtained by averaging the four test trials for each pri-
vation level for each animal,

In Table 9 the F=value for privation levels was signifi-
cant beyond the one percent level of confidence, indicating
an increased force of response with increased privation. The
only other significant F-value was the interaction term size

of reward-times-privation level, This interaction term was

significant because the large food reward group showed an






TABLE 9

ANALYSIS OF VARTIANCE OF FORCE OF RESPONSE
ON THE TESTING DATA

63

Source of variance defoe Sum of squares F P
Total 287 30144347
Deprivation S 374448 15.16 a)
Animals L7 14444097 6.95 01
Groups 3 54203 <1 ns"
Food-water 1 24151 <1 ns
Large-small 1 2.411 <1 ns
Food=-water x
Large-small 1 0.641 <1 ns
Between animals
within grcups nn 133,691
Animals x Deprivation 235 119.889
Groups x Deprivation 15 11,230 1,52 ns
Food-water x
Deprivation 5 34502 l.42 ns
Large-small x
Deprivation 5 6.323 2456 «Cl
Food-water x
Large=-small x
Deprivation 5 1.405 <1
Error (pooled animals
x deprivation) 220 108.659

*ns denotes not significant
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increase in force of response with increased privation, over
the early privation levels, while the other groups <id not,
See Fizure 6 and also Table 10, Thaese results do not support
eitker hypothescs 1 or 3,

Table 11 swamarizes the results c¢f analyses cf varlaice
of the number of trials te extinction., None of the ’=values
i1s sigrificent, XHypotheses 2 and L are not suoncrted,

According to hypothesis 12 taere chould be a strong
pesitive Pearson product-moment correlatior cosfficient
betwesr the fcorce of response of animals in the water groups
and animals in the fcod groups, when the anlmels are matched
according to activity level, Comparison of the activity
levels of the Ifood and water group enimals disclosed 55
cases when the bypothesis of Theorem 11 was satisfied.

Since the correlstion of 0,12 is less than 1ts standard

error (0.13), hypothesis 12 1s not supported.

The valicdity of the theory of drive

We are here concerned with empirical valldity. The
reader will recall that the consequences of the three primi-
tive sentences were set up in terms of the relation less-
thans This relation is an ordering relation, and implies
linearity. In terms of our present experiment this means
that there should be a linear relation between hours of
privation and activity, and between hours of privation and

force of response. Since significant differcnces were
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TABLE 11

SUMMARY OF ANALYSES OF VARIANCE OF THE
NUMBER OF TRIALS TO EXTINCTION

p

Source of variance defe F
Water=lood 1 <1 ns*
Large-small 1 <1 ns
Groups 3 2012 ns
Deprivation 5 1.15 ns

*ns denotes not significant
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demonstrated between both of the test variables with respsct
to hours of privation, we are in a position to test the
implications of the use of the relation less-than,

Table 12 presents the analysis of variance of deviatlons
from linearity for the activity data of the testing serles.
It 1s seen that the F for deviations from linearlity 1s not
significant, Hence, the implications of the use of the
less=than relation are supported for the activity datae

Table 13 presents the analysis of variance of the
deviations from linearity for the force of response data of
the testing series, It 1s seen that the F for deviations
from linearity 1s not significant. Hence, the implications
of the use of the less=than relation are supported for the
force of response data,

In consequence, we may say that the present experiment
is an adequate model for the theory of drive, at least
within the range of privations used,

The least squares regression of the activity data on
hours of privation is

a = 2,8416h + 202,1159

The least squares regression of force of response on

hours of privation is

f = 0,0218h + 55,1889






ANALYSIS OF VARIANCE OF DEVIATIONS
FOR ACTIVITY ON TH&E TESTING

o
O

TABLE 12

FREGM LINLARITY
SERIES

Source of varlance defe Sum of squares F )
Deprivation 5 69l,0744230

Linearity 1 627,183,095

Deviat, fm. linear, Iy 66,891,135 1.57 ns™®
Error 220 2,340,056.82

3*
ns denotes not significent

ANALY3IS OF

TABLE 13

VARTANCE OF DEVIATIONS FROM LINEARITY

FOR THE FORCE OF RESPONSE ON TH&Z TESTING SERIES

Source of variance defe Sum of squares F P
Deprivation 5 371448L
Linearity 1 3249334
Deviat. fm. linear, L )1+5150 2429 ns®
Error 220 108,6587

%
ns denotes not

slgnificant
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DISCUSSICN

The discussion of the results of the present study will
be divided into three sections. We will consider first the
implications of the study for activity as a measure of drive.
Secondly, we will consider the results of the study with
reference to the concept drive. Finally, the notion of

need will bs considered,

Activity as a measure of drive

The fact that activity level drovs during the five
habituation days supports the findings of Smith (34), in
the same situation. It seems to take approximately five
days to establish a consistent level of activity, from which
we may worke This reduction 1is certainly not the result of
a reduction in privation, since the animals were on an ad
libitum feeding schedule on all five days, but seems more
due to the reduction in the amount of exploratory behavior
in which the animals engages

The finding of a significant increase in activity from
the last two days of the habituation series to the first day
of the training series, would seem to iIndicate that the
increase in privation was resvonsible for the increased
activity. There 13, however, an alternative explanation,

It is possible taat tke change in privation conditions,
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independently of the fact that the change was an increase,
resulted in increesed activity. There are some studies
which seem to suggest this (8, 9, L), slthough their results
are not a sufficient test, Some unpublished work from the
Michigan State College laboratory bears more directly on
this point*. Water privation was utilized, and activity was
recorded over a ten-day perliod., Precautlons were taken to
see that the animals bad no opportunity to assoclate water
reward with the activity chamber, Four groups, of four
eanimals each, were run. Two of the groups were on the same
conditions of privation throughout the 10-day period, one
group deprived for 3-5 hours, and the other for 18«20 hours,
Two groups were switched on privation ¥ vels half way through
the 10-day period; one group being switched from 3=5 to 18-20
hours privation, and the other being switched from 18220 to
3-5 hours privation. Both of the groups which were switched
on privation levels showed an increase in activity level
from the first 5 days to the last 5 days. Neither group
which remained at the same privation level showed any in-
crease 1ln activity from the first to the last 5 days.
Furthermore, the difference between 3-5 and 18<20 hours of
privation was not significant. These results support the
assumption that the increase in activity level from the last

days of habituation to the first day of training, in the

*Behan, R. A. and Campbell, Fo. Activity under two
levels of water privation, in the rat. Unpublished,
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present study, was due to the change in privation conditions,
and not to the increase in privation, as such.

The results of Smith (34) and Davis (8) pointed to the
existence of an anticipatory learning factor as influencing
activity. In the present study, the fact that the large
food reward group showed an increase in activity during the
elght days of training, points to the same conclusion. Also,
the existence of significant Interaction terms between food-
water and privation level, and between large and small
reward and privation level, points to the same conclusion,
It might be thought that such a result would be the conse=
quence of the particular apparatus used in the present studye.
That is, due to the fact that the activity measures were
taken in the same &apparatus in which the animals learned
the panel=-pushing response, Thils 1s doubtful, however,
since the other three sub-groups did not show a similar
increase in activity during the training series., If associ-
ation with reward, as such, were a sufficient condition for
an increase in activity, one would expect that these sub=-
groups would have shown an increase in activity parallel
t.o the Iincrease of the large food reward groupe. It would
appear, from the present results, that some minimal amount
of reward is necessary,

With respect to the results with activity on the testing
8eries, it is obvious that activity is not determined by

hours of privation of food cr water, Here agaln, activity
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level seems more dependent upon the amount of reward given

in the situation, and the change of privation conditions,
Only the large food group shows the increase in activity
with increased hours of privation, and this only with respect
to the lower levels of privation as contrasted with the
higher levels,

It is well known that activity 1s a complexly determined
aspect of the animal's behavior (10, 13, 25, 27, 28, 29, 30,
34s 39)e The implication of ths present series of studies,
that the amount of reward that animals are given in a par-
ticular situation influences the amount of activity that
the animals display in that situation, merely adds one more
factor to be considered, if one attempts to use actlvity as
& measure of drive. Drive is concelved as a unitary con-
structe To attempt to measure a unitary thing by reference
to a multiply-determined aspect of behavior 1like activity,
seems a little ridiculous,

There is also a question of precision of measurement,
The results of the testing series suggest that there must be
some substantial change in the level of privation, since
differences occur only after 12 hours of privation. If
drive 1s supposed to increase with each hour of privation,
activity level does not reflect this fact., Further, 1t is
believed that this insensitivity of activity to changes in
drive 1s not due to the apparatus used, The rat could make

the counter run very swiftly by merely sitting and scratching.






It 1s noteworthy that the writer cculd find no studies of
activity as a function of privation where privation inter-
vals were less than 12 hours,

The implications of the present study are that activity
level would not be a satisfactory indicator of the magnitude

of drive.

The theory of drive

The theory of drive presented in the second section of
the present thesis has not stood the experimental test, Of
the 12 hypotheses tested, 10 were not confirmed, Four
hypotheses were derived from Theorem L. Theorem L4 is to
the effect that reaction potential will vary with hours of
privations Two hypotheses were concerned with privation
with respect to food. Of these, hypothesis 1 used force of
response as a measure of reaction potential, and hypothesis
used the number of trials to extinction as an indicator of
reaction potential, Hypothesis 1 failed in the case of the
small food reward group, but was supported in the case of
the large food reward group. Hence hypothesis 1 fails.
Hypothesis 2 failed in the case of both reward groups,

Two of the hypotheses derived from Theorem l were con-
cerned with water privation. Of these, hypothesis 3 used
the force of response as a measure of reaction potential,
and hypothesis 4 used the number of trials to extinction as
& measure of reaction potential. Both of these hypotheses

Talled for the large and the small water reward groupse






Theorem L was not supported,

Two hypotheses were derived from Theorem 5 in conjunction
with Hull's postulate on the magnitude of reward. Hypothesils
5: with food privation, using the training data, the force
of response of the small reward group will be less than the
force of response of the large reward groupe Hypothesis 5
was not confirmed., Hypothesis 6: with water privation,
using the training data, the force of response of the small
reward group will be less than the force of response of the
large reward group. Hypothesis 6 was confirmed. The question
arises, was the failure of Hypothesis 5 due to failure of
the drive theory, or fallure of Hull's postulate on the size
of reward, The result with Hypothesis 5 is exactly what
would have been expected 1f we had not used two sizes of
reward in the two groups, hence the conclusion is that'the
failure of Hypothesis 5 1is not due to the failure of the
drive theory.

Theorem 5 was supporteds

Four hypotheses were derived from Theorem 6, Two of
these are concerned with food privation, Hypothesis 7:
using the test series activity, the greater the privation
the greater the activity. Hypothesis 7 was not supported
in the case of the small food reward group. Hypothesis 8:
using the extinction serles activity, the greater the pri-
vation the greater the activity. Hypothesis 8 was not

supported. Two of the hypotheses derived from Theorem 6
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were concerned with water privationes Hypothesis 9: using
the test serles activity, the greater the privation the
greater the activity. Hypothesls 9 was not supported,
Hypothesis 1C: wusing the extinction series activity, the
greater the privation the greater the activity. Hypothesis
10 was not supported,

Theorem 6 was not supported.

Theorum 7 was tested with only one hypothesis, number 11.
Hypothesis 11 asserted that there would be no differences
among the sub-groups, with respect to activity, on the train-
ing series, The differences among the sub-groups that apgear
are due to the use of two sizes cf food reward, hence
Hypothesis 11 is not disconfirmed, In this connection see
the discussion of Hypothesis 5, above,

Theorem 7 was supported,

A single hypothesis, number 12, tests Theorem 1ll.
Hypothesis 12 failed,

Theorem 11 was not supportede

There 1is no consistent pattern of support and failure
for the experimental hypotheses. If Theorem 11 had been
supported, we could have said that those hypotheses involving
the relation less-than failed, and those involving the
relation identity were supported. However, Theorem 11

failede We must conclude that there 1is something wrong with

the theory of drive,
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The theory of drive has three primitive sentences. The
first of these reduces drive in terms of privation with
respect to a nced., The second reduces drive in terms of
general activity. The third relates drive to the rest of
the Hullian system, Postulates 2 and 3 are necessary for
empirical test of the theorye. We have already discussed
activity, and noticed two draw=-backs. First, activity is
multiply-determined; and second, activity is not a sufficlently
precise measure of drive,

We Will not here concern ourselves with postulate 3,
since 1t is forced unon us by external considerations,

Before we examine postulate 1, it will be necessary to
consider some different usages of the term drive. There are
three usages of the term drive which are common in present
day psychology. The first of these 1s to consider that drive
is a stimulus (12, 14, 24, 3). This is perhaps the oldest,
and just beginning to come back into the literature. Refore
this notion of drive will become useful, it will be necessary
to clarify the notion stimulus. Very little has been done
along this line, and this usage of the term drive is outside
the scope of the present thesis, hence we will go on to
other uses of the word,

The remaining two usages of the term drive differ, not
as to the function which drive plays in the explanation of
behavior, but rather in the degres of abstractness with which

the term 1s considered. Both usages depend upon the prior
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assumption of need; assuming that it is possible to withhold
some environmental support, and thus deprive the animal with
respect to that environmental support, i.e., with respect to
that need, The first notion of drive: drive(l), abstracts
away completely from the specificity of need (16, 23, 37).
As Munn puts it "... drives, as such are usually blind,.

They activate, 1t is true, but most of them do not, until
learning has occurred, turn activity into appropriate
channels." (26, pe 84)« The second usage of the term drive:
drive(2), 1s much less abstract than the first, and some
individuals seem to use the term almost synonymously with
the term need (33, 39). It differs from the concept need

in that the drive activates the animal, but the activity is
more or less specific, depending unon the neced with respect
to which privation occurs, For example, privation of water
(food) results in water (food) seeking behavior on the part
of the animal., Ve will confine our remarks to the latter
two notions of drive.

The present thesis has its origin in a test of drive(l).
However, as was pointed out, both drive(l) and drive(2)
assume that privation with respect to a need results in the
animal's belng activated. In this sense the present thesis
is a test of both notions. If Hypothesis 12 had been the
©nly hypothesis denied by the present study, it would have
been possible to fall back on drive(2). However, the denial

of Hypotheses 7, 8, 9 and 10, also, makes this impossibles
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Reference to Table 5 will make 1t plain that privation with
respect to a need, per se, does not result in increased
activity, Indeed, within the limits of the present study,
1t would seem that & learned anticipation and the amount

of reward were the most important factors. Hence, the
present experimental results legislate against both of the
notions drive(l) and drive(2),

The category of need

This section will constitute an attempt at a speculativa
account of the reason for the fallure of the theory of drive,
The notion of drive rests upon the prior notion of need., The
kinds of needs which psychologists assume are taken from the
common-sense mythology of everyday life, In this respect
psychology does nct differ from the other sciences, The
scientific enterprise is characterized by the fact that the
scientist begins with common-sense, The contributions of
science consist In the modifications of that with which they
start,

With this observation in mind we may look to the notion
of need as one of the sources of the present fallure of
drive. If the basic notion is faulty the derivative notion
must also be faultye In hls treatment of the notion of need,
Hyll may be taken as typical of psychologists in general,
Hull considers the needs of animals as independent of each

other, Animals have needs for food, water, air, avoidance
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of tissue injury, malntenance of &n optimum temperature,
defecation, urination, rest, sleep and activitye These of
course are only the primary needs. Other psychologists,

for example Lewin (23), would include a large number of
other kinds, including some that are learned. Each of these
needs acts independently, and then the results of the indi-
vidual action 1s summated to give an over-all effecte

The thesis of the present section 1s that this notion
of need is singularly simple-minded, and thus fallacious, It
will be argued that the different needs listed above, as well
a3 the learned needs that an individual may acquire, do not
act independently of each other, The mode of action of
needs 1s rather to be considered as an interaction., Further-
more, the conception that equal hours of privation with
respect to a neod results in equal drives, is likewise an
over slimplification, If needs interact with one another,
then it is meaningless to speak of equal hours of privation
with respect to a needs In other words, the denial of the
independent action of needs necessitates a denial of the
assunption that equal hours of privation with respect to a
need result in equal effects,

The evidence for the above position 1s sketchy, and
incomplete, However, there is some, The studies of Ver-
planck and Hayes (38), Finger and Reid (10), and Calvin and
Behan (5) all indicate that there 1s an interaction effect

between food and water privation. If animals are deprived
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of food they automatically cut down their water intake, and
elso, if animals are deprived of water they automatically
cut down their food intaske, It is conceivable that there
is no need for food or water, but that there 1s a need for
an optimal food-water balance, and that the animal adjusts
its intake of the cne substance when deprived of the other,
in such a way as to maintain this balance,

This interaction effect is conceivable, with respect to
all sorts of nutritive substances. It is well known, now,
that the proper utilization of organic food substances
requires the presence of certain minerals in minimal amountse.
Furthermore, it is not inconceivable that many kinds of sub=

stances might interact with each other to constitute a need.

It i1s thus seen, that the objection here 1is not to the
notion of need, tut rather to what constitutes a need, and
how needs asre classified, It should, however, be noted that
a simple reclassification of needs will not allow one to go
back to the rather simple minded assumption that equal hours
of privation with respect to a need have equal effect on the
animal, regardless of the need. For example, in the present
study, the large food group showed no increase in activity
until 12 hours of privation had elapsed., Animals deprived of
water showed no increase in activity over the entire testing
range. The force of response data yilelded similar results,
with the exception of the 48 hour privation level. On the

other hand, animals deprived of alr, become sctive immediately,
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but only for short periods of time, Similar behavior
patterns are seen in the case of certain learned needs,

For example, the anxlety that arises when certain individuals
are deprlved with respect to learned needs may be the same
kind of phenomenons,

The present notion would not be hard to test, in a
preliminary way, at least with food and water. If there 1is
an optimal food-water balance for the rat, and presumably
for other animals also, then the ratio of food intake to
water intake should be a constant, or should vary in a
systematic way, under different conditions of privation,

A number of studies have shown a consistent food-water intake
ratio when animals are on ad libitum feeding schedulzs.

They have also shown constant reductions in either food or
water Intake, when privation is with respect to water or
food (5, 10, 11, 28, 31, 32, 35, 38)e. In other words,
present evidence encourages the view, but is insufficient

to maintain it systematically,






SUMMARY AND CCONCLUSIONS

The present thesis was concerned with a test of the
Hullian theory of drive, using privation with respect to
food and with resnect to water., The position was formalized,
and consequent theorems were testeds

A combined activity box and panel-pushing device was
used in the present study. The panel-pushing device was so
arranged to provide 2 measure of force of response, and of
the number of trials to extinction,

Forty-eight male albino rats were used as subjects in
the study, and were divided into two major groups:

l. twenty-four animels deprivsd of water;

a. twelve animals given a lurge reward (0420 cc.)

be twelve animals given a small reward (0.12 cce)
2+ twenty-four animals deprived of food;

a., twelve animals given a large reward (0,32 gm.)

be. twelve animals given a small reward (0,08 gm.)

All animals were given habituation training in the
apparatus during the first five days of the experiment,
while on an ad 1libitum feeding schedule, Activity lcvel was
recorded,

On days 6 through 13 all animals were trained on the
panel-pushing task, under 22-1/2 hours of approprisate pri-

vation and reward. Each animal was given ten trials per daye
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The Implications of the study for activity as a measure
of drive, and for drive as an explanatory construct, were
discussed,

The category c¢f need was discusssd, and an alternative

interpretation of need, as interaction, was suggested,



8l

Activity level was recorded on 2ll 8 days, and force of
response was recorded on the last 3 days.

At the completion of the training series the animals
went immediately to the testing series, where they were
tested after different numbers of hours of privation, 1.e.,
onl, 2, 6, 12, 22-1/2 and L8 hours of appropriate privation.
The order of presentation of privaticn levels was rendomized
for each animal, Each animal was given L trials per day.
Actlivity level and force of resnonse were recorded each day,

| At the conclusion of the testing series each animal was
extinguished on one of the above mentioned hours of privation,

The results are as follows:

le Activity 1s not a reflection of privation, per se,
but is rather denendent upon the amount and kind of reward
in interacticn with privation, and on a learned anticipation
of reward,

2¢ A general concept cf drive is not tensble, because
the correlation betwsen the food and water groups, when
activity 1s constant, was not significant,

3¢ A drive concept is not tenable, because the water
groups did not show the increase in behavior measures which
the large food group showed,

o There is a significant interaction between the kind
of reward substance and the privation level,

S5¢ There is a significant interaction between the

amount of reward substance and thes orivation level,
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TABLE 1

ACTIVITY LEVELS ON THE FIVE HABITUATION DAYS
FOR FOUR GROUPS=TO-BE

91

Animal
Dey Y——>% 3 L 5 6 7 8 9 10 11 12
Small Food Group
1 82 218 387 473 169 330 1L8 254 161 363 270 149
2 31 77 508 314 60 222 1Ll 116 69 11L 174 177
3 78 206 535 420 269 214 94 115 L1 232 2|1 38
L 75 149 157 118 96 40 la 1 0 19 16 34
5 151 186 573 339 136 115 49 7T 14 29 192 43
Large Food Group
1 783 391 705 &Sl)1 380 465 570 568 196 11 112 84
2 31 257 380 90 118 188 ©533 263 150 236 12 25
3 261 455 182 253 115 64 205 187 51 90 277 129
L 153 202 81 1%2 29 130 103 63 86 247 66 226
S 218 168 359 268 153 102 67 97 84 54 330 81
Small Water Groﬁp
1 170 626 289 229 347 252 242 300 U438 739 423 L491
2 113 326 97 139 392 319 199 99 253 LL 129 50
3 50 352 116 277 L17 160 218 50 U428 230 161 47
L 106 137 185 177 289 181 250 13 289 284 42 15
5 113 390 205 130 432 159 317 72 290 70 30 108
Large Water Group
1 325 358 322 477 L15 429 417 599 397 171 356 157
2 207 40O 30 104 222 93 110 215 81 154 90 201
3 10 318 43 240 200 70 184 292 110 193 136 53
I 18 123 132 97 247 98 121 57 114 161 121 103
5 63 256 104 90 366 96 83 28 3 5, 1 95
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