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CHAPTER I

INTRODUCTION

Background

General and Theoretical Aspects

The study of behavior based on motives of exploration, manip-
ulation, or ocuriosity is both old and very recent -- old in terms of
the earliest relevant experiments, and recent in terms of the consider-
able amount of research done in this area since about 1950. Dennis
(1955) has noted that "intrinsically motivated" problem salving behavior
was studied by Romanes and Thorndike around 1900, and Nissen in 1930
found that animals will oross an electrified grid to explore a modified
Dashiell maze.

Spontaneous alternation, or the tendency of rats to make alter=-
nate right and left turning responses upon successive exposure to the
same choice point, was probably the area to receive earliest intensive
investigation. Alternation had already been observed by Hamilton in
1911, and Tolman in 1925 is oredited by Montgomery (1951) with the first
suggestion that it was based on "exploratory impulses" -- still the our-
rent conception: e.g., Barnett (1958), Glanzer (1958), Montgomery (1951b,
1952a), Sutherland (1957). Since this early work a number of experi-
ments have confirmed and extended the findings in the area (Dennis, 1935;

Dennis, 1939; Dennis and Sollenberger, 1934; Denny, 1957; Heathers, 1940;



Kivy, Earl and Walker, 1956; Montgomery: 195la, 1951b, 1952a, 1952b;
Sutherland, 1957; Walker, Dember, Earl, and Karoly, 1955a; Walker,
Dember, Earl; Fliege, and Karoly, 1955; Walker, Dember, Earl,, Fawl,
and Karoly, 1955) and have tended to support the explanation of
alternation behavior as an effeot of stimulus satiation (the tend-
ency of an organism to make a reduced response to a stimulus objeot
as a fundtion of previous exposure to it) against the earlier reaoct-
ive ihhibition concept. However, Barnett (1958) and Dember and
Fowler (1958) have suggested that reactive inhibition may be a spe-
cial ocase of stimulus satiation via sensory feedback of motor re-
sponses. The stimulus satiation viewpoint has been formalized by
Glanzer (1953) and the alternation literature relevant to it has been
reviewed by Dembér and Fowler (1958) and Glanzer (1958).

A great deal of work has been done with exploration and manip-
ulation per se. It has been abundantly demonstrated that organisms
ranging from cockroaches to human beings will explore and move to-
wards conditions of greater stimulus complexity (Berlynes 1950, 1954a,
1957; Butler, 1954; Butler and Alexander, 1955; Darchan, 1955; Dember,
1956; Dember, Earl and Paradise, 1957; Montgomery, 1954; Thompson and
Solomon, 1954; Welker: 1956a, 1956b). This is even true of food-de-
prived and rewarded subjeots, these tending to take the longer, more
indireot route to food (Hebb and Mahut, 1955). In addition, monkeys
will solve puzzles with no apparent reward other than the solution
(Davis, Settlage, and Harlow, 1950; Harlow, 1950; Harlow, Harlow, and

Meyer, 1950; Harlow, and MoClearn, 1954), and this is probably not due



to the effects of secondary reinforcement (Harlow, Blazel, and MoClearn,
1956; Miles, 1958).

The relation between exploration and learning has also been in-
vestigated. In addition to the work of Harlow and associates oited
above which showed learning across trials in puzzle manipulation (i.e.,
less time and fewer errors in solution across trials), it has been
shown that monkeys will learm a disorimination habit when only an oppor-
tunity at visual exploration (Butler, 1953; Butler and Harlow, 1954)
and/br noise from the colony room (Butler, 1957) are used as rewards.
Similarly, for rats a Dashiell mazemay be used as a "reward" (Mont-
gomery and Segall, 1955). The onset of light will also serve as a
reinforcer for rats (Forgays and Levin, 1958; Hurwitz, 1956; Kish,
1955; Kling, Horowitz, and Delhagen, 1956) and monkeys (Moon and Lodahl,
1956) in learning bar-pressing responses. The decrement in explora-
tory behavior produced by exposure to one maze will generalize to other
mazes aloné a dissimilarity continuum (Montgomery, 1953), and a maze
task interpolated between two exploration tests can have both retro-
active inhibiting and facilitating effects on exploration in rats
(Thanpson and Kahn, 1955).

A number of experiments have dealt with the effects of other
variables upon exploration. Butler (1957) found that the freguency
of response in monkeys to gain visual incentives went up with zero,
two, four, six, and eight hours of visual exploratory deprivation.

Hill (1956) found a similar effeot with activity. Using zero, five,

twenty-four, and forty-six and one-half hours confinement, he found
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that the rat's performance in an activity wheel inoreased monotonically
as a function of degree of confinement. Siegel (1946), on the other
hand, found a significant decrease in activity after six hours confine-
ment, an insignificant decrease after twelve hours, and an insignif-
icant inorease after twenty-four hours as measured photoelectrically
’in an activity chamber. Patton (1954) reports two studies in which free
animals were found more active than restricted animals in a closed

field test. Montgomery (1953) found no significant difference in Y-
maze exploration between rats that had access to an activity wheel

prior to the experiment and those kept in confined conditions. Mont-
gomery and Zimbardo (1957) found no difference in the same conditions

of exploration between behaviorally deprived, sensorally and behav-
iorally deprived, and control rats in exploration, emotionality, and
orderliness of behavior. Hill (1956) has argued that activity and
exploratory behavior are not comparable on the ground that exploration
is a sensory drive while activity is a drive in its own right. Never-
theless the distinotion remains unclear, and Thompson and Heron (1954)
have found, in contrast to Montgomery (1953), that early restriction

of activity of dogs leads to an inocrease in exploration in open field
and maze type situations.

Two experiments have been conducted by Montgomery on the re-

lation between fear and exploration. In the first (with Monkman, 1965),
it was shown that fear induced immediately prior to exploration by

shooking the Ss does not affect exploratory activity, but that fear

induced the same way during the test reduces it, since fear and explor-



ation are antagonistic. The experimenters hypothesized that exposure
to a less novel situation would produce escape -- increasing activity --
while exposure to a less novel situation would lead to avoidance and
less activity. This formulation is somewhat at variance with that of
Berlyne (1951). According to Berlyne, avoidance is precipitated by
stimulation new in terms of what the animal has experienced in the
partiocular stimulus situation, whereas exploration is caused by some-
thing new to the S's whole history. Montgomery and Monlman (1955)
also found that shook momentarily inoreased exploration, but that it
then fell sharply below the level of controls after cessation. In a
second experiment, Montgomery (1955) found that rats inoreased ex-
ploration over ten-minute test periods in a "dangerous" elevated maze
situation and decreased ‘exploration in a "safer™ enclosed maze, though
total exploration was higher for the enclosed group. He ocites this
faot as evidence for the avoidance-exploration paradigm: The effect
of novel stimulation is the excitement of both avoidance and explor-
ation tendencies; avoidance goes up more sharply than exploration
with novelty, and decreases faster with exposure, allowing for explor-
ation to take place. Fear was also found to affeoct orderliness of
behavior, since-percent alternation deolined with inoreased use of the
elevated maze. In a somewhat related experiment Welker (1957) found
that rats forced into an exploratory situation by being placed directly
into it explored more than those that had been allowed to enter it
freely from the ocarrying ocage, with the foroed animals sharply de-
ocreasing exploration during the five minute sessions and the free

animals going up or remaining the same. Interpreting some of Montgom-
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ery's data (1951b, 1953, 1955) in this light and claiming the same effect
to be true there, he states that the high initial activity and subsequent
decline of the forced animals can only be explained in terms of esocape.
This latter explanation would be in agreement with the Montgomery and
Monkman (1955) statement, i.e., strong fear leads to escape, but prob-
ably opposed to the Montgomery (1955) position, since it would be sup-
posed that exploration would increase with the dissipation of fear. At
any rate, the interaction of fear, in reference to avoidance and esocape,
and exploration is not clear at this time.

Several theoretical papers dealing with exploratory behavior have
been published. Harlow (1951, 1953, and 1954) has oritiocized homeostatio
and derived drives as being inadequate, both in frequency and duration,
to account for most behavior and has postulated an exploratory drive
eliocited by external stimulation. In commenting on Harlow's position
Brown (1953) has stated that "the empirical fact of 'exteroceptively
elicited patterns of behavior!' need not require the postulation of co-
variant 'exteroceptively aroused' drives." Reviewing Butler's experi-
ment (1953) in which monkeys learned a habit with the opportunity to
look out of a window as the reward, Brown notes that if wvisual explor-
ation were drive-arousing, then the animals would not be motivated
until they ocould see outside the box. Since this was not the oase, the
animals must have been motivated by the inability to see, but this in-
ability to see is not a case of an externally-caused drive. In addi-
tion, if seeing outside the box was drive-arousing, Harlow ". . .would
be foroced to conclude that responses followed by an inorease in drive

would be learned. This would lead to a drive inocrease theory of learn-
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ing." To two writers, at least, this last possibility is not as fright-
ening as it would appear. Leuba (1955) has stated a model in which:

Tension redustion would not seem to be a general or only prin-
oiple of learning. It may be only one aspect of a more general
principle which might be called one of optimal stimulation: the
organism tends to learn those reactions which will produce an opti-
mal level of total stimulation.

And he says:

The organism tends to acquire those reactions which, when over-
all stimulation is low, are accompanied by inoreasing stimulation,
and when overall stimulation is high, those which are accompanied
by decreasing stimulation.

Similarly Glanzer (1958) has proposed that "The organism. . .(be)
viewed as an information processing system that requires certain amounts
of information per unit time," and that the organism responds to his en-
viroment to secure this information:

The inorease or decrease of aotivity with respect to parts of the
enviromient is a funotion of the difference between the average a-
mount of information the individual is acocustomed to and the current
rate of flow of information from the enviromment.

Unfortunately neither of these formulations makes clear how the "optimal®
or "acoustomed" level of stimulation can be ascertained so that a pre-
diotion of activity level or exploration may be generated in specific
situations. Seward (1956), in a somewhat similar model, has proposed
that "exploratory behavior is evoked neither by the unkmown or familiar
but by a ratio of the two,"™ presumably the smaller the ratio, the great-
er the probability of exploration, i.e., too much unknown leading to

fear and avoidance, too much familiar leading to boredom.

Berlyne (1950, 1951, 1954) has attempted to fit his own and other

experiments on curiosity into the framework of Hullian theory. His
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reasoning runs something like this. Stimulus events happen -- there is
no previous response to the whole event. The elements ocomposing the
stimulus event elicit responses conditioned to them, the irrelevant ones
are rejected by "the drive to be relevant" (sic) and if the remaining
ones are of similar strength, a drive to allay the conflict is excited
with ouriosity and consdgquent exploration and manipulation as its result.
Since these activities are need-reducing, learning may also ocour. This,
though an interesting approach, is admittedly based on "postulated and
unobservable central processes," and is an example of the proliferation
of secondary and derived drives that Harlow has called strained. Sim-
ilarly, Dember and Earl (1957) have offered an "information theory"
type model in which exploratory behavior is subsumed under the heading
of aftention. Attention is aroused when stimulation is discorepant from
the organism's expectations; the probability that this disorepancy ocours
is a direct function of stimulus complexity. Nissen (1954) has suggest-
ed an explanation of exploration and manipulation in terms of an instinc-
tual need of parts of the body, including the brain, to "use themselves."
This is fairly anthropomorphic, though it is olose to what Kooh (1956)
has called for in the way of intrinsic or "in and of themselves" motives
as opposed to an extrinsic or "in order to" concept of motivation.

In a recent article Barnet (1958) has summarized some of the
theoretical issues and relevant experimentation in this area and he has
proposed a rather complete view of exploratory behavior. Exploration
according to him is related to primary needs and is a means to their

satisfaction -- e.g., inoreased exploration in a state of nutritional



deprivation inoreases the likelihood of finding sustenance —- and it is
probably because of this survival value the result of natural selection.
However, this is not to say that is is confined to internally produced
drive states. It may funotion autonomously:

« o othe faoct that behavior is a product of natural selection,
and tends to insure survival does not necessarily imply that partic-
ular aotivities are always a direot consequence of the needs they
help to satisfy. . . .A kind of behavior may tend to satisfy a
need, and yet be performed regardless of the presence or absence of
the need: it may be evoked by internal processes which are inde-
pendent of such states as hunger or thirst, and by external stimuli
which are neutral as far as survival is concerned. This is the
case with exploratory behavior.

Exploration then assumes the state of an independent drive, capable of
arousal and satisfaotion by external stimuli. This position is basio-
ally similar to that of other theorists -- Harlow, Berlyne, Glanzer,
and Leuba, Barnett expresses his agreement with the stimulus-absence
type of theorizing, but his approach has the virtue of reconciling the
experimental findings which generated it to the Darwinian drive-reduc-
tionist-survival theories, as well as incorporating other data and
giving it an ecological rationale. His approach relates exploration

to learning (exploration makes possible a variety of sensory and motor
experiences in infanoy, allowing for learning to take place); to avoid-
ance (the "oombination of exploring and avoidance with learning is ele-
‘gantly adapted to giving a rat the maximum of information about the re-
sources and dangers of its enviromment, in the safest possible wﬁy”);
and to arousal (stimulus-seeking behavior serves to maintain general

arousal level). Unfortunately, as will be seen below, it is not in

agreement with all experimental evidence.



10

The Effects of Deprivation

Much work has been done on the effect of food and/br water de-
privation upon activity and exploration.1 One of the earliest experi-
ments was by Dashiell (1925), who found that twenty-four hour food-de-
prived rats will enter more sections of a grid-type maze than food-
satiated animals during a sixty-second interval. Wald and Jackson
(1944) ocite six references to the effect that "animals in general ex-
hibit inoreased activity when in want of food," and these authors state,
that "this is in faoct the indispensable sign of hunger." They report
their own work in which rats that had been deprived of food, water,
thiamin, riboflavin, or magnesium all showed greater activity in an ac-
tivity wheel than satiated subjects. Siegel and Steinberg (1949) re-
port a negativély accelerated increasing number of interruptions of a
photoelectric beam running across a cage as a funotion of inoreasing
(zero, twelve, twenty-four, thirty-six, and forty-eight) hours of food
deprivation. Finger (1951) and Finger and Reid (1952) got similar re-
sults with food or water deprivation. Using twenty-four and seventy-
two hour deprivation periods after a twenty-one day habituation period

they found that the twenty-four hour groups increased activity in an

1The distinction between aétivity and exploration has not always
been clarified. While "exploration" is usually invoked only in changing
stimulus situations, the "activity" concept has been applied both to re-
latively stable (activity wheel) as well as changing (open-field) stimu-
lus situations. Similarly, on the dependent variable side both the "ex-
ploration" and "activity" concepts have been applied to the measurement
of locomotion. No attempt will be made to sort out the empirical find-
ings in terms of these distinctions, though emphasis will be on those
studies dealing with changing stimulus situations.
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activity wheel over their normal level, and the seventy-two hour group
showed a progressive inocrease through each of the three twenty-four hour
periods. The effeot of return to an ad 1lib water or food schedule was a
sharp reduction in activity below the initial normal level with a subse-
quent return to normal. Hall (1955) found a similar initial inorease in
activity wheel revolutions of twenty-three hour water-deprived rats over
satiated controls, but the difference remained the same over a twenty-
one day period. Cotton (1953), using a self-control design, showed that
while running spped in a ten-foot rumway increased with hours of £ood
deprivation (zero, six, sixteen, and twenty-two hours were used) the
groups were similar when ocompeting responses were factored out. The
author hypothesized that the effect of hunger might be to eliminate these
competing responses. This has received some vindication in the work of
Strong (1957), who found decreasing responses on a contact stabilimeter
designed to measure fine movements as a function of inoreasing depriva-
tion (zero, twenty-four, and forty-eight hours), while the groups showed
no significant differences on a micro-stabilimeter which measured gross-
er responses (though not as gross as those in an activity wheel).

The results are less oclear ocut in the cases of more exploratory,
or changing stimulus responses. Using two sizes of open £ields, Broad-
hurst (1951) reports no differences in number of squares traversed
between nineteen and one-half to twenty-one and one-half hour food-de-
prived and food-satiated rats. Thompson (1953) used an elevated maze
and found no significant differences in units explored in five and ten-

.minute testing periods among zero, twenty-four, and forty-eight hour

food-deprived male mats, and none between zero and twenty- four
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hour deprived females, though these groups were significantly less
active than forty-eight hour deprived females. Montgomery (1953) con-
ducted two experiments using an enclosed single unit Y-maze. In the
first, in three successive days of testing he found no significant
differences, in twelve inch units explored, between rats on a seven gram
daily feediﬁg schedule and rats on twenty-three hour water-deprivation
schedule, though both of these groups explored significantly less on
each of three days than a group of satiated animals. It may be argued
that inanition accounted for the lower performance of at least the food
deprived group, since Zimbardo and Miller (1958) had found that a seven
gram diet will lead to death by starvation in about two weeks, and Mont-
gomery's animals had been on their diet for five days before the first
trial. However, there was no progressive decline during the three day
testing period. In the second experiment in which the same group of
animals was tested at zero, twenty-four, forty-eight, and seventy-two
hours of food deprivation on successive days and compared to a satiated
group, there was no significant difference between the twenty-four hour
deprived animals and the second day's performance (The first in which a
ten minute testing period was used) of the seven gram animals of Experi-
ment I (58.9 for the twenty-four hour group, 63.2 for the seven gram
group). In the second experiment, the food-deprived group again ex-
plored less than the satiated group on each of the three deprived days
(on the first day both groups were satiated and means were almost identi-
oal), though here the significant decrease was from zero to twenty-four
hours of deprivation, with no further decrement. In both experiments

orderliness of behavior, as measured by amount of alternation, was the
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same for satiated and deprived groups. Montgomery explains the dis-
parity between his data and those which report increasing activity with
inoreasing deprivation on the grounds that the latter experiments use
subjeots habituated to their enviromment (as in most studies using
aotivity wheels), and that this leads to a satiation of exploration, and
what therefore emerges is the effect of deprivation on general activity,
not exploration. Exploration according to this view, is relatively in-
dependent of other drives, and primarily a function of situation novelty,
or exteroceptive stimulation. However, while this explains why deprived
animals do not explore more than satiated animals, it does not explain
why they explore less. Theoretically, inoreased general activity with
deprivation, which Montgomery admits, should serve to increase rather
than decrease general movement, particularly since Strong has shown
that this deprivation-induced-activity is not ocomposed of fine, compet=-
ing responses. Perhaps we may assume that deprived animals engage in
competing consummatory-like responses (e.g., biting the edges of the
maze). However, the author rejects this on the basis of observation
and the fact that exploration does not decrease after twenty-four hours.
The question as to why deprived rats explore less is ignored by the
author.

.An experiment which partially replicates these findings was con-
ducted by Zimbardo and Montgomery (1951). Testing for ten minutes in a
modified checkerboard maza they exposed their male rats to zero, twenty-
four, forty-eight, and seventy-two hours of food or water deprivation.
They found that satiated animals explored more than either food or water-

deprived animals and that exploration declined in a fairly linear fachion



14
with hours of food deprivation, whereas with the water deprived animals
there was a significant decrease from zero to twenty-four hours depri-
vation, an insignificant inorease from twenty-four to forty-eight hours,
and an insignificant decrease from for#y-eight to seventy-two hours.

These findings are at variance with those of Jerome, Moody, Con-
ner, and Fernandez (1957). These experimenters found that food-deprived
rats (the deprivation operation is not clear) will make a greater number
of orossings in a multiple door situation than food-satiated animals.
However, this may have been an artifact resulting from the fact that the
deprived Ss were fed immediately upon the completion of their trials.

In an attempt to reconcile the differences in deprivation studies
it has been hypothesized that while deprivation does not increase activ-
ity or exploration per se, it lowers thresholds for external stimuli,
which do produce inoreased activity. The classic experiment in this
area is one by Campbell and Sheffield (1953). Using a flat mioroswitch
activity cage they found that while deprived animals inoreased their
activity slightly during a seventy-two hour no-feeding period while
there was only limited stimulation, their activity rose rapidly with
the presentation of a stimulus. Similarly, Murray (1953) has found that
there was only a slight, insignificant difference between satiated and
twenty-three hour food-deprived rats in the operant level of pulling a
short bar in a Skinner box, while the deprived animals pulled a long
bar and a chain (presumably more complex stimuli) about ten times more
on the average than the satiated animals.

The work of Hall and his associates contests the deprivation-
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s timulation hypothesis. Hall, Smith, Schitzer, and Hanford (1953) found
a substantial difference in activity wheel performahce in favor of ani-
mals on a twenty~-three and one-half hour food deprivation schedule when
compared to food-satiated rats in two separate experiments -- the first
using a self control design, the second using a control group -- when all
animals had substantially reduced envirommental stimulation by means of a
deafening operation and minimal visual and temperature changes. These
findings were replicated by Hall and Hanford (1954) with minimal auditory
stimulation substituted for the deafening operation, and by Hall (1955)
with water in lieu of food deprivation. 1In a fourth experiment, also
using aotivity wheels, Hall (1956) reports that both three day continuous
food deprivation and stimulation inoreased activity. He concludes that
this is evidence against the Campbell-Sheffield position which does not
emphasize the role of deprivation per se.

At apparent variance with these findings are those of Chapman and
Levy (1957). These experimenters report that twenty-two hour food-deprived
animals ran a five and one-half foot runway at a slower rate than satiated
animals and this difference increased over a nine-day testing period. The
effect of intpoducing novel stimulation on the tenth through the fifteenth
day was a significant inorease in running speed for the satiated animals
and a very slight, insigrificant.dearease for the deprived Ss. The authors
conclude, contra Campbell and Sheffield, that novelty has less effeot (in
terms of Campbell and Sheffield's formulation upon reactivity; in terms
of their own formulation, upon reinforcement; although operationally the
oonoppts are similar here) upon hungry animals than upon non-hungry ones.

It is possible, however, that the parameters in the activity- wheel
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and in the runway are sufficiently different to preclude comparisons.

In an attempt to extend the Campbell-Sheffield position to more
exploratory-type behavior, Adlerstein and Fehrer (1955) using a self-
ocontrol design, tested the effects of a seven gram daily maintenance
schedule upon exploratory behavior in a complex maze. It was hypothe-
sized that the greater complexity (i.e., greater than in the experiments
of Montgomery (1953) and Thompson (1953)) would lead to inoreased explo-
ration for the deprived group. The hypothesis was borne out by the
data, for the animals entered fifty to seventy-five percent more units
when deprived than when satiated. In a followup experiment Fehrer (1956)
reported that twenty-four hour food-deprived rats were more prone than
food-satiated rats to leave a box that they had been exposed to for twen-
ty-four hours during a fifteen minute trial period, though there were no
signifiocant differences between them and groups that had been put in the
cage ten minutes before testing. The author concludes that it is the
hunger-novelty interaction that accounts for the superiority of the hun-
gry animals.

Zimbardo and Miller (1958) using a somewhat similar procedure,
got similar results. In a series of two-minute maximum trials they
found that rats on a 10.5 gram food maintenance schedule were initally
inferior (i.e., ran slower) and subsequently similar to satiated Ss in
orossing into the second half of a modified Miller acquired-drive appa-
ratus where both groups had been allowed to oross immediately after be-
ing put in, while the hungry Ss were significantly superior to the satiated
Ss where orossing was delayed by a partition for two minutes. A4s with

Fehrer's finding, the hungry animals were more inclined than the sati-
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ated rats to explore only after some adaptation to the original stimulus
situation had taken place. In addition, Zimbardo and Miller found that
increasing the novelty of the runway served to inocrease exploration for
both the immediate-=-deprived and delay-deprived groups; the inorease was
greater for the latter.

In sum, there appears to be considerable evidence for a depriva-
tion-novelty interaotion, with deprivation produoing an inorease in ex-
ploration and activity in a oomplex stimulus situation, though having no
effeot or possibly decreasing exploration in a simple situation. Only
one experiment, that of Zimbardo and Montgomery (1957), contests this
conclusion. In addition, deprivation increases exploration when an or-
ganism has been exposed to a stimulus situation and has an opportunity
to leave it, but appears to have no effect where this exposure has not
taken place. The common assumption (e.g., Barnett, 1958) that hunger
simply inoreases exploration, thus increasing the probability that the
hungry or thirsty animal will come in contact with food or water, is by
itself inadequate in explaining these data. In its stead we may suggest
that while hunger may serve to inorease exploration initially (Laony 48
may elicit a stronger exploratory drive and/br lower the thresholds to
the stimuli by which this drive is elicited), it would later serve to
decrease exploratory drive, either directly or by raising the stimulus
thresholds in the continued presence of the same stimuli, i.e. the time
faotor is crucial. This would serve to conserve body energy in the de-
prived state when the likelihood of finding sustenence is small. This

approach would explain the superiority of hungry animals in a complex
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situation and their similarity or inferiority to satiated animals in a
simple one. The delayed-immediate experiments of Fehrer and Zimbardo
and Miller fit this explanation quite nicely. Their deprived-delayed
animals had exhausted (or had been satiated on) the stimulus properties
of the home box or cage and they explored more upon release than the sa-
tiated-delayed because of the exploratory-drive-producing aspects of hun-
ger. On the other hand, the immediate-deprived groups, because of the
sumnation of the initial high and subsequent low levels of exploration,
are at the same level as the immediate-satiated group. Zimbardo and
Miller's data indicates this to be so; Fehrer does not cite data indicat-
ing the trend during the testing interval. Deductions, then from this
approach are that hungry animals should initially explore more and sub-
sequently less than satiated organisms, even though overall differences
may not be significant; and that the slope of the deprived Ss' ourve
should decrease with inoreasing stimulus ocomplexity. These points will

be examined later.

In a theoretical discussion of the effects of drive, Glanzer
(1958) has postulated the effects of drive as being twofold:. energizing
ongoing behavior and introducing drive stimuli:
With respect to exploratory behavior these would have opposed ef-
fects. The energizing aspect of drive should give rise to more ex-

ploratory behavior. However, additional internal stimuli would re-
duce the relative importance of the external stimuli that the animal

responds to in its exploratory behavior. Therefore, there should be
less exploratory behavior.
He suggests that "ueing animals with varying degrees of adaptation to

oyocles of food deprivation" would give results in either direcotion, i.e.,

with little or no stabilization on a given food deprivation schedule, the
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distracting internal effects would be greater, with greater stabiliza-
tion, these effects should be minimized, and the energizing effects
would result in greater exploration.

There is very little experimental evidence which bears direct-
ly on this point and no experiment has been reported in which this was
the object of investigation. Lawrence and Mason (1955) have dealt with
the effect of sustained deprivation schedules per se. They found that
the effect of a shift from ad libitum feeding to a twenty-two hour de-
privation schedule is a negatively accelerated increase in food intake
for the first seven to ten days. There was a corresponding progress-
ive weight loss during this period, leveling off about the thirteenth
day. Reid and Finger (1955) used a twenty-three hour deprivation sched-
ule and also found the greatest loss in body weight during the first ten
to fifteen days. They conclude that fifteen days is the " irreducible
minimum" for stabilization of hunger-caused motivation. These results
have been confirmed with a twenty-three hour, ten-minute deprivation
schedule (Ramond, Carlton, and McAllister, 1955).

These findings appear to account for the shape of the curves in
at least two of the activity experiments cited above (Hall, et al., 1953;
Hall and Hanford, 1954) where extended periods of deprivation were used.
Both experiments used twenty-three hour deprivation schedules following
long activity adaptation periods and both report a negatively accelergted
activity ocurve with the point of inflection at about the twelfth day.
The activity ourve nicely paralleled the weight loss curve. There is
some slight evidence, however, that adaptation to hunger takes place in-

dependently of drive stabilization. Moll (1956) found that running
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time in a straight runway with food reward at the end decreased with in-
oreased stabilization -- zero, seven, and fourteen days -- at a constant
85 percent satiated body weight. However, these results'were not borne
out by replication and no differences in starting latency between zero
and thirty days stabilization of animals at eighty and ninety percent of
satiated body weight were found.

That the effect of stabilization upon exploration may not be as
important as Glanzer hypothesizes is indicated by two experiments. 1In
one, the experiment by Montgomery (1953b) cited earlier, there was almost
no difference in absolute level of exploration between animals that had
been on a seven gram maintenance schedule for five days,and animals on a
twenty-three hour deprivation schedule for two days. That these groups
are not at similar body weights is éhdwn by the data of Ramond, et al.
which indicate that the seven gram animals weighed at least eight per-
cent less than the twenty-three hour group. In the other study, Zimbardo
and Miller had their animals on a 10.5 gram maintenance schedule for two
weeks before starting experimentation. They achieved results similar to
Fehrer, who depfived her animals only a day before experimentation. Nev-
ertheless, the effect of stabilization has never really been exposed to

experimental test.

The Effects of Age

It is commonly assumed that curiosity and exploration decrease
with inoreasing age. fThe few studies in this area corroborate this as-
sumption. Finger (1951) reports that rats with a mean age of 180 days

were sixty-four percent less active in a circular activity cage than
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animals with a mean age of eighty days. Thompson and Heron (1954) used
Scotoh Terriers in three age groups and found exploration of a seven-
unit maze was a decreasing function of age in an indoor setting, though
differences were not significant in a more stimulus-rich outdoor sita-
tiqP.

Using two age groups of chimpanzees, Welker (1956) found that old-
er animals tended to respond less to various stimulus objeots. This re-
sponsiveness dropped off at a faster rate than with younger animals. 1In
a subsequent experiment (1956c) he found that manipulation of various
stimulus objects tended to inorease with age and experience, whereas ori-
entation towards (without manipulation) the objeots decreased with age.
In general, the younger and the less experienced animals approaohed:the
objeots more cautiously and adapted to their presence more slowly. Har-
low, Blazek, and MoClearn (1956) report an early appearance of manipu-
lation behavior, and found that it improved in amount and efficiency with
age and practice. These results are not in contradiotion to Welker's;
the monkeys of Harlow, et al. were infants, Welker's chimpanzees were at

least ten months old.

The Effeots of Continued Exposure

The effeot of ocontinued exposure upon manipulation and exploration
is not olear. Four separate experiments (Butler, 1955; Butler and Alex-
ander, 1955; Butler and Harlow; 1954; Harlow, 1950) report no satiation
(as measured by decreased responding) in visual exploration and puzzle
manipulation in monkeys eigher during or between trials. In addition,

as was just mentioned, Harlow, Blazek, and MoClearn (1956) report a rise
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in manipulation across trials in very young monkeys. Montgomery (1954)
reports that rats which had been rewarded for running a Y-maze by being
allowed to explore a Dashiell maze, showed an inoreasing amount of ex-
ploration of the D-maze over six blocks of gight trials. In a subsequent
experiment Montgomery and Segall (1955) found no significant differences
in D-maze exploration over twelve trials. They attribute the differences
to the greater pre-experimental adaptation of the animals to the maze in
this latter experiment; that is, a rise in number of units traversed is
the result of the reduction in the fear precipitated by novel situation
by ocontinued exposure (as indicated in Montgomery, 1955 and Montgomery
and Monkman, 1955) rather than an inorease in exploration per se. This
explanation fits the data of Thompson and Solomon (1954), in which three
measures of exploration (sniffing, erossing, and looking) showed an in-
orease (reduction of fear) and subsequent deorease (satiation) when:visual
figures were introduced into rat living boxes. However it does not ex-
plain the difference between this sort of data and those of Butler (1953)
in which satiation did not oocour even after 100 hours of exposure.

Opposed to the experiments which show no decrease in exploration
with continued exposure, are the majority of the experiments in the area.
With the exception of those cited, all other experiments heretofore men-
tioned which report continuous data. indicate a decline during trials,
though most report a recovery at the beginning of a new trial (Glanzer,

1958) .
As was mentioned earlier, it may be deduced from the conservation
of energy explanation offered for the discorepancy in data between food-

"satiated and deprived animals in simple and complex stimulus situations,
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that even where no overall differences appeared, the food-deprived ani-
mals should show a faster rate of decline in exploration. Some data
(that of Zimbardo and Miller, 1958) were shown to bear this out. Unfor-
tunately, some of the relevant experiments (Broadhurst, 1957; Murray,
1953; Thompson, 1953; Zimbardo and Montgomery, 1957) do not report ocom-
parative data across trials. Among these that do, little further con-
firmation is offered for the hypothesis. Chapman and Levy (1957) do re-
port a greater decline for the deprived groups in a simple rumway, but
the disparity is present from the first trial on, and there is no differ-
ence in slope in Montgomery's (1953) and Zimbardo and Montgomery's (1957)
data; in both, the deprived animals start at a lower rate and parallel

the decline of the satiated §s.

Pyrpose of the Present Study

As the preceding review indicates there are still a large number
of unanswered questions and ambiguous data in the area of exploratory be-
havior. First, while there is some evidence that deprivation increases
exploration in a oomplex situation and decreases it in a simple one, no
. study has heretofore oompared deprived and satiated subjects in both sit-
uations. In addition, no study has undertaken to compare exploratory be-
havior in subjects that had been stabilized on hunger drive with subjects
put on a deprivation schedule just prior to testing. It is the purpose
of the present study to investigate both of these problems. Thirdly,
while there is substantial evidence that exploration decreases with age

after a certain point, there is little data on the differences in the
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shape of the exploration ourve both during and aoross trials for young
and old animals. It was hoped that this experiment might shed some light
on the effeots of age as well as the effect of the other independént var-
iables -- deprivation, stabilization of deprivation, and maze oomplexi=-

ty -- on the shape of the exploration ourve.



CHAPTER II

METHOD AND PROCEDURE

The experiment was originally conceived as a factorial study
with four simultaneous dimensions of variation: three levels of food-
deprivation, two levels of stabilization on the deprivation schedules,
two degrees of rumway complexity, and two age groups, with five subjects
in each of the resulting twenty-four cells. However, it was found dur-
ing the experiment that the older animals could not survive the extreme
deprivation-stabilization schedule and most of the younger animals died
before the completion of testing on all deprivation schedules. Since
the need for replication of some of the findings occurred, the number of
Ss per cell was inoreased. The resulting design was a three by two faoc-
torial with three levels of deprivation and two degrees of runway com-
plexity with only older Ss used, plus one stabilized group for each of
the two degrees of rumway complexity, also using only older Ss, plus one
group of younger animals for each of the two degrees of runway complex-
ity. The number of Ss in each group (or cell) was the same with two ex-
ceptions and all entries were independent.. The experimental paradign is

presented in Table 1l

Subjects
The Ss were 129 experimentally naive male albino rats of the Wis-

tar strain. Of these, thirty-nine did not survive the testing period and

since even their incomplete performances partially reflected the effeots
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DESIGN OF THE EXPERIMENT®
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of inanition, they will not be considered further. Of the remaining
ninety, seventy were ninety to ninety-four days old and twenty were thir-
ty-four or thirty-five days old at the beginning of testing. All of the
younger animals and fifty-five of the older Ss were born and raised at
the animal colony of the University of Tennessee. Prior to the taming
period these Ss were handled only once, when they were weaned on their
twenty-first day. After weaning all were assigned by brood to cages of
identical size. The remaining fifteen Ss were received from Budd Moun-
tain Rodent Farm one week prior to testing and nothing is known of their
history. Prior to the intoduction of the deprivation schedules all Ss
were maintained onanad 1ib diet of water and Purina lab checkers.

Ss were given identifying markings five days before the begin-
ning of testing and were tamed by being held and petted for thirty seo-

onds on each of the three succeeding days.

Apparatuses

Two runways were used. Both were constructed of three-quarter
inch - pine, with a linoleum floor and a hardware cloth top. Both were
three and three-quarter inches high, three and one-quarter inches widsg,
and one-hundred and eighty inches long. They were divided into fif-
teen twelve-inch units by green wire strung through the hardware cloth.
The simple runway was straight all the way through. The complex runway
consisted of right angle turns at twelve inoh intervals in the following

sequence: LRRLLRLLRLRRR.! The entrance to the runways was a wooden drop

lThe use of this design for the complex runway was necessitated by
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-door, and Ss were removed by being lifted out after the hardware oloth
was raised.

The runways lay next to each other in a room illuminated by two
150-watt light bulbs hanging approximately nine feet above the level of
the floor. Illumination in both runways was about the same. The tem-
perature ranged from 72o to 78o F. The motér of an air conditioner used
to maintain temperature was kept running throughout the trials. This
served to keep a oonstant level of noise (approximately forty db above
threshold) and to mask extraneous noise. The runways were swabbed with
a fifty pereent vinegar solution prior to the days' trials and feoal

matter was removed before a new rat was started on its trial.

Procedure

The three degrees of food deprivation used were zero, twenty-
three, and forty-seven hours. Ss in the non-stabilized deprived groups
were put on the feeding schedule jﬁst prior to the first testing and
maintained on it throughout experimentation. All of these Ss were from
the older group. Both runways were used for each deprivation schedule
and there were ten Ss in each of the resulting six independent cells.
All the Ss used in the simple runway were from the University of Tennes-
seé colony. Half the Ss used in the oomplex runway for each deprivation

level were from this colony and half were from Budd Mountain Farm.

the desire to make results on the two runways comparable. A maze with
ouls, though farther out on the complexity continuum, would have pre-
vented oomparison, since a traversal from a ocul would not be comparable
to a traversal of an ordinary unit: it would have been the function of
esoape from the oul as well as the animal's exploratory tendenay.
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Two groups of stabilized Ss were used in each of the two runways.
There were five Ss in each group and they had been fed for one hour dai-
ly for fourteen days prior to the first testing. This schedule was main-
tained throughout the experiment. Here too, only older Ss were used.

One group of the younger Ss was used in each of the two rumways.
There were ten Ss in each group and none had any history of food depri-
vation.

Assigmment to cells was arbitrary and largely a function of brood,
litter members by and large tending to occupy the same cell. However, no
cell was composed entirely of a single litter, and most were composed of
about three litters.

Fifteen minutes prior to testing, the groups to be tested for
that day (usually between five and ten §§)nwere removed from their home
cages, placed in an 18" x 7" x 10" retaining cage and taken to the ex-
perimental room. After this minimum adaptation period Ss were taken in-
dividually from the retaining cage, put in the appropriate runway via
the drop-door for a five-minute period, and returned to it immediately
thereafter. After all Ss in the group had been tested, the animals
were returned to their home cages. In the case of deprived Ss, one-half
hour elapsed between this return and feeding. Feeding was for one hour
and all food was removed from the cage at the end of that time.

A total of five five-minute trials was given each animal. The
use of forty-éeven hour deprived Ss necessitated that all trials be on
alternate dayss The order of Ss run was rotated during these days.
Testing was begun at five P.M. every day and generally ran between thir-

ty minutes and an hour. 8s on a deprivation schedule not being run on
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a given day were fed for an hour beginning between six and six-thirty
P.M.

Throughout the experiment, and, in the ocase of colony rats,

throughout their lives, all Ss were handled by a single experimenter.
As far as possible Ss were held in the standard manner of thumb and fore-
finger underneath the front shoulders with the palm supporting the spine.
During the actual testing the experimenter sat over and to one side of
the runways and remained as motionless as possible except for recording
the data. Since none of the Ss appeared to "regard" him for more than
two of three seoconds, it is extremely doubtful that he was a source of

extaneous stimulation.

Measures

Only one measure was taken: the number of twelve inch unit
traversals during each minute for each of the five five minute testing
periods. Since retracing was allowed, traversal of a given unit could
oocour more than once. A unit was judged traversed when the S had placed
all four feet beneath the overhead unit dividers. Sinoce the experiment-
er had a olear view of all seoctions of the runway, the reliability of
this measure is probably very high. Before experimentation got under
way it was hoped that other measures could be taken: the number of rears,
bites, and grooming responses, the farthest point achieved on each test-
ing day, and latenoy, as defined by the time before the S left the first
unit. However, it was found that the Ss moved too quieckly for the ex-
perimenter to satisfactorily record the first three, that almost all Ss

reached the farthest point in the rumways during almost all trials, and
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that latency was so short for most'§s as to be make reliable measure-

ment with the stop watch used impossible.



CHAPTER III
RESULTS

Because of the preclusion of the'oomplete block design which
would have permitted simultaneous compariosn on all dimensions of vari-
ation, the analysis has been broken down into three sections: 1) the
effects of nonstabilized deprivation, 2) the effects of stabilized de-
privation, and 3) the effects of age; as well as the interactions of
each of these dimensions with runway complexity and their effects a-
oross trials. By necessity these intrasection comparisons were not in-
dependent; some of the same scores appear in two comparisons, though
none appear in all three. Since no hypotheses were made, two-sided prob-
abilities were used throughout. The desired significance level was set

at 05 and probabilities greater than this were not considered.

The Effeots of Deprivation -

The mean minute-byeminute scores and the mean total trial for the
six nonstabilized deprivation groups used in this comparison are shown
in Table 2. The individual and group total scores are chown in Table 3.
The five-minute trial means are plotted in Figure 1, and the variances
for each of these points are shown in Table 15. A Hartley Fpq, test for
homogeneity of varianoe was performed on these, and the Fpgy of 3.75 was
not significant at the .05 level, indicating homogeneity.

An analysis of variance test for repeated measurements was run on
the five-minute trial means. This showed the triple interaction of de-

privation x complexity x trials significant at the .001 level, and to
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MEAN UNIT TRAVERSALS PER MINUTE UNDER THREE CONDITIONS OF DEPRIVATION
AND TWO CONDITIONS O RUNWAY COMPLEXITY®

Runway
Simple Complex

Trial Miny s Deprivation (hours)
0 23 47 : _0 23 47
1 1 14.7 17.8 20.8 16.3 13.2 10.3
2 10.4 10.3 12.8 12.5 10.8 9.0
3 9.3 17.2 15.4 14.0 10.2 9.2
49 11,8 14.5 ;10T 12.7 10.8 9.6
& "1 13,9 AT 1.4 11.7 9.4
Total 59,8 73.7 70.8 66.4 56.7 47.2
2 1 110 "R - 188 16.6 15.8 1l.2
2 9.4 13.4 9.1 10.8 9.7 6.3
3 9.5 11.8 7.5 9.2 10.4 6e3
4 6.7 12.7 1l.1 10.2 9.9 6.0
5 6.5 10.8 5.5 7.8 10.3 7.2
Total 43,1 66.9 49.7 54,6 56.1 37.0
3 i 7.5 17.7 10.4 12.8 12.2 9.9
2 6.1 10.6 6.8 11.2 6.3 4.3
3 4.7 10.8 6.9 11.5 7.6 6.9
4 3.9 12.8 4.6 9.5 8.1 6.2
5 4.0 15.8 7.4 9.8 9.4 6.1
Total 26.2 67.8 36.1 54,8 43.6 33.4
4 L 6.6 16.7 1l.1 15.7 11.7 10.4
2 4,0 9.4 9.1 12.3 sl 9.8
3 4,2 9.0 14.1 12.7 8.4 12.5
4 2.4 5.0 9.1 11.2 8.8 9.8
5 843 5.4 13.5 9.5 6.2 8.3
Total 30,5 45.5 56.9 6l.4 42.2 5l.1
5 1 6.8 15.3 17.9 16.9 1ll.1 12.2
2 5.5 10.7 15.8 12.4 8.8 10.3
3 232 8.4 14.4 13.6 8.1 9.6
4 5.4 9.6 18.5 11:1 ' B27 8.7
5 3.9 11.2 14.0 10.9 5.9 8.2
Total 26,3 55.2 80.6 64.9 42.6 49.0




TABLE 3

INDIVIDUAL TOTAL UNIT TRAVERSALS UNDER THREE CONDITIONS OF
DEPRIVATION AND TWO CONDITIONS OF RUNWAY COMPLEXITY

Runway
Simple Complex
S Deprivation (hours)

0 23 47 0 23 47
196 986 466 429 187 718
140 511 270 196 183 151
447 335 166 234 246 151

19 248 272 267 247 158
290 207 297 378 289 272
46 286 430 348 135 199
224 388 239 189 488 225
" 125 316 366 292 228 397
159 319 120 365 336 235
213 95 315 323 93 313

Mean 185.9 309.1 294.1 302.1 241.2 217.7
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get at the differential trial effeots, a trend analysis of variance test,
as outlined by Grant (1956), was performed. The results of this analysis,
which incerporates the original analysis of variance, are summarized in
Table 4. This table was interpreted as follows. The high significance

of the overall trend indicated that the scores varied from trial to trial.
Of the possible curves that might desoribe the summed ocurves of Figure 1,
a quadratioc ocurve fits best, i.e., a curve with a single maximum or min-
imum. Examination of the ocurves would indicate that this point is at
either the third or fourth trial, and probably at the former. Neither
runway complexity nor deprivation by itself produced significant differ-
ences; however, the interaotion is highly significant. Inspeotion of the
group totals in Table 3 indicates that this significant interaction was
caused primarily by the lower performance of the nondeprived simple run-
way group (SR 90 OD) as compared to the simple runway twenty-three and
forty-seven hour deprived groups (SR 23D OS and SR 47D respectively),

and probably by the deoreasing performance with inoreasing deprivation
characteristic of the three complex runway groups (CR 90 OD, CR 23D 08
and CR 47D).

Unfortunately, this last finding is not unambiguous. As mentioned
earlier, each of the ocomplex runway groups was composed of five Universi-
ty of Tennessee colony rats and five from Budd Mountain Farm. Early re-
sults using only the Tennessee rats indicated that the depressing effect
of hunger in the complex runway as relatively clearcut, the total means
here being 300.8, 226.4, and 147.0 for zero, twenty-three, and forty-

seven hours deprivation respectively. Analysis of variance of the total

soores gave an F of 6.22, (df% 2, 12), signifioant at better than the .05
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TABLE 4

SUMMARY OF ANALYSIS OF TRENDS OF UNIT TRAVERSALS PER TRIAL
IN THE DEPRIVATION COMPARISON

Source of Variation af Wean Square )
A. Over-all Trend 4 2,945,520 9 25%%*
l. Linear 1 2,895,207 4,80
2. Quadratio 1 8,524,971 260 35k %X
3. Cubio 1 44,827 23
4. Quartio 1 317.075 2.02
B. Between Group Means 5 5,185.294 2.32
a. Complexity 1 263.203 .12
b. Deprivation 2 988,330 44
o. Interaction 2 11,843.304 5e29%%
C. Between Group Trends 20 988,724 3e12%x*
l. Linear 5 1,933.979 3e21*
a. Complexity 1 1,368.060 2.27
b. Deprivation 2 3,008,932 4,99%
ce Interaction 2 1,141.985 1.89
2. Quadratio 5 1,231.197 3e81%%
a. Complexity 1 1,016.400 3.14
b. Deprivation 2 1,724,818 5633%
8. Interaction 2 844,975 2.61
D. Between Individual Means 54 2,2384249 TeQ3%**
E. Between Individual Trends 216 318.370
1. Linear 54 602,754
2. Quadratio 54 323,556
3+ Cubio =54 190.333
4. Quartio b4 156,643
Total 299

* P less than .05
** D less than .01
**x* p less than .00l
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level. As a replication the Budd Mountain animals were run under the
same oonditions. For these Ss the nondeprived group mean was 303.4, the
twenty-three hour deprived group mean was 256.0, and the forty-seven hour
deprived group mean was 288.4. These do not appear to be significantly
different and the greater exploration of the forty-seven hour group in
comparison to the twenty-three hour group aonstitutes a reversal. Never-
thel®ss  when the groups are oconbined (as in Table 3), as they have to
be to give a balanced design, the original trend is still strong enough
to exhibit itself in the new combined means, and it probably contributes
to the significance of the interaction. Unfortunately, there appears to
be no way of testing this.

In Table 4 the differences in trend between groups are highly sig-
nificant. These differences are mostly the result of differences in de-
privation, and they are due to both differences in slope (linear) and in
shape (quadratic). In view of Figure 1, it seems reasonable to say that
it was the forty-seven hour deprived groups that caused both these dif-
ferences. If the zero and twenty-three hour deprived groups were each
averaged aoross complexity, they would form a relatively smooth gently
deolining ourve that would not deviate too far from linearity. If the
forty-seven hour deprived ocurves were so averaged they would show a down-
ward slope up to trial three, with a sharp upturn from that point to tri-
al five. Attempting to fit a straight line to these points would result
in large deviations and a slight upward slope that would be different
from that of the other two. Since the trend analysis shows the quadratioc
ocomponents to be significantly different for deprivation groups, and

sinoce only the forty-seven hour-groups showed any marked deviation from
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linearity, the inocrease in exploration of these groups after the third
trial is probably a real effect. This effect may be deduced from the
faot that eighteen of the twenty Ss in the forty-seven hour deprived
groups showed an inorease from the third to fourth trials, i.e., the
high significance was not due to a few highly deviant cases. The high
significance of differences between individual means is simply a reflec-
tion of the high reliability of the measurements.

The analysis outlined above deals only with whole trial effects.
To have performed similar analyses for the minute scores for each of the
five minute trials would have been extremely laborious (it would have in-
volved five separate trend analyses), and probably not very meaningful,
since there would have been difficulty in statistically comparing the
ourves for each trial. Comparing mean percentage change for each minute
by groups would also have been difficult because of the presence of zero
exploration scores. Consequently, a consistency analysis was performed
in whioh the percentage of subjects showing a deoreasing number of trav-
ersals during successive intratrial minutes was calculated. These data
are shown in Table 5. That the overall percentage is not larger than
fifty does not indicate an absence of overall decline; rather it is a
funotion of the percentage taking method in which the Ss which showed
ties, of which there were a considerable number, were included in the
denominator. Inspection of the table indicates that the percentage de-
oline was greatest from the first to second minute, with little further
change thereafter, and that this effect was independent of trials. A
Wilcoxon T-test. was performed in which the first-to-second minute per-

cent decline means for each trial were tested against the means of those



PERCENT OF SS SHOWING DECREASED MINUTE-

TABLE 5

TO-MINUTE INTRATRIAL UNIT TRAVERSALS.

DEPRIVATION ANALYSIS

40

Hinutes
Trial Gro l-2 2 -3 S -4 4 -5 Mean
1 ﬁ"'ﬁ)ﬂp‘on 80 ~ 60 40 20 47.5
SR 23D 0S 70 20 50 60 50.0
SR 47D 90 40 70 20 55.0
CR 90 OD 60 20 50 60 47,5
CR 23D OS 70 40 50 40 50.0
CR 47D 70 40 50 30 50.0
Mean_ 7333 36.65 51.67 38033 50.00
2 SR 90 OD 40 40 40 40 40
SR 23D 0S 60 40 40 40 45.0
SR 47 D 70 50 20 70 52.5
CR 90 OD 90 70 40 70 675
CR 23D OS 100 50 50 40 60.0
CR 47D 80 40 60 50 570,
Mean 45 5T 48,33 41,67 51-67 5375
3 SR 90 OD 30 50 40 40 40.0
SR 23D 68 80 50 30 50 52.5
SR 47D 70 30 40 30 42.5
CR 90 OD 70 20 60 40 47.5
CR 23D 0S 100 30 30 30 47.5
CR 47D 80 10 40 40 42.5
Mean 71.67 31.67 40.00 38633 45.42
4 SR 90 0D 50 50 10 20 32.5
SR 23D 0S 80 50 40 30 50.0
SR 47D 40 10 60 10 30.0
CR 90 OD 90 30 60 50 57.5
CR 23D 0S 90 30 40 80 60.0
CR 48D 40 40 60 40 45.0
Mean 65.00 35,00 45,00 38433 45.83

(Table continued on next page).



TABLE 5

PERCENT OF SS SHOWING DECREASED MINUTE-
TO-MINUTE INTRATRIAL UNIT TRAVERSALS.
DEPRIVATION ARALYSIS. (Continued)

41

Hinutes
Trial Grou , o 2-3 3 -4 45 Mean _
T Ef'ﬁlv"iﬁ 40 T 40 20 K 326
SR 23D 0OS 70 50 20 40 45.0
SR 47D 70 40 50 70 57.5
CR 90 OD 80 40 50 50 55.0
CR 23D OS 70 50 30 50 50.0
CR 47D 90 60 60 50 65.0
Mean 70.00 46,67 38.33 48.33 50.83

Grand Mean 70,67 39.67 43033 43.00
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of the other columns. The probability of this being due to chance was
smaller than .Ol. The mean percentage of Ss showing a decline did not
seem to be very different among the five trials. The group mean scores
were as follows: SR OD: 38.50: SR 23D 0S: 48.50: SR 47D: 47.5; CR OD
55.00; CR 23D 0S: 53.50; and CR 47D: 52.00 These scores appear to pri-
marily reflect differences due to complexity. The mean for the simple
runway groups with deprivation ignored was 44.83, for the ocomplex run-
way groups it was 53.50. A test of the significance of these differences
by the Mann-Whitney-Wilcoxon T-test, in which group scores were used, gave
a p of less than .05. To ascertain that this decline occurred with equal
frequency throughout the minute comparisons rather than during a specific
point during each of the five minute trials, another comparison was made.
Since there were no important intertrial differences in percentage changes
from minute to minute, rumway percentage decline scores were summed across
trials. Since there were significant column differences, a percentage
of these was gotten by dividing the simple runway sums by the complex
runway sums. Both the sums and quotients are shown at the top of Table
16. The percentage deorease disparity was greatest from the sescond to
third minute. However, this was not significant at the .05 level when
these percentages were tested against the mean of the other three percent-
ages by the Wilcoxon T-test. Summing across complexity gave the follow-
ing percentage decline scores for deprivation: zero: 46.75; twenty-
three hours: 51.0; and forty-seven hours: 49.75. It is highly unlikely
that these are signifioantly different.

To round out the analysis, percentages of Ss inoreasing explora-

tion from the last minute of one trial to the first minute of the next
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trial were calculated. These are shown at the top of Table 17. They
are fairly similar with the exception of those of group SR 90 OD, which
shows a smaller percentage inocrease than the others. However, there are

too few scores to permit adequate analysis.

The Effeots of Stabilization

The individual total scores and the minute-by-minute means for the
two stabilized drive groups (SR 24D 14S and CR 24D 14S) are shown in ta-
bles 6 and 7 respectively. The trial means are plotted in Figure 2, a-
long with the trial means for the two twenty-three hour deprived nonsta-
bilized Ss with which these groups are ocompared. The variances for each
trial of the stabilized groups are shown in Table 18. The Hartley Fpax
for these and those of the twenty-three hour deprived nonstabilized Ss
is 8.88, insignificant at the .05 level. The summary of the analysis of
variance for the stabilized data appéars in Table 8.

The only significant differences were the result of differential
runway complexity; the simple runway groups exploring more. The greatest
ocontribution to the signifiocance of these differences came from the wide
disparity between the scores of the two stabilized groups. Examination
of Figure 2 shows this effect to be consistent over trials, group SR 23D
145 continually exploring more than group CR 23D 14S. The ourves of the
two nonstabilized groups converge over trials. This is not necessarily a
reversal of the trend of inoreasing differential (for runway complexity)
exploration with inoreasing dri¥e stabilization. As the data of Reid
and Finger (1955) mentioned earlier show, weight loss on a twenty-three

hour deprivation schedule continues for at least ten days. Therefore it
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TABLE 6

INDIVIDUAL TOTAL UNIT TRAVERSALS OF DRIVE STABILIZED SS
UNDER TWO CONDITIONS OF RUNWAY COMPLEXITY.

i Runway
Subjeet 8‘% Complex
1
- 310 " 205
271 212
189 212
343 86

Mean 299.2 178.0




TABLE 7

MEAN UNIT TRAVERSALS PER MINUTE OF DRIVE
STABILIZED SS UNDER TWO CONDITIONS
OF RUNWAY COMPLEXITY®

~ irial
2 ol 3 4
Minute Complexity ;
sm@ - Comp., Simp. Comp. Simp. Comp. Simp. Comp. §g§. Comp.
1 16.0 14.0 15.0 13.4 18.2 9.0 1775 12. 17. 10.6
2 7.8 12.4 8.6 4,8 10.6 8.2 10.8 6.4 9.2 5.2
3 12.8 9.0 10.4 36 T.4 5.4 11.4 6.6 13.2 4.8
4 11.4 9.0 9.4 4.6 10.0 6.2 17.0 4.4 11.6 2.8
5 15.0 9.4 6.4 3.0 9.2 5.2 11.8 4,0 12.2 4,0
Total 62.0 53.8 49,8 29.4 55.4 34.0 68.0 33.4 64.0 27.4
¥R = 6 per group

Sy
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and two conditions of runway complexity. o
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TABLE 8

SUMMARY OF ANALYSIS OF VARIANCE
IN THE STABILIZATION COMPARISON

Source daf Mean Square| F

Petween 5s 20
Stabilization 1 1,781.203 4.36
Complexity 1 11,008,166 26693 %*x*
Stabilization x Complexity 1 946,964 2.32
error 26 408,745

Within Ss 120
Trials 4 1,280.857 2,01
Trials x Stabilization 4 739.803 1.16
Trials x Complexity 4 150.784 .24
Trials x Stabilization x Complexity 4 485.397 «76
error 104 638,069

Total 149

*kk Blless than .001l.
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is unlikely that stabilization is a factor in the nonstabilized deprived
groups.

A minute-by-minute consistency analysis similar to that performed
in the deprivation ocomparison was performed on the data of the stabiliza-
tion groups. The results of this are shown in Table S. To faciliate
domparison with the nonstabilized groups their data is also shown in the
table. The mean for the simple runway stabilized group (SR 24D 14S) was
42.00, and 54.00 for the complex runway stabilized group (CR 24D 14S).
Inspection of Table 9 shows, as in the deprivation analysis, no import-
ant trial differences and a greater percentage decline for the first
column. Testing this latter against the others by the Wilcoxon T-test
again gave a probability of less than .0l. The mean of the simple run-
way groups was 45.25 and the mean of the complex runway groups was 53.75,
the differences here were significant at better than Fhe «05 level by
same test. The minute-by-minute sums for runway complexity and the re-
sﬁlting quotients are shown in the middle of Table 16. As in the non-
stabilized deprivation analysis, the disparity was greatest between the
seoond and third trials, though here in the opposite direction. Analysis
by the Wilsoxon T-test showed insignificance at the .05 level. The mean
for the combined nonstabilized groups was 51.00; the mean for the combined
stabilized groups was 48.00. These differences are not signifiocant at the
«05 level by the Mann-Whitmey-Wilcoxon T-test.

The last-minute-to-first-minute percentage inoreases are shown
for the stabilization groups at the middle of Table 17. No important

differences are apparent.



TABLE 9

PERCENT OF SS SHOWING DECREASED MINUTE-TO-MINUTE
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INTRATRIAL UNIT TRAVERSALS. STABILIZATION
ANALYSIS.
' Winutes

Trial Gg%%p {_? 2 2-3 S =4 4 -5 Ayban
¥ SR 23D 68 70 20 60 50.0
SR 23D 148 100 0 40 20 40.0

CR 23D 0S 70 40 50 40 50.0

CR 23D 14S 80 100 40 20 60.0

Mean 80.0 40.0 45,0 35.0 50.0
2 SR 23D 0S 60 40 40 40 45.0
SR 23D 14S 80 20 40 20 40.0

CR 23D 0OS 100 50 50 40 60.0

CR 23D 14S 100 80 20 60 65.0

Mean 85.0 47.5 37.5 40.0 52.0
3 SR 23D 0S 80 50 30 50 52.5
SR 23D 14S 80 60 20 40 50.0

CR 23D 0S 100 30 30 30 47.5

CR 23D 14S 40 40 60 40 45,0
Mean 75.0 45.0 35.0 40.0 38.75
4 SR 23D 0S 80 50 40 30 50.0
SR 23D 14S 80 20 0 80 45.0

CR 23D 0S 90 30 40 80 '60.0

CR 23D 14S 80 40 60 40 65.0
Mean 82.5 35.0 3560 57.5 52.50
5 SR 23D 0S 70 50 20 40 45.0
SR 23D 148 40 20 60 20 35.0

CR 23D 08 70 50 30 50 50,0

CR 23D 14S 80 40 40 20 45.0

Mean 65.0 40.0 Dl D) 3245 43.75

Grand Mean 77.50 41.50 38.00 41.00
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The Effects of Age

The mean minute-by-minute means and the total scores for the two
groups of thirty-five day old animals are shown in Tables 10 and 1l re-
spectively. The trial means for these two groups (SR 35 aﬁd CR 35) a-
long with those of groups SR 90 OD and CR 90 OD are plotted in Figure 3.
The variances for each trial of the thirty-five day groups are shown in
Table 19. A Hartley Fpgx test performed on these trial variances and
those of the nondeprived groups in Table 15 gave an F ., of 17.86. Un-
fortunately, no tables could be found that contained values for the twen-
ty mean squares used, but a free hand extrapolation of the Pearson and
Hartley tables (1956, p. 179) indicated that the two-sided probability
was near .05. This would indicate marked but not extreme heterogenity
and some caution must be used in evaluating the probability figures based
on parametric techniques using these scores.

As with the deprivation analysis, the analysis of variance per-
formed on trial means yielded a sigriificant p for the triple interaction
of complexity x age x trials, though the P here was only .05. This né-
cessitated another trend analysis of va;ianoe, the results of which are
summarized in Table 12. The overall trend here was not significant; this
fact indicates the scores did not vary much from trial to trial. How-
ever, the significance of the gquadratid component indicates that the sum-
med curves do not simply form a horizontal line. Inspection of Figure 3
would show instead that they would form a U-shaped function with a mini-
mum at the second or third trial. The overall group differences were not
significant at the desired level. The only significant differences in

group trends were as a result of differences in slope. These differences



TABLE 10

MEAN UNIT TRAVERSALS PER MINUTE OF 35 DAY OLD
SS UNDER TWO CONDITIONS OF RUNWAY

COMPLEXTTY®
Trial .
1l A g - 4 -]
Minute ' g Complexity
Simp. Comp . Simp. C ° s‘.‘. Comp. 8 ° C . Simp. Omp.
1 10.6 12.1°  13.1 4.3 14, 15.‘5 115@ Ig;?g 16.4 20.6
2 7.9 12.5 11.5 10.2 10.5 10.2 10.0 10.3 10.9 11.0
3 12.2 9.2 7.8 8.5 8.6 9.8 9.4 10.8 7.8 11.9
4 9.9 8.2 7.0 8.7 4.7 9.3 8.5 9.2 11.2 11.1
5 10.5 8.4 5.2 8.6 7.4 10.3 9.9 8.7 8.1 12.7
Total 51.1 50.4 44.6 50.3 45.9 5646 5063 55.7 53.4 67.3

8N — 10 per group

18



TABLE 11

INDIVIDUAL TOTAL UNIT TRAVERSALS OF 35 DAY OLD S§S
UNDER TWO CONDITIONS OF RUNWAY COMPLEXITY

52

8 8imple c?x
4857 2
320 234
98 263
212 341
265 382
219 313
44 119
224 239
180 293
434 330
Mean 24543 28063
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TABLE 12

64

SUMMARY OF ANALYSIS OF TRENDS OF UNIT TRAVERSALS PER TRIAL
IN THE AGE COMPARSION

Bource of Variation ar Yean Square T
A, Over-All Trend ) 762,080 218
1. Linear 1 172.923 «31
2. Quadratio 1 2,644,802 10,88%x*
3. Cubio 1 174,240 .44
4, Quartio 1 16,356 .09
B. Between Group Means 3 5,144,773 2433
a. Complexity 1 11,430,720 5.18
b. Age 1 706.880 «32
o Interaction 1 3,2964720 1.49
C. Betwesen Group Trends 12 748,390 2,17
1. Linear 3 2,606,802 4,65
a. Complexity 1 3,152.822 5.63%
be Age 1l 5,9250022 7.01%
c. Interaction 1 742,563 1.33
2. Quadratio 3 133,445 «55
a. Complexity 1 41.802 .17
be Age 1l 356,802 1.47
6. Interaction y 1 1.715 <01
D. Between Individual Means 36 2,208,178 6 6 39 %%k
E. Between Individual Trends 144 345,457
Ls Linear 36 560,116
2. Quadratio 36 243.118
Se Cubio 36 391.863
4, Quartio 36 187,020
- Total 199

* ) leas then .05
**x P less than .0l
***% P less than .001
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are reflected in both rumway ocomplexity and age comparisons. From in-
spection of Figure 3 it would appear that the summed curves of the simple
runway groups gave a negative slope whereas those of the complex runway
groups were more nearly horizontal or even slightly positive. Similarly,
the summed ourves of the older groups yielded a negatiﬁe slope whereas
those of the younger groups were horizontal. Both of these slope differ-
ences appear due to the marked negative slope of a single group -- SR 90
OD. The shapes of the other group ocurves are nearly identical. As with
the other trend analysis the differences between individual means were
highly significant, again indicating high reliability of measurement.

It was thought, before testing beéan, that despite overall insig-
nificance, there might be significant differential effects over trials
between age groups. It was felt that the young Ss would be initially
more fearful than the old Ss, and explore less. Howexger, this fear would
dissipate with continuing exposure, and the young Ss would explore more
than their older counterparts toward the end of the five trials. That
this did not happen where total trial scores were used is evident from
the preceding trend analysis. It was therefore decided, to test for
this effect in the first minute of the trials, since it was thought that
the effect might have been vitiated by the continued exposure after the
first minute. Accordingly, an analysis of variance was run on the first
minute, first trial scores. The results of this analysis are swmmarized
in Table 13. None of the differences were significant. However, the
scores were in the suggested direction. The mean for the young Ss was
10.85, the mean for the old Ss was 15.00. To test for the effeoct over

trials, a savings score for each subject was obtained. This score was



TABLE 13

SUMMARY OF ANALYSIS OF VARIANCE
OF FIRST MINUTE UNIT TRAVERSALS
IN FIRST AND FIFTH TRIALS.
AGE COMPARISON

56

Souroce ar Mean Square :
Between Subjects K] 133.;53 ar
Age 1 11.250 3.66
Complexity 1 1.800 «31
Age x Complexity 1 366417 .05
Within Subjeocts (error) 36

Egtal 39

¥AIY ps higher than .10
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computed by subtraoting the score for each S for the first minute of the
first trial from the score for the first minute of the fifth trial, and
dividing the result by the former. These scores were summed across run-
way ocomplexity for each age group. The mean saving score was positive
(.87) for the young Ss and negative for the older Ss (-.07). The oriti-
ocal ratio for the differences was 2.97, significant at better than..004.
Since the mean for the first minute of the fifth trial was 18.00 for the
young Ss and 11.85 for the old animals, this would indicate that the
young Ss had signifiocantly inoreased exploration between the two periods,
while the old Ss declined or remained the same.

An intratrial minute-by-minute oconsistenecy analysis similar to
those outlined above was also performed on the age comparison data. The
resulting percentages, as well as those of the ninety day nondeprived
groups are shown in Table 14. The effects here are almost identical to
the other findings. The intertrial means show no important differences.
The first column shoﬁs a greater percentage decrement than the others
and the probabili£y that this was due to chance is less than .0l when
caloulated by the Wilcoxon T-test. The group means are as follows: SR
90 OD: 38.50; CR 90 OD 55.00; SR 35: 50.5; and CR 35: 58.5. When the mean
trial percentages were surmed across age, the runway complexity means
were 44,50 and 56.75 for simple and complex rumway respectively. These
were significantly different at the .0l level by the Mann-Whitney-Wil-
coxon T-test. The summed percentages for complexity across minutes are
shown toward the bottom of Table 16. As in the other analyses, the dis-
parity was greatest from the second to the third minute. However, again

this difference was insignificant at the .05 level when tested against the



TABLE 14

PERCENT OF SS SHOWING DECREASED MINUTE-TO-MINUTE
INTRATRIAL UNIT TRAVERSALS.

58

AGE ANALYSIS
i3 Minutes '
Trial 9!0%2 ) 2 -3 3~ 4 4 - 5 Mean
1 80 50 20 47,5
CR 90 OD 60 20 50 60 47.5
SR 35 60 20 50 40 42,5
CR 35 50 60 60 60 57.5
Mean 62.5 37.5 50,0 45.0 48,75 .
2 SR 90 OD 40 40 40 40 40.0
CR 90 0D 90 70 40 70 675
SR 35 30 60 50 40 45,0
CR 35 90 90 60 40 7060
Mean 62.5 65.0 47,5 47.5 55,63
3 SR 90 0D 30 50 40 40 40,0
CR 90 OD 70 20 60 40 47.5
SR 35 80 70 50 30 57¢5
CR 35 90 40 50 .20 5060
Mean 6745 45.0 50.0 3245 48,75
4 SR 90 OD 50 50 10 20 3245
CR 90 OD 90 30 60 50 5745
SR 35 60 50 50 30 47.5
CR 35 100 50 50 30 57.5
Mean 75.0 45.0 42,5 3265 48,75
5 SR 90 0D 40 40 20 30 3265
CR 90 0D 80 40 50 50 55.0
SR 35 - 70 60 40 70 60.0
CR 35 100 40 50 40 57.5
Mean 7265 45,0 40.0 47.5 51.25
Grand Mean 68.0 47,5 46,0 41.0
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average of the other three columns by the Wilcoxon T-test. When the trial
means were summed across complexity for age, the young groups gave a mean
of 54.50 and the old groups one of 46.75. The probability of this differ-
ence just missed the .05 significance level by the Mann-Whitney-Wilcoxon
T-test.

As with the older animals, the last-to-first minute intertrial per-
centage increases were oomputed and these are shown toward the bottom of

Table 17. Again no important differences were apparent here.



CHAPTER IV
DISCUSSION AND CONCLUSIONS

The findings reported here neither corroborate ocompletely nor
contradict oompletely the research preceding and leading up to them.
Mostly they suggest new phenomena, the meaning of which is not entirely
clear.

First, on the dimension of nonstabilized deprivation. There is
no evidence from the data herein citsd that food deprivation in and of
itself has either a simple elevating or simple depressing effect on ex-
ploration as defined. This fact is reflected in the insignificance of
differences of total exploration scores when they are summed for degree
of deprivation across trials or runway complexity. This is in contra-
diotion to both the studies which report a simple inorease with depri-
vation (e.g., practically all the activity wheel studies, and Jerome,
Moody, Conner, and Fernandez, 1957) and to these that report a decrease
with deprivation (e.g., Montgomery (1953b) and Zimbardo and Montgomery
(1957)). Similarly, the direction of the interaction between depriva-
tion and situation complexity is apparently a unique phenomenon. Where
Adlerstein and Fehrer (1955) report that complexity inoreased the number
of exploratory responses for the deprived Ss, there is a strong sugges-
tion here that the more complex runway served to decrease exploration as
a funoction of increasing deprivation. This phenomenon is also at vari-
ance with the suggestion made in Chapter I that increasing stimulus com-
plexity should incorease the superiority of the deprived groups because of

the survival value involved. However, the overall decreased performanoce
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of the complex runway deprived groups should not be overestimated. For

one thing, the effect did not withstand internal replication; for another,
doing an isolated analysis of variance on these groups, even though it is
an illegitimate operation in terms of the total analysis, did not yield
significance at the .05 level. Nevertheless, the fact that there was no
suggestion of inoreased exploration among these groups themselves and in
comparison to the simple runway groups strongly militates against the de-
privation-complexity interaction heretofore hypothesized and reported.

What then were the significant effects? Aside from this deocreas« -
ing performance with inocreasing deprivation among the complex runway
groups, the only other contribution to overall (i.e., summed across trie
als) signifiocance comes from the scores of the nondeprived simple runway
group. This group showed significantly less exploration than any of the
others. The subjects in this group were also deviant in their low mean
percentage intratrial decorease percentages and in their low mean first-
to-last minute percentage inoreases. In addition, this group showed the
most consistent decline over trials. Why this should be is not apparent.
That this is probably not the result of sampling is indicated by the fact
that these Ss' first trial scores were similar to those of the other
groups used in the deprivation analysis. Since no explanations short of
those which deny the other data comes to mind (e.g., both complexity
and hunger serve to elicit exploration and this is the least-hungry-
least-ocomplex- group) no attempt is made to integrate this finding into
‘any sort of schema.

However, the most significant effects were the ones which ocourred

across trials for the different groups. Unfortunately, though, since no
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other experimentqrs report exploration data for a given level of depri-
vation for more than one trial, it is difficuit to evaluate these effeots.
The trial significances here were primarily due to the inoreased perform-
ance of the forty-seven hour deprived groups, partioularly the simple
runway group, after the third trial. Though there was a decrease in ex-
ploration decrement by the fourth trial, and two groups (CR 90 OD and SR
24D 0S) did show increased exploration, none did so to the extent of the
forty-seven hour groups. This is particularly surprising since most of
the Ss in these two groups would have died of inanition in a few more
days if their deprivation schedule were so oontinued. A not very oon-
vinoing explanation suggests itself. The higher emotionality (hypothet-
joal) due to the enfeebled condition of the forty-seven hour deprived Ss
led to an initial greater fearfulness of the exploratéry situation and
oonsequently reduoced exploration in the early trials. With inoreasing

exposure, this dissipated and the exploration-inducing effects of drive
asserted themselves. There is some evidence for this in the faot that
the forty-seven hour complex runway group explored less initially then
its simple runway counterpart -- i.e., the more complex situation was
more fear-producing. However the fact that the complex runway group
showed a slight decline during the fifth trial after its fourth trial
Jump militates against this.

As the analysis for the effects of drive stabilization showed,
there were no significant differences for either degree of runway com-’
plexity between the stabilized and nonstabilized groups. In accordance
with Glanzer's (1958) suggestion; had the stabilized groups explored

more, the effect of nonstabilized drive might be assumed to be predom-
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inantly distracting; had they explored less, it might be assumed to be
predominahitly energizing. That they neither explored more nor less
boils down logiocally to four-alternatives; 1) that there is no change.
in predominance of either drive effect as a function of stabilization;
2) that drive has only an energizing effect on ongoing behavior, in-
cluding looomotion, and that this does not ohange with stabilization; 3)
that drive has only a distracting effect and that this does not change-
with stabilization; and 4) that drive has neither an energizing nor dis-
tracting effect upon exploration. Yhe third alternative may be dis-
missed by definition, since if the effect of drive is not energizing,
then what is it? The fourth may be rejected on the basis of the differ-
ential performances of the various drive groups across trials. Alterna-
tive two is also in contradiction to the data, sineceif the effect of
drive was simply energizing, exploration would be an inoreasing funoction
of inoreased drive. This leaves only the first alternative as likely.

However, issue may be taken with the whole ocomparison on the
grounds that drive was inoreasing for the nonstabilized Ss during the
trials. As Reid and Finger (1955) showed, rats lose weight for at least
ten days on a one hour daily feeding schedule, and the nonstabilized Ss
were actually at a lower drive level throughout the experiment, partic-
ularly during the initial trials, thus confounding any possible real ef=-
feots due to stabilization. The fact that the curves of the stabilized
and nonstabilized groups did not converge over the trials is some evi-
dence against this, i.e., if exploration is a funotion of drive level,

defined as percent of satiated body weight, then the nonstabilized groups
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should approach the exploration level of the stabilized groups with in-
oreasing number of days (or trials) on the deprivation achedule. Never-
theless, this lack of convergence may have been due to a trial inter-
action effect. It is therefore suggested that further experimentation
be done to establish the effects of stabilization, with percent satiated
body weight held constant instead of hours feeding. This was not done
here because of the fear of differential effects resulting from differ-
ential amount of handling involved in weighing the Ss. That this is
probably not an important factor may be inferred from the fact that the
Budd Mountain animals, whose handling history was probably different .
from that of the University of Tennessee stock, did not appear to be dif-
ferent from them in most respeocts.

The only significant difference between the stabilized groups was
the greater exploration of the simple rumway groups. Again, the meaning
of this is not.clear.

This discussion of the effects of deprivation may be concluded
with the observation that one thing remains clear: there are differ-
ences, whatever their meaning, across trials resulting from differences
in deprivation and the interaotion of these with situation complexity.
Practiocally all preceding research in dealing with these variables has
oonfined measurements of exploration to a single score per subject or to
scores during ocontiguous temporal intervals, for any given level of dep-
rivation. It is therefore strongly suggested that future research con-

cern itself with these intertrial effects.

The results from the age analysis also stand in some contrast to-
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those previously reported. Chiefly, there were no overall differences
favoring the younger animals. In addition, there were no significant
differences in perocent of subjeots showing decreased responses over
successive intratrial minutes, though there is a suggestion that this
percentage was greater for the younger animals. What siénifioant trial .
differences were present were due primarily to the deviantly low per-
formance of the Ss in Group SR 90 OD. The age-fear interaotioﬁ sugges-
tioﬁ, which predicted that the younger Ss would start out at a lower ex-
ploration level than the older Ss, and eventually surpass them, was not
vindicated by the mean trial scores. There is evidence for it in the
analysis which relates the first minute scores on the first and fifth
trials. However, this is somewhat vitiated by the fact that the signif-
icance of this effeot is also due to the deviant performances of Ss in
Group SR 90 OD. The reasons for the relative lack of significant over-
all‘age differences may be partially attributed to the relatively small
aoctual age differences. The young group might have been younger. Had it
not been originally desired to replicate the deprivation and stabiliza-
tion findings on the young animals, these Ss might have been twenty-one
days old at the first trial. The older Ss were not really old. Their
age would correspond to eafly adulthood in humans. Should further ex-
perimentation in this area be done with age as an independent variable
it is suggested that groups spaced further apart on this dimension be

used.

The overall effects exclusive of experimental parameters are per-
haps the most interesting. For one thing, there was no wholesale deore-

ment in exploration across trials. If anything, a ocurve for all trial
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data would probably fit a quadratic function with a minimum at about the
third trial, at a high degree of significance. This unusual finding fits
no previously promulgated explanation; not even explanations which con#
tradioct each other. In the view of previous writers, the two main un-
oontrol}ed variables in any exploratory situation are fear and stimulus
satiation. Welker (1957) claims that fear should lead to inoreased loco-
‘motion, i.e, escape. This would explain the first half of the quadratioc
ourve: With inoreasing exposure, fear dissipates, and therefore so does
locomotion. However, it is to be assumed that the novel, exploratory
. drive producing aspeots should also dissipate. Why, therefore, should
exploration increase after the third trial? Montgomery (1955) and Mont-
gomery and Monkman (1955) state that fear should lead to decreased explo-
ration. The Ss are presumably most fearful on the first trial and should
therefore explore least. This is not the case here. Perhaps a more sat-
is feotory,. though more ocmplex'explanation may be derived from a synthe-
sis of these two, Fear may be postulated as having a faocilitating effect
on locomomotion, but a depressing one on exploration. With the waning of
fear, locomotion deoreases. The exploration-inducing situation stimuli
that the animal had been "blind" to while trying to escape then take ef-
fect, and exploration begins and locomotion inoreases. Presumably, aft-
er a sufficient exposure (more than allowed in this experiment) explora-
tion falls off as a result of stimulus satiation. This explanation is
of course at variance with the operational definition used here, which
equates exploration with looqmotion. In addition, it is quite hypothe$-
ioal,. Nevertheless, it is the only one which seems capable. of handling

the data.
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However, whatever the explanation for the effects aocross trials,
the one for the intratrial effects is probably different. Here the usu-
al exploration funotion held, with gpremtest exploration during the first
minute and a subsequent deocrease. The faot that neither this not last-
to-first-minute inorease varied in an important way from trial to trial
strongly suggests that intra and intertrial locomotion are a funotion of
different controlling variables. This is an extremely interesting phe-
nomenon well worth further investigation.

The final item of signifiocance is the disparate levels of intra-
trial deorement between the summed simple and complex runway groups,
with the latter showing the greater decrement. Since the probability
figures for this reported in Chapter III are not independent, i.e., some
of the same groups were used in arriving at them, it is not legitimate
to combine them. Nevertheless, there is no doubt that this aeffeqt is
highly significant. Its meaning is puzzling. Inspection of the data
does not indicate this to be an artifact of higher initial exploration
for the oomplex groups, since this did not ococur. When the facts are re-
garded anthropomorphically and in terms of all the theories put forth to
deal with exploratory behavior, it must be oconcluded that the opposite
should have happened: ‘the Ss in the ocomplex situation hawving more to
explore, should have shown a smaller decrement. That they did not is at
variance with praotiocally all experimentation and theorizing that has
gone on in this area, and tﬁis finding is certainly in need of replioca-

tion.



CHAPTER V
SUMMARY

An experiment was oconduoted to ascertain the effects of nonsta-
bilized food deprivation, stabilized food deprivation, runway oomplexity,
and age on exploratory behavior of male albino rats both duripg and a=
oross five five-minute trials. Three levels of deprivation: zero, twen-
ty-three, and forty-seven hours were used. The stabilization dimension
included groups stabilized on the twenty-three hour schedule for zero and
fourteen days prior to the beginning of the experiment. The two age
groups were respectively about thirty-five and ninety days old at the be-
ginning of the experiment. All groups were equally divided into simple
and complex runway groups. The simple runway groups were exposed to a
fifteen foot straight runway, the complex group to a runway different on-
ly in that there were right angle turns every twelve inches. The only
measurement taken was the number of twelve inch runway units traversed
during each minute of the trials. The data were analyzed for differences
in trend for the total trial sums and for intratrial effects.

The major findings are as follows: 1) There were no signifiocant
differences for degree of deprivation, stabilization of deprivation or
age when the group sums were taken exclusive of trials. 2) There was a
suggestion of deoreasing exploration with inereasing deprivation for the
complex runway groups. 3) The forty-seven hour deprived groups showed a
marked increase in exploration after the third trial. 4) There was a
significant difference favoring the simple runway stabilized deprived

group when compared to its complex runway ocounterpart. 5) There was a
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suggestion of an age-complexity interaction; the young Ss starting low
and showing inoreased exploration, the older Ss either remaining the
same or showing decreased exploration. 6) The across-trials shape of
the summed group curves was ourvilinear with a minimum at about the
third trial. 7) The intratrial ocurves for all groups showed that Ss in
all groups showed the greatest decrease in exploration at the beginning
of the trial with little subsequent change, and that there was an in-
crease with the beginning of a new trial. 8) The peroentage of subjects
deoclining during the intratrial intervals was greater for the complex
runway groups than for the simple runway groups.

An attempt was made to explain some of these findings. Others
were simply allowed to stand by themselves. Future experiments with
these variables were suggested, with particular emphasis on trial ef-

feots.
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TABLE 15

VARIANCES PER TRIAL OF MEAN UNIT TRAVERSALS UNDER

THREE CONDITIONS OF DEFRIVATION AND TWO

CONDITIONS OF RUNWAY COMPLEXITY

80

Runway
Simple ] Complex
Trial Deprivation (Hours)
wh } _23 a7 s 23 47
1 637,07 T782501 901.73 260.27 373.79 396,18
2 823.43 1027.43 824.46 651.16 976.10 592,22
3 452,18 822.84 748,32 358.40 608.27 369.82
4 1069.83 376.94 873.21 428.49 562.62 622.77
5 1414,23 1201,.96 1149.82 670.10 - 535.60 585.11
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TABLE 16

SUM OF GROUP INTRATRIAL PERCENTAGE DECREASES BY
RUNWAY COMPLEXITY

¥inutes
Complexity
. l -2 2 -3 3 -4 4 -5
Deprivation Analysis: :
Simple 940 610 570 570
Complex 1,180 580 730 720
Simple/Complex .80 1.05 .78 .79
Stabilization Analysis:
Simple 740 330 340 400
Complex 810 500 420 420
Simple/Complex .90 .66 .81 .95
Age Analysis:
Simple 820 460 530 460
Complex 540 490 390 360
Simple/Complex .66 1.07 .74 .78
Total:2
Simple 1,530 990 970 960
Complex 1,990 1,120 15220 1,090
Simple/Complex 77 .88 .80 .88

®Duplioated percentages are omitted in total sums.



TABLE 17

PERCENT OF SS SHOWING INCREASED UNIT TRAVERSALS FROM

LAST MINUTE OF TRIAL TO FIRST MINUTE OF NEXT

82

TRIAL
Trials
Group Mean
o l -2 2 -3 3 -4 4 -5
YWon-8tabilized Deprivead: W &
SR 90 OD 30 40 50 20 35,0
SR 23D 0S 70 70 60 100 75.0
SR 47D 60 50 40 60 5245
CR 90 OD 90 80 80 80 82.5
CR 23D OS 50 50 70 80 62.5
CR 47D 50 80 50 70 62.5
Stabilized-Deprived:
SR 24D 14S 40 100 80 100 80.5
CR 24D 14s 60 100 80 80 80.5
Younger Groups:
SR 35 50 80 70 50 62.5
CR 35 80 80 100 100 90.0
Mean 58.0 73.0 67.0 74.0




TABLE 18

VARIANCES PER TRIAL OF MEAN UNIT TRAVERSALS
UNDER TWO CONDITIONS OF RUNWAY
COMPLEXTTY FOR STABILIZED SS

83

" Ruway
Trial Simple Complex
= LR LT
2 460.20 135.30
3 137.30 221.50
4 269.50 360.50
5 456,50 279.30




TABLE 19
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VARIANCES PER TRIAL OF MEAN UNIT TRAVERSALS UNDER TWO CONDITIONS

OF RUNWAY COMPLEXITY FOR 35 DAY OLD SS

Runwiy
Trial Simple Complex
1 679.66 126,71
2 1,031.60 313.79
3 579.21 537.16
4 2,262.90 893.12-
5 1,324.04 446.68
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