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CHAPTER I 

INTRODUCTION 

Background 

General and Theoretical Aspects 

The study of behavior based on motive s of exploration. manip­

ulation, or curio sity is both old and very recent -- old in terms of 

the earlie st relevant exper�ents. and recent in terms of the consider­

able amount of research done in this  area s inoe about 1950 .  Dennis 

{1955 ) ha s noted that "intrinsically motivated" problem sGlving behavior 

was studied by Romane s and Thorndike around 1900, and Nis sen in 1930 

found that animal s will oro ss  an electrified grid to explore a modified 

Dashiell ma ze . 

Spontaneous alternation, or the tendency of rats to make alter­

nate right and left turning re sponse s upon suooe s s ive expo sure to the 

s�e ohoioe point. was probably the area to rece ive earliest intensive 

inve stigation. Alternation had already been observed by Hamilton in 

1911. and Tolman in 1925 is credited by Montgomery ( 1951 ) with the first 

sugge stion that it was ba sed on "exploratory impulse s" -- still the our­

rent oon�eption : e . g •• Barnett (1958 ) . Glanzer ( 1958 ) . Montgomery (195lb. 

1952a) , Sutherland {1957) . Sinoe thi s early work a number of experi­

ments have oonfir.med and extended the findings in the area (Dennis ,  1935;  

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



Kivy, Earl and Walker , 1956; Montgomery: l95la , 195lb, 1952a, 1952b; 

Sutherland, 1957; Walker, Dember , Earl, and Karoly, 1955a; Walker,· 

Dember, :Ear1•1 Fliege, and Karoly, 1955; Walker, Dember , Kar-3,, Fawl , 

and Karoly, 1955) and have tende d to support the explanation of 

alternation behavior as an effe ct of stimulus satiation ( the tend­

ency of an organism to make a reduced re sponse to a stimulus object 

as a fundtion of previous exposure to it ) against the earlier rea ct­

ive inhibition concept. However , Barnett ( 1958 ) and Dember and 

Fowler ( 1958 ) have sugge sted  that reactive inhibition may be a spe­

cial case of stimulus satiation via sensory feedback of motor re­

sponse s .  The stimulus satiation viewpo int ha s been formalized by 

Glanzer { 1953) and the alternation literature re levant to it has been 

reviewed by Dernber and Fowler ( 1958 ) and Glanzer ( 1958 ) . 

A great deal of work has been done with exploration and manip­

ulation per !!• It has been abundantly demonstrated that organisms 

ranging fro.m cockroache s to human beings will explore and move to­

wards conditions of greater stimulus oo.mplexity ( 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; We lker : l956a , 1956b) . This is  even true of food-de­

pr ived and rewarded subje cts, these tending to take the longer, more 

indirect route to food (Hebb and Mahut, 1955) . In addition, monkeys 

will solve puzzle s  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 i s  probably not due 
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to the effects of se condary re inforcement (Harlow, Bla ze� and McClearn, 

1956; Mile s, 1958) . 

The re lation between exploration and learning has also been in­

ve stigated .  In addition t o  the work o f  Harlow and assoc iates oited 

above which showed learning across trials  in puzzle manipulation ( i . e ., 

le ss time and fewer errors in solution across trials) , it has been 

shown that monkeys will learn'. a discrimination habit when only an oppor ­

tunity at visual exploration (Butle r, 1953; Butler and Harlow, 1954) 

an�or noise from  the colony room  (Butler , 1957) are used as rewards. 

Similarly, for rats a Da shiell ma ze may be used as a ttre ward" (Mont­

gomery and Segall,  1955 ) . The onset of light will also serve as a 

re inforcer for rats ( Forgays and Levin, 1958 ; Hurwitz ,  1956; Kish, 

1955 ; Kling , Horowitz, and De lhagen, 1956) and monkeys {Moon and Lodahl , 

1956) in learning bar-pressing re sponse s. The decrement in explora­

to ry behavior produced by exposure to  one ma ze will general ize to  othe r 

ma ze s along a dissimilarity continuum (Montgome ry, 1953) , and a ma ze 

task interpolated between two exploration te s.ts can have both retro­

active inhibiting �nd facilitating effects on exploration in r ats 

{Thompson and Kahn, 1955) . 

A number of experiments have dealt with the effeots of othe r 

variabl es upon exploration. Butler ( 1957) found that the ·frequency 

of response in monkeys to ga in visual incentive s went up with zero , 

two, four , six, and eight hours of visua l exploratory depr ivation. 

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

twenty-four, and forty-six and one-half hours confine ment, he found 
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that the rat ' s performance in an activity wheel increased monotonically 

as  a function of degree of confinement . Siegel ( 1946) , on the other 

hand , found a s ignificant de crease in activity after s ix hour s · confine­

ment, an insignificant de crease after twelve hour s ,  and an ins ignif­

icant increase after twenty-four hours as mea sured photoelectrically 

in an activity chamber . Patton ( 1954) reports two studies in which free 

animals were found more active than re stricted animals in a closed 

field te st. Montgomery ( 1953) found no s ignificant difference in Y­

maze exploration between rats that had access to an activity wheel 

prior to the experiment and tho se kept in confined conditions . Mont­

gomery and Ztmbardo ( 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 

orderline s s  of behavior . Hil� ( 1956) has ars�ed 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 distinction remains unclear , and Thompson and Heron (1954) 

have found, in contrast to Montgomery ( 1953) ,  that early re str iction 

of activity of dogs leads to an increa se in exploration in open field 

and maze type s ituations . 

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 tmmediately prior to exploration by 

shocking the !s doe s not affe ct exploratory activity, but that fear 

induced the same way during the te st reduce s it, s ince fear and explor-



ation are antagoni stic . The exper�enters hypothe sized that exposure 

to a le ss  nove l situation would produce es cape -- increas ing activi ty 

while exposure to a le ss nove l situation would lead to avo idance and 

le s s  activity. This formulation is some what at variance with that of 

Berlyne ( 1951) . According to Berlyne,  avo idance is precipitate d by 

sttmulation new in terms of what the animal ha s experienced in the 

particular stimulus situation, whe reas explorati on.i s caused by some ­

thing ne w to the �'s who le history . �ontgo.mery and Monkman { 1955) 

also found that shook momentarily increased exploration, but that it 

then fel l  sharply be low the level of controls after ce s sation . In a 

se oond experiment, Montgomery ( 1955) found that rats increased ex­

ploration over ten-minute te st periods in a "dangerous"  elevated maze 

situation and de creased ·exploration in a "safer" enclosed maze , though 

total exploration wa s higher for the enc losed group . He oite s  this 

faot as  evidence for the avoidance-exploration paradigm: The effe ct 

of novel sttmulation is the excite ment of both avo idance and explor­

ation tendencie s;  avoidanoe goe s up more sharply than exploration 

with novelty, and de crease s  fa ster with exposure , al lowing for explor­

ation to take place . Fear was also found to affe ot orderliness  of 

behavior, since-percent alternation de olined with inoreased use of the 

elevated maze . In a somewhat re lated expertment Welker { 1957) found 

that rats forced into an exploratory situation by be ing plaoed dire ctly 

into it explored more than those that had been allowed to e nter it 

freely from the carrying oage, with the foroed animals  sharply de­

creas ing exploration dur ing the five minute se ss ions and the free 

anima ls  going up or re ma ining t� . .s.ame . Interpreting some of Montgom-
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ery's data ( 195lb, 1953, 1955 ) in this  light and claiming the same effect 

to be true there, he states that the high initial activity and subsequent 

de cline of the forced animals can only be expla ined in terms of escape . 

This latter explanation would be in agreement with the Montgomery and 

Monkman ( 1955 ) statement, i . e.,  strong fear leads to e scape, but prob­

ably opposed to the Montgomery ( 1955 ) position, s ince it would be sup­

posed that exploration would increase with the diss ipation of fear . At 

any rate, the interaction of fear, in reference to avoidance and escap�, 

and exploration is  not clear at this time . 

Several theoretical papers dealing with exploratory behavior have 

been published .  Harlow (1951, 1953, and 1954) ha s cr iticized homeostatic 

and der ived dr ives as be ing inadeQuate , both in frequency and duration, 

to account for most behavior and has postulated an exploratory drive 

elicited  by external stimulation. In commenting on Harlow's pos ition 

Brown ( 1953) ha s stated that "the empir ical fact or 'exteroceptively 

elicited  patterns or behavior' need not require the po stulation of co­

var iant 'exteroceptively aroused' drive s . "  Reviewing Butler's experi­

ment ( 1953) in which monkeys learned a habit with the opportunity to 

look out or a window as  the reward,  Brown note s that if visual  explor­

ation were drive-arousing, then the animals would not be motivated 

until they could see outside the box. Since this was not the case , the 

animals must have been motivated by the inability to see, but this  in­

ability to see is  not a case of an externally-cause d drive . In addi­

tion, ff see ing outside the box was dr ive-arousing,  Harlow " •  • •  would 

be forced to conclude that response s  followed by an increase in drive 

would be learned . This would lead to a drive increase theory of learn-



7 

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 reduction would not seem to be a general or only prin­
ciple of learning. It may be only one aspeot of a more general 
principle which might be called one of optimal st�ulation: the 
organism tends to learn those reactions which will produce an opti­
mal level of total st�ulation. 

And he .s ay�: 

The organis m tends to acquire those reactions which, when· over­
all st�ulation is low, are accompanied by increas ing stimulation, 
and when overall s timulation is high, those which are accompanied 
by decreas ing stimulation. 

Similarly Glanzer ( 1 958 ) has proposed that "The organism • • •  (be) 

viewed as an information process ing system that requires certain amounts 

of information per unit time," and that the organism responds to his en-

vironment to secure this information: 

The increase or deorease of activity with respect to parts of the 
environment is a funotion of the difference between the average a­
mount of information the individual is accustomed to and the current 
rate of flow of information from the enviromnent. 

Unf�rtunately neither of these for.mulations makes clear how the "optimal" 

or "accustomed" level of s timulation can be ascertained so that a pre-

diction of activity level or exploration may be generated in specific 

s ituations. Seward ( 1956) , in a somewhat similar model, has proposed 

that "exploratory behavior is evoked neither by the unknown 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 -- the re is 

no previous re s ponse to the whole event. The elements oamposing the 

stimulus event elicit re sponse s  conditioned to them, the irrelevant one s 

are re je cted by "the drive to be re levant" (sic)  and if the re maining 

one s are o f  s imilar strength, a drive to allay the conflict is excited 

with curiosity and conse�ent exploration and manipulation as its re sult . 

Since the se activities a re need- reducing, learning may also occur. This ,  

though an inte re sting approa ch, i s  admittedly based on "postulated and 

unobservable central proce s se s , "  and is  an example of the proliferation 

of secondary and de rived drive s  that Harlow has called straine d .  Sim­

ilarly, De mber and Earl ( 1957) have offe red an ''information theory" 

type model in which exploratory behavior is subsume d  unde r the heading 

of attention. Attention is aroused when stimulation is discrepant from 

the �rganism's expectations; the probability that this discre pancy occurs 

is  a direct function of  stimulus complexity.  Ni ssen ( 1954) ha s sugge st­

ed an explanation of explo ration and manipulation in terms of an instinc­

tual nee d  of parts of the body, including the brain, to "use themselve s ."  

This is fairly anthropomorphic,  though it  is  olose to what Kooh (1956) 

ha s called for in the way of intrinsic or "in and of the mselve s"  motive s 

as opposed to an extrinsic or  " in order to" concept of motivation. 

In a re oent artic le Barnet ( 1958) has s ummarized some of the 

theoretical issue s  and relevant expe r�entation in this area and he has 

proposed a rathe r  complete vie w of explo ratory behavior. Exploration 

according to him is re late d to pri mary needs and is a means to the ir 

satisfaction -- e . g . ,  increased exploration in a s tate of  nutritional 
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deprivation increases 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 function autonomously: 

• • •  the fact that behavior is a product of natural selection, 
and tends to insure survival does not necessarily �ply that partic­
ular activities are always a direct 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 st�uli 
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 satisfaction by external stimuli. This position is basic-

ally s�ilar 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 ra�ionale. His approach relates exploration 

to learning (exploration makes possible a variety of sensory and motor 

experiences in infancy, allowing for learning :t.o take place) ; to avoid­

ance ( th� "combination of exploring and avoidanoe with learning is ele-

·gantly adapted to giving a rat the maximum of information about the re-

sources and dangers of its envi�onment, in the safest possible way"); 

and to arousal ( st�ulus-seeking behavior serves to maintain general 

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

agreement with all experimental evidence. 



The Effects of Deprivation 

Much work has been done on the effect of food an�or water de­

privation upon activity and exploration. l One of the earliest experi-

menta wa s by Dashiell  (1925), who found that twenty-four hour food-de-

prived rats will enter more sections of a grid-type maz e  than food-

s atiated animals during a sixty- second interval .  Wald and Jackson 

(1944) cite s ix references to the effect that "animals in general ex-

10 

hibit increased activity when in want of food, " and these author s state, 

that "this is  in fact the indispensabl e sign of hunger . "  They report 

their own work in which rats that had been deprive d of food, water, 

thiamin, riboflavin, or  magnes ium all  showed greater activity in an ac-

tivity wheel than satiated s ubjects. Siegel and Steinberg ( 1949 )  re-

port a negatively acce lerated increas ing number of interruptions of a 

photoelectric bewm running acros s  a cage as a function of increas ing 

(zero, twe lve, twenty-four,  thirty-s ix, and forty-eight) hours of food 

deprivation. Finger (1951) and Finger and Reid (1952) got s imilar 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 gro ups increas ed activity in an 

lThe distinction between aotivity and exploration has not always 
be en c larified . While "exploration" i s  usua lly invo ke d only in changing 
stimulus s ituations , the "activity" concept ha s been applied both to re­
lative ly stabl e  (a 9tivity wheel) as  we ll as changing (open-field) stimu­
lus situations . Stmilarly, on the dependent variable side both the "e x­
ploration" and "activity" concepts have been applied to the measurement 
of loco.motion. No attempt will  be made to sort out the empirical find­
ings in terms of these distinctions, though emphasis  wil l  be on those 
studies dealing with changing stimul us s ituations. 
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aotivity whee l over the ir norma l leve l ,  and the seventy-two hour group 

showed a progre ss ive inorease through eaoh of the three twenty-tour hour 

periods . The effeot of return to an ad lib 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 s imilar initial increase in 

activity wheel revolutions of twenty-three hour water-deprived rats over 

satiated contro ls ,  but the difference remained the same over a twenty-

one day period . Cotton (1953), using a self-control de sign, showed that 

while running sp,ed in a ten-foot runway increased with hour s of (ood 

deprivation ( zero , six, sixteen, and twenty-two hours were used) the 

groups were similar when competing re sponse s were factored out . The 

author hypothe sized that the effeot of hunger might be to eliminate the se 

competing re sponse s .  This has rece ive d some vindication in the work of 

Strong (1957). who found decrea sing re sponse s on a oontaot stabilimeter 

de s igned to mea sure fine movements as a function of increas ing depriva-

tion (zero , twenty-four, and forty-e ight hours},  while the groups showed 

no significant difference s on a micro-stabilimeter whioh measured gro ss­

er re sponse s (though not as gro ss  a s  tho se in an activity wheel) . 

The re sults are le ss  olear out in the oase s of more exploratory, 

or changing stimulus re sponse s .  Us ing two size s of open tields ,  Broad­

hurst (1951) reports no difference s in number of squares traversed 

between nineteen and one-half to twenty-one and one-half hour food-de-

prive d and food-satiated rats . Thompson (1953) use d an elevated maze 

and found no significant difference s in units explored in five and ten-

minute te sting periods among zero , twenty-four , and forty-eight hour 

food-depr ived ma le rats , and none between zero and twenty - four 
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hour  deprived fe males, though the se grou ps we re significantly le �s 

active than forty-e ight hour deprive d female s. Montgome ry (1953) con­

ducted two e xper�ents using an enclosed single unit Y-maze . In the 

first, in three successive days of testing he found no significant 

difference s, in twelve inch units expl ored, between rats on � seven gram 

da ily feeding 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 satiate d 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 dea th by starvation in about two weeks, and Mont­

gomery 's animals had been on the ir diet for five days before the first 

trial . However,  there was no progre ssive de cl ine during the three day 

teating period . In the se cond experiment in which the same group of 

an�als was te sted at zero , twenty-four, forty-e ight, and se venty-two 

hours of food deprivation on succe ssive days and compared to a satiated 

group, the re was no significant difference between the twenty-four hour 

deprived an�als and the second day's pe rformance (The first in �ich a 

ten minute te sting period wa s used) of the seve n gram animals of Experi­

ment I (58 . 9  for the twenty-four hour. group, 63 . 2  for the seven gra m  

group) . In the se cond experiment, the food-deprived group again e x­

plored less than the �atiated group on each of the three deprived days 

(on the first day both groups were satiated  and means were almost identi­

cal) , though here the significant decrease was from zero to twenty-four 

hours of deprivation, with no further de cre ment. In both expe riments 

orderl iness of behavior , as measured by amount of alternation, was the 
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same for satiated and depr ived groups . Montgo mery explains the dis­

parity between his data and those which re port increasing activity with 

increa sing deprivation on  the gr ounds that the latter experiments use 

subjects habituate d to the ir e nvironment { as in most studie s using 

aotivity wheels) , and that this  le ads to a s atiation of explor ation, and 

what therefore emerges is the effe ct of deprivatio n on gener al aotivity, 

not exploration. Exploration according to this view, is relatively in­

depe ndent of other drive s ,  and primarily a function of situation novelty, 

or exteroceptive stimulation. However , while this explains why deprived 

animals do not e xplore more than satiate d animals , it doe s not explain 

why they e xplore less . Theoretically, incre ased general activity with 

deprivatio n, which Montgomery admits , should serve to increase rather 

than de crease genera l movement, particularly since Strong has shown 

that this deprivatio n-induced-activity is not composed of fine ,  compet­

ing re sponse s .  Perhaps we may assume that deprive d anL�als engage in 

competing cons ummato�-like re sponses (e . g . , biting the edge s of the 

ma ze) . However , the autho r re je cts this on the basis of observation 

and the fact that exploration doe s not decrease after twenty-four hours . 

The question as to why deprive d rats explore le ss is ignored by the 

author . 

An exper�e nt which partially replicate s these findings was con­

ducted by Zimbardo and Montgomery (1951) . Te sting for ten minute s in a 

modified c heckerboard masa they expo sed the ir male rats to zero , twenty­

four, forty-eight, and seve nty-two hours of food or water deprivation. 

They found that satiated animals explo red more than  ei�e r food or water­

deprived animals and that exploratioD de clined in a fairly line ar fachion 
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with hours of food deprivation. whereas with the water depr ived animals  

there was a significant de crea se from zero to twe nty-four hours depri� 

vation, an ins ignificant increase fro.m twenty-four to forty-eight hour s ,  

and an ins igni ficant de crease from forty-eight to seve nty-two hours. 

The se findings are at variance with those of Jerome ,  Moody, Con­

ner,  and Ferna nde z (1957). The se experimenters found that food-deprived 

rats (the depr ivation operation is not clear ) will make a greater number 

of crossings in a multiple door situation than food -satiated an�als. 

However, this may have been an artifact re sulting from the fact that the 

deprived �s ware fed tmmediately upon the completion of thai� trials. 

In an at�pt to re concile the differences in deprivation studies 

it has been hypothe sized that while depr ivation doe s not increase activ­

ity or exploration per �' it lowers thre sholds for external stimuli, 

which do produce increased activity . The classic experiment in this 

area is one by Campbe ll and She ffield (1953). Using a
· 

flat microswitoh 

activity cage they found that while de pr ived animals increased the ir 

activity slightly during a seventy-two hour no-feeding period while 

there was only ltmited stfmulation, their activity rose rapidly �th 

the pre sentation of a stimulus. Sim ilarly, Murray (1953) ha s found that 

there was only a slight, insignificant differe nce be tween satiated and 

twenty-three hour food-deprived rats in the operant leve l 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 time s  more 

on the ave rage than the satiated animals. 

The work of Hall and his associates conte sts the ·de privation-
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s timulation hypothe s i s .  Hall, Smith,  Schitzer , and Hanford (1953) Bound 

a substantial difference in activity wheel performahce in favor of ani­

mals on a twenty-three and one -half hour food depr ivation schedule when 

compare d to food- satiated rats in two s,parate exper iments -- the fir st 

using a self control de sign, the second us ing a control group -- when all 

animals had substantially reduced environmental sttmulation by me ans of a 

deafening operation and minimal visual and temperature change s .  The se 

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. In a fourth experiment, also 

using activity wheels ,  Hall (1956) reports that both three day continuous 

food deprivation and stimulation increased activity. He conclude s that 

this is evidence against the Campbell-Sheffield po sition which doe s not 

emphas ize the role of deprivation £er !!• 

At apparent variance with the se findings are tho se of Chapman and 

Levy (1957). The se experfmenters 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 intDoduc ing novel stimulation on the tenth through the fifteenth 

day was a s ignificant increase in running speed for the satiate d animals 

and a very slight, fnsl;grli.f'icazit,dearease for the deprived �s. The author s 

conclude , contra Campbell and Sheffield, that novelty has le s s  effect ( in 

terms of Campbell and Sheffield's formulation upon reactivity; in terms 

of the ir own formulation, upon reinforcement; although operationally the 

concepts are similar here ) upon hungry animals than upon non-hungry one s .  

It i s  po ssible , 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

control 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 increased 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 twen�-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 

significant differences between them and groups that had been put in the 

cage ten minu�s 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 stmilar to satiated �s in 

crossing into the second half of a modified Miller acquired-drive appa­

ratus where both groups had been allowed to oross tmmediately after be-

ing put in, while the hungry �s were significantly superior to the satiated 

Ss where crossing was delayed by a partition for two minutes. As with 

Fahrer'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, Z�bardo and Miller found that 

increasing the nove lty of the runway served  to increase exploration for 

both the tmmediate-deprived and delay-deprived groups; the increase was 

greater for the latter . 

In sum, there appears to be considerable evidence for a depriva­

tion-nove lty interaction, with deprivation produoing an increase in ex• 

ploration and activity in a complex stimulus s ituation, though having no 

effect or pos s ibly decreas ing exploration in a s �ple s ituation. Only 

one exper�ent, that of Zimbardo and Montgomery (1957), conte sts this 

conclus ion . in addition, deprivation increase s exploration when an or­

ganism ha s been exposed to a stimulus s ituation and has an opportunity 

to leave it, but appears to have no effe ct where this  exposure ha s not 

taken place . The common assumption (e . g . , Barnett, 1958) that hunger 

stmply inorease s exploration, thus increas ing the probability that the 

hungry or thirsty animal will come in contact with food or water , is  by 

itself inadequate in explaining the se data . In its stead we may suggest 

that while hunger may serve to increase exploration initially ( i . e . ,  it 

may elicit a stronger exploratory drive and/or lower the thre sholds to 

the stimuli  by which this drive is elicited) , it would later serve to 

decrease exploratory drive , e ither directly or by ra ising the st�ulus 

thresholds in the continued pre sence of the same stimuli, i . e� the time 

factor is  crucial . T.his would serve to conserve body energy in the de­

prived state when the likelihood of finding sustenence is small . This 

approach would explain the superior ity of hungry animals in a complex 
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s �ple one . The delayed-�ediate experiments of Fehrer and Zimbardo 
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and Miller fit this  explanation quite nicely. The ir deprive d-delayed 

animals  had exhausted ( or had been satiated on) the stimulus propertie s 

of the home box or cage and they explored more upon release than the sa-

tiated-delayed be cause of the exploratory-drive-producing aspe cts of hun-

ger .  On the other hand, the �ediate-deprived groups ,  be cause of the 

summation of the initial high and subsequent low levels  of exploration, 

are at the same leve l as the �ediate- satiated group . Zimbardo and 

Miller's data indicate s  this to be so ;  Fehrer doe s not cite data indicat-

ing the trend during the te sting interval .  Deductions, then from this 

approach are that hungry animals should initially explore more and sub-

sequently les s  than satiated organisms , even though overall difference s 

may not be significant; and that the� of the deprived �s 1 curve 

should decrease with increasing stimulu s  complexity. The se points will 

be examined later . 

In a theoretical discuss ion of the effects of dr ive ,  Glanzer 

( 1958) has postulated the effe cts of drive as being twofold:. energizing 

ongoing behavior and introducing drive stimul i: 

With respe ct to exploratory behavior the se would have opposed ef­
fects .  The energizing a spect of drive should give rise to more ex­
ploratory behavior . However , additional internal stimuli would re­
duce the relative importance of the external st�uli that the animal 
responds to in its exploratory behavior . Therefore , there should be 
le ss exploratory behavior . 

He suggests that "using antmals with varying degree s of adaptation to 

cycle s of food deprivation" would give results in e ither direction, i .e . ,  

with little or no stabilization on a��ven food deprivation s chedule , the 
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tion1 these effe cts should be mintmized1 and the energiz ing effe cts 

would re sult in greater exploration . 

There is very little exper�ental evidenc e which bears direct-
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ly on this point and no experiment has been reported in which this was 

the obje ct of investigation. Lawrence and Mason (1955) have de �lt with 

the effe ct of sustained de privation schedule s per�· They found that 

the effect of a shift from ad libitum feeding to a twenty-two hour de ­

privation schedule is a.ne gatively acce lerated increase in food intake 

for the first seven to ten days . There was a corres ponding progre ss­

ive we ight loss  during this period, leve ling off about the thirteenth 

day. Re id and Finger (1955) used a twenty-three hour deprivation sch�d­

ule and also found the greatest lo ss in body weight during the first ten 

to fifteen days . They conclude that fifteen days is the " irreducible 

minimum" for stabilization of hunger-cause d motivation. The se results 

have been confirmed with a twenty-three hour1 ten-minute deprivation 

schedule (Ramond, c"arl ton, and McAllister I 1955). 

The se findings appear to account for the shape of the curve s in 

at least two of the activity experiments cited above (Hall1 et al .,  1953; 

Hall and Hanford, 1954) where extended ·periods of deprivation were used. 

Both experiments used twen�-three hour deprivation schedule s following 

long activity adaptation periods and both report a negatively acce lerated 

activity curve with the po int of infle ction at about the twelfth day. 

The activity curve nicely paralleled the weight los s  curve . There is  

some slight evidence , howe ver, that adaptation to hunger takes place in­

dependently of drive stabilization. Moll  (1956) found that running 
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time in a stra ight runway with food re ward at  the end de cre ased with in­

crease d stabilization -- zero , seven, and fourteen days -- at a cons tant 

85 percent satiated body weight .  However , the se results were no t borne 

out by replication and no differenc es in starting latency between zero 

and thirty days stabilization of an�als at eighty and nine ty percent of 

sa tiated body we ight were found . 

Tha t the effe ct of s tabilization upon e xploration may not be as 

important as Glanzer hypothesize s  is  indic ated by two experiments . In 

one , the experiment by Montgomery ( 1953b) cited  earlier , there was almost  

no difference in absolute leve l of exploration between animals that had 

been on a seven gram maintenance schedule for five days,and animal s  on a 

twenty-three hour deprivation schedule for two days . That the se groups 

are not at similar body weights is shown by the da ta of Ramond, et al . 

which indicate that the seven gram animals  weighed at  least eight per­

cent le s s  than the twenty-three hour group . In the other study, Zimbardo 

and Miller had the ir animals on a 10. 5 gr am maintenance sche dule for two 

weeks before starting exper�entation. They achieved re sul ts s �ilar to 

Fehrer.  who deprived her animals only a day before expertme ntation. Nev­

er thele s s ,  the effe ct  of s tabiliza tion has never re ally been exposed to 

exper�ental te s t. 

The Effe cts of Age 

It is  commonly as sumed that cur iosity and exploration decre ase 

with increas ing age. fhe few studies in this area corrobor ate this  as­

sumption . Finger ( 1951) reports that rats with a mean age of  180 days 

were sixty-four per cent le ss  active in a circular activity cage than 
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animals  with a mean age of e ighty days . Thompson and Heron ( 1954) used 

Sootoh �erriers in three age groups and found exploration of a seven­

unit maze was a decreasing function of age in an indoor setting, though 

difference s were not significant in a more stimulus-rioh outdoor s ita­

tion. 

Using two age groups of chtmpanzees ,  Welker ( 1956) found that old­

er antmals tended to respond le ss to various st�ulus objeots . This re­

sponsivene s s  dropped off at a faster rate than with younger animals .  In 

a subsequent experiment ( 1956c) he found that manipulation of various 

st�ulus obje cts tended to inorease with age and experience , whereas  ori­

entation towards ( without manipulation) the objects de crea sed with age . 

In general,  the younger and the le ss experienced animal s  approached·the 

obje cts more cautiously and adapted to the ir pre sence more s lowly. Har­

low, Blazek, and McClearn ( 1956) report an early appearance of manipu­

lation behavior, and found that it improved in amount and efficiency with 

age and practice . !he se re sults are not in contradiction to We lker's' 

the monkeys of Harlow, et al . were infants , We lker's chimpanzees  were at 

least ten months old . 

The Effeots of Continued Exposure 

The effeot of oontinued expo sure upon manipulation and exploration 

is not clear. Four separate experiments (Butler , 1955;  Butler and Alex­

ander, 1955;  Butler and Harlow; 1954; Harlaw , 1950) report no satiation 

( a s  mea sured by de creased responding) in visual exploration and puzz le 

manipulation in monkeys ei�her during or between trials. In addition, 

as  was j ust mentioned,  Harlow, Blazek, and McClearn ( 1956) report a rise 
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in manipul ation acro ss  trial s  in very  young monkeys. Montgomery (1954) 

reports that rats which had been rewarded for running a Y-maze by be ing 

allowed to explore a Dashiell maze , showed an increas ing amount of ex­

ploration of the D-maze .over six blocks of eight trials .  In a subsequent 

experiment Montgomery and Se gall (1955) fo und no significant difference s 

in D-ma ze exploration over twelve trial s .  They attr ibute the differences 

to the greater pre-experimental adaptation of the animal s  to the ma ze in 

this latter expertment; that is , a rise in number of units traversed is 

the re sult of the reduction in the fear pre cipitate d by novel s ituation 

by continued exposure (a s indicated in Montgomery, 1955 and Montgome ry 

and Monkman, 1955) rather than an increase in exploration per !!• This 

explanation fits the data of Thompson and Solomon (1954) ,  in Which three 

measure s of exploration (sniffing, crossing, and looking) showed an in­

crease {reduction of fear ) and subsequent de crea se (satiation) whenv�ual 

figure s were introduced into rat living boxe s. HoW9ver it doe s  not ex­

plain the difference between this sort of data and those of Butler (1953� 

in which satiation did not ooour e ven after 100 hour s of exposure . 

Opposed to the experiments which show no decrea se in exploration 

with continued exposure , are the majority of the experiments in the area . 

With the exception of tho se cited,  all other exper iments heretofore men­

tioned which report continuous data . indicate a de cline during trials ,  

though most  report a recovery at  the beginning of a new trial (Glanze r, 

1958) . 

As was mentioned earlier , it may be deduced from the conservation 

of energy e xplanation offere d for the dis crepancy in data between food-

. satiated and deprived animals  in s�ple and complex stimulus situations , 
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that even where no overall differences appeare d, the food-deprived ani­

mals  should show a faster rate of de ol ine in exploration.  Some da ta 

(that of Zimbardo and Miller, 1958) were shown to bear this  out. Unfo r­

tunately, some of the re levant experiments (Broadhurst, 1957 ;  Murray, 

1953 ;  Thompson, 1953 ; Z±mbardo and Montgomery, 1957) do no t report com­

parati ve data across  trials . Among the se that do , little furthe r con­

firmation is offered for the hypothesis .  Chapman and Levy (1957) do re­

port a greater de cline for the deprived groups in a stmple runway, but 

the disparity is pre sent from the firs t  trial on, and there is no differ­

ence in slope in Montgomery' s  (1953) and Zimbardo and Montgomery ' s (1957) 

da ta ;  in both,  the deprived animals start at a lowe r rate and parallel 

the de cline of the satiated Ss . 

Pqrpose of the Present S tudy 

As the pre ceding re view indicate s  there are still a lar ge numbe r 

of unanswered questions and ambiguous data in the area of exploratory be­

havior . Firs t, while there is same evidence that deprivation increase s  

exploration in a oamplex situation and de crease s it  in a simple one ,  no 

study ha s here tofore oampared deprived and satiated subjects in both sit­

uations . In addition, no study has undertaken to compare exploratory be ­

havior in subje cts that had been s tabilized on hunger drive with subje cts 

put on a deprivation s chedule just  prior to te sting. It is  the purpo se 

of the pre sent study to investigate both of the se problems . Thirdly, 

while there is substantial evidence that explora tion de creases  with age 

after a ce rtain point, there is little data on the difference s in the 
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shape of the exploration our ve both during and aoros s  trial s  for young 

and old animals . It was hoped that this experiment might shed some light 

on the effe ots of age as well a s  the effect of the other independent var­

iable s -- deprivation, stabilization of deprivation, and maze oomplexi• 

ty - - on the shape of the exploration our ve .  

• 



CHAPTER II 

METHOD AND PROCEDURE 

The exper�ent wa s originally conce ive d a s  a fa ctor ial study 

with four simultaneous dimensions of varia.tion : three leve l s  of food­

deprivation, two leve l s  of stabilization on the deprivation schedule s ,  

two degree s o f  runway complexity, and two age groups , with five subjects 

in eaoh of the re sulting twenty-four ce ll s .  However , it was found dur­

ing the experiment that the older animal s  could not survive the extr�e 

deprivation- stabil ization s che dule and mo st of the younger animal s  died 

before the completion of te sting on all deprivation schedule s .  Since 

the need for replication of some of the findings occurred,  the number of 

�s per oell was increased .  The re sulting de sign was a three by two fac­

torial with three levels  of deprivation and two degree s  of runway com­

plexity with only older !s use d, plus one stabilized group for each of 

the two degrees  of runway co.mplexity, also using only older �s ,  plus one 

group of younger animals for each of the two degree s of runway oomple%­

ity. The number of !s in each group (or cell)  was the same with two ex­

ceptions and all entrie s  were independent. ·  The experimental paradigm is  

pre sented in Table l_... 

Subjects 

The �s were 129 experimenta lly na ive male albino rats of the Wis­

tar strain. Of  the se, thirty-nine did  not survive the te sting period and 

since even the ir incomplete performance s partially reflected the effe cts 
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TABLE 1 

DES IGN OF THE EXPERIMENrA 

& Deprl�iion 
0 23 47 

Stabil ization 
0 0 14 0 14 

0 10 10 5 10 
'U 
..... 
0 � Cil  10 10 5 10 ..p •r-1 

f) .  � 

� (I) r-1 

� 
� 0  10 
0 

:1 0  
0 0 10 >t 

Wfab1e entrie s  refer to the number of Sa in oe1 1 .  



of inanition, thay will not be considered further . Of the remaining 
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ninety, seventy were ninety to ninety-four days old and twenty were thir-

ty-four or thirty-five days old at the beginning of te sting . All of the 

younger animals  and fifty-five of the older �s �re born and raised at 

the animal coloni of the University of Tennessee . Prior to the taming 

period the se !s were handled only once , when they were weaned on the ir 

twenty-fir st day. After weaning all were assigned by brood to cage s  of 

identical size . The remaining fifteen �s were re ce ive d t.rom Budd Moun-

tain Rodent Farm one week prior to te sting and nothing is known of the ir 

his tory. Pr ior to the intoduction of the deprivation s chedule s all Ss  

�re maintaine d on an ad lib diet of water and Pur ina lab ohe okers . 

�s were given identifying markings five days before the begin-

ning of te sting and were tamed by being he ld and petted for thirty seo-

onds on eaoh of the three succeeding days . 

Apparatuse s 

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 inche s high, three and one-quarter inche s widt , 

and one-hundred and eighty inche s long . They were divided into fif-

teen twelve-inch units by green wire strung through the hardware cloth . 

The s imple runway wa s  straight all the way through . The complex runway 

cons isted of right angle turns at twelve inoh interval s  in the following 

sequence : LRRLLRLLRLRRK.l The entrance to the runways was a wooden drop 

lThe use of this des ign for the comple x runway was nece s sitated by 
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-door , and �s were removed by be ing l ifted 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-

o 0 
pera�ure ranged from 72 to 78 F .  The motor of a n  air conditioner used 

to maintain temperature was kept running throughout the trials . This 

served to keep a oonstant level of noise (approx�ate ly forty db above 

thre shold) and to mask extraneous noise . The runways were swabbed with 

a fifty ·pert$n� vinegar solution prior to the days' trials and feoal 

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

Procedure 

The three degree s of food deprivation used were zero, twenty-

three , and forty-seven hours . �s in the non-stabilized deprived groups 

were put on the feeding schedule just prior to the first te sting and 

maintained on it throughout experimentation . All of the se Ss were from 

the older group . Both runways were used for each deprivation schedule 

and there were ten S s  in each of the re sulting s ix independent cells . 

All the �s used in the s imple runway were from the Univers ity of Tenne s -

see colony.  Half the S s  used in the complex runway for each deprivation 

level were f'ro.m this colony and half were from Budd Mountain Farm. 

the de s ire to make re sults on the two runways comparable . A maze with 
ouls ,  though farther out on the complexity continuum, would have pre­
vented comparison, s inoe a traversal from a oul would not be comparable 
to a traversal of an ordinary unit: it would have been the function of 
e scape from the oul as well as the animal's exploratory tendency.  
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Two groups of stabilized �s were used in each of the two runways . 

There were five Ss  in each group and they had been fe d for one hour dai­

ly for fourteen days prior to the first  te sting .  This s chedule wa's main­

tained throughout the experiment.  Here tooJ only older Ss  were used .  

One group of the younger �s was used in each of  the two runways . 

There were ten !s in each group and none had any history of food depri­

vation. 

As signment to ce lls wa s  arbitrary and largely a function of broodJ 

litter members  by and large tending to occupy the same ce ll . However , no 

ce ll wa s  compo sed entire ly of a single litter , and mo st were composed of 

about three litters .  

Fifteen minute s prior to te sting , the groups to be te sted for 

that day (usually between five and ten �s ) .were removed tram the ir home 

cage s ,  placed in an 18" x 7t" x 10" reta ining cage and taken to the ex­

perimental room. After this mintmum adaptation period �s were taken in­

dividually from the retaining oage , put in the appropriate runway via 

the drop-door for a five-minute period , and re turned to it immediate ly 

thereafter . After all !s in the group had been te sted ,  the animals  

were returned to the ir home cage s .  In the case of deprived �s ,  one-ha lf 

hour e lapsed between this return and {eeding .  Feeding wa s for one hour 

and all food was removed from the oage at the end o·f that time .  

A total of five five-minute trials wa s given each animal .  The 

use of forty-seven hour deprived �s ne ce ssitated that all tr ia ls be on 

alternate days a The order of Ss  run wa s  rotated dur ing these days . 

Te sting wa s  begun at five P .M. every day and generally ran between thir­

ty minute s and an hour . Ss  on a deprivation schedule not be ing run on 



a g iven day were fed for an hour be ginning between s ix and s ix-thirty 

P.K, 

Throughout the expe r iment ,
. 

and , in the oa se of oolony rats, 

throughout the ir l ive s ,  all �s we re handle d  by a s ingle exper imenter . 
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As far a s  po s s ible �s were he ld in the standard manner of thumb and fore ­

finger underneath the front shoulders with the pa � support ing the spine . 

During the a otua l te sting the exper imenter sat over and to one s ide of 

the runways and rema ine d  as motionle s s  as po s s ible e xcept for re oord ing 

the data . S inoe none o f  the !s appeare d to "regard" h im  for m�re than 

two of three s e oond s ,  it is extreme ly doubtful that he was a sour oe . of 

extaneous s timulation. 

Mea s ure s 

Only one mea sure wa s taken: the number of twe lve inch unit 

trave r s a l s  dur ing e a oh minute for e a oh of the five f ive minute te sting 

per iods . S ince re trac ing was a l lowe d ,  traver sal of a given unit oould 

o oour more than onoe . A unit wa s  j udge d traversed when the ! had plaoed 

all four feet beneath the overhe ad unit divider s .  S inoe the e xper iment­

er had a o lear view of a l l  se otions of the runway, the rel iability of 

this mea sure is probably very high .  Before e xper imentation got under 

way it wa s  hope d that o ther mea sure s oould be taken: the number of rear s , 

bite s ,  and grooming re s ponse s ,  the farthe st po int a ohieve d on each te st­

ing day, and latenoy, a s  de fined by the time be fore the � left the first 

unit . However ,  it wa s  found that the Ss moved too qu i ckly for the e x­

perimenter to s ati sfa ctorily re oord the fir st three , tha t almo st a l l  !s 

rea ohed the farthe s t  po int in the runways during a lmo s t  a l l  tria l s , and 



that latency was so short for most . Ss  as to be make reliable measure­

ment with the stop watQh used imposs ible . 
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CHAPTER III 

RESULTS 

Because of the prec lusion of the complete block de sign which 

would have permitted simultaneous compariosn on all dimensions of vari­

ation, the analys is ha s been broken down into three sections : 1)  the 

effects of nonstabilized deprivation, 2) the effects of stabilized de­

pr ivation, and 3)  the effe cts of age ; as  well as  the interactions of 

each of the se dimens ions with runway complexity and their effects a­

cro s s  trials .  By ne ce ss ity these intrasection comparisons were not in­

dependent; some of the same score s appear in two comparisons , though 

none appear in all three . Since no hypothese s were made , two- s ided prob­

abilities were used throughout. The de sired s ignificance level wa s set 

at . 05 a�d probabilitie s greater than this were not cons idered . 

The Effects of Deprivation · 

The mean minute-b�minute s core s 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 score s are chown in Table 3 .  

The five-minute trial means are plotted in Figure 1 ,  and the variance s 

for each of these points are shown in Table 15.  A Hartley Fmax -te st for 

homogeneity of varianoe was performed on the se , and the Fmax-of 3 . 75 was 

not s ignificant at  the . 05 level,  indicating homogene it,y. 

An analys is of variance test for repeated meas�rements was run on 

the five-minute trial means . This showed the triple interaction of do­

privation x complexity x trials significant at the . 001 level,  and to 
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TABLE 2 

MEAN UNIT TRAVERSALS PER M INUTE UNDER THREE CONDITIONS OF DEPR IVATION 
AND NO CONDITIONS o� RUNWAY COMPLEXI TY& 

Runway 

Min1e � 
8!!ple 

DePdva.tlon ($loura) 
CC!lPl•x 

Tr ial 
0 23 47 0 23 47 

1 1 14.7 17.8 20. 8  15. 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 
4 11 . 8  14. 5  10 . 1  12 . 7  10 . 8  9 . 6  
5 13 . 6  13 . 9  11 . 7  11 . 4  11 . '7  9 . 4  

Total 59 . 8  73 . 7  70 . 8  66 . 4  56 . 7  47 . 2  

2 1 11 .0  18 . 2  ' 16 . 5 16 . 6  15 . 8  11 . 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  6 . 3  
4 6 . 7  12 . 7  11 . 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 1 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 . $  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 1 6 . 6  16 . 7  1 1 . 1 15 . 7  11 . 7  10 . 4  
2 4 . 0  9 . 4  9 . 1  12 . 3  7 . 1  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 8 . 3  5 . 4  13 . 5  9 . 5  6 . 2  8 . 3  

Tota l 30. 5  45 . 5  56 . 9  61 . 4  42 . 2  51 . 1  

5 1 6 . 8  15 . 3  17 . 9  16 . 9  11 . 1  12 . 2  
2 5 . 5 10 . 7  15 . 8  12 . 4  8 . 8  10 . 3  
3 4. 7 8 . 4  14. 4 13 . 6  8 . 1  9 . 6 
4 5 . 4  9 . 6  18 . 5  11 . 1  8 . 7  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  

11tt ="'!b Plf ifoup 
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Mean 

TABLE 3 

INDIVIDUAL TOTAL UNIT TRAVERSALS UNDER THREE CONDIT IONS OF 
DEPR IVATION AND TWO COND ITIONS OF RUNWAY C OMPLEXITY 

Runway 
Simple C omp lex 

Deprivation (hour s) 
0 23 47 0 23  47. 

196 '!86 466 429 167 76 
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 

185 . 9  309 . 1  294 . 1  302 . 1  241 . 2  217 . 7 
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get at the differential trial effe cts, a trend analys is of variance te st, 

as  outlined by Grant (1956), was performed. The re sults of this analysis ,  

which incorporate s the original analys is of  variance, are summarized in 

Table 4 .  This table was interpreted as follows . The high significance 

ot the overall trend indicated �at the score s varie d from trial to trial .  

Of the pos s ible curve s that might de scribe the summed curve s of  Figure 1, 

a quadratic curve fits best, i .e ., a curve with a single maxtmum or min­

imum. Examination of the curves would indicate that this point is  at 

either the third or fourth tr ia l, and probably at the former . Ne ither 

runway complexity nor deprivation by itse lf produced significant differ­

ence s ;  however, the interaction is highly significant . Inspe ction of the 

group totals in Table 3 indicates that this s ignificant interaction was 

caused primarily by the lower performance of the nondeprived simple run­

way group ( SR 90 OD) as compared to the s�ple runway twenty-three and 

forty-seven hour deprived groups ( SR 230 OS and SR 4 7D re spe ctive ly), 

and probably by the de creasing perfor.manoe with increas ing deprivation 

characteristic of the three complex runway groups ( CR 90 OD, CR 23D OS 

and CR 47D) . 

Unfortunate ly, this last finding i s  not unambiguous . As mentioned 

earlier. eaoh of the oomplex runway groups was composed of five Univer si­

ty of Tenne ssee oolony rats and five from Budd Mountain Farm. Early re­

sults using only the Tenne s see rats indicated that the depre ss ing effe ct 

of hunger in the co.mplex runway as re lative ly clearcut, the total means 

here be ing 300 . 8. 226. 4,  and 147.0 for zero, twenty-three, and forty­

seven hours deprivation re spectively. Analysis of variance of the total 

score s gave an F of 6 . 2 2, ( df� 2 ,  12) , significant at better than the .05 
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TABLE 4 

SUMMARY OF ANALYS IS OF TRENDS OF UNIT TRAVERSALS PER TRIAL 
IN THE DEPRIVATION COMPARISON 

Souroe of Variation � �ean §quare ' 
A. Over-all Trend 4 . 2 ,945. 520 9;.25*** 

1 .  Linear 1 2 , 895 . 207 4. 80 
2 .  Quadratic 1 8 , 524. 971 26 . 35*** 
3 .  Cubio 1 44. 827 . 23 
4.  Quartic 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 . 5 . 29** 

c . Between Group Trends 20 988 . 724 3 . 12** 
1 .  Linear 5 J- , 933 . 979 3. 21* 

a .  Complexity 1 1 , 368 .060 2 . 27 
b. Deprivation 2 3 ,008 . 932 4. 99* 
c .  Interaction 2 1 , 141 . 985  1 . 89 

2 .  Quadratic 5 1 , 231 . 197 3 . 81** 
a .  Complexity 1 1 ,016 . 400 3 . 14 
b.  Deprivation 2 1 , 724.818 5 . 33* 
a .  Interaction 2 844 . 975 2 . 61 

D.  Between Individual Means 54 2 , 238 . 249 7 .03*** 
E.  Between Individual Trends 216 318 . 370 

1 .  Linear 54 602 . 754 
2 .  Quadratic 54 323 . 556 
3 .  Cubic ... 54 190 . 333 
4. Quartic {)4 156 . 643 

Total 299 

* .E. less than . as 
** ,£ less than .01 

*** .f. �e s s  than .001 
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level . As a replication the Budd Mounta in animals were run under the 

same conditions . For the se !s the nondeprived group mean was 303 . 4, the 

twenty-three hour deprived group mean wa s 256 .0,  and the forty-seven hour 

deprived group mean wa s 288 .4 .  The se 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 o.ona:tit.u-ties a reversal . Never­

the les s  when the groups are conbined (a s  in Table 3) , as they have to 

be to give a balanced de s ign, the original trend is still strong enough 

to exhibit itself in the new combined means , and it probably contribute s 

to the significance of the interaction. Unfortunately, there appear s to 

be no way of testing this . 

In Table 4 the difference s in trend between groups are highly s ig­

nificant. The se difference s are mo stly the re sult of difference s in de­

privation, and they are due to both difference s in s lope (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 the se dif­

ferences .  If the zero and twenty-three hour deprive d groups were eaQh 

averaged aoros s  complexity, they would form a re lative ly smooth gently 

de clining curve that would not deviate too far from linearity. It the 

forty-seven hour deprived curve s were so averaged they would show a down­

ward slope up to trial three , �th a sharp upturn from that point to tri­

al f'ive . Attempting to fit a straight line to the se points would re sult 

in large deviations and a slight upward slope that would be different 

from that of the other two . S inoe the trend ana lys is  shows the quadratic 

components to be s ignificantly different for deprivation groups , and 

sinoe only the forty-seven hour-groups showed any marked deviation from 
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linear ity, the increase in exploration of these groups after the third 

trial  is probably a real effe ct .  Th i s  effect may be deduced from the 

faot that e ighteen of the twenty !s in the forty-seven hour deprive d 

groups showed  an increase from the third to fourth trials , i .e . ,  the 

high s ignificance wa s  not due to a few highly deviant oase s . The high 

significance of difference s between individual means is  simply a refle c­

tion of the high reliability of the measurements . 

The analysis  outlined above deals only with whole trial effects . 

To have performe d stmilar analyses for the minute scores for each of the 

five minute trials would have been extreme ly laborious { it would have in­

volved five separate trend analyse s ) , and probably not very meaningful ,  

sinoe there would have been difficulty in statistically compar ing the 

curves for each trial . Comparing mean per centage change for each minute 

by groups  would al so have been difficult because of the presence of zero 

exploration score s .  Consequently, a consi stency analysis  wa s  performed 

in Whioh the percentage of subje cts showing a de creasing number of trav­

er sals dur ing succe s s ive intratrial minute s was calculated.  The se data 

are shown in Table 5 .  That the overall percentage i s  not larger than 

fifty doe s not indicate an absence of overall decline ; rather it i s  a 

funotion of the percentage taking me thod in which the Ss which showe d 

tie s ,  of which there were a considerable number ,  were included in the 

denominator .  Inspection o f  the table indicate s that the percentage de­

cline was greate st from the first  to second minute , with l ittle further 

Change thereafter,  and that this  effect was independent of trials . A 

Wilcoxon T-te st  was performed in which the first-to - second minute per­

cent decline means for each tr ial were te s te d  against the means of tho se 



Trial 
1 

Mean 

2 

Mean 

3 

Mean 

4 

Mean 

TABLE 5 

PERCENT OF SS SHOWING DECREASED M INUTE­
TO-MINUTE INTRATR IAL UNIT TRAVERSALS . 

DEPR IVATION ANALYSIS 

itmt\ea 
Gro!E 1 - 2 2 - 3 3 - 4 

SR 90 OD 80 60 40 
SR 23D OS 70 20 50 
SR 47D 90 40 70 
CR 90 OD 60 20 50 
CR 23D OS 70 40 50 
CR 47D 70 40 50 

73 . 33 36 . 65 51 . 67 

SR 90 OD 40 40 40 
SR 23D OS 60 40 40 
SR 47 D 70 50 20 
CR 90 OD 90 70 40 
CR 23D OS 100 50 50 
CR 47D 80 40 60 

73 . 33 48 . 33 41 . 67 

SR 90 OD 30 50 40 
SR 23D 6S 80 50 30 
SR 47D 70 30 40 
CR 90 OD 70 20 60 
CR 230 OS 100 30 30 
CR 47D 80 10 40 

71 . 67 31 . 67 40 .00 

SR 90 OD 50 50 10 
SR 230 OS 80 50 40 
SR 470 40 10 60 
CR 90 OD 90 30 60 
CR 230 OS 90 30 40 
CR 480 40 40 60 

65 .00 35 . 00 45 . 00 

(Table continued on next page) . 
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4 - 5 Kean 
20 47 . 5  
60 50 .0  
20 55 . 0  
60 47 . 5  
40 50 .0  
30 50 .0  

38 . 33 50 . 00 

40 40 
40 45 . 0  
70 52 . 5  
70 67 . 5  
40 60 .0  
50 57 . 5  

51 . 67 53 . 75 

40 40 . 0  
50 52 . 5  
30 42 . 5  
40 47 . 5  
30 47 . 5  
40 42 . 5  

38 . 33 45 . 42 

20 32 . 5  
30 50 .0  
10 30 .0  
50 57 . 5  
80 60 .0  
40 45 .0  

38 . 33 45 . 83 



Trial 

Mean 
Grand Mean 

TABLE 5 

PERCENT OF SS SHOWING DECREASED MINUTE­
TO-MINUTE INTRATR IAL UNIT TRAVERSALS . 

DEPR IVATION ANALYS IS . ( Continue d) 

iiiit.Ute. 
Group 1 - 2 2 - 3 ! - 4 4- - 5 

Sl WiD 40 Q : .f.O to !0 
SR 2 3D OS 70 50 20 40 
SR 47D 70 40 50 70 
CR 90 OD 80 40 50 50 
CR 23D OS 70 50 30 50 
CR 47D 90 60 60 50 

70.00 46 . 67 38 . 33 48 . 33 
70 .67 39. 67 43 . 33 43 . 00 

41 

Mean 
32. 6  
45 . 0  
57 . 5  
5 5 . 0  
50 . 0  
6 5 . 0  

50 . 8 3  
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of the o ther columns . The probab ility of this be ing due to chance wa s 

smaller than .01. The mean percentage of !s showing a de cl ine did no t 

seem to be very different among the five tr ial s .  The group me an sc ore s 

were as fo l lows : SR OD : 38. 50 : SR 23D OS : 48. 50 : SR 410 : 47. 5;  CR OD 

55.00;  CR 23D OS : 53. 50 ; and CR 47D : 52. 00 The se sc ore s appe ar to pr i­

mar i ly reflect difference s due to complexity.  The mean for the s imple 

runway gr oups with de pr ivation ignore d was 44 . 83, for the oomple x run­

way groups it was 53. 50. A te st of the s ignificance of the se differenc e s  

by the Mann-Whitney-Wi lc oxon T-te st,  i n  whioh gro up score s were used , gave 

a � of le s s  than . 05 .  To a s certa in that th i s  de cl ine o o curred with equal 

trequeBcy througho ut the minute compar i s ons rather than dur ing a spec ific 

po int dur ing each of the five minute tr ial s ,  another compar i son was made . 

S ince the re were no important inter tr ial differences in pe rcentage change s 

from minute to minute , runway pe rcentage de c l ine sc ore s were summed acro s s  

tr ial s .  S ince there were s ignificant co lumn difference s ,  a per centage 

o f  the se wa s  gotten by divid ing the simple runway sums by the comple x  

runway sums . Bo th the s ums and quot ients are shown at the top of Table 

16 . The percentage de crea se di spar ity wa s gre ate s t  from the se oond to 

third minute . However , thi s wa s no t s ignifi cant at the . 05 level when 

the se per centage s were te sted aga inst the mean of the o ther three per cent­

age s by the Wilcoxon T- te s t .  Summing aoro s s  comple xity gave the fo llow­

ing perce ntage de cl ine s core s for depr ivat ion: zero : 46.75;  twenty­

three hour s : 51 .0 ;  and forty- seven ho urs : 49 .75. It i s  highly unl ike ly 

that the se are s ignificantly d ifferent . 

To round out the analys i s ,  percentage s of �s increa s ing explora­

tion from the last minute of one tr ia l to the fir s t  minute of the next 
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trial were calculated.  The se are shown at the top of Table 17.  They 

are fa irly s�ilar with the exception of tho se of group SR 90 OD , which 

shows a smaller percentage increase than the others . However , there are 

too few score s to per.mit adequate analysis . 

The Effects of Stabil ization 

The individual total score s and the minute -by-minute means for the 

two stabilized dr ive groups (SR 24D 14S and CR 24D 14S) are shown in ta­

ble s 6 and 7 re spe ctively.  The trial means are plotted in  Figure 2 ,  a­

long with the trial means for the two twenty-three hour deprived nonsta­

bilized �s with which the se groups are compare d .  The variance s for each 

trial of the stabilized groups are shown in Table 18 . The Hartley Fmax 

for the se and tho se of the twenty-three hour depr ived nonstabil ized Ss 

i s  8. 88, insignificant at the .05 level . The summary of the analys is  of 

var iance for the stabilized data appear s in Table 8 .  

The only significant differences were the re sult of differential 

runway complexity; the simple r�nway groups explor ing more . The greate st 

contribution to the significance of the se difference s came from the wide 

disparity between the score s of the two stabilized groups . Examination 

of Figure 2 shows this effe ct to be consistent over trials ,  group SR 23D 

148 continually exploring more than group CR 23D 148 . The curve s of the 

two nonstabil ized groups converge over tr ials . This is not ne ce s sarily a 

reversal of the trend of increasing differential ( for runway complexity) 

exploration with increas ing dri� stabilization. As the data of Re id 

and Finger ( 1955) mentioned earlier show, we ight lo s s  on a twenty-three 

hour deprivation schedule continue s for at least ten days . Therefore it 



Mean 

TABLE 6 

INDIVIDUAL TOTAL UNIT TRAVERSALS OF DRIVE STAB ILIZED SS 
UNDER 'IWO CONDITIONS OF RUNWAY COMPLEXITY. 

310 
271 
189 
343 

299 . 2  

Runway 

205 
212 
212 
86 

44 

178 .0  



Minute 
Sim£• . vvw.&!•a ��- ···· 16.0 14.0 

2 7 . 8  12 .4  
3 12 . 8  9 . 0  
4 11 . 4  9 . 0  
5 15 .0  9 . 4  

Total 62 . 0 53 . 8  

*I! 6 per group 

TABLE 7 

MEAN UNIT TRAVERSALS PER MINUTE OF DRIVE 
S TAB ILIZED SS UNDER 'IWO CONDITIONS 

O F  RUNwAY COMPLEII TY
6 

'i'"""t• I "'"'!fi!• 
15.0 13.4  18 .-2 
8 . 6  4 . 8  10 . 6  8 . 2  10 . 8  

10 . 4  3 . 6  7 . 4  5 . 4  11 . 4  
9 . 4  4 . 6  10 .0  6 . 2 17 . 0  
6 . 4  3 . 0  9 . 2 5 . 2  11 . 8  

49 . 8  2 9 . 4  55 . 4 34 . 0  68 .0  

6 . 4  9 . 2  
6 . 6  13 . 2  
4 .4  11 . 6  
4 . 0  12 . 2  

33 . 4  64.0 

5 

2 . 8  
4 . 0  

27 . 4 

� (11 
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TABLE 8 

SUMMARY OF ANALYS IS OF VARIANCE 
IN THE S TABILIZATION COMPARISON 

SOUZ'M u Mean Square \ 
..... Jl •• 29 

Stabilization 1 1 , 781 . 203 
Complexity 1 11, 008 . 166 
Stabilization x Complexity 1 946 . 964 
error 26  408 . 745 

Within Ss  120 
Tr ials 4 1,280. 857 
Trials x Stabilization 4 739 . 803 
Tr ials x Complexity 4 150.784 
Tr ials x Stabilization x Complexity 4 485 . 397 
error 104 638 .069 

Total 149 

*** .E. les s  than .001. 
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F 

4. 36 
26. 93*** 
2 . 32 

2 . 01 
1 . 16 

. 24 

. 76 
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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 comparison was performed on the data of the stabiliza­

tion groups . The results of this are shown in Table 9 .  To fac iliate 

comparison with the nonstabilized groups the ir 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, a s  in the depr ivation analys is , . no �port­

ant trial difference s  and a greater percentage de cline for the first 

column. Te sting this latter aga inst the others  by the Wilcoxon T-te �t 

again gave a probability of le s s  than . 01 .  The mean o f  the s imple run­

way groups wa s  45 . 25 and the mean of the complex runway groups wa s  53 . 75 ,  

the difference s here were s ignificant a t  better than the . 0 5  level  by 
same te st. The minute-by-minute sums for runway complexity and the re­

sulting quotients are shown in the middle of Table 16 . As in the non­

stabil�zed deprivation analysis ,  the disparity wa s  greate st between the 

second and third trials , though here in the oppo site direction. Analys is  

by the Wilooxon T-te st showed insignificance at  the .05 leve l .  The mean 

for the combined nonstabilized groups wa s  5l . OO ; · the mean for the combined 

stabilize d groups wa s 48 .00 .  The se difference s are not s ignificant a t  the 

. 05 level by the Mann-Whitney-Wil ooxon T-te st. 

The la st-minute-to-first-minute percentage increases  are shown 

for the stabilization groups at the middle of Table 17 . No important 

difference s are apparent . 
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Mean 
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Mean 
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Mean 
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Mean 

5 

Mean 
Grand Me an 

TABLE 9 

PERCENT OF SS SHOWING DECREASED MINUTE-ttO-MINUTE 

INm.ATRIAL UNIT TRAVERSALS . S TABILIZATION 
ANALYSIS . 

lliilttea Gr" 1 - 2 2 - 3 3 - 4 4 - 6 
SR 2 es 70 26 • 60 
SR 2 3D 14S 100 0 40 20 
CR 2 3D OS 70 40 50 40 
CR 23D 14S 80 100 40 20 

80 . 0  40 . 0  45 . 0  35 . 0  

SR 23D OS 60 40 40 40 
SR 2 3D 14S 80 20 40 20 
CR 2 3D OS 100 50 50 40 
CR 2 3D 14S 100 80 20 60 

85 . 0  47 . 5  37 . 5  40 . 0  

SR 23D OS 80 50 30 50 
SR 2 3D 14S 80 60 20 40 
CR 2 3D OS 100 30 30 30 
OR 2 3D 14S 40 40 60 40 

75 . 0  45 . 0  35 . 0  40 . 0  

SR 2 3D OS 80 50 40 30 

SR 23D 148 80 20 0 80 
CR 2 3D OS 90 30 40 80 
CR 23D 14S 80 40 60 40 

8 2 . 5  35 . 0  3 5 . 0  57 . 5  

SR 23D OS 70 50 2 0  40 
SR 2 3D 148 40 20 60 20 
OR 2 3D OS 70 50 30 50 
OR 2 3D 148 80 40 40 20 

6 5 . 0  40 . 0  37 . 5  3 2 . 5  
77 . 50 41 . 50 38 . 00 41 . 00 
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Jfean 
so . o  
40 . 0  

50 . 0  
60 . 0  

50 . 0  

45 . 0  
40 . 0  
60 . 0  
65 . 0  

52 . 0  

52 . 5  
50 . 0  
47 . 5  
45 . 0  

38 . 75 

50 . 0  

45 . 0  
· so . o  

65 . 0  

52 . 50 

45 . 0  
35 . 0  
50 . 0  
45 . 0  

43 . 75 
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'lhe Effects of Age 

The mean minute-by-minute means and the total score s for the two 

groups of thirty-five day old animals are shown in Table s 10 and 11 ·  re­

spectively. The trial means for the se two groups (SR 35 and CR 35) a­

long with tho se of groups SR 90 OD and CR 90 OD are plotted in Figure 3 .  

The var iance s  for each trial of the thirty-five day group s ar� shown in 

Table 19. A Hartley Fmax ]e st performed on the se trial var iance s and 

those of the nondepr ive d groups in Table 15 gave an Fmax- of 17 . 86 .  Un­

fortunate ly, no table s could be found that contained value s for the twen­

ty mean square s used ,  but a free hand extrapolation of the Pear son and 

Hartley tables ( 1956 , p .  179) indicated that the two- side d probability 

was near . 05 .  This would indicate marked but not extreme heterogenity 

and some caution must be used in evaluating the probability figure s ba sed 

on parametric technique s using the se soores . 

As with the deprivation analys is , t�e analys is of var ianoe per­

formed on trial means yielded a significant .E. for the tr iple interaction 

of complexity x age x ·trials , though the � here �s only .05 .  This  ne­

ce s sitated another trend analysis of var ianoe � the re sults of which are 

summarized in Table 12 . The overall trend here was not significant; this 

fact indicate s the score s did �o t vary muoh from trial to trial . How­

ever , the s ignificance of the quadratid component indicates  that the sum­

med curve s do not s �ply form a horizontal . line . Inspection of Figure 3 

would show instead that they would for.m a U- shaped function with a mini­

mum at the second or third tr ial . The overall group differences were not 

significant at the de sired level . The only significant difference s in 

group trends were a s  a re sult of difference s in slope . The se difference s  



1 
Minute 

Sil 
1 ---ro. 
2 7 . 9  12 . 5  
3 12 . 2  9 . 2  
4 9 . 9  8 . 2 
5 10 . 5  8 . 4  

Total 51 . 1  50 .4  

aN = io  per group 

TABLE 10 

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

COMPLEXITY' 

11 . 5  10 . 2  10 . 5  10 . 2  10. 0  
7 . 8  8 . 5  8 . 6  9 . 8  9 . 4  
7 . 0  8 . 7  4 . 7  9 . 3  8 . 5 
5 . 2  8 . 6  7 . 4  10 . 3  9 . 9 .  

44. 6  50 . 3  45 . 9  56 . 6  50 . 3  

10 . 3  10 . 9  
10 . 8  7 . 8  

9 . 2  11 . 2  
8 . 7  8 . 1  

55 . 7  53 . 4  

5 

11 .0  
11. 9 
11 . 1  
12 . 7  

67 . 3  

01 
.... 
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Mean 

TABLE 11 

INDIVIDUAL TOTAL UNIT TRAVERSALS OF 35 DAY OLD SS 
UNDER 'IWO CONDITIONS OF RUNWAY COMPLEXITY 

Simple c-;rx 4&'1 
320 234 

98 253 
212 341 
265 382 
219 313 

44 119 
224 239 
180 293 
434 330 

245. 3 280 . 3  

52 
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TABLE 12 

SUMMARY OF ANALYS IS OF TRENDS OF UNIT TRAVERSALS PER TR IAL  
IN THE AGE COMPARS ION 

Saurce· of Variation dt Lan Square F 
A. OVer-all Trend 4 752.686 2.18 

1. Linear 1 172 . 923 . 31 
2. Quadratic 1 2 , 644 .802 10. 88** 
3. Cubic 1 174. 240 . 44 
4. Quartio 1 16. 356 . 09 

B.  Between Group Means 3 5. 144. 773 2 . 33 
a .  Complexity 1 11.430. 720 5. 18 
b .  Age . 1  706 . 880 . 32 
o .  Interaction 1 3, 296 . 720 1. 49 

c .  Between Group Trends 12 748. 390 2. 17 
1. Linear 3 2 , 606 .802 4. 65 

a .  Complexity 1 3, 152 .822 5 . 63* 
b. Age 1 3, 925 .022  7. 01* 
c .  Interaction 1 742 . 563 1 . 33 

2. Quadratic 3 133 . 445 . 55 
a .  Complexity 1 41. 802 . 17 
b. Age 1 356. 802 1 .47 
c .  Intera ction 1 1 . 115 .o1 

D . Between Individual Means 36 2, 208 . 178 6 . 39*** 
E. Between Indi�dual Trends 144 345 . 457 

1 .  Linear 36 560. 116 
2.  Quadratic 36 243. 118 
3. Cubic 36 391. 863 
4. Quartio 36 187.020 

· Total 199 

• J ieaa than .o6 
** £ less  than .01 

*** .£ less  than .001 

54 
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are re flec te d  in bo th runway c a.mplexity and age compari sons . From in-

spe ction of Figure 3 it would appear that the summed curve s of the s imple 

runway groups gave a ne gative slope where a s  tho se of the complex runway 

groups were more nearly hor izontal or even s l ightly po s itive . S �ilar ly, 

the summe d  curve s or the o lder group s yie lde d  a negat ive s lope whereas 

tho se of the younger group s were hor izonta l .  Bo th o f  the se slope d iffer­

enc e s  appear due to the marked ne gative slope or a s ingle group -- SR 90 

OD. The shape s of the o ther group curve s are ne arly identi cal . As with 

the other trend ana lys is the d ifference s be tween individual me ans were 

highly s ignificant ,  again indicating high re liabil ity of me a surement . 

It wa s thought, before te sting be ga n, that de spite overa ll insig­

nificance , there might be s ignificant differential effe c ts over tr ia ls 

between age groups . It wa s  fe lt that the young �s would be init ially 

more fe arful than the old �s ,  and explore le s s .  Howeger , thi s fear would 

d i s s ipate with c ont inuing expo sure , and the young !s would explore more 

than the ir o l der counterparts toward the end of the five tr ia l s . That 

this did not happen where total tr ia l s c ore s were use d  is evident from 

the pre ced ing trend analys i s . It wa s  there fore de c ide d ,  to te s t  for 

thi� effe c t  in the fir st minute of �e trials , s ince it was thought that 

the effe c t  might have been vitiate d  by the continued expo sure after the 

fir st minute . Ao oord ingly, an analys i s  o f  var iance wa s  run on the fir st 

minute , fir s t  tr ial s core s . The re sults of this analys i s  are summarized 

in Table 13. None or the difference s were s ignificant . However , the 

sc ore s were in the sugge ste d  d irec tion . The mean for the young !s wa s  

10 . 85 ,  th e  mean for the o l d  S s  wa s  1 5 . 00 .  To te st for the effeot over 

tr ia l s , a savings score for eaoh subj e c t  was obta ine d .  Th i s  s core wa s  



TABLE 13 

SUMM.ARY OF ANALYSIS OF VAR IANCE 
OF Fms T MINUTE UNIT TRAVERSALS 

IN FffiST AND FIFTH TRIALS . 

liiW88n Subjeote ! 
Age· 1 
Complexity 1 
Age x Complexity 1 

Within Subjects (error) 36 

Total 39 

•n1 R_s liigher than .io 

AGE COMPARISON 

ISS. 25  
11 . 250 

1 . 800 
36 . 417 

3. 6.6 
.3l 
. 05 

56 
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computed by subtracting the s core for e a ch � for the fir st minute of the 

fir s t  tr ia l  from the s core for the fir st minute of the fifth tr ial , and 

dividing the re sult by the former . These s core s were summe d  a cr o s s  run­

way complexity for e a ch age group . The me an saving s core wa s  po s itive 

( . 87)  for the young !s and negative for the o l der !s ( - .0!) •  The cr iti­

cal ratio for the difference s wa s  2 . 97 ,  s ignificant at bette r than • •  004. 

Sinc e the me an f o r  the fir s t  minute of the fifth tri a l wa s  18 . 00 for the 

young !s and 11 . 85 for the o l d  animal s ,  this would 
'
indic ate that the 

young !s had s ignificantly increa sed e xploration between the two per iods , 

while the old S s  de cl ined or rema ine d  the same . 

An
.

intratrial minute-by-minute cons is tency analys i s  s imilar to 

tho se outl ined above· wa s a l s o  performe d on the a ge comparison data . The 

re sulting percentage s ,  a s  we ll a s  tho se of the nine ty day nondeprive d 

groups are shown in Table 14.  Th e  effe cts here a r e  a lmo st identical to 

the other find ings . The intertr ial me ans show no important d ifference s .  

The fir st column shows a greater per centage de crement than the o ther s 

and the probabil ity that thi s  wa s  due to chance i s  le s s  than . 01 when 

calculate d by the Wi lcoxon T-te s t .  The gr oup me ans are a s  fo llows : SR 

90 OD : 38 . 50 ;  CR 90 OD 55 . 00 ;  SR 35 : 50 . 5 ;  and CR 35: 58 . 5 .  When the mean 

tr ial percentage s were summed acro ss age , the runway comple xity me ans 

were 44 . 50 and 56 . 75 for s tmple and complex runway re spe ctive ly. The se 

were s ignificantly different at the .01 leve l by the Mann-Whitney-Wil­

coxon T- te st .  The summed per centa ge s for complexity a cro s s  minute s are 

shown toward the bottom of Table 16 . As in �e o ther analyse s ,  the d i s ­

par ity wa s  greate st from the sec ond to the third minute . However ,  aga in 

thi s  d ifferenc e wa s ins ignificant at the . 05 leve l when te s ted against the 
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Mean 
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Mean 

3 

Mean 

4 

Mean 

5 

Mean 
Grand Mean 

TABLE 14 

PERCENT OF SS SHOWING DECREASED MINUTE-TO-MINUTE 
INTRA TR IAL  UNIT TRAVERSALS • 

Gr. 
SR OD 
CR 90 OD 
SR 35 
CR 35 

SR 90 OD 
CR 90 OD 
SR 35 
.CR 35 

SR 90 OD 
CR 90 OD 
SR 35 
CR 35 

SR 90 OD 
CR 90 OD 
SR 35 
CR 35 

SR 90 OD 
CR 90 OD 
SR 35 
CR 35 

AGE ANALYS IS 

4 .. lliiii&a 
1 - 2 . 2  - ,S � • 4 

80 50 40 
60 20 50 
60 20 50 
50 60 60 

62 . 5  37. 5 50.0  

40 40 40 
go · 70 40 
30 60 50 
90 90 60 

62 . 5  65 .0 47. 5 

30 50 40 
70 20 60 
80 70 50 
90 40 50 

67 .5  45 .0 50.0 

50 50 10 
90 30 60 
60 50 50 

100 50 50 

75 .0 45 .0 42 . 5  

40 40 20 
80 40 50 

. 70 60 40 
100 40 50 

72 . 5  45 .0 40.0 
68 .0 47 . 5  46 .0 

4 - 5 
20 
60 
40 
60 

45 .0 

40 
70 
40 
40 

47. 5  

40 
40 
30 

. 20 

32 .5  

20 
50 
30 
30 

32 . 5  

30 
so · 
70 
40 

47 . 5  
41 .0 

58  

Mean 
4'1. 6  
47. 5 
42 . 5  
57. 5 

48 . 75 . 

40 .0  
67 . 5  
45 .0 
70.0 

55 . 63 

40.0 
47 . 5  
57 . 5  
50.0 

48 . 75 

32 . 5  
57 . 5  
47 . 5  
57 . 5  

48 . 75 

32 . 5  
55 .0 
60 .0  
57 . 5  

51 . 25 
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average or the other three columns by the Wilcoxon T-te st.  When the trial 

means were summed acro ss  complexity for age , the young groups gave a mean 

or 54 . 50 and the old groups one of 46 . 75 .  The probability or this differ­

ence just mi s sed the . 05 s ignificance leve l by the Mann-Whitney-Wilcoxon 

T-te st. 

As with the o lder animals,  the last-to-first minute intertrial per­

centage increases were oa.mputed and the se are shown toward the bottom of 

Table 17 . Aga in no important differences were apparent here . 



CHAPTER IV 

DISCUSS ION AND CONCLUS IONS 

The findings reported here ne ither corroborate complete ly nor 

contradict completely the researoh pre ce ding and leading up to them . 

Mo stly they sugge st new phenomena, the meaning of which is not entirely 

clear . 

First, on the dimension of nonstabilized depr ivation. There is 

no evidence from the data here in c it�d that food deprivation in and of 

itself has e ither a simple elevating or simple depre s s ing effect on ex­

ploration as  defined .  This  fact is  reflected  in  the ins ignificance of 

difference s of total exploration score s when they are summed for degree 

of deprivation across  trials or runway complexity. This is  in contra­

diction to both the studie s which report a simple increa se with depri­

vation (e . g . , practically al l the activity wheel studie s ,  and Jerome , 

Moody, Conner , and Fernandez ,  1957) and to tho se that report a decrease 

with deprivation (e . g . , Montgomery ( 1953b) and Zimbardo and Montgomery 

( 1957) ) .  Similarly, the d irection of the interaction be tween depriva­

tion and s ituation complexity is apparently a unique phenomenon. Where 

Adlerste in and Fahrer ( 1955) report that complexity increased the number 

of exploratory response s for the deprived �s ,  there is a strong sugges� 

tion here that the more complex runway served to decrease exploration as 

a function of increasing deprivation. This phenomenon i s  also at vari­

ance with the sugge stion made in Chapter I that increasing stimulus com­

plexity should increase the superiority of the deprive d groups because of 

the survival value involved . However ,  the overall decrea sed perfor.manoe 
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of the complex runway deprived groups should not be overesttmated . For 

one thing, the effect did not withstand internal repl ication; for another ,  

doing an i solated analysis  o f  variance on the se groups , even though i t  i s  

a n  illegit�ate operation i n  terms o f  the total analysis , did not yield 

s ignificance at the . 05 level .  Neverthele s s ,  the ,fact that there was no 

sugge stion of increased exploration among the se groups themselve s and in 

compari son to the s imple runway groups strongly militate s aga inst the de­

privation-complexity interaction heretofore hypothe sized and reported . 

What then were the s ignificant effects? As ide fram thi s decreas� · 

ing performance with increasing deprivation among the complex runway 

groups , the only other contribution to overall ( i . e . , summed acros s  tri� 

ala ) s ignificance come s fro.m the score s of the nondeprived  s imple runway 

group . This group showed significantly les s  exploration than any ·of the 

others .  The subjects in this group were also deviant in the ir low mean 

per centage intratrial decrease percentage s and in the ir low mean first­

to- last minute percentage increase s .  In addition, this group showed the 

most consistent dec line over trials . Why this should be is  not apparent. 

That this i s  probably not the re sult of sampling is  indicated by the fact 

that these Sa ' first  trial score s were similar to those of the other 

groups used in the deprivation analys is . Since no explanations short of 

tho se which deny the other data come s to mind (e . g . , both complexity 

and hunger serve to elicit exploration and this is the least-hungry­

least-oomplex· group) no attempt is made to integrate this finding into 

any sort of schema . 

However , the most s ignificant effe cts were the one s which occurred 

acro s s  trials for the different groups . Unfortunately, though,  since no 
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other experimenter� report exploration data for a given level of depri­

vation for more than one trial ,  it is difficult to evaluate the se effe cts . 

The trial significance s here were primarily due to the increa sed perform­

ance of the fort,y-seven hour deprived groups , particularly the simple 

runway group, after the third trial . Though there was a de crea se in ex- . 

ploration de crement by the fourth trial ,  and two groups ( CR 90 OD and SR 

24D OS) did show increa sed exploration, none did so to the extent of the 

forty-seven hour groups . This is  particularly surpris ing since mo st of 

the �s in the se two groups would have died  of inanition in a few more 

days if the ir deprivation schedule were so continued .  A not very con­

vincing explanation suggests itself. The higher emotionality (hyPothet­

ical) due to the enfeebled condition of the forty-seven hour deprived !s 

led to an initial greater fearfulne s s  of the exploratory s it�ation and 

consequently reduoed exploration_ in the early trials . With increas ing 

expo sure , this dis sipated and the exploration-inducing effects of drive 

asserted themselve s .  There is some evidence for this in the fact that 

the forty-seven hour complex runway group explore d le s s  initially then 

its simple runway counterpart -- i . e . �  the more complex s ituation was 

more fear -producing . However the fact that the complex runway group 

showed a slight de cline during the fif� trial after its fourth trial 

jump militate s- against this . 

As the analysis for the effects of drive stabil ization showed, 

there were no s ignificant differences for either degree of runway com-� 

plexity between the stabilized and nonstabil ized groups .  In a ccordance 

with Glanzer ' s  ( 1958) sugge stion; had the stabilized g�oups explored 

more , the effect of nonstabilized drive might be a s sumed to be predom-
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inantly distracting; had they explored le s s ,  it  might be assumed to be 

predominantly energizing . That they neither explored more nor le ss  

boils down logically to  four , alternative s ;  1) that there i s  no change . 

in predo.minance of e ither drive effect as a fUnction of stabilization; 

2 ) that drive has only an energiz ing effect on ongoing behavior, in­

cluding locomotion, and that this doe s not ohange with stabilization; 3) 

that drive ha s only a distracting effect and that this doe s not change · 

with stabilization; and 4) that drive has ne ither an energiz.ing nor dis­

tracting effect upon exploration. F.he third alternative may be dis­

mis sed by definition, since if the effe ct of drive is not energizing, 

then what is  it? The fourth may be rejected on the basis  of. the differ­

ential perfor.mance s of the various drive groups acro s s  trials . Alterna­

tive two is  also in contradiction to the data,  s ince if the effect of 

drive was s tmply energizing, exploration would be an increasing function 

of increased drive . This leave s only the fir st alternative as likely. 

However , issue may be taken with the whole comparison on the 

grounds that drive was increasing for the nonstabilized !s during the 

trials . As Reid and Finger ( 1955) showed,  rats lose we ight for at least  

ten days on  a one hour daily feeding schedule , and the nonstabilized  �s 

were actually at a lower drive level throughout the experiment, partic­

ularly dur ing the initial trials ,  thus confounding any pos s ible real ef­

fects due to s tabilization. The fact that the curve s of . the stabilized 

and nonstabilized groups did not converge over the trials is some evi­

dence against this , i .e . ,  if exploration is a function of drive level,  

defined as per cent of  satiated body we�ght,  then the nonstabilized groups 
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should approach the exploration level  of the stabilized groups with in­

crea sing number of days {or trials ) on the deprivation achedule . Never­

thele s s ,  this lack of convergence may have been due to a trial inter­

action effect.  It is therefore sugge sted that further experimentation 

be done to e stablish the effects of stabilization, with percent satiated  

body we ight held constant instead of  hours feeding . .Thi s  wa s  not done 

here because of the fear of differential effects re sulting from differ­

ential amount of handling involved in weighing the �s .  That this is  

probably not an  bnportant factor may be inferred from the fact that the 

Budd Mountain an�als , who se handling history wa s  probably different 

from that of the Univers ity of Tenne s see stock, did not appear to be dif­

ferent from them in most re spects . 

The only significant difference between the stabilized groups wa s  

the greater exploration o f  the s imple runway group s . Again. the meaning 

of this is not · clear . 

This discu s sion of the effects of deprivation may be concluded 

with the observation that one thing remains clear : there are differ­

ence s , whatever the ir meaning, acros s  tr ials re sulting from difference s 

in deprivation and the interaction of the se with s ituation complexity. 

Practically all preceding re searoh in dealing with these variable s has 

confined measurements of exploration to a s ingle score per subje ct or to 

score s during contiguous temporal intervals .  for any given leve l of dep­

rivation. It is therefore strongly suggested  that future research con­

cern itself with these intertrial effects . 

The results from the age analysis al so stand in some contra st to . 
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those previously reported . Chiefly, there were no overall differences 

favor ing the younger an�als . In addition, there were no significant 

difference s in percent of subjects showing decreased re sponse s over 

· succe s s ive intratrial minute s ,  though there is  a sugge stion that this 

percentage wa s greater for the younger an�al s .  What significant trial . 

difference s were present were due primarily to the deviantly low per­

formance of the �s in Group SR 90 OD. The age-fear interaction sugge s­

tion, which pre dicted that the younger Ss  would start out at a lower ex­

ploration level than the older �s ,  and eventual ly surpas s  them, was not 

vindicated by the mean trial score s .  There is evidence for it in the 

analysis  which re late s  the first minute score s on the first and fifth 

trials .  However , this is somewhat vitiated by the fact that 'the si�if­

icance of this effect is also due to the deviant performance s of �s in 

Group SR 90 OD. The reasons for the re lative lack of significant over­

all age differences may be partially attributed to the re lative ly small 

aotual age difference s .  The young group might have been younger . Had it 

not been originally de sired to replicate the deprivation and · stabiliza­

tion findings on the young animals , these !s might have been twenty-one 

days old at the first trial . The older �s were not really old.  The ir 

age would correspond to early adul�ood in humans . Should further ex­

per�entation in this area be done with age as an independent variable 

it is suggested that groups s�aced further apart on this dimension be 

used. 

The overall effe cts exclus ive of experimental parwmeters are per­

haps the mo st intere sting. For one thing , there was no whole sale decre­

ment in exploration across  tr ials . If anything, a curve for all trial 
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data would probably fit a quadratic function with a min�um at about the 

third trial , at a high degree of significance . This unusual finding fits 

no previously promulgated explanation; not even explanations which con+ 

tradict each other . In the view of previous writers ,  the two main un­

control led variables in any exploratory situation are fear and stimulus 

satiation. Welker ( 1957) cla�s that fear should lead to increa sed looo-

· motion, i . e ,  e s cape . This would explain the first half of the quadratic 

curve : With increasing expo sure , tear dissipate s ,  and therefore so doe s 

locomotion. However , it is to be as sumed that the novel ,  exploratory 

. drive producing aspects should also dis sipate . Why, therefore , should 

exploration increa se after the third trial ? Montgomery ( 1955) and Mont­

gomery and Monkman ( 1955) state that fear should lead to decreased explo­

ration. The Ss  are pre sumably most fearful on  the first trial and should 

therefore explore least. This is not the case here . Perhaps a more sat­

is &o.to�y; � though more complex explanation may be derived from a synthe­

sis of the se two ,  Fear may be postulated a s  having a taoili tating effect 

on locomomotion, but a depre ssing one on exploration. With the waning of 

fear , locomotion de crease s .  The exploration-inducing situation sttmuli 

that the animal had been "blind" to while trying to escape then take ef­

fe ct, and exploration begins and locomotion increase s .  Pre sumably, aft­

er a sufficient exposure (more than allowed in this experfment) explora­

tion falls off as a re sult of st�ulus satiation. This explanation is 

of course at variance with the operational definition used here , which 

equate s exploration with loo�motion. In addition, it is  quite hypothet­

ical , Neverthele ss , it is the only one which seems capable . of handling 

the data. 
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However , whatever the explanation for the effects across  trials ,  

the one for the intratrial effects is probably different. Here the usu­

al exploration .function he ld, wi. th gl!ft� exploration during the first 

minute and a subsequent de crease . The fact that neither this  not last­

to-first-mtnute increase var ied in an �portant way from trial to trial 

strongly sugge sts that intra and intertrial lo comotion are a function of 

different controlling variable s .  This i s  an extrsmely intere sting phe­

nomenon well  worth further investigation. 

The final item of significance is the disparate levels of intra­

trial decrement between the summed simple and complex runway groups,  

with the latter showing the greater decrement . Since the probabil ity 

figures for this reported in Chapter III are not independent, i . e . , some 

of the same groups were used in arriving a t  them, it is not legitimate 

to combine them. Neverthele s s ,  there is no doubt that this Eiffeqt 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 complex groups ,  since this did not occur . When the facts are re­

garded anthropomorphically and in terms ot all the theories  put forth to 

deal with exploratory behavior , it must be concluded that the opposite 

should have happened:  the S s  in the oomplex s ituation having more to 

explore , should have shown a smaller decrement. That they did not is at 

variance with praotioally all expertmentation and theorizing that has 

gone on in this area , and this finding is certainly in need of replica­

tion. 



CHAPTER V 

SUMMARY 

An experiment was oonduoted to ascertain the effects of' nonsta­

bilized food deprivation� stabilized food deprivation. runway complexity, 

and age on exploratory behavior of' male albino rats both during and a� 

cro s s  five five-minute trials .  Three leve l s  of deprivation: zero , twen­

ty-three , and forty-seven hours were use d .  The stabilization dimension 

included groups stabilized on the twenty-three hour s chedule 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 expertment. All groups were equally divided into s �ple 

and complex runway groups . The stmple 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 twa 1 ve inche s .  The �nly 

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 a s  follows : 1) There were no significant 

difference s for degree of' deprivation, stabil ization of' deprivation or 

age when the group sums were taken exclu s ive of trial s .  2 ) There wa s  a
· 

suggestion of decreasing exploration with increasing deprivation for the 

complex runway groups .  3) The forty-seven hour deprived groups showed a 

marked increa se in exploration after the third trial . 4) There was a 

s ignificant difference favoring the s imple runway stabilized deprived 

group when compared to its co.m¥lex runway counterpart. 5) There was a 
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sugge stion of an age-complexity interaction; the young !s starting low 

and showing increased exploration, the older !s either remaining the 

same or showing decreased exploration. 6)  The acros s-trials shape of 

the summed group curve s was curvilinear with a minimum at about the 

third trial .  7 ) The intratrial curve s for all groups showed that �s in 

all groups  showed the greate st decrease in exploration at the beginning 

of the trial with little subsequent change , and that there wa s  an in­

crease with the beginning of a new tr ial .  8) The percentage of subjects 

de clining during the intratrial intervals was greater for the complex 

runway groups than for the s �ple runway groups . 

An attempt wa s made to explain some of the se findings . Others 

were simply allowe d  to stand by themselve s .  Future experiments with 

the se variable s were sugge sted,  with particular emphasis on trial ef­

fects . 
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APPENDIX 



Tr ia l  

1 
2 
3 
4 
5 

TABLE 15 

VAR IANCES PER TR IAL OF MEAN UNIT TRAVERSALS UNDER 
THREE CONDITIONS OF DEPR IVATION AND 'IWO 

CONDITIONS OF RUNWAY COMPLEXITY 

Runway 
S imple Complex 

Deprivation (Hour s 
0 2 3  47 0 23  47 

63 7.07 77.52-;(!)1 901 . 73 260 . 27 373 . 79 396 . 18 
823 . 43 102 7 . 43 824 . 46 651 . 16 976 . 10 592 . 22 
452 . 18 822 . 84 748 . 32 358 . 40 608 . 27 369 . 82 

1069 . 83 376 . 94 873 . 21 428 . 49 562 . 62 622 . 77 
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 

l!iiutea 
Complexity 

1 - 2 2 - 3 3 - 4 
Deprintlon Analyaiaa 

Simple 940 610 570 
Complex 1, 180 580 730 

Simple/Complex . 80 1 . 05 . 78 

Stabilization Analysis : 
Simple 740 330 340 
Complex 810 500 420 

Simple/Complex . 90 . 66 . 81  

Age Analys is : 
Simple 820 460 530 
Complex 540 490 390 

Simple/Complex . 66 1 .07 . 74 

Total : 8  
S imple 1 , 530 990 970 
Complex 1 , 990 1 , 120 1 , 220 

S*!fle/C!!J?lAX . 11 . sa . so 
*DUplicated percentages are a.mitted in total sums . 
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4 - 5 

570 
720 

. 79 

400 
420 

. 95 

460 
360 

. 78 

960 
1 , 090 

. 88 



TABLE 17  

PERCENT OF SS  SHOWING INCREASED UNIT TRAVERSALS FROM 
LAST MINUTE OF TRIAL TO FmST MINUTE OF NEXT 

TRIAL 

ffl•'i• 
Group 

1 - 2 2 - 3 3 - 4 4 - 5 
lon:Stab111sed Depr1Y8d: 

SR 90 OD 30 40 50 20 
SR 23D OS 70 70 60 100 
SR 47D 60 50 40 60 
CR 90 OD 90 80 80 80 
CR 2 3D OS 50 50 70 80 
CR 47D 50 80 50 70 

Stabilized-Deprive d :  
SR 24D 14S 40 100 80 100 
CR 24D 14S 60 100 80 80 

Younger Groups : 
SR 35 50 80 70 50 
CR 35 80 80 100 100 

Mean 58 . 0  73 . 0  67 .0  74. 0 

82 

Mean 

35 . 0  
75 . 0  
52 . 5  
82 . 5  
62 . 5  
62 . 5  

80 . 5  
80 . 5  

62 . 5  
90 . 0  



!rial 
1 
2 
3 
4 
5 

TABLE 18 

VARIANCES PER TRIAL OF MEAN UNIT TRAVERSALS 
UNDER TWO CONDITIONS OF RUNWAY 

COMPLEXITY FOR STABILIZED SS 

���lb 
460 . 20 
137 . 30 
269 . 50 
456 . 50 

83  

.10 
135 . 30 
221 . 50 
360 . 50 
279 . 30 



TABLE 19 

VAR IANCES PER TRIAL O F  MEAN UN I T  TRAVERSALS UNDER TNO CONDIT IONS 
OF RUNWAY COMPLEXITY FOR 35 DAY OLD SS 

iiiiiaj 

84 

Tr ial S imple Complex 
6 79 . 66 126 . 71 

2 1 , 031 . 60 313 . 79 
3 579 . 21 537 . 16 
4 2 , 262 . 90 c$93 . 12 ·  
5 1!324.04 44:6 . 68 
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