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CHAPTER I
INTRODUCTION
History and General Background

'In the last few decades there has been an incressing

recognition that man's behavior cannot be understood in
terms of any single isolated group of conditioning factors.
On tha'one hand, emphasie has bsen placed upon araluafian
of the biological needs and drives which form the basio
foundation fﬁr man's complex activitiés. On the other hand,
there hes been an emphasis on the social apnd cultural
patterns of which man is e part, and on their importance in
determining certain aspects of his behavior. The present
emphasis upon what many, for the lack of a better term,
c¢all the biozoclo-psychologlcal sphere ie indicative of &
growing awareness that a wide range of infiuences must be
considered today in the study of huﬁan behavior.
Miiller~Frienfels, (51) for example, in his recent
book, "The Evolution of Modern Psychology", foints ont
- elearly how attempts to understand man in terms of one or
two or even three ei&mentarw uanaai c&taéuriaa have f&ilad.
and outlines some of the methods used to secure a broader
frame of reference. He uses such terms as paychn-aoniulng&,
bilopsychosociology, and sociopsychology and spesks of the

"super-individual” aspects of behavior. All such evaluations,



it seems, are efforts to go beyond the more limited frames
of reference of the earlier paychologies, and to clarify
the interrelations between important biologieal, soclal,
and eunltural forces and man's behavior.

Developing 23 a part of this method of approach has
been the effort to show the importsnce to haman behavior
of purely envirommental forces. To be sure, in many in-
stances this movement turned into the task of demonstrating
that only environmental forces were important in the de-
velopment and production of behavior. The rather onesided
view that all behavior was envirommentally determined was
obviously inadequate, and led to reaction, skepticism.and
untimely prejudice.

Within the past few years there has developed, in a
number of seiences, the conviction that the total pattern
of forces acting upon the organism must be considered if an
adequate understanding of behavior is to be obtained. It
is not the place or purpose of the present introduction to
survey exhaustively the development of this tremd. As with
any such trend, a study of histurr will indicate that there
have been some epproaches to this general systematic po=
sition. The question, Where and how have they failed to
arrive at the conclusions reached today? must be left to
other studies. .

The details of these current pointe of view differ from



one science to the other. An outstanding characteristiec,
however, hes been the insistence that only when the oon-
figuration or pattern of forces scting upon the organism
is known can there be developed sn adequate picture of men's
behavior. To this end, many peneral flelde of infiuence
hitherto not seriously considered are being studied and the
roelation clarified between these changes and the general
pattern of behaviors |
Prominent among these newer approaches we find an in-
creasing recognition of the influence of climatic changes.
While there has been much epsculation as to the poesible re-
lation of climate to changes in human behavior, there have
haan'faw attempts to attack this problem in & truly unmﬁra-
henaive manner. The organismic point of view, it would
geom, offers £ha poseibility of exemining these influences
in their proper relstion to other important environmental
forces. Cultural, psychological, and physiological adap-
tations to different ulimatiu_nnnﬂitiuna no domnbt teke place.
Yot men responds to cunltural, economle and political in-
fluences, within the pattern of human behavior itself. The
orgenismic point of view smggest that these latter influ=
ences are intégrated with envirommental conditions. Hore-
over, in this view, the reciprocal relations between the
organism and eqvirnnmant are emphesiged. The organism-in-

the~environment is the fundsmental unit, and the action of



the orgenism in changing, selecting, and reacting to the
environment is as importent ss the sction of the enviromment
upon the orgenism. : _

| In the present introduetion only a glimpse can be ob-
tained of the many studies of humen behevior, made in the

" past, thnt have recognized the importsnce of envirommental
and climatic fectors in =ddition to the purely cultural. A
-gurvey of envirommental thenriea-af.éapiaty_hr_Frﬁnklin
Thomas (66) gives a fairly complete history of -these studies.
(mitting the more speculative attempts, for many'ﬁava been
little more tﬁan that, only three are of interest here,
‘those of Bodin, Montesquieu, and Buckle. All three were in-
terested in deseribing general laws governing the develop-
ment of eclvilizetions and nations, 2nd concluded tpat
climatic influences must be taken into sccount,

Bodin's {11) was the first serious attempt to evaluate
the influence of geographic environment and elimatie changes
upon the evolution of society. As Thomas (66) points out,
Bodin tried to find geners}l laws for the gnidence of states-
men. Qunting Thomas; .

"In the latter work (Commonwealth} under the eaption
'What order and course is to be taken to apply the form of
8 Commonwealth to the diversities of men's humours, and the
means how to discover the nature and disposition of the
people,' he (Bodin) says that the failure of statesmen to
teke into consideration the character of the population in
forming laws has often led to trouble and even the downfall

of the states. PFurther on he asseris that historians ang
philosophers of all time have called attention to great



differences in population from the effect of climate and
location. '"Therefore & wise governor of any Commonwealth
must know their humours before he attempts anything in the
alteration of the state and laws. For one of the greatest,
and it may be the chiefest foundation of 2 Commonwealth is
to accomodate the state to the humour of the citisens, and
the laws and ordinances to the nature of the place, persons,
and timse'." (p. 49) :

Although Bodin did 1ittle more thﬁn restate some of
the earlier conclusions concerning the influence of climatic
changes upon behavior, and alﬁhough he was extremely mystical
in some of his ideas, yet his recognition of the problem is
an important one for the statesmen as an historieal land-
mark. '

Montesqnieu's {48) purpose was much the same in his
Spirit of the Laws. He too believed that the nature of the

population should be considered by the statesmen and tﬁat
statute laws should be adapted to the general character of
the people. The following quotation indicates some of the
factors he felt to be important:

"Phey (laws) shonld be in relation to the nature and
principle of each government whether they form it, as may be
said of politieal lawe; or whether they support it as may
be said of civil institutions.

They sunould be in rslation to the climate of each
country, to the quality of the soil, to its situation and
extent, to the princinle occupation of the matives, whether
husbandmen, herdsmen or shepards; they should have relationm .
to the degree of liberty which the constitution will bear;
to the religion of the inhabitants, to their inmeclinations,
riches, numbers, commerce, manners &nd customs. In fine,
they have relations to each other, as also to their origin,
to the intent of the legislator, and to the order of thinmgs
on which they were established:; in all of which different
lighte fthey ought to be considersd.

This is what I have undertsken in the following work.



These relations I shall examine since all these together
conatitute what I call the "Spirit of the Laws"." (Vol. I,

page 7)

The historien, Buckle {14), in his attempt to state
the general laws which govern the course of human progress,
treated climate, soil, food and other sapaata.uf nature as
important influences in the charascter and destiny of nations.

AB.Thumaa {66) pointes out:

"There is no question, of his beilef in direet cli-
metie influences, distinet from the bounty of nature., He
held thet in the early history of & people the accumulation
of wealth depends vpon two things--the energy and regularity
with which lebor is applied, and the returns made to that
labor by the bounty of nature., The energy and regularity
of the labor in turn depends upon the e¢limate.--~-~The only
effective progress depends upon the energy of man, and the
powers of man are not limited like those of natere. Climate
reacts upon men, stinulating his energy and developing his
powers. Therefore, that civilization conditioned by the
development of human energy iz bound to outstrip those
which depend mainly upon nature alone and do not call forth
the latent powers of man." (page 88)

We find somewhat the same pattern of thonght in present
day writings. J. W. Bews (9), in his book, Human Ecology

exzpresses the fundamental aims and purposes of the ecological
approach to the study of human behavior, He best preserves
& balance between the relative importance of the organism

and enviromment characteristiec of the urganiamin approach.

As can be seen from the following quotations, his aim is no
less ambitious than that of any of the three studies just
mentioned. ZEcology is for him the means of systematising

all human behavior. In his introduction he says:



"The first all-important fact, on which the greatest
possible emphasis must be laid, is that life apart from the
environment does not exist, and cannot be conceived. Iife
consists essentially of a process of interchange between
the life-substance or protoplssm end the enviromment. At
the same time, the term environment apart from life is, of
course, mesningless. :

The interchange between the living protoplasm and the
environment represents the working of the livinpg machine,
When this working ceases the orgeniem dies. It no longer
functions. Whethar it can ever temporsrily altogether
cense functioning and efterwards recommence, without dying,
is perhaps a point thet might be debated, though hardly
at the present stage of our discussion. It mey be remarked,
however, that, even in the case of the resting seeds or
spores of plants, the evidenge available goea to show that
the 1ife chenges are 8till continuing during the resting
period, though at 2 very slow rate. Chanpes in the rate
of functioning are cbviously continuaslly taking place,
yot while 1ife goes on, the funetional relationship between
environment and organism remains. Environment, function,
and organism constitnte what has been called the funda-
mental biologieal triad, The triasd must be stndied 23 one
complete whole, and this study is essentially what we mean
by ecology. _ :

: The importanes of & holistic approach to the study of
ecology can scarcely be over-emphasiged. Various biological
workers from time to time have tended to lay emphasis now

on the environment, now on function, and now on the organism
itself. All such studies are important, since they contri-
bute to the proper understending of the tried as a whole,
but it ie. the task of the ecologist to preserve a true
balance. In the earlier stapges of its development, and even
8till %o some extent, ecology has perhaps tended to lay too
much stress on the first term of the triad. The environment
certainly does profoundly affect the organism's strueture
and behavior, but it must always be remembered that the
functional relationship between environment and organism is
& reciprocal one. The organism a2lso continuously influences
the envircnment."” {page 1-2) . -

He sums -up his conception of the siundy of ecology im
the following words;

"As we look back over the whole field of ecology we
8ee that not only is it concerned with a study, made as
woll-balanced as possible, of the threefold nature of 1ife
(environment--function--organism), but it also has thres



different aspects of its own, First of all ecclogy is a
science, with its own special technique, by which, like
every other science, it analyses and investigates the phe-
nomena of NHature. In the second place ecology has & very
cemprehensive view=-point of its own, s¢ thet it mey be re-
garded as & philosophy. After all every single philosophy,
in essence, is merely this--2 view-point, 2 special way of
looking at things, & special way of regarding tke ultimste
reality of 1life and nature~-and this applies equally to the
subjJeet of ecology. In the third piace ecology is to be
looked upon &8 an ert. It has much in common with the art
of architecture. It provides a plsn, a pattern into whiech
can be fitted everything that we know of mam, hie responses,
his sctivities, and his words. In brief, aa it has beer
our &im to show throughout,ecology endeavers to understand
how and why man is as he is and how and why he behaves B2
he does.™ (pages 299-Z00)

Lewis Mumford {52) (63), sithough interested primarily
in tracing the interrelations between the ﬂevalapmgnt of the
mechine and urban life with other aspects of the culturail

pattern, expresses very similar idess. In his book, [The
Culture of Gitiaa“; he says:

‘"The autonomy of the organism, so characteristic of its
growth, renewal, and repair, does not lead to isolation in
either time or space. ©On the contrary, every living creature
is part of the genersl web of 1ife; only as life exists in
a8ll its processes and realities, from the action of the
bacteria upward, can any particular unit of it continne to
exist. As our knowledge of the organism has grown, the im-
portance of the environment as a co-operative factor in its
development has become clearer; and its bearing upon the
development of human societies hss become pleiner, too. If
there are favorable habitats and favorable forms of
association for animals and plants, as ecology demonstrates,
why not for men? If each particular natural environment hes
ite own balance, is there not perhaps an equivalent of this
in culture? Organism, their functions, their envirooments:
people, their occmpations, their workplaces and living-
places, form interrelated and definable wholes.

Such questions as yet can evoke only tentative answers:
but they provide a new starting point for 1nreatigation.-*-*
( pages &00-302) : '



More closely related to the present study is the
approach recently begun by R. Hs Hhaaler.' Vheeler concludes
that complex and comprehensive hahafinr petterns, even to
points of view in science, are found which are related in
a striking fashion to relatively long time climatic changes.
Men's behavior must be considered as a function not only of
individual and social forces, but of all'aapanta of the en-
vironment. To explain behavior, the interrelation of the
organism and all aspects of the environment to which 1%
responds that must be taken 1n£n account. Since climatic
changes seemed to be an especially important aspset of em=-
vironment, Wheeler made an extensive study of the history
of climate. All evidence pninteﬂ to ths aziatﬁnﬂé of shifts
in prevaeiling climetic conditione over large areas of the
earth., These were of the seme general neture, and were
found to oceur so nearly at the same time that they can be
regserded as world-wide in extent. Wheeler {?4]_puints out
that the shifts of moderate length but of irregulsr periodi-
cities, have the following gemeral ahar#cjarlstiua:

"The msual cyele passes through the following stages;
(a) & cold-dry maxzimum; {b) recovery of tempersture shead
of rainfall, hence & short, warm termination of & cold,
drought era; (e) & atriking worm-wet maximum {which, if long
enough, has a stiromg cold-wet bresk or "s2ddle™) turning
to (d) kot and dry. Then, on a falling temperature curve,
rainfall undergoss & secondsry recovery, resulting in =

fairly marked cold-wet phase @3 & warm epoch shifts to cold.

Then it becomes dry again, and the cycle is repsated,.*
(page 231) - _
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Wheeler also emphasizes that mean'e behavicr must be
considered as a function of the totel field of energy., "An
ective climatioc enviromment is conducive to cultural sc-
tivity." The effect of the active environment is felt in a

wide range of man's activities, The following quotetion
putlines many of these =spects:

"A culture pattern, or behavior pattern of human beings
in social groups, has coneistently shifted from an emphesis
on one eet of variables to its opposite 2long with shifts
from cold~dry to warm-wet maxima. BSome 250 of these
variables have been studied and more are Guns?antly being
edded. Demooratia, republican, and "romsntio” epochs fall
on the cold side, while soclalistic, totalitarian, and
"plagsical” epochs fall on the warm side. The mentality of
clagsical, warm periods is much more profound than that of
cold periods, =8 measured by philosophy, science, art, and
literature, These are periods when culture is dominated by
a wealthy eristoeracy. Cold periods are domlnated by a
democratically minded middle olass of more humble, but no
leps importent, schievements. Warm periods are organiec;
cold periods, atomistic. The warm are idealistie, the cold,
utilitarian; the former, rational, ‘the latter, empiricalj;
the former, "time minded", the letter, "space minded".

The profound peychological differences between these
two patterns cannot be understood except in terms of the
seme sort of energy behavior that cheracteriges the elimatie
soch as storme, earthquakes, end volesnces, Vhen his en-
vironment is more mctive, Zo is man; when activity declines
in his environment, man'e own energy is 2t & low ebb. Iilan's
most profound cultural achisvements have occurred during
transition pericds from cold-dry to warm-wet mexime and
back again, 1,e.,, about the axis of the curve when visualized
in the form of & weve, The maxime of the wave, both posi-
tive and negetive, are "statie" ox "dead" periode, environ-
mentally and eulturally.” (page 2322)

All three of the approaches Just mentioned, Bews,
Hunmford end Wheeler emphasize eseentially the same thing.
It is impossible to study and understand human behavior

without considering ths total field of forces operating to



produce that behavior. Included in thies field of forces
are not only ths biological naéé; auﬂ:praﬁiapoaitlﬂns, in-
tellectual and emotional modee of adjustment, but also the
sﬁuinl. cultural and phyeiesl aspects of the environment.
Hodin, Hontesquien, and Buckle slsc were attempting in &
relatively erude method to consider &unh.relatinna. Bews
hans eanllad this the aeningienl approach, ﬁnnscinuslr widen-
ing that congept to include all aspecte of behavior, Mum-
ford, & soclologist~historian, ﬁﬂcepts the ecologlcsal
approzch becauee it examines the pattern of human insti-
tutions in the "whole" in which it takee place. Vheeler

- insists wpon the same genmeral interpretation when he points
‘out that men's behavior is a function of the total field of
energy in which he is found., He hes, however, enalyzed in
greater detail the influenee of climatic changee.

A survey of the fields which contribute to this goneral
method of approach sannot be undertaken at this time. NMany
specinlized investigations have contributed valuable supple=-
mentary evidence. -Physiolopists have outlined in some
detail the methods through which the body adjusts to differ-
ent conditions of temperature, humidity and atmospheriec
preasure, The generai level of metabolism under different
climatic conditions, thg functioning of the endocrine system,
differences in circulation and composition of the blood &s

Well es many other respomses have all been investigated ana



reported. Typical of such studies are those of Barbour (&),
Sundstroem (62), end Bazett {(5). | '

Humerous historisans heve long found it necessary to con-
sider envirommental factors such ss elimatic ¢hanges, natural
resources and loeation in the study of the aevélapmént of
nations. Griffith Paylor (64) (656), Ratzel (60), Draper (19)
and others have all pointed out the importance ¢f many such
faotors, |

liany physicians from the time of Hippocrates te the
present have been concerned with the influence of different
climatic conditions upon the humen organism. Thomas, in his
survey of environmental thaﬁriﬁs. mentions many such men.
At the présent time we find people such as Mills (46) (47),
and Petersen fﬁﬁ} concerned with the influence of excessively
stimelating climatic conditions upon susceptibility to
different dieesses, and uﬁcn the generel levels of metabolism.
Petersen points ovt & possible relation between many physio-
logicel chengee and even thﬁ onget of mentel illmess %o
changes in temperature, humidity, andi stmospherie pressure.

In addition to the field of human ecclogy, there are
meny studies of plant and snimal ecology which furnish
valuable supporting evidence. Typical sre those of Elton
(20), Pearse (55) and Clemeuts {15). It should be remembered,
however, that these sclences have developed ﬂpeéialiseﬁ |

concepts which may not be applicable to human behavior, or



muat be radically reinterpreted if they are applied. Alihzsn
{1) points out some of the confusions that may arisé if this
precaution is not observed in his snrvey of such ecclogical

stundies in his Sociel Ecology.

From the Tields of anthropology and geography have come
maepy studies of environmentsl and geographicel influences
upen human behavicr. OSome investipgatore stress the mere in-
direct influences of naiursl resources, locstion and ecces-
s8ibility, while others stress the more direct psgychologlical
influencee from the Batural sorroundings.

One ¢of the most recent and couprehensive attempts made
by geographers to survey the influence of climetic factors
on men is found in the worke of Ellswerth Huntingten (Z3)
(24) (56). Kot only hae he been interested in the general
relatione between climete end civiligastiocn, but he also
emphasiges the physioclogicel edjustments of the humesn or-
ganism to changing temperatures. Mentsl end physicsl
efficlency is greatest at certsin optimum temperstures, eand
he finds e definite reletion between the rate e2nd quslity of

reproduction and eeavonsl climatie fluctuetions.

The Specific Problem

As we have seen, there are many etudies pointing to
the feot that temperature chsnges sre e&n important field of

influence which must be cnnsiﬂaraﬁ in the study of behevior,
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As Wheeler suggasts, the relation bat?aen general behavior
patterns and climatic chenges may be much more intimate and

" binding than has previously been suspected. The present
study although confined to rais, wae motivated by an interest
in the larger problem, that of the relation of temperature
to behavior in general, An intensive stndy of this, it is
hoped, will throw additional 1ight on the effects of tem=-
perature on humsn hahavior; Precisely, then, this is an
attempt to find just what changes in behavior take plzce
when the white rat is Eﬁhjaate& to controllsd differences in
Itamparatura. It i8 believed that under the more rigid con-
trols possible in laboretory techniques more detailed know-
ledge of the extent and direction of the possible behavior
differences can be gained.

There have been relatively few siudies which have in-
vestiigated this relationship. Most of these have been limi-
ted to eold-blooded organiems snd thus bear auix remoiely
on the present problem. Crosier (16) and Hoagland {50) re-
port some studies slomg this line, Using snts, Hoagland
found that the speed of learning & maze was incresssd if the
temperaturs wes increased, but that continued exposure to
higher temperatures brought about a disintegration of the
learned behavior. |

Two studies by Wavaf {72) and Hack (23) should also be

mentioned. Wever found that water temperature is related



to the speed of swimming in the white rat. He reported
that the rate of swimming wes greatest for low temperatures,
end smallest when the water was near body temperatare.
Higher temperstures were stimulating in that cnnsiﬂex&ﬁla
getivity was aroused, but it was of & disorganized character.
In a similar experiment using a simple water maze, Hack
concluded that the learning displayed was in part a function
of water'tamparaturu. The same general pattern of activity
deseribed by Vever wae again observed.

French (21) has investigated the effect of temperaturﬁ
on the retention of & maze habit in fish, He tested fish in
a simple water maze kept at & temperature of 22° G. Between

learning and retention teats the next day, groups equal in
ﬂ.

learning ability were kept in water maintained &t.zah, 16
or 49 C. He found that the errors made in the retﬂntioﬁ _
tests decressed ss the temperature of the water in which the
fish were kept.was lowered. He alsoc noted that fish kaﬁt'.
at different temperatures {ép, lﬁu. Eﬂaﬂ} befors ﬂriginﬁl

learping mastered the maze at different rates. The cold
group wes the poorest, in tefms of errors, with the ﬁarm
group pext. The medium group made the féwest errors,

Hunter {3£) has reported the effect uf‘tempsraturé on
the retention of a gerkness-avciding response in coakiaanhsa.
Intense cold wes found to be unfaverabls to raiearning, but

this was believed dume to injury to the animals,.
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Hellmer's stundy (24) of thﬂrﬁffﬁct of temperature on ths
bahaviur_nf the white rat hee the meet direet bearing upon
the present experiment. Indeed, the present study is the
gecond of & Eariﬁa efiginally desipned to invastigate.tha
influence of teapersture upon the bohavior of the white rat.

Differences in the rate of growth, body structure, and
leerning 2bility of rats subjected to different temperztures
were 2ll investigated by Hellmer. Three coloniee of white
ratse ﬁure-raisad cnder the temperature conditioms of 555,
75° ana 90° P respectively. The study wes carried through
two generations. ﬁeight.renuras were kept during the course
of the experiment &and certain body measurements made when
the rats were killgﬁ at 21 weeks of sge. He Tfound that in
the cold ycom the_fats grew-most_r&p;ﬂlr. metured earlier
and gsve birth to litters of larger, heslthier yourg. In the
not room growth and maturity were delayed, conuveptions were
later snd fewer, &nd the litters were smaller in Hiﬁe. The
young were wesk and meny died s few daye after birth. -

Differences in beody size End.tail lengths were sleo
found. In the cold room the rets were ususlly short and
stocky, snd potsessed relativa;y shorter talls. Rets in the
hot room developed longer, more &lender bodies and longer
tails. These differences were found to ineresse in the second
generation, The difference in rate of growth for the males

in each room for the two generations are shown in Pigures 1
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and 2, reproduced from the date Hellmer reported. (peges 59-
and 64) Tables I and II also show the body measurements for
the two penerations. {pages 68 and 71).

Hellmer's chief interest, however, was in the behavior
differences as tested by the sbility to learn a simple maze.
‘The rats living under each temperature condition learned the
magze, and were teated for retention about thirty days later.
.Tha conditions were arranged so that part of the rats living
in any one room were required to learn the mage under the
other two temperature conditions. For example, some of the
rate living in the cold room 1aarﬂeﬂ the maze there. Other
rate 1iving in the cold room were run in the maze in the 75°,
or control raom, while 8till cthars living in the auld Toom.
ron the maze in the 90° room. The same proua&ure was f£ollow=
ed in the other two raﬁmﬂ BO that in all there were. nina
experimental proups. Table III summarizes some of the data
Hellmer reported for both generations, (pages 81 and 95),
and glves the trials, afrars and time required tn'learn the
maze, As gan be seen, aanurﬁing to the thres critaria af
loarning, the rats from the cold Troom sre from two to three

times more efficient in maze performance.
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TABILE I

MEAN VALUES FOR THE MEASUREMENTE OF THE FIRST
GEHERATION MALES AND FEMAIES AT Bl WEEES OF AGE -

20

(HELI:ER}
Group iean Hﬁight Mean ' Mean . gﬁzﬂ .
BDG:.? Illn ﬂe Tﬂ-il Il'l' Bﬂﬁx ki - i Q9 2.
Body Le Taﬁ Tis
Nales
C 20.9 2E 16,7 12,1 1.85
.4 20,56 a7e 16.4 12.6 1.12
o 19,8 246 S ATT 1Z2.4 1.12
Femdleg
c 18.2 187 15.8 10.5 1,15
X 18,3 i8g 1647 1.0 1.10
H 17.5 166 1648 9.0 1.08
TABIE II

MEAN VALUES FOR THE MEASUREMENTS OF THE SECOBD
GEFEREATION MAIES AND FFHAXES AT £1 WEEES OF ACE

( HELIMER)
Group Hean Hean Hean Nean Mean
Body L. Velght| Teil I. Bedy ¥t, Bedy Tie
Body T y
Hales .
c £1.1 £8¢ 16,2 1.2 1,30
X £l.2 271 17.9. 12.8 1.18
H 19,6 200 18,0 10.2 1.09
Femsles
-G 19.1 £08 16,1 10.9 1.19
X 16.0 190 16,5 10,1 1,14
H 18.2 140 16,1 T 1.12
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TABLE IIX

MEASURES OF ORIGINAL IEARNING. MEAN SCORES IN TERMS OF

TPIALS. ERRORS, AFD TIME OF THE NINE EXPERIMENTAL GROUPS
PIRBT AHD‘EEGUHE ?EHEEAEIDHB

LIIER

First Generation Second Generation

Group | Ho. | Trials | Errora| Time | Bo.| Trialse| Errors| Time

ce |16 | 1.6 | 115.4 4557”_14 14.7 | 101.6 | 4718

cx |16 | 22.4 | 182,09 | 461214 | 18.3 | 127.1 | 6823

Ch 17 27.1 | 164.6 | 6121 16 $4.,8 | 175.0 | 10049

ix 15 21.7 | 123.9 | 4006 | 16 24,9 | 123.5 | 2426

Xo 15 87.4 | 175.9 | 6691 15 80.7 | 187.6 | 7689

xn |16 | 28.9 | 146.2 4531" 16 | 21.6 | 157.3 | 5970

12 | 53.9 | 268.8 | 10679| 12 | 42.8 | 251.1 | 8926

1h
He |12 | 47.8 | e72.4 | 9786| 12 | 49.0 | 225.0 | 8322

Ho |11 | 60.9 | 858.2 | 14109l 12 |. 51.3 | 256.3 | 16724

The capital letters (C = gold; H - hot; X - eontrol)
represent the room in which the group was raised; the small
letter the room in which it ran the maze.

Alao; the temperature in which the rate learned the
maze &8s well as the temperature of the room in which
they were ralsed was en importent faotor in magze perfor-
mance., Hellmer found 11tt1a significant difference in re-
tention in terms of percentage saving regardleas of the
temperature. He also points out that, within the limits
of the experiment, adaptiona to the olimatic con~

ditions appear to be continuous and accumnulative



in the maze performance as well as in the growth differences.
The present study was an attempt to carry the analysis
of the differences in behavior of whitle rats iiving under
different temperature conditions one step further. Here the
main purpoge wee to find out whether the superiozity of the
cold rate held up when the temperature of their environment
was raised, &nd whether the inferiority of the hot rats con-
tinued when the temperature of their eavircnment was lowered.
In this method of approach we were Ilnterested in fipding how
rapidly snd complotely the sdaptation, if any, to the new
conditions took ploce. Some attempts to cutiine more clearly
the importance of certain orpanic changes which might re-

sult from differences in motivetion were slso mede.



CHAPTER II
EXPERIMENTAL CONDITIONS

In order to check some of the raauita reported by
Hellmer, the experimental conditions were arranged to dup-
licate those employed in his study. The seme three rooms
were used. These rooms were about the same size, with the
interior covered with one-inch Insulite. One room was
equipped as the cold room, with &2 Prigidaire refrigerator
unit maintaining a temperature of 55-58° F. A fan in the
refrigerator unit supplied circulation of air in the room.

A temperature of $8-90° was maintained in the second, or

hot room, by a small electric heater equipped with thermo-
static control. A fan blowing a stream of air over a shallow
pan of warm water kept the relative humidity in this room
approximately equal to that in the cold room. The third
room waa.kept at room temperature, which varied with the
temperature of the building, and a fan in this room also
provided circnlation. During the first four months of the
experiment, the mean temperature was about ?ﬁﬂ, while in the
last three months the ususl temperature range was from 75-
78° F.

Thirty albino rats were kept in yet another room of
average temperature. TUWhile haraﬂitary.informatinn concerning

the rats was not available, they were healthy animals and



24

there is no reason to doubt that they differed in any im-
portant aspects from those used by Hellmer. The rats used
in this study were bred and the litters thus secured were
used asa the experimental animals. Each litter, when four
weeks old, was weaned and 8o divided that members of each
litter were placed in each of the three rooma, as nearly
in equal numbers as possible. This was done to inaurq.aimi-
lar hereditary background in the three rooms. For example,
in the first litter of eix, two of the rate were placed in
the cold room, two were placed in the control room, and the
remaining peir put in the hot room. At the time each litter
was separated, the rats were weighed, and numbered with an
ear merk. Rate in each room were numbered consecutively.
Divieion of thallittqrs was made to equate the nuﬁber of
males and females &nd also the averape weight of thé rats
placed in each room. About sixty rats were placed in each
room. The rooms were equipped with steel cape stands with
removable cages of hardw#ra cloth. Tops and bottoms of the
cages were removable for esse in u;daning cages. Wood shav-
ings wes provided for cage bedding in all rooms, and excelsior
for nests was placed in the cold room cages. Equal numbers
of rets were kept in easch cage in all three rooms.

The same diet was provided for all the rats. Purina
Fox Chow pellets were kept in the cages at all times, and
lettuce was supplied once a week. Drop-tube bottles fur-

nished water, and the rooms were illuminated by 15 watt



flourescent lamps. The same routine of 1light and darkness
was observed for the rooms, with from twelve to sixteen
hours of liéht each twenty-four hours.

Weekly weight records were kept for all the rats in
each room. These records were started when each rat was
weighed 2t time of aeparﬂtion of the 1itters at four weeks
of age, and continued until the end of the experiment.
Daily weight records were kept for 2ll rats while running
the mazes. Each rat was weighed on the .day prior to masze
running, and every day thereafter until the maze had been
mastered. Time of weighing was at tﬁs time of isoclation for
maze running or jJust before performance in the maze.

In order to measure the performance of the same rat in
two situations, original and changed temperatures, & tech-
nique similar to the transfer experiments in learning was
utilized. The sequence of such etudies is ruﬁghlr Test I,
intervening period, Test II. Applied to the present study,
Test I was conducted in a room of one temperature., Test II
in 2 room of another temperaturs. Consistent changes in
performance of grnupﬁ moved to different rooms, with tem-
perature as the most 1mporta§t variable fsctor, would indi-
cate a relation between performance and changes in tempera-
ture.

The test selected was learning a relatively simple masze.

Approximately forty-five rats in each room were tested in
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the maze {original learning). After learning, the group of
forty-five was ﬂivi&aﬁ.intn three sub-groups of fifteen.
Division wes made to equate ﬂé; and mean trisls required for
mastery of the meze. Each sub~group of fifteen was then
placed in one of ths three temperature conditions. TFor ex-
ample, in the cold room, one sub=-group was left in the cold
room, the second sub-group was moved to the comtrol room,
and the third seb-group was placed in %he hot room. After
thirty days in the new rooms, the rats were tested for re-
tention. The retention {relearning) constitutes Test II.

The same procedure was carried out with the forty-five
rata in the control room. As soon as the original meze was
learned, division was made to equate the sub-groups and these
were distributed to each of the three temperature conditions.
A similar technique was nsed with the rats placed in the hot
room. Where the sub-groupe were changed from ons extreme
temperature condition to the other, there was introduced a
seven-day adjustment period in ths control room, in order to
avoid a sudden change in temperatnre that might prove to be
too severe. In thie fashion the temperature was varisd for
the rats by changing rooms rather than changing temperatures
in the same room.

It was shown in Hellmer's work that the precentage savy-
ing on relearning for groups of rats learning in a given
room and tested for retention in the same room was approxi=

mately equal. That fs, rats in the cold room learning and
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relearning the mage there show s2bout the same percentegs
saving as rate learning and relearning in the control room.
The same ia true for those remeining in the hot room for both
teats. In the present method, if we find a difference in
percentape saving which varies me the temperature changes,

we have additional reason to belleve thet the performance

and temperature are related.

Four-alley mazes of standard deeign were used in the
learning which constituted Test I. Hages of this type, the
game 28 employed by Hellmer, were used by Lashley in his
brain extirpation experiments and were found to bs reiiable.

The floor plan of this maze is ghown in Figure 3.

FooD
Beov

STARTING
Say

Fipgure 3, Floor Plan of The Maze

The mazes were placed in each room for the testing

periods and removed &t completion of the running. - The



etarting box and food box doors were controlled from out-
gide the room by means of strings. A small window in the
door of each room enabled the experimenter to record from
the outside the errors and time per trial of the rat in the
meze. In this menner, disturbing factors during running
were kept at & minimom. Uniform lighting conditlions were
met by placing & 40 watt light two feet above the center of
each maze.

Each rat wae given one trial the first day of maze
ranning, three trials per day for the next three days, and
five triele a day thereafter. If the rat had not learned
the maze after thirty-seven trials, it was given ten trials
per day until eighty trisls had been reached, and at this
point the running wes discontinued. Twenty minutes was set
ag the time limit per trial. After an incomplete run the
rat was allowed to eat in the food box for thirty seconds
before the next trial was started. If the rat still refused
to run sfter seven iﬁnompletu trials, it was removed from
the experiment. The criterion of learning was set a2t three
consecutive errorless runs. Entrance into a blind alley
beyond the .shoulders of the rat and besek tracking any unit
of the maze were counted as errors. All rats were deprived
of food for twenty-four hours before rumning. Gains Dog
Meal mixed with enough milk to form a paste was used as the

incentive. After completing each trial, the rats were
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allowed to eat in the food box for about twenty seconds be-
fore starting on the next trial. After completion of the
day's runs, the rats were 8llowed to feed for twenty minutes
on the saeme food =28 was used in the maze. HNo more food was
then given until completion of the next day's trials.

Retention tests were begun approximately thiriy days
after original learning. Three trisls were given the first
day, five trials the second day, &and ten trisls & day there-
after until the maze was relearned. The criterion of ‘learn-
ing was three consecutive errorless runs. A twenty minute
time limit for each trial was again used, and the rat was
removed from the experiment after fi?nlinanmpleta trials.
The same experimental conditions were employed 28 in the
original learning. Daily welght records were 2lso kept,
starting at the time of food deprivation twenty-four hours
vefore the first trial.

Al]l maze running was carried out in the afternoon and
early evening, - Several assistants were employed in the ex-
periment, all experienced in thie type of work, having sided
in the study carried out the year before by Hellmer. They
were again cerefully instructed es to methods of handling
the rats and recording errors and time. In a&ditiun,_eauh
worked with different groups of rats during the course of
maze running, so that no one group would be handled differ-

ently over the entire lesrning process. At 2all times they
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were under the lmmediate supervision of the experimenter
and in a1l aid.not work with more than one-half of the rats
during the course of the experiment.

In an attempt to throw light on the pruﬁlam of "drive"
or motivetion raised by ﬁailmef'a.exparimsﬁt, each rat was
aubseqnantlf téstéd in an obstruction box. The apparatus
wes eimilar to that wsed by Verden (70) in the Columbia tests.

Figure 4 gives the floor plan of the box.

Entrance T | ' Incontive
Chamber R Chambep
Electric
Grid
Figureli

Floor Plan of the Cbatrnction Box

The startiné end incentive chembers were ten inches
square, ﬁonnactéﬂ by a passageway four inches wide. The
£loor of this passageway was a removable Bheet of bakelite
wound with nuﬁber 26 uninsulated copper wire. The wires
were wrapped 8o that contact with any two adjacent ones

completed the cireuit and gave the rat a slight shock.
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Current was furnished by & small induction coil placed out-
side the experimental room. The voltage was checked after
each test in order to keep it at a constant value. After
preliminary trials, the current was set at a value just
strong enough to furnish a barrier which about fifty percent
of the rate in the control room would cross with little, if
any._ha&itation. This intensity of current was kept con-
stant for all tests in the three rooms, and the grid was
kept ﬁlaan and dry at all times to avold short eircuiting.
Two 40 watt bulbs directly above the inner partitions of the
starting and incentive chambers furnished the 1ight. 
Two days of exploration were first allowed each rat.

Each animal was ﬂepriva&'of'foua for tﬁirtr-siz hours before

exploration. On thh'first day the rat was given ten minutes
| to inveatigata the box, followed by & fifteen minute feeding
period in the incentive chamber, Tha's&malfbnﬂ was used ag
in the magze situation. The second day easch rat was given
five preliminary test crossings, with e sixty second eating
period between crossings. After the five trials each rat |
was again allowed to feed ten minutes. On the third day the
rat was permitted three more practice crossings, with only a
nibble of food after each crossing. The current was then
connected to the grid, and the test period began, After a
crossing, the rat was allowed only a nibble of food. It wes

then picked up, returned to the entrance chamber and placea
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in different positions relative to the grid sceording to a
eystematic plan.

The preliminary tests on the grid were carried out
necessarily in the presence of the experimenter. The ratis
were handled as gently as possible to avoid introducing dis-
turbing emotional fautérs, and the lighting was arranged to
keep the experimenter relatively obscure in the sﬁaduws.

Records of approaghes, contacts and crossings of the
grid for a twenty minute period wera'kapt. To furnish a
more complete picture, this period waes divided into four,
five minute intervals. Definite orientations toward the
£00d, with the nose even with the conmeciing passage, were
counted as approaches. Contazcts were counted when the rat
touched the grid with:fout or nose and received a shock.
Going.auruas the grid and receiving the shock for a nibble
of food, of courss, constituted & crossing.

As in the maze learning, daily weight records for each
rat were kept. These records were started at the time of
food deprivation and taken befores sach trial during the next
two days. All grid tests were carried out in the evening
between 8 and 12 p. m. The writer was responsible for all
these tests.

Since this part of tha study was considered of secondary
interest in relation to the temperature changes and changes

in behavior, none of the slaborate precautions to insure



exactly the same shock intensity to each rat were utilized.
it is quite possible that the rats did receive 8l1ightly
different shocks. However, & relatively large number, sbout
fifty in each room, were tested. Subdivision of the groups
on the baesis of room of origin show 1ittle apparent differ=-
ences iﬁ the shock intensity administered.

After the grid experiment was over the rats were killed
aend body measurements were made, .Tutgl length, from the tip
"of the tail to tip of the nose, as well as tail length, was
recorded. The tail ieugth was measured from anus to tip of
the teil. Body length was obtained by suﬁtraﬂting tall
length from total length. These measurements for groups re=
maining in tha original rooms were used to cslculate two
.ratios; hnﬂy waight to body length, and body length tn tail
length. The former ratio gives a picture of the body pattern
in terme of greme per centimeter of body length, while the
sucéﬂﬁ ratio shows the relative tail lengths more acocurately
than the 2bsolute meesurements.

Table IV summarizes the mean time during which the rats
lived in the room to which they hed been transferred after
original learning, and the average ages for the nine groups
a4t the time of each of tha-threa tests, original learning,
relearning, and the grid experiment.



TABLE 1V

MEANW TINE IN THE WEW ROOMS BEFORE RELFEARNING AND MEAN ACGES
AT TIME OF RELEARNWING AND GRID.TESTS.

Time in new
Age room before Age Age
first trilals relearning | relearning | grid trials

Cold Room Rats

a. left in C 89.3 55.9 154.9 150.6
b. moved to X 89.4 39,9 135.2 153.6
ci mwed ‘|.'-D H EB.T ] 55;5 H 135!5 150‘9

Gf:mt-x'ﬂl ‘Room Rﬂtﬂ

a. moved to C 91.8 38.1 136.6 151.3
b. left in X 89.4 40.3 136.2 155,53
c. moved to H 89.3 40.8 136.2 153.5

Hot Room Rats

a. moved to C 91._.3 31_.6 15'??4 155_.9

b. moved to X 87.9 59.7 136.1 151.5

0. left in H 88,1 59.0 155.4 . 159.4

¥e
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CHAPTER IIIX
RESULTS
Differences In Rate Of Growth and Body Structure

In presenting the results of a ﬁtudy involving the be-
bavior of a large number of individuals, certain statistical
data are necessary. In the present study no doubt a number
of methode of presenting the results statistically could be
vtiliged. It has been th@ intent of the writer to use only
the simpler messures and methods, as the primsry purpose is
to point out differences found, and not to make the data ob-
teined an exercise in statisticsal manipulation.

The usual messures of variabllity and reliability of
means were employed. In comparing the performance of differ-
ent groups some idea of the relisbility of the differences
between meens is needed. Although the critical ratio has
nertain disedventsages, espauia?ly when the samples used are
small, it hes been calcunlated o5 a2 messure of the relisbility
of the differences. This was dons, primarily, in order to
compsre results of the present study with those reported by
Hellmer.

It is believed that the statistlcal tools employed are
sufficient for the results oblained. Ve are interested not

only in establishing the faet of differences in performance,

but to begin to point ont possible waye in which these
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differences may be related. In doing this our rationali-
zations mey be based upon tendencies which, statiatieally
insignificant, are from other lines of evidence, obviously
important. Consistent, though small, diffarénuea, bio~-
logically relsted factors, and evidence from simil&r studies
are a1l importent for our purpose and may be ag valuable as
some of the relativelj artifieinl statistiesl values.

The general pieture obtained from the growth curves
corresponds to that found by Hellmer. Those rats living in
the cold room grow more rapidly and exhibit & larger averaged
weight per week than rete in the other two rooms, Fignra 5
gshows the growth curves for the rats in each room fruﬁ the
fourth to the tenth weeks, Here it will be noticed that the
rats in the hot room show & more rapid rate of growth thean
the control group for the first few weeks, but end ﬁp below
this group 2t the tenth week. When the litters were di-
vided at four weeks of age, the averasge weights for the cold,
contrcl and hot rooms wére 45.9, 44.1, and 44.7 grems, Tre-
spectively. At the end of the tenth week the weights were
167.9, 145.7, and 141.5 grams, respectively.

Further information concerning the rate of growth can
be gained by examination of the growth curves for each sub-
group in the different rooms. As said before, each of ths
original groups was divided into three sub-groups, onme being

pleced in each temperature condition after learning the maze
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for the first time.  Thus some of the growth curves sre for
groups which lived in one room from four to ten weeks, fond
then spent the next eight weeks under some other temperaturs.
The results of such changes are shown in the following
growth curves, Figures 6, 7, and 8.

A study of the curves indicates that switching & group

from one extreme temperature condition to the other acts to
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reduce the rate of growth below that of groups léft in the
original room or eent to the control room. For example, the
¢old room group, after placement in the hot room shows a
plower rate of growth than do aqual groups pleced in the
control room or left in the cold room. A trend in this di-
rection would be axﬁactaﬂ on the basis of the rate of growth
during the fourth to #anth weeke of the experiment. However,
when we coneider the growth curves for rats started in the
hot runm; it should be noticed that placing a group from the
hot in the cold room does not accelerate its development be-
yond that of rats left in tﬁﬂ hot room. On the contrary the
group placed in the cold room shows the slowest rate of
growth after the change of rooms is made. Im this case, it
is true, division was unfortunate in the sense that the rats
geleocted to stay in tho hot room seem to grow more rapidly
than the other groups before the time of changing rooms.
However, this early advantage is overiaken by the hot room
rate placed in the control room, while the group placed in
the cold room shuﬂitha slowest rate of growth.

In the case of the rate Etﬂrtiné in the control room,
changes to eithér the cold or hot reoom serve to stimulate the
growth rate. The differences are slight, however, snd may
not be eignificant.

A number of the rats were kept in the original rooms

throughout the entire course of the experiment and certain



body measurements tesken when the rats were killed.

length 2nd body length were recorded,

41

Tail

In the data reported

here, no sttempt hae been made to separate the groups as to

sex. Each group, however, conteined epproximately the same

number of males and females,

Tha age at the time the

measurements were made was not exactly the samé, but the

same number of rats of each age were taken from each room.

The mean values for tail and hody lengths, =5 well as some

indication of the reliability of these differences are given

in Tables V and VI.

TABIE T
-
MEMH TAIL ANWD BODY IENGTHS FOR RATS
SPENDIEG ENTIRE PERIOD IF SAWE ROOM
Pail Iength il Body Length
Room Ho | Hean ¢ |dave. o | Hean | ¢ |‘ave, Body L.
T L.
Control|38 | 17.4 «99 | 16 40 | 19.7 | 1.4 .22 1.13
Hot 26 | 18.0 o586 .14 39 | 19.83| 1.2 .19 1.07




PABLIE VI
RELIABILITY OF DIFFERENCES BETWEEN

MEAN TAIL LENGTHS AND BODY LENGTHS
FOR RATS SPENDING ENTIRE PERIOD IN

SAME ROOH
Tail Tengths - Body Lengths .
Group |Mean |Diff.|¢Diff. | G.Re | Hean |Diff.|¢Diff. | C.R.
¢ |16.6 | 2040
.9 .22 | 4,1 B W31 | .97
X |iv.a | 1947
16.5 3 20.0
1.5 22 | 6.8 | .7 +3  |2.33
H |18.0 19,3
17.4 l19.7 |
6 | .20 | 3.0 | B [|1.28
H |18.0 o "1915

The tail lengths tend to increase as the tempefgture
conditions are incressed. From the tables, it would also
seem thet the body lengths vary in the ssme manner. However,
as the rats living in the cold room tend to grow to a larger
overall size, the ratio of body length to tail length gives
a better pictnre of the relative body and tail lengths in
each room., The walues for this rotio indicate that the rats
in the cold room not only have shorter tails in terms of

absolute measurements, but also relatively shorter tails when
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gonpared to the body length. The critical ratios for the
differences between the tail lengths are all 3.0 or above.
For the body lengths the ratios are much smaller, probzbly
not large enough to indicate a reliable differenca.

A comparison of these values with those reported dy
Hollmer is of interest here. Combining his measuremente
for males and females of the first generation (See Tables
I and II), we have the following tail lenghts; 16.3 om.
for the cold room; 17.6 cm. for the control; and 17.0 cn.
for the hot room. Vith the excepfinn of the hot room group,
his resulits ﬂnrraﬂpﬁnﬁ elosely with those reported here.
The raetios of body length to tail length can also be compared.
Hellmer reports 1,20 for both males and females in the cold
room, l.11 for the conirol room, amd 1.10 for the hot room
group. From Table V the present ?ﬁluea are 1.21, 1.13, and
1.07.

AS there is 1ititle difference in the body lenmgths of the
enimals in each room, the ratio of body weight to Euﬂr
length gives & better picture of the long marrow versus the
short chunky body pattern. The values thus found give the
grams of body weight per linear centimeter of body length.
These ratios decresse from a maximum of 11.7 gr. per cm. for

the cold room group to 10.5 for the control room to 10.% for

the hot room group. Hellmer reported 11.7, 11.8, end 10;9

for the corresponding ratios. Although there is only &
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slight aifference in the present values betwesen hot and con-
trol room groups, and Hellmer's ccntrei g:uup'ia out of place,
the trend is the same in both éxpérimenﬁa. The cold room
rats tend to have haaﬁier. etockier bodies than their litter
metes living under the higher temperatures.

he Mills (47) has sugpested, this would seem to dsmon-
strate & change in beodily ﬁtruatnra in the process of adap-
tation to the conditions under which the snimal is foreed to
live. Exposure of a greater surface area, especlally tail
ares in the csse of the rat, no doubt facilitates loss of
body heat. In the rooms of higher temperatures, greater
amounts of body heat must be ln#t, and this may bs one of
the factors responsible for the differences found in the three

Irooms .

Meze Performasnce

.In the main part of the.experimant, ptandards for maze
performance in each room were firsf_aatahlishaﬂ. Equal
groups, in terms nf.ﬁriala.raqnireﬂ for maatﬂrj of the masze,
were then placed in each of the three temperature conditions
and the relearning snoras.ﬂatarminsd 40 ﬂays later. Thqs tha
group in esch room lesrning and rélﬂérniné under the same.
conditions acte as a cuntrpl or furnishes stendards of per=-
formance for the groups relearning under different conditions.

Using such 2 procedure, it is possible that in the period
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between learning and relesrning disturbing factors other

than the tamﬁératuré change may.aﬁtar. ﬁnring.& rat from

one room to anothser, to new surroundings and cage mates,

might possibly act as a disturbing factor to change the per-
formance. af.tha three snb-groups in each room, two were
disturbed, one left undisturbed. If the moving itself is a
complicating factor, it is eq1a11? distributed among the th;aa
rooms., Also, if moving a rat auté $o disturd its performancs,
we would expect to find lower relearning scores in those
groups placed in other than the original room.. Enwe?ef, the
relearning scores diﬂ.nﬁt vafﬁ in'auéh a faahipn; but in

some instances were juat opposite thie trend. In each case

it will be seen that the tamparatuia wag the important vari-
able in producing different scores in different rooms.

Table VII gives the mean trials, errors, and time re-
quired for mastery of the mage the first time. The medlans
and fangaa for the performance of tha.grnups are glven in
Table VIII.

In terms of trials, errors, and time, the cold room
rats learn the maze most rapidly. The control room stands
next with the rats in the hot room showing the poorest per-
furmauua. A8 the temperaturs of the room in which originsal
learning takes place increases, the performance &ecfaaaaa.
Variability of performence changes in the reverse manner; as

the temperature increases, wariability incresses. Values for



TABLIE VII

PRIALS, ERRORS, AND TIME

WEASTURTS OF ORIGINAL TUARNTNG, MEAN SCORES Id TERNS OF

_ . Trials Errors Time
Group Ho. | Mean | ¢ Y |Mean| o ‘f{r_;-. Mean | o ¢Jri
cold 47 | 19.8 | 7.36 |1.07 141 | 72.5 |10.5 [4445 |2926.5 | 426.6
Gontror | 46 | 25.0 |13.30 |1.06 [143 | 80.7 |11.9 |5180 |3664.8 |540.5
Hot 47 Eﬁ.ﬁ. 12,10 | 2,78 245 |13l1.8 ‘19.2 BE?D_ 5487.9 | 792.9

oF



TABLE VIII

MEANS, YEDIANS, AND RANGES FOR THE THREE ORIGINAL GROUPS
IN MAZE LEARNING
Trials Errors Time

Group | No. | Mean |Median |Renge [Wean | Wedlan | Range | Mean Median | Range
Cold 47 | 19.8 | 18.0 |8 to 141 | 128,0 |24 to | 4443 | 4395 487 to
- - R - : ' 325 | ' 11490
conbrol | 46 | 25.9 | 20.5 |11 te | 143 | 116.6 |26 to | 5180 | 4281.5 | 937 %o
' . 68 ' 460 || 19384
Hot - | 47 | 36.6 | 33,0 10 to | 245 195,0 | 74 to | 8270 | 6809 1825 to
- 80 558 || - 25790

LY
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d/m also indicate. that these averages are reliable, The
medians are in every cese somewhat lﬁwer than thg means and
on two ocoesions there is a reversal of the trend found in
the means. The median errors and time for the control room
rate is & little below corresponding values for the cold
room. However, differences between median errors and time
for the cold and hot rooms are ﬁﬁita large, 1t will also be
noticed that the ranpe of péffcrm&ﬁaa inereases as one goes
from the cold to the hot rooms.
| Relizbility of the mﬂanalreportaﬂ are ahqwn by Tabl? IX.
¥eosured in terms of the critieal ratio, the ﬂiffarenuea
found In original 1eaining are aigﬂificant. The lowest
values are for differences between cold 2nd control rooms,
eapecially in terms of time =nd errors. The greatest Faluaa
of the critical ratio appesr between the cold end hot rooms.
As later tables will indicate, this nigu appears to be the
case iﬁ mensures of relearning.

Hellmer reports gredter differences between his hot and -
cold Toom groups. He found 1.6 trimls =28 the mean score
for the group whiuh curréspon&eﬂlto the préaant cold room
group, £1.7 for the contrel room,len& 5Z.9 for the hot room.
The differences cen no doubt be accounted Tor by slight
changss in procedure followed in the present experiment. The
hot room rats were stopped aftef 80 trials, rather than 100

as in Hellmer's method. He divided the original group in



TABLE IX

RELIABILITY (CRITICAL RATIOS) OF THE DIFFERENCES IN TERMS OF
PRIALS, ERRORS, AND TIME FOR THE ORIGINAL GROUPS

Group Trials Errors Pime
tiean | Di£f, | ¢ Diff.| C.R. | Mean |Diff.|¢DAff.| C.R.| Kean |Diff, | «Diff, |C.R.|
¢ |19.8 ' ' ol ' o : 4443 ' .
6.1 2.85 | 8.74 2.0 15.9 .13 ToT 688.5 | 1.07
x |25.9 143 . | 81280
c | 19.8 - | 141 - ol | 4eas ' '
16.8 | 2.98 | 5.6 104 | 21.9 [4.75 - |sB27 | 90e.5 |4.22
H | 36.6 245 8270
T 10,7 | 3.4 | 3.1 ' 102 | 22.6 |4.5  |8060 | 965.4 |3.2
H. | 36.6 245 - 8270

&%
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such 8 way as to leave only 15 rats for learning in the
originel rooms; in the present study cver 45 were tested in
each of the three cuhﬂifians'anﬂ thus constitute 2 more ade-
quate sample.

As outlined esrlier, each original group was divided
into three equal suh-groupa.as the maze was mastered. This
.ﬁivisiun was made on the basis of trials required for three
errorless runs. In some instances, there is a difference of
a trial or two between groups which were equated. However,
if ths groups going to any one room were not consistently
favored, such 2 division can be considered 28 fulfilling the
desired end. Table X showa the distribution of the 9 sub-
groupe in terms or trials, errors, and time.

On the basis of triamls, the hot room is favored twice.

That is, of the three original groups, the sub-groups placed
in the hot room had the lowest score in terms of trisls in
jtwo of the three original rooms. The cold room is favored
only once on thiz basis. With errors as the criterion, the
hot, control and cold rooms weére each favored once. Using
time o the gtandard, the hot room ia favored once, the cold
room twice. Thus considering all three criteria, the hot
ronm.waa given an advantage 4 of the 9 possible measures,

the control 3 of the 9, 2nd the cold, 2. The divislion was

meds in such 8 manner 88 presumably to give an advantage to

the groups which were later found to be the slowest in rate
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TABLE X

DISTRIBUTION OF THE GROUPS ON THE BASIS OF
TRIAIS, ERRORS, AND TIME

Hean Hean Hean .
Trials Errors Time
Cold Room Rats - .
a, Left in C 20.2 : 118.0 4215
b. Moved to X 20.0 163.2 4697
c, Hoved to H 19.2 140.6 . 4021
Control Room Rate .
a, Moved to O 26.1 143.6 b2Zb
b. Left in X 26.3 159.3 4?15
c. Moved to H 25,7 1285 5169
Hot Room Rats
a. Moved to O 35,4 254,5 . Bar3
b. Movad to X 873 230.9 _ B802b

¢. Ieft in H 7.5 ~ 256.6 8571

and efficisncy of Learning. ﬁ&fferenuea in divislon can not

then ha_tna basis for the differences exhibited ir relearan-
ing.

Mean trials, errors, and time in relearning for the 9
sub-gronps are given in Table XI., If one tskes the cold
room a8 an example, one finds that the sub-group of 14 rats
which were left in that room and tested for relearning

approximately 40 deys later, took an average of 7.1 trials,



TABLE XI

TRIALS, FRRORS AND TIME FOR THE WINE EXPERIMENTAL CGROUPS-~-RELEARNING

- Trials Errors Time
¥ | Mean s d/rs | Hean e e | Mean e ey
Cold Room Rats B B 1 o o _ . _ .
a. Left in ¢ |14 | 7.1 [4.156 [1.1 | 17,4 | 18,37 | 4.90 | 9569 732.0 | 195.7
b. Moved to X |17 | 9.8 |4.77 |1.1 | 31,8 | 25,11 | 6,09 | 1090 1052.1 | 255.4|
c, Moved to H |14 | 13,0 |6.48 | 1,7 | 50.6 | 31.80 | 8.50 | 1336 | 1187.5 | 317.5
Control Room Rats _ ) _ _ ) . _
a. Moved to C |14 | 7.9 |3.45 | .9 | 31,3 | 32,08 | 8,58 | 702 | 715.4 191,35
b, Teft in X |15 | 11.5 |6,77 | 1.8 | 40.0 | 38,58 | 9,96 | 2009 2778.1 | 717.9)
c. Moved to H |15 | 18.8 |9.22 | 2.4 | 70.4 | 46,00 [12.1 | 1809 | 1576.6 | 407.4
Hot Room Rats ) ) ) ) . o . .
a. Moved to ¢ |16 | 8.2 |3.28 | .8 | 28,9 | 22,72 6.95 1019 | 1507.1 | 376.8
b. Woved to X | 15 | 10.5 |4.56 | 1.2 | 36.5 | 43,00 |12.1 | 740 | 689.8 | 180.6 “
5. Teft in H |14 | 16.5 |9.76 | 2.6 | 47.6 | 20.32 | 5.43 | 1715 | 2203.9 | 589.3

[4<



17.4 errors, and 559 seconds for mastery of the masze the
*second time. A second sub-group from the same room, learn-
ing the maze in an eqﬁal number of trials, but relearning
in the control room after 40 days, needed 9.8 trials, 31
errors, and 1090 seconds for mastery. A third sub-group,
again with an equal score on original laarning. but moved to
the hot room for relearning, needed ﬁn the average 13.0
trials, 50.6 errors, and 1336 seconds to relearn the maze
&6 days later.

The same trend can be observed in the control aﬁﬂ hot

room rats relearning the maze in each of the three temper-

ature conditions. Every time the sub-pgroup is moved to a

room of lower temperature, the number of trials needed de-

creases, and increases 88 equal groups are placed in rooms

of higher temperature. It must be noticed, however, that in

the standard of totel time required, there are 2 irregulari-
ties in this trend. The control rats relearning in the con-

trol room require greater time than do the control room rats

relearning in the hot room. Also, the hot room rats re-
learning in the cold room need more time than do the hot

room rats relearning in the control room. Time. scores, how-
ever, are usually considered the least reliable of the three
criteria of learning. Also, the differences between the

time scores of the sub-groups from any one room, moved to

the hot and cold rooms, are quite large.
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Variability of performance follows a trend B;milar to
that found in original learning. The size of the standard
deviations increase as auh-grnnpa originally from the same
‘room relearn the mage in rooms of higher tﬂnperatura. This
trend can be observed in all three atanﬂarﬁs amplﬂyad. The
means reported here are also raliahla if trials are taken as
the standard of performancs. Tha atandarﬁ arrura are all
low, with the means ranging from 7 to 10 times the stanﬁarﬂ
error. With errors as the standard, the means are from 3%
(twice in 9 cases) to 8 times as large as the standerd
errors. The tiﬁa scdraa are probably least reliable mith_
mesans ranging from & to 4 times the stendard errors.

The medians and ranges for the 9 sub-groups ére given
in Table XII. Again, =8 equal groups are placed in rooms of
higher temperature, the median score in terms of trials,
errors and time tends to incresse. The range also ihufaaﬂea
in this same manner. Examination of the median scores shows
only one exception to this tendency. Hot room rate relearn-
ing in the control room take 13 seconds less then do & cor-
responding group in the cold room.

Raiiﬁhility of the differences between ﬁqana for the 9
groups used here are given in Table XIII. The critiecal n
ratios for the differences between groups relearning in tha
" hot end cold rooms are 8ll large enough to indicate that

S8imilar results can be expected in future trials. The values



TABLE XII
MEAN, mEDIﬂﬁ AND RAWGES FOR THE TRIALS, TRRGRS AlD

TIME, OF THE NINE EXPERIMENTAL. GRDUPb

Trials Errors Time _

_ N | Mean | Med.| Range | Nean’ Med. | Range |Mean ~ Med. Range
Cold Room Rats _ B i, _ 1 e
a, Teft inC | 14| 7,1| 6,0| 3 « 190 | 17.4| 11,00 - 67 | 559 | 216 | 52 ~ 2736
b, Moved to X | 17| 9,8 |10.0| 4 - 19 | 31.8|28.0|3 « 79 |1090| 667 |121 - 3418

c. Moved to H| 14| 13,0 12,5 | 5 - 29 | 50,8 | 43.5 | 4 - 117 | 1536 | 2065 | 67 = 4014
Control Room Rats _ _ _

a, Moved to €| 14| 7.9| 7.0| ¢ - 12 | 51,53 | 18,0 1 = 117 | 702 | 546 | 97 - 2447
b. Left in X | 15| 11.3 | 10,0 | 3 = 27 | 40,0|28.0| 1 ~ 157 |[2009 | 819 | 68 ~ ¢882
¢. Moved to H| 15| 18,8 (17,0 | 9 = 45 | 70,4 | 5.0 | 17~ 171 | 1809 | 1167 |441 - 3916
Hot Room Rats _ | | ;

a, Moved to C| 16| 8.2| 7.5| 4 - 16 | 28,9|20.5| 8 ~ 126 | 1018 | 516 |125 - 5368
b. Moved to X| 15| 10.5| 8.0 4 -20| 36.5|25,0| 5 -166 | 748 | 503 |163 - 2563
¢. Left in H | 14| 16.5|14.0 | 5 = 40 | 47.6| 44.5| 17- 89 |1715 | 1146 (260 - 9309

21}



RELIABILITY (CRITICAL RATIOS) OF THE DIFFERENCES BETWEEN MEAN
TIME AND ERRORS FOR THE NWINE EXPERINENTAL GROUPS

TABLE XIII.

§, OF TRIALS,

Grioup Trials Errors Time
' Mean |[Diff |[fDIff | C.R. Mean [Diff | Diff | C.R. Mean |Diff |Spiff | C,.R.
Ce % ' ' ' ‘17 .4 ' . ' 559 _ L B
2.7 1.54 | 1.75 ' 14.4 7.82 | l.84 531 | 521.7 1.656
| COx 0.8 : 31,8 1090
Co 7l ' : ’ 17.4 ) ’ s, 559 ' T
' 5.9 | 2.02 2.9 : 35,2 | 09.81 | 5.4 777 | 372,98 2,08
ch | 13,0 50.6 1336 : :
Cx 9.8 R ' o 31.8 ' ) ' 1090 ' .
' 3.2 2.02 1,58 ' 18.8 | 10.45 1.8 246 |407,5 «6
Ch 13.0 1336 .
Xe 7.9 ' : ) ' 4 ' 702 ’ ,
) 3.4 | 1.98 | 1.7 8.7 | 15.15 66 1307 |742.9 | 1.76
Xx 11,3 . 2009
] 79 ) - - ' ' ’ 702 . 2 '
’ 10.9 2.55 4.27 39.1 | 14.83 2,64 1207 | 450.1 2.68
| Xh 18.8 1909 !
Xx 11.5 ' ' ' o ’ ’ 2009 ' '
: 7.5 | 2.95 | 2.54 30.4 | 15.7 1.97 100 | 825.4 12
| xh 18.8 ' - - | 1909
He 8.2 ' ) ) ' - ’ 1019 ’ ’
S 10.5 - 748 ' -
| He 8.2 ' ' ' ' 1019 ' :
' 8.3 2.75 3.04 ' 18.7 B.8 2.13 6968 | 699.2 « 99|
Hh 16,5 : 1715 _ _
- Hx 10.5 ' ' ' 36.5 ' ' ' 748
’ 6,0 | 2.86| 2.1 11.1 (12,38 .90 967 | 616.,2 | 1.B67
Hh 8.6 . | - 47.6 : boio o] 2726 r
% The letters ¢, x, h, indicate the room in which sub-groups relearned the maze.

99
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for differences between groups relearning in the hot and
control rooms are in general next in size, while the 8mall-
' est ratios are found for the differences between groups re-
learning in the cold and control rooms. This same trend

can be found in the ratios cslculated for the error and time
scores, but they are somewhat lower.

Table XIV is presented in order. to see if thers are sig-
~ nificant differences between the groups originally learning
the maze in different runms..hut which releerned in the same
room. This wes done to see if the difference found in origi-
nal leerning persisted when the rats were placed in new con-
ditions. If this does ocour, the sub-groups coming from the
cold room would be expected to ﬁhnw the best performance cof
the sub-groups in any room, with the control and hot room
rate standing second and third. Examination of the cores
of the rats relearping in the eblﬂ room indicates that in
terms of triels, the group originally learning the maze in
the cold room stands first, those from the control room are
Becond, while the hot room rats require the greatest numbe
of trials. For errors, the sequence is CEXF and for tutai
time, CXH. However, the differences are slight, and the
velues for the criticel ratios (Table XV) do not in them-
Selves warrant the belief that such differences as those are

8ignificant.

1. The symbols C, X, H stand for groups originally learning
the maze in the cold, control and hot rooms, respectively.
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The auhQEronpa relearning in the control room have the
order CHX for trials, CHX for errors, and HCX for time.
ﬁgain,lTahle XV indicates that the criticel ratios are not
 large enough to suggest that these differences are relisble
atntiaticnlly.l In the hot room, the nrdﬁr in relearning is
CHX for trials, HCX for ariors, and XCH for time. Critieal
ratios for the reliability of these differences are somewhat

larger, but 8till too small to be very sipnificant.

TABLE XIV |
RELEARNING SCORES GROUPED BY ROOUS

Trials - Errors Time

" Rats relearning in cold room |
'_,a. From cold room : % W 17.4 5569
b. From control room < M8 81.3 - 702

o. From hot room 8.2 28,9 1019

Rats relearning in control room

&, From cold room 9,8 ' 32,0 1090
b. From control Troom 11.3 40,0 2009

o. From hot room 10,5 6.6 749

Rats relarning in hot room
a. From cold room 18.0 0.6 1226
E. From control room . 18.8 - 70.4 1009
¢. From hot room 16.5 . 47.6 1716



TABLE XV

RELIABILITY (CRITICAL RATIOS) OF THE DIFFERENCES BETWEEN MEANS OF TRIALS,
ERRORS AND TINE WHEN GROUFED BY ROOMS FOR. RELEARNING :

m - ,
Group _ Trlals Errors Time
Wean | Diff | /Diff G oRe Mean | DAL | # DACT G0, liean |Diff | /DALF CaE.
) «8 1.4 «57 ’ 15.9 9.88 1.40 143 | 273.7 « 58
Xe 7.9 . | 31.3 | I (o~
Ce 7.l : . . 17.4 ' ) S 559 I )
: 1.1 1.37 «20 " 11,5 8.48 1.38 460 | 424.6 1.08
He 3.2 28.9 019
Xe TeS ] . ' SLle0 ’ .. 702 .. '
- -:5 1.2’3 -24 . 2.4 11403 .EE 31‘? 422.5 . .'?5
Heo 8.2 23.9 1019
Cx. 9.8 ' ) ' 51.8 : ’ ’ 1090 ’ ’
) 1.5 2.06 1O ' 8.2 | 11.87 .70 - 919 | 716.9 1.28
K= 11,3 L I 40.0 2009
- Cx 9.8 - oL.B ' - 1090 ' B
7 | 1l.26 + 56 ' 4,7 | 12.68 «OT 342 | 308,6 1.11
Hx 10.5 ' 36.5 748
Xx 11.3 40,0 ' ' ' 748 ' ' '
’ « 8. .11 «08 ’ 3.5 | 14.90 .23 1261 | 740.3 1.70
Hx 10,5 36.5 2009
Ch 13.0 ' ' ’ 50.6 ' ' ' 1336 - '
5.8 2.92 | 1.98 ' 19.8 | 14.80 | 1.34 .| 673 | 16,50 1.11
¥h 18,8 70.4 1909
Ch 15.0 ' b0.6 ) ' ' 13368 ) ’
' ' 3.6 3.11 | 1,13 ' 3.0 | 10,08 -50 379 | 669.4 .57
Hh 16.5 47 .6 1715
¥h 18.8 TU .4 1809
' ’ 2.5 3.52 +65 ’ 22.8 |135.26 1.72 194 | 716.4 27
Hh 16.5 47.6 1715

6%
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It should be remembered, however, that purely ﬁtatiﬂti-
cal tests have ﬂéfinita limitations., Consistency in trends,
even thuﬁgh absolute differences may be small, are certainly
1mpnrtéﬁt signs af_pnssibie relationships. In the relearn-
ing in each of the three rooms, it was found that rats
learning the maze in the control room and relearning in any
of the three rnﬁms show the poorest performance. This is
true in 6 of the 9 puasibla combinations, using triasls, errors
and tim§ a8 standards. Even in the original room, control
rats relearning there have & poorer score than do rats coming
from either the cold or hot rooms. In no eas§ did the sub-
groups from the cold room 8tand iast, while those from the
hot room were in ;aat place in 3 of the 9 chances.

~ While the cold room groups do stend first in 6 of the 9
meassnreg, it i= the hot room gréupa which stﬁnd second place
most frequently, with the control room grnnpé cnmiﬁg laatn
the greatest part of the time. Thue if thsré is a tendency
for the cold room to set up processes which may be carried
over into other rooms and for a time influence behavior,
corresponding tendencies arising frum-tha hot room are lost
rapidly. The relstively poor performance of the control
Toom sub-groups also suggests the possibility that these rats,
when moved to other rooms, are at a disedventage. Confronted
 for the first time with the problems of adaptation to new
conditions at a later period uf their life,'thay may not be
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able to meke such changes 28 these re#&ily. Perhaps the
¢old and hot room rats, having ohaa ad justed to wnusual cea-
ditions, are able to do 20 again with relatively graater
ease. This explanation, however, fails to account for the
poor pérfurmanne of the cuntrﬁl rata remaining in th; ﬂun;
trol room, unless the assumption is made that tha move from
hot to control room ascts to stimulate in some way the rats

" from the hot room. | |

" Tables XVI, XVII, and XVIII give the criticsl ratios,
listed in order of ﬁagﬂitu&a, for differences . ' between
groups measured in terms ﬁf trials, errors, and time. Eaeh
group 18 compared with every other group. In sll 3 stand-
. ards, the genersl trend 1s for the higheét eritical ratios
to occur between grnnps-relsazﬁing in the cold snd hot rooms,
regardless of origin. The.luw critieal ratios usually are
found between gruuﬁs relearning in the same room, no meatter
where original learning took place. Hine of the firet
twelve critical ratios are between groups relearning iﬁ the
hot and 601d rooms. Eight of the a8t ten eve between rate
relearning in the ssme room. When errors or time are oon-
sidered, the distribution is not quite so striking, but it
follows the same order. TFor errors, seven of the first teﬁ
C.R.'s are between rats rélaarning in the cold and hnt'foumu,
with four of the last ten between groups relearning in the

same room. When time is considered, six of the total nine
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critical ratios for differences between the hot and cold
rooms are included in the first twelve ratios.  The last

ten ratios inhluﬁe more differesnces between o-x and x-h

gruupg.l_"Thrua of the last 10 included groups relearning

in the gsame room.

1., The small symbols e, %, h, indicate the room in which
‘sub-~groups relearned the maze, When uneed with C, X, or
H, the room of original learning as well as the room
in which relearning took place is indicated. Thus
Co is used to identify the group learning and relearning
the mage in the cold room. y



TABLE XVI

GROUP DIFFERENCES POR RELEARNING IN TERMS OF
ACCORDING TO THE SIZE OF THE

TRIALS RANEED

CRITICAL RATIO®

Rank

M
C.R.

Rank| Pair| C.R. Pair|C,.R.| ERank|Pair Reank| Pair|C.R.
Co , Ce Cc Ch
1 4.47| 10 . l2.70] 19 1.?5“ 28 | . 1.13
: Xh - Hx Cx Hh
Xa Xe Xeo Ce
2 4,27 11 2.64 20 1.70 29 .8
Xh | ' Ch | Xx He .
He He D <3 Cx
> 4.20 12 2.04 21 1.66| 20 | T3 |
Xh | Ch Hh Xx
1 ex |- Xx , He ; ix
4 .44 13 2.54 22 1160 31 «70
Xh | Zh Xx Ch
Ce Ccx He Eh
5 O30 14 2.40 23 1.60 a2 ; «65
_Hh Hh " Hx Xh
Hx ' Hx . tx ' Ce '
6 S+18 16 2.10|| 24 1.68 33 D7
Xh Hh Ch Xe
Xo Ce Xe Cx
7 3.12 16 2.04 ) 25 11.33 a4 | D6
Hh Xx Cx Hx
Ho Ch Hx Hx
8 e 04 17 1.98 26 © 11.20 &5 38
Eh Xh | cn Xx
Co | Xe He Xo
9 2490 18 1.80 27 1.17 36 «24
Ch Hx Cx He -

“ In Tables XVI, XVII,

ing score is

placed first in each pair considered,

XVIII, the group with smsllest learn-




TABLE XVII

GROU? DIFFERENCES FOR RELEARNWING IN TERES
OF ERRORS RANKED ACCORDING TO THE SIZE
. OF THE CRITICAL RATIO

64

Rank |Palr|C.R. |jRank | Palr|C.Rs ||[Rank |Palr G.H-“Rank Falr|C«Re.
(H HE Cé Xc

1 4,15) 10 1.99| 19 1.40|( 28 _ +66
Eh Ch Xe xx
Ce ix f Ce : ilc

2 4,06 1.97| 20 1,36 || 29 «58
Xh Th He Hx
Cec Cx Ch . | Cx

3 3.40| 12 1.94 21 1,34 || 30 07
Ch Hh *h Hx
He -1 Ce Hx Xe

4 2,98 13 1,84 22 1.01| 31 07
¥h Cx Ch Hx
Cx ' Cx He He

o 2,85 14 1.80) 23 «95 || 32 3
¥h Ch = Cx
Xe Hh Hx Hh

6 2.64| 15 1.72) 24 .90 33 © .00
Xh Xh Hh ' Ch
Fe Xeo X=x Hx

7 2.15|| 16 1.60| 25 81| 34 23
th Hh Ch =
Hx _ Ac Cx He

8 2.06| 17 1,58 26 L70| 35 =)
Xh Ch Xz Xe
Cc o) g k=X Xc

L 2.04“ 18 ' 197 || 27 «B7 || 36 ' »05
¥x .| Hx ' ih Cx




TABLE XVIIX
GROUP DIFFERENCES FOR REIEARNING IN THRHES OF TIME

RANKED ACCORDING TO THS SIZE OF THE
' , ORITICAL PERIOD

Rank|Pair| C.R.|Rank| Pair| C.R. [Rank Pair G.R-ERnnk Pair |C.R.
- Co-| Hx He
Xh | Ex > Ch
Xo Ce Ch Cx
2 2.68| 11 | | 1465 | 20 1.11) =9 60
Xh Cx Xh | Ch
Hx | Xo i Ce Ch
3 2.60| 12 l1.64) 21 1.08| 30 «57
Xh Hh _He ' Fh
Co Hx | Cx Xo
4 2,08| 18 | @ |1.61] 22 1.01}| 31 D2
Ch Ch | Hh Xo . -
Ce Ho |- " | He Hh
b 11.956( 14 1.60| 23 «99| 22 02
Xx : Xh Hh Xx
' Co BEx | Ch T Hh
6 1.86| 15 1.57 ) 24 «B6| BZ «27
Hh Hh Xz - Xh
Cx 433 He Xa
7 1.77| 16 1.28| 26 + 75| 34 «17
Zh Ax _He Hx
Xe Xa Coe He
8 ' 176 17 l.24| 26 « 71| 3b 15
Ix Cx | Hx ' Cx
X0 He Hx Lh |
9 1,70 18 1.22| 287 | «05| 36 «12
Ch Xx . He Xx
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Differences in relearning by the sub-groups from any
one room oan also be calculated in terms of the percentage
saving in relearning. The original lenrnihg score minus
the relearning score divided by the original score glves
a v2lue which expresses veriation from a base, or original
soore. As fhe Bub-groups in aéeh room were equated on the
basis of trinla only, the pefuantagﬂ.agfinga may reduce the
reversals noted in the absolute scores, 11&0. such values
show in a striking fashion the differences in relearning -
under the three temperature conditions. Tsble XIX gives
the percentege saving on relesrning for tha ﬁina groups.

As might be expected, the percentage saving, when learn-
ing is measured in terms nf'ﬁriala. errurs_nrztime. de-
creabes8 as the rats are moved ‘from rooms of lower to higher
temperature. The rats from the not room show the greatest
gaving when'mu?aﬁ to rawma_nf lower temperature, as they
have greater scores for original learning. Two reversals
in the time scores still remain, but the differences are
small. - |

Table XX regroups and summarizes the velues presented
in Table XIX. Here the groups relearping the maze in the
8eme rocom are plaead:tagether. This is done in order to
compare the raﬁh of each sub-group, in terms of percentage
eaving, with the ranks in terms of absolute scores. In

terms of percentage saving, the expected order will be EHXC,



PERCENTAGE

TARLE XIX

SAVING IN RELEARNING

Trials Eﬁrnra _ _ Time .
_ B Oriz.| Rel.| Sav.|%3av.| Oriz.| Rel. sav. [hSav. Oriz. Rel.| Sav. [fSav.
Cold Room Rats _ _ . _ - _ o _
a. Left in ¢ | 20.2 | 7.1| 15,1[64.85] 118.0[ 17,4|100,6[85.20 | 4214 | 559 | 5655 | 86.73
b, Moved to X | 20,0 | 9.8 10.2|51.00| 163.2| 11.8|151,4|80,51 | 4697 | 1090 | 3607 | 76.79
c. loved to H| 19.2 | 13.0| 6.2|52.29| 140.6| 50.6| 90.0|64.01 | 4021 | 1356 | 2685 | 66.77
Control Room Rats _ _ s _ : _ f B
a. Noved to C | 26.1 | 7.9 18.2|69,58| 145.6| 51,3(|112,3|78.20 | 5265 | 702 | 4633 | 86.59
b, Left in X | 26,3 | 11,8 | 15.0|56,92 | 159, | 40,0/119.5|74,80 | 4715 | 2009 | 2706 | 57,39
¢. Woved to H | 25.7 | 18.8| 6.9|26.85| 128.5 | 70.4| 58.1|45.21 | 5169 | 1909 | 3260 | 63.07
Hot Room Rats | | .. _ _ o _
a. Voved to G| 35.4 | 8.2|27.2(76,86 | 254.5 | 26,9|225.6|88.64 | 8475 | 1019 | 7454 | 87,07
b. Moved to X | 87.3 | 10.5 | 26.8 (71,93 | 250.9 | 56,5|104,4|84.10 | 8025 | 748 | 7277 | 90.68
c. Left in H | 37.5 | 16.5 | 21.0(56.00 | 255.6 | 47.6(208.0|81.38 | 8571 | 1715 | 6856 | 79,99

LS



as the hot room rate, with the lowest level of performance,
will be expected to show relatively greater gains in per-
formeance when placed in rooms of cooler temperaiures.

For rate relearning in the e¢old room, the rank is HIC

for trials, HCX for errors, and HCX for time. In the con
trol room the corresponding valmes are HXC, HCX, and HCX.
Sub=-groups relearning in the hot room stand ia the order
HCX for trials, errors and time. Agein, the enntful Bub~
groups lag behind in their expected position 7 of the 9
times. The hot room groups show the greatest percent im-
provement, stending first in every case. Thé pessible .
basis for the control groupse standing lest is probably that.
aﬂvannéﬁ earlier in the discussion of the absolute values,
The differences in the percentage saving of groups of
equal lenrn;ng ability relsarninpg the maze in the hot and
cold rooms are 1nteresting.1 Cold inum sub-groups, relesrn=-
ing in the cold and hot rooms, have & difference in par;
centage saving of 21.9 for trials, 21.3 for errors, and 9.1
for time. Rats originally from the control room, relearn-
ing in the cold 2nd hot rooms, have a difference of 42.7 ¢
for triasls, 33.0 % for errors, and 23.5 % for time. Cor-
responding values for hot room rats relearning in the hot
and cold rooms are 20.9 %, 7.2 %, and 8.1 %. In general,
the greatest difference in percentage saving for Telearning

in the extreme tamparatﬁra conditions is found in the trisl
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- PABLE XX

PERCENTAGE SAVING-RATS GROUPED
BY ROOMS DURING RELEARNING

Triale Errors ) Time

Cold Room ' ' '

&t frl}m G 54u55 85529 3 35.?3

b. from X . 69.58 78.20 86.569

G. from H ?EnBﬁ L 33154 B7.97
Contrel Room _ _

a. from C 51.00 80.51 T6.79

b. from X b6.92 74.89 57.89

¢, from H 71.93 84,19 - 90.68
fot Room . ' T |

a, from G . _ 22.29 64.01 66.77

b, from X 26.85 45.21 63.07

c. from H 56.00 81.38 79.99

scores, with the next greatest difference in the error

scores. There was only & 9.1 % difforence between the time
scores for celd room rats relearning in the het and cold
rooms. The difference 1s 8.1 % fhf the hot room, and rises
to 23.5 % for the control rats. Although large, this last
value is the smallest for the differences in percentaps
saving for control rate relearning in the hot and cold rooms,
when 211 three standerds of lesrning are cansidara&.. The
same genersl pattern, however, is found in most retention
testa., Thus the &ifferancag_nntaﬂ are probably not a pro=-

dnct of temperature slone.
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Sex Differences in laze Learning

In original 1§arning tests, 1t was found necessary to
ﬂroﬁ some of the rats from the experiment. These rats,
after repeated trials, nnﬁsistantlr refused to run the mage,
A8 might have been predicted, more rats were dropped from
the hot room than from either of the other two. Interesting-
ly enough, it was also noticed that more meles than females
in the hot room had to be removed. This fact suggested that
there might be sex differences in maze performance under
the extreme temperature conditions, Although Hellmer did
not report any differences of this kind, he aid indicate
that the sex ratios for the second generations hhin in three
rooms differed widaiy. Relatively more males were born in
the cold room, and appﬁrantly more females in the hot.

Examination of the records show that 6 of the 9 ratis
dropped from the cold room were meles, The ssme number were
removed from the control room, 6 of which were males. In the
hot room, however, 11 of the ;E faﬁa dropped from the ex-
periment were males., These facts sugpest that the males
seem to do relatively poorer in all three rooms, and es-
pecially so in the hot room. = |

Calculation of the mean triala.:errora and time for
original learning of the meles and females in each of the
rooms wee next made. Table XXI gives these values. There is

some indication that the males show better performance in the
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cold room; the females better in the hot room. In the cold
room the males required 18,8 trials, while it took the fe-
males 21.1 trials. In the hot rnum_tha_poaitians are re=-
varﬁaﬂ. with_tha-malealtgking 42 .0 friala to the females®

23.5. The saﬁp tanﬂenu; is found in'tha time scores, but

TABLE XXI

MEAN TRIALS, ERRORS, AND TIME FOR MALES
AND FEMALES IF EACH ROOM - ORIGINAL IEARNING

Meles PR ‘Pemales

Group |No [Trials| Errors|Time|No|Trials| Errors|Time

Cold 25| 18.8 | 128.4 14206|22| 21.1 | 166 |4713

Control| 25 | 26.3 | 1256.1 |5064|23| 26.6 | 161 5306

Hot |17 | 42.0 | 241.0 |8941|30| 3.6 | 247.2 |7890

the males do somewhat better in terms of errors in the hot
room than the females.
The reliability between the differences of the means

;nr the trisls of the males and females in each room was de-
tormined. Table XKII gives these values. As the eritical
ratica are 2ll low, the diffarenhee may not be eignificant
statistically. Since ecritieal rﬁtius for ﬂifferﬁnaaa be~-
tween errors and time are usually smaller than for trials,

these values were not caloulated in the present csase.
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TABLE XXII

HELILBILITT OF DIFFEREHNCES BETWEEDN MEAN
TRIALS = HALES AND FE~

HMALES
Group Mean Biff.; d Diftf. C.Re
Cold Toom | '
. malea 18.6 -
. . Led 2.29 1.0
femsales 21.1 . :
Control
_room
1.9 3.89 0D
femnlen Eﬁ e 5 L
Hot room
males 42,0 _
8.5 5.14 1.65
females 33.5

An aﬂﬂifiﬁnal check on the sex differences can be made
by examining the relearning scores in each rooﬁ. with all
three sub-groups combined. These differences sre shown in
Table XXITI. . ' |

Athough the meles relearning in the enld room do better
in terme of errors and tima,]thsy.lag behind when trisls are
considered. There is no clesr edvantage in either ﬂirﬂﬂtign
in r&la&rnipg-in the control room. Halese in the hot room
agein show the better performance on 8ll thres criteria.

The trend in perfermance of the maleé and females wes not

the same in relearning as in the original learning, suggest-
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ing that there may be 1little significant difference 1h the

ability of the sexes in the hot amnd cold rooms,

However,

this is only & preliminary examination, and conclusions

should not be taken as fimal,

'TABLE XXIII

MEAN TRIALS, ERRORS AND TIME FOR MALES
AND FEMALES IK EACH ROOM - RELEARNIRG

Hales Females
Gromp | No|Trials|Errora| Time | No|Trials Errors Time
Cold 22| 8,1 21l.1 6253.,0 | 22| T.4 | 30.9 984.3
Control | 19 11.0 | 83.9 | 1496.1 | 28| 10.5 | 87.3 | 1123.9
Hot 22 [156.5 53.1 1569.7 | 21| 16.8 | €0.0 17563.5

Anslysis of the Learning Curves

In order'to compare the performance ufithe different

groups of rats in the maze, it was necessary to use Some

methed of meking cnmp&rahld the lesrning curves of all the

rate, This must be dome since different rats in each room

mastered the mage after s different number of repetitionms.

Leorning curves bseed on the average errors per trial would

thus not be rspresentative in the final portions of the

;earﬂing process &8s only a very few animals would halin-

cluded.

!
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The procedure proposed by Vincent (68), with aomq'modi-
fications, has been used here. The three errorlsss rums,
nsed as the criterion of learning, have been included in the
total number of trials from which the ?1u§ant eurves were
‘constructed. This was done to be consistent, ss all sten-
daris of learning employed ﬁara include these friala. Al=
though this does not follew the procedure suggested either
by Ioucks (40) er Hilgard (28) it 1= aﬂequat& for our pur=-
pose. Any Vincent ecurve preéante, in a aenaﬁ, an artificisal
picture. All that 15 desired here is some ‘means of com-
paring the general progress in aliminatinn uf errorg during
the learning of the maze by the different gronps of rats.

From the curves thns obtained, we note that there is
1ittle difference in performance between ths rats lesrning
in the cold and control roome, Figure 9 shows that while
the control room rats start with a greater number of average
erTors in the early tenth of the learning procsess, this
group eliminates errors rapidly until the th tenth, From
this point the control room rats are 8lightly behind the
cold room rats, The learning curve for the hot rﬁum has the
same general form aa the other two curﬁas. with the exception
that it starte with greater average errors, and lévela out
2% about the sixth tenth at a fairly high average error per
tenth., This level is maintained until near the end of the

learning.

Figure 10 gives the curves for relearning, combining all
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sub-groups rﬁlearning in the same room, regardless of origin.
The range of arrafﬂ at first is large, but this diminishes
rapidly until the mid-point of the curve: Here the groups
frum_all three rooms meke about the same ayerage errors per
tenth, After this point, however, the rats relearning in
the hot room tend to show s decresse in performance, and the
averaga errors per tenth inersase. Rata in the cold room
show fairly stesdy progress. .The control groups 8180 elimi-
gats errors at a steady rate, but somewhat more slowly than
the cold room rats.

Hodified Vincent curves for all sub-groups relearning
in each room sre shown in Figures 11, 12, &nd 13. While.
they present much the same general picture thet would be ob-
tained 1f one considered only the mean triale for relesrning, .
0r the rank occupied by each group in the three rnnms,-they
nevertheless delineate the conrze of ralaafﬁing thrnﬁghuut
the entire process, |

The perfuzmanée of groups relesrning inm the cold room
is shown in Figurﬁ i1l. Here the rats originally learning
the meze in the cold room snd ralaé:ning it.théra ghow the
best performance. Average errors per tenth are 2t a low
lovel throughout the eatire learning process. The sab-
groups from the control and hot rooms show ahaut.tha same
levele nf'parfdrmanca. somovhat lower than the rata-fram the

cold room.
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Inspection pf relearning curves from the control room
(Figare 12) indicates that the sub-groups from the cold and
not rooms exhibit slmost the same type of progress through-
out the relearning. The curves diverge slightly during the
first portions, but remaln close together most of the time.
While the snb-éroup from the coatrol room starts with fewer
average errors, there is & merked platesn from the 4th to
6th tenths whiﬁh places this group behind the other two the
remainder of the time.

Fignre-lﬂ for th; hot room presents the same general
picture, Here, hawevar; the sub~group from the uuﬁtrul room
gtarts with a greater number of average érrars. and remain
in this position the remainder of the time. It is interest-
ing to note that all 3 sub-groups in the hot room show a de~
cided luck of progrees from the 3rd or 4th tenth to the 7th
tenth of the process. This is especially true for tﬁe cold
and control raté.

A genersl picture of the r&ta of error aliminatian ean

he galned from the curves.thus presented. Hellmer raportad

certain qualitative observations found %o hold in the pres-
ent study. Rats working in the cold room temd to show great=
or 8tability in their performance, both in learning and in
relearning. Errors were eliminated gradually but comsistent-
ly. This is reflected in the steady drop of thé Vincent

curve for that room. On the other hand, rats working in the
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hot room were quite erratic in their behavior both in learn-
ing end ralaarning, sometimes running the maze quicekly and
2t other times failing to complete it in the period allnwaé.

Progrese in eliminstion of errors was unsteady, and after

an initial period of impruvement the rate seemed fo show
very 1ittle gain in learning for many trials. The plateaus
in the curves for these rats are evidenee of such behavior.
It ia interesting to note that in the case of relearning

the curves become more varisble, showing more instances of
inmprovement followed by a decline, a8 one goes from the cold,

through the control to the hot Toom.

The Obstruction B&x-Teats'

Performance in the obsiruction box was divided into
four 5 minute pericds, and the number of approaehas; aon=-
tacts end crossings wera'reacrdeﬁ for each interval. 47 rats
were tested in the cold room, 63 in the control ﬁnﬂ'49 in
the hot room. Performance of auh-g&nupa.mithin easch room
wag also recorded., Teble XXIV gives the mean valuee for
approaches, contects and erossings for the 9 sub-groups, as
well a8 the means when the rais are grouped by rooms. Ex=-
anination of the data from rats grouped by rooms in which
they were tested reveals several tendencies. In each suec-

ceseive 5§ minute period the number of approaches énnwa a

8light tendency to incre=se from the cold through the control



TABLE XXIV
MEAN VALUES FOR APPROACHES, CONTACTS, AND CROSSINGS IN OBSTRUCTION BOX

Rats tested in C

Rats tested in ¥

Rets tested in H

- all all all
from | from | from | in from | from | from| in from | from |from | in
c X _ | = c c X H X c X | H H
N-20 | N=14 [N-=15 | N-47 |[N=15 | N-24 |N-14 | N-565 |N-14 | N-12 |N-825 |H-49
First 5 mimutes ' AT ' ‘ : SARIREI: ' : '_ :
approaches a 3.4 B5.8] 8.8 4.7] 5.9 4.0] B.1 B3| 5.6 | 4.6 | 5.0
contacts 0.2 5.0 9.2 7.9 6.7| 8.1 9.7 8.1 | 7.2 7.0 | 6.7 7.0
erossings 4.0 7.6 | 8.1| 6.3 | 8.56| 1.9 | 4.4| 3.0 1.4| 2.4 | 2.0/ 1.9
Seeond & minutes ' - ' ' N - |
approachnes & - 2% =2 U 9.9 G.9 3.6| 8.9 6.8 5.4 4.5
econtacta B 1.3 7| 1.0 B | 1.8 1.,6| 1.4]| 1.2 .4 .8 1.1
croasings 5.5 | 8.8 [10.2 71 2.9]| 2,53 5.4]| 3.3 «91 1. 1.9 | 1.7
Third 5 minutes ' ) ' ] o ] ] ) ] ni% i i
approaches 1.8 1.9 1.9 1.9 5.7 2.1 1.9 2.6 4.6 . D 2.7 5.6
contacts 8 .8 -} 7 5 1.3 1.1 1.2 1.6 o7 -3 -8
GI‘GESinEB E-D 10.6 9-9 B-4 9.7 E-E 7.7 4_.;2 1-4 E-ﬁ 2.5 E-E
Fourth 5 minutes ' 3 . ' ' ' ' N '
approaches 1.0] 1.6 3.4 1.9 4.2 3.3 1.6] 3.2 2.4 2.7 vl
conteecta ) 8 o i .7 5| 1.8 7] 1.1 | 1.4 .B 4 .8
erogsings 8.9 | 7.6 O 7.1 o5 1| B.1| 4.4 | 1.4 . 2.7 -
Totals ' ' ' ' ' ) ' j _‘ ]
approaches 9.6 |10.5 (11,2 710.2 7 115.6 [11.3 14,6 [17.7 [19.8 [15.5 [16.1
contaets 11,3 | 7.8 |11.4 | 10.53 8,1 |12.9 |13.1| 11.6 | 11.86 0.9 | 8.3 0.6
¢roasings 22,7 |34.7 |55.2 |29.5 |14.5 7.5 |25.6 | 14.8 5.1 9.9 9.5 8.1 |




to the hot room. In other wﬁrﬂﬂ,.mora hot room animals
£ailed to cross the grid. The number of contacts made by

' the cold and hot room rats wes about equal, while the rats
in tﬁa control room touched the grid more fraﬁﬁantlr. This

means that in the cold room more approaches gnd contacis were

converted to crossings while in the hot room there were few

attempts to ecarry the action beyond the point of orientation

towsrd the gosal. The animals in the control room made more

approaches that led to contacts than the rats in the hot room.

Actuel crossinps indicste that rats tested in the cold room

made the desh most frequently, with the control and hot rooms
i

stending next in order.
Vhen the approachss, contacts and erossings for each

successive 5 minute period are examined separately, Ssveral
trends can 2lso be noticed. Considering all the ratas tested
in each room, we find & tendency to ﬁaka wost of the epproach-
es in the first and second 5 minute periods, with a decline
in the Jrd and fourth. The control.rate act aumawhat.&ifféru
ently in thet the greatest number of approaches are found in
the second and last pa}inﬂs. and fewest in the third and
first. '

In all three rooms, more contacts are made in the first
and second 5 minute periods, with the third and fourth periods
coming next. The groups in the cantrﬁl_ruum reverse this

trend during the last two periods, however. MNost of the
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croseings take place during the later trials, that is, in
the third and fourth periudé. The cold room is most active
in the third interval while the other two rooms show ths
greatest number of crossings in the last period. Rats test-
ed in the cold room show the fewest number of crosesings in
the first and fourth intervsls, while those in the control
and hot rooms cross less frequently in the first end second.
As a tTale, however, the aamd general pattern of activity in
the five minute periods is displeyed by the rats in all three
rooms . _

The standard deviations for the means for all rats test-
ed in esch room are given in Table XXV. The sigmas indicate
that the greatest variability for epproaches comes in differ-
ent periods for each room. In the cold room, it is during
the first and second periods., The first and fourth periods
have the greatesﬁ variabi;ity in the control room, While it
is the third and fourth in the hot room.

Contactes show almost the same order in all rooms, when
variability of performance is considered. It ié greateﬂg
usuelly in the first and second periods, and smallest in thﬁ
third. On the other hend, total crossings are found 1o .be
most varisble in different periods in the three rooms. The
greatest spread of croseinge is found in the third period in
the cold room, ﬁﬁring the fourth in the control room and in

the first in the hot room. The smaellest velues were for the



TABLE XXV

MEANS, STANDARD DEVIATIONS, AND STANDARD ERRORS FOR EACH FIVE MINUTE

PERIOD FOR ﬂIL RATS TESTED IN EACH ROOM .

All rats tested in ¢ A1l tested in X All taétéd in H
mean | o 0/fw | mean o 7/ | mean v o/
First 6 minutes ' ' : : : ' ]
approaches 5.6 9,15 1.33 5.1. .64 «5 5.0 3.48 .5
contacts . 7.9| b.54 81 8.1 5.21 72 | 7.0 4.22 .6
erossings 6.3 6.94 | 1,01 3.0 71 A5 1.9 | 6.83 89
second 5 minutes - . ' - ‘ -
approaches 5.0 2,98 e 3.9 35.55 .49 4.5 3.87 .56
contacts 1.0 3.43 | 50 1.4 5.64 .50 | 1.1 1.19 17
crossings 7.7 1 9.06 | 1.32 3.3 5.45 J76 | 1.7 5.36 .48
Third 5 minutes =~ . : - - e - -
approaches 1.9 297 .26 2.6 5.14 45 | 3.6 4.11 .59
contacts 7 1.18 17 1.2 2.27 00 8 2,12 .00 :
eroasinga 8,4 9.63 | 1.40 4.2 6.28 | .88 | 2.2 4.28 61
Fourth 5 minutes ' : ' : : : Fe s ‘
approaches 1.9 2,67 09 3548 4,41 61 | 3.1 4.03 .68
eontacts LT | 1.49 +28 1.1 2.83 B9 .8 1,756 | .25 -
crossings 7.1 | 8.22 | 1.820 4.4 6.69 92 | 8.5 5.96 «57
Totals - - i i ' i i :
approaches 10.2 | 8.80 | 1.28 14.6 12.20 1.67 |16.1 | 12.90 | 1.84
contacts 10.5 | 6.70 97 |11.6 | 11.20 | 1.54 | 9.6 7.08 |1.,01
eroasings £9.5 | 29. 4.32 14.8 20,45 2.81 { 8,1 | 11.90 1.70
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firet period in the cold and control rooms, and the seoond
period for the hot room,

Since the standard errors for many of the maanalare _
_fairly lerge, there is doubt as to the relisbility of some

of these measures. In view of this faol, it seems quite

probable thet the temporal pattern of asotivity as well as

the degree of verisbllity of performance does not differ

gigrnificantly in the three roomdé,

Hediane and ranges Tor the éntai number of approaches,
contacts &nd crogsings vresent Rbout the same picture.
Table XXVI givaa‘thnaa values, . In general thé mediens era
eémaller than the means, This was to be expected, 28 many of
the rats made a3 few if any croseings af contects. This was
especially true for crossings in fthe control &nd hot rﬁum#.

Bo coneistent trends in the Bizes of the ranges for the three

rooms can be detected.

The dnta gan next be examined to see if there are dif~
© ferences in parfurmﬁnua betwean sub-groups within each room.
Of ell the rets tested in emch room, one~third came origi-
pally from one of the three tempernture conditions. Are
there differences in behavior in the obatruction box thst
gan be releted to the rdum of origin, or that cen be related
to the trends found in the releerning 6f the mage? Values
for epproaches, contacte and cropsings from Table XXIV can

be used in determining the .rank of each sub-group in sach



TABLE XEVI

MEAW, MEDIAN, AND RANGES FOR TOTAL APPROACHES, CONTACTS AND CROSSINGS
FOR THE NINE EXPERIMENTAL GR{JUPB .

Rats tested in O

Rats tested in X

Rata tested 1_;_ H

. all all all

from | from | from | in from | from | from | in from | from | from | in

C X H c C X H X c X H H

) _ ) _ Total Approaches _ _ ‘ ‘ .
HMean 9.6 | 10,5 | 11,2 | 10.2 | 16,7 | 13.6 | 11.3 | 14.6 | 17.7 | 19.8 | 13.3 | 16.1
Median | 8.0 | 9.6 | 7.0| 8.0 | 15,0 | 10.5 | 7.5 | 11.0 | 11,0 | 13.5 | 11.0 | 13.0
Range | O=34 |0=28 | 0«32 | 0-34 | 0-29 | O-44 | 0-51 | 0-51 || 4-38 | 2-51 | 1-53 | 1-53
_ - . Total Contacts . . _ . _ .
Hean 1,3 ( 7.8 | 11.4| 10,3 | 8.1 | 12,9 | 15,1 | 11.6 | 11.6 | 9.9 | B.3 | 9.6
Median | 8,6 | 5.0 | 10,0 | 8,0 | 7,0 | 9.5 | 13.6 | 9,0 | 8.5 | 7.5 [ 7.0 | 7.0
Range | 3=22 |1-20 | 0-23 | 023 | 0-18 | 3-79 |-0-26 | 0-79 | 0-38 | 1-28 | 1-21 | 0-38
| _ Total Crossings _ 1 _ B ,
Mean 22,7 [54.7 | 35.2 | 20.6 | 14.5 | 7.5 | 26,6 | 14.8 | -5.1 | 9.3 | 9.6 | 8,1
Vedian | 23,0 [40.5 | 18,0 | 23.0 | 2.0 | 1.0 | 26.0 | 2.0 | 1.5 | 1.6 | 2.0 | 1.0
0-78 |0-94 |0-109 |0-109 | 0-61 | 0-51 | 0-68 | 0-68 | 0-43 | 0-35 | 0-39 | 0-43

Range

L8



TABLE XZVII

RANE OCCUPIED BY SUB~GROUZS IN EM?E ROOM IN
- OBSTRUCTION BOX TESTS* -

Testad Tested Tested
in S in
c L - H

First 5 min.

approaches CXH XCH XCcH

contacts (cH)X HEXC CXH

grogsings HXC HCX XHEC
Second 5 min.

approaches HCX {cX)H CXH

‘sontacts XCH XHC XCH

grossings HX C ACc X X HC
Third & min.

approaches ({xH)C CXH ¢ XH

contacts {ox)H XHC CXH

crosgings XHC HC X ZHC

- Pourth 5 min. _

approaches HXC 0XH XHC

gontacts HIC LZHC ¢cX1a

erassings iHC HC X L HGC
Tutals

approaches HXC CXH XCH

contacts HC X HXC CXH

erossings HX C HC X HXC

* symbols in parenthesis indicate equal rank,

room. The rank can be expressed by using symbols to re-
present each sub-group and placing them in their order of

magnitude. Thus in Table XXVII, the sequence CXH means that
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in any room the sub-group from the cold room stands first,
that from the control room second, with the group from the
hot room th;r&.

There is some agreement in the number of approaches,
anntacﬁﬂ and crossings for the nine groups when the totals
for the twenty minute test period =re considered. Rats from
the hot room when tested in the cold room show the greatest
number of approaches, contaets and erossings. A similar
group in the control room 21so stands first in contacts and
crogsings, In the hot room, the sub-group remaining in the
hot room has the most crossings. However, thé order of ag=-
tivity ie not 9o consistent in each room during the four b
minuta'parinﬂs,zas compared with the totsls for the 20 minute
period. The order of crossings during these sub-periods is
the moat repular, as compared with approaches and contacts.
In the cold room the order is HIC the first 10 minntes, and
IHC the last half, Crossings in the control room are in the
order HCXZ for all 5 minute periods, and in the order XHC for
21l periods in the hot room. The sequence of approaches and
contacts is more confused, with the cold room emnb-groups
highest in number, ﬁith the I and X groups in second and
third positions. An outstanding exception occurs in the case
of contacts in the control room. .Eefe tha cold room sub=

group is lest in all 4 periods.

The elgmas and standard errors for the sub-group totals



are given in Table XXVIiI. Although there are a few means
not sufficiently larger than the étanﬁarﬁ errora to indicate
complete fﬂlimhility. in general the differences are great
enough to be satisfactory.

Critical ratios for the differesnces between the means
of approaches, of'conﬁaets, and af.ﬂrnssings for the sub=-
groups tested within the same room are given in Table XXIX.
Only the totals for the twenty minumte period are hére used.
All of the ratios are =mall, indicating that statistically
the differences are prahablr not significant, Differanﬂaﬁ
between the highest snd inwaat values of grﬂnﬁa in the same
room are greatest for ero=sings., Only two of the 27 ratios
are above & C,R. of 2, however. Ons of these is the con=-
trol room contacts, as between cold and hut.rucm sub=-groups,
and one is in the contrel room crossings as bstwesn control
and hot room gub-groups, Over one-hslf of the ratios are
below 1. Eviﬁently the rats =2s a whole show much the same
performance in a given room regardless of the temperature of
their room origin.

Criticsl ratios for the differences between means of
performences of the three groups as wholes in each 5 minute
interval are givah in Teble XXX. Hera only the total ap-
proachee, contacts, and crossings are considered. The ratios
are much higher than when the sub~groups were considered

geparately, exceeding the standerd of & in some instsnces,



TASLE XXVIII

MEANS, STANDARD DEVIATIONS, AND STANDARD ERRORS FOR THE POTAL APPROACHES,
CONTACTS AND CROSSINGS FOR THE NINE EXPERIMENTAL GROUPS

Approaches - Contacts crasﬂinéa_
u Mean r - Mean -~ Ve lean o | Py

Rats tested In C ; . 1 o . . R o
‘@, from C | 20 | 9.6 | 6.56 | 1447 | 11,3 | 6.33 | 1.42 | 82,7 | 25.47 | 5.25

b, from X | 14 | 10.3 | 8.85 | 2,36 7.8 | 6,15 | 1,64 || B54.7 | '28.20 | 7.54

¢. from 7 | 13 | 11,2 [10,75 | 2.99 | 11.4 | 7.12 | 1.98 | 35.2 | 36.70 [10.20
Rats tested in X ) _ _ _ . . _ _ :

a. from C | 15 | 16,7 | 9.83 | 4.37 8,1 | 4,02 | 1,01 | 14,5 | 21,87 5.47 |

b, from X | 24 | 13.6 [15,04 | 2,67 | 12.9 |14.87 | 5,04 7.5 | 12,80 | 2.55

c. from H | 14 | 11,5 |12.64 | 3.38 | 15.1 | 7.73 |2.07 | 25.6 |24.98 | 6.68
Rats tested In H. ) ‘ _ _ _ _ o .

a, from C | 14 | 17.7 [10.90 | 2.91 [ 11.6 | 0.32 [ 2.49 5.1 | 11,30 | 3.02

b, from X | 12 | 19.8 [16.30 | 4.71 | - 0.9 | 7.3¢ | 2.12 9.3 | 12.05 | 3.48 0

6. from H | 25 | 13.3 [11.50 | 2.40 8.3 | 4.68 | .98 9.5 | i2.20 | 2.54

T



TABLE XXIX

CRITICAL RATIOS FOR DIFFERENCES BETWEEN GROUPS IN SAME ROOM IN APPRGAGHES,

CONTACTS AND .CROSSINGS FOR TWENTY MINUTE PERIOD -

Group Approaches : Contacts Croasings
[ meanipits pfre | c.R. pirr| pirse| c.R. pire| Bire| c.R. |
c . . . : h s
- .7 |2.78 | .25 3.5| 2.16| 1l.62 12.0] 9.18| 1.30
Xe 10.3
o 56 . , — . , . ,
' 1,6 | 3.33 .48 1| 2.43 41 12.5|11.50 | 1.09
Ho 11.2 - :
Xe 10.3 ' ' ' ' -
' .8 |3.81 24 3.6 2.56| 1.40 .5/12,70 04
He 11.2 -
' J.1 |5.12 .60 4.8| 3.20| 1.53 7.0| 6.03 | 1.16
Cx 16.7| ' ' ' - ' ‘ o '
| 5.4 |5.52 99 5.0| 2,30 2.17 11.1| 8.63 | 1.29
Hx 11.3 :
Xx 15.6 ' ' ) ' ' ' )
' ' 2.3|4.50 +«53 «2 | 5.87 <03 18,1 7,156 | 2.55
Hx 11,3 :
Ch 17.7 ' ) B ' ' ’ ' ' )
) 2,1|5.54 .58 1.7 | 3.27 «52 4.2| 4.61 91
Xh 19.8
Ch 17.7 ) )
4.4|3.77 | 1.17 5.3 | 2,67 1,24 4,4| 3.95 | 1.11
Hh 13.3
Xh 19.8 '
' 6.5|5.28 1.23 1.6 | 2,33 .69 2| 4.31 .05
#h 15.3




TABLE XXX

CRITICAL RATIOS OF THE DIFFERENCES BETWEEN MEANS OF APPROACHES, CONTACTS
AND CROSSINGS FOR ALL RATS IN EACH ROCM, FOR EACH 5 MINUTE FERIOD .

Contacts

Group Approaches Crossings
liean |DAff |#DAff | C.R. | Mean |DAff |/DIff |C.R. DAff |¢DAff | C.R.
First 5 minutes :
Al In C | 3.6 ' i 7.9 ' ) ' ' '
' 1.5 1.42 1.05 ' ‘E 1;09 QE 3-5 1!13 E-QE
mo" x| B.1 B.1
AJl-in C | 3.6| ' ) 7.9 T N 2 ' '
: ' 1.,4| 1,42 | .99 ) .2 1.01 .89 4.4 1.55 | 3.26
T ® H| 5.0 7.0
A1l in X | 5.1 ' 8.1 ' i i ' B
1| 70| J14 ' 1.1 .54 | 1.17 1.1| 1.02 |1.08
W w-g| 5,0 7.0
Seccend 5 mlnutes '
AIT In C .0 ' 1.0 ‘ ' ' ' '
' 9| «65 |1.38 ) 4| W71 .62 4.4 | 1.52 |2.89
o x| 3.9 1.4
AIl In C | 3.0] ' ) 1.0 ‘ a ' ) ' )
' 1.5| .69 |2.32 ' el | .53 «10 6.0 | 1.40 |4.28
" " g 4.5 1.1
All In X | 3.9 ’ ’ | L.4| o . ' ’ o
1 owe| W3 | 82| | 3| .83 | .57 1.6| .89 |1.80
oW g | 4.5. 1.1




- TABLE XXX {GGETIHUED]

Group Approaches Contacts Crossings
Mean |DAff|d/DIff | CuR. | Mean |DAff |SDALL | CoR. || Mean|Diff|~DIFf | C.R.
Third 5 minutes ' _
All InC | 1.9 ' ' ' »7 ' ) 8.4 ' ' '
_-‘? .EE 1-35 g 1'5 GEE‘ 1-59 o 4IE 1!-64 Elﬁs
"o x| 2.6 1.2] 4.2
A1l in C | 1.9 _ ' ' ST ' —F 8.4 ' i
' Y > % 4 69 | 2,48 . | 1) «28 y 6.2 1.55 | 4,05
" " H| 3.6 <8 . 2.2
A1l In X | 2.6] ' ' el | ; .2 '
' 1.0 J75 | 1,37 ' 4 +45 .89 : 2,0/ 1,05 1,90
n n p| 3.6 .8 2.2
Fourth 5 minutes ’
All din G | 1.9 e ' 7| ’ ' T.A] ' '
I 1-.'5 -T-E 1.30 .4 ‘45 |Eg N E.? 1|50 l.Bﬂ
n v x| 3.9 11 4.4
All in C 1.9 ' ' ) o7 ' ) o Ted ' '
) 1.2 .70 | 1.70 ' o1 .33 »320 ' 4,5| 1.35 | 5.58
"w " H S, : 8 2,06
All in X | 3.2 ' T ’ 1.1 ) o ’ 4.4 ' . ’
' od -84 12 : 3 +46 .65 ' 1.8 1.08 | 1.68
AL ; U - 'S | «8 2,6
Totals _ ' ' _ .
All in C | 10,2 ' o ' 10,3 ' ' ' 29,5
' 4.4 2,10 | 2,10 ) 1.3 | 1.82 +71 " |14.7| 5,15 | 2.85
o n x |14.6 7 e 14.8
All in C | 10.2 ' ) ' 10.3 ' ' : 29,5 i '
' 5.,8| 2.24 | 2.65 «7 | 1.40 «50 " 121l.4] 4.64 | 4.60
" " pgll6.1 9.6 9.1 _
211 in X | 14,6 ' ' ' 11.6 ' ' ' 14.8 ' '
' l1.5| 2.48 .60 ' 2,0 1.84 |1.08 ' 6.7| 3.28 | 2.04
"on g |1l6.1]| 9.6 8.1
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The greatest differences and reliabilities are ueually found
betwsen cold and hot room groups. In most cases tps per=-
formance of fha eontrol gnﬁwhuﬁ room is very much alike. _
As indicated by the eritiesl ratios, the greatest reliabllity
of the differences is:fuuﬂﬂ when crossings are consldered,
with the lenst reliability fnr'appraaches. .éha_ﬁiffarences
between the means for the tﬂt&i.ﬂrﬂﬂﬁiﬂgﬂ for all rats tesi-
ed in each raom aré fairly large, and the reliability as
mossured by the critical ratios 1s somewhat better. Here
again, the greatest difference is between the hot and cold
rooms, end the &urreﬂgqnﬁing eritical ratio is 4.6. On a
room by room basis, the crossings for the entire test period

seem to show a real difference.

The Relation Between Relearning Scores and Grid Crossings
Considering the performance of &1l rats in each room, it
was found that the“ratalin the cold rﬁum.hnth laaineﬂ and re=-
lesrned the maze moat aquickly. R&ts.in the uanfrol room wWerse
in second place, while those in the hot room nsaﬂéﬂ the most
triels for mastery of the maze. This same order was repeated
when grid arossings for 211 rats in each room were considered.
On & room by room basis, there is some relation between lesrn-
ing, relearning and grid crauéinga. Howsver, let us také the
next ﬁtep, and see if the same relation ean ha-fuuﬁa within
rooms, Thﬁt'ié, within each room, do those rats which relearn
the maze most rapidly also tend to meke the most erossings on

the grid? The greatest similarities probably wounld exist betwesn
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sab-groups ﬁithin any one room. The haakgrugna ﬁf temper-
ature chenges is the same, end the peffarmanqn should be
more ne#riy'tha same in both relearning and grid faata._ The
coefficients of correlation between the trials on relearning
and the numﬁar of griﬂ crogeinga in the twenty minute test

period wére determined, using the rank difference method.

Table XXXI gives these values.

TABLE XXXI

COEFFICIENTS OF CORRELATION BETWEEN RAVK IN
; RELEARNING (TRIALS) AND GRID
CROSSINGS BY SUB~GROUPS

o . Gold Room Control Room  Hot Room
Prom C | -1 4415 +.44
From X ) =06 =-.056 -.06
From H +286 o =alg -.dd -

A1l the coefficlents are low, with more negative than posi-'
tive values. The largest, +.44 for the performance of the
cold room rats in the hot room, is balanced by the lowest,
-:44 for the hot room rate in the hot room.

: cﬁmhining the sub-groups in the same room and using the
Pearson product moment method, even smaller coefficients of |
correlation were nhtainaﬂ.. Fér the cold room, r = +.06 +,1;

for the control room, T = =.072 $.,1; and for the hot Toom, T =

+
=+808 =~,1. This indicates that in each room, the most rapid

learners and the sloweet learners tend to cross the Eriﬂ




about an equal number of times.

This eonclusion is substantiated whem the data are com=-
bined by still another method. As was mentioned previously,
some of the rats in each room were removed from the original

learning series becanss they failad'tn master the maze under

the preseribed conditions. These rats were given tests in

thé obstruction box. ILet us assume that refusal to run the
maze can be 1qﬁarprataﬁ as isolating those of lower ability,
and compare their grid scores with groups of known greater .
ability--in terms of successful completion of_thn maze.

In the cold runm; the average number of ﬁrnaainga by
the rats dropped from the learning tests was 27.,1. The
average for all other rats tested in the cold room was 29.5.
Values for the sub-groups in the cold room that completed
the maze were (a) from the Enlﬁ room, 22.7; (b) from the con-
trol room, 34.7; and {(¢) from the hot room, 35.2. The n&lﬂ
room rats that both learned and relearned the maze in the cold
room thus show fewer grid crossings: than do the rats dropped
from the maze during the first learning testa.

Eliminated rats from the contrel room crossed the grid
an average of 9.8 times in the 20 minutes, The average for
all rats tested in the control room was 14.8 crossings. The
erossings, by sub-groups, ﬂpra;'{a} from C, 14:5; (b) from
X, 7.5; end (c) from H, 25.6. Again the rats dropped from

the original experiment in the control room cross more fre-



quently than rats learning and relearning the maze in the
control room. | | |

Thé.alévan rats drupped'frﬁﬁ the hot room crossed the
grid 6.7 tim;a as cﬁntraateﬁ with 5.1 for all rats in that -
raﬂm.. The sub-group from the cnlﬂ_rnom, relearning in the
hot, ﬁfaragﬂﬂ 6.1 crossings; Irqm the epntrul room this num-
ber was 9.3; and from the hot room, 9.5. The only time that
the discarded raﬁl do not show more grid nrnasingﬁ than rats
left in the original room is found in the case of the hot

Iroom.

Rata_uf Growth and Maze Performance

Is ra#e of growth at the time of maze running & factor
that mﬁr influénca_maza performance? The same period of |
food deprivation may produce different effects on rats grow-
ing at ﬂiffﬂrent ratas. Animalse aﬁﬂing waight rapidly may
be "hungrier"” aftar the same period of food deprivation than
rats adding weight more elowly. Differences in the learning
scores might then result. '

_ 1In the original lﬂarning tasts, rats in the cold room
grew most rapidly and learned tha maze most quickly. The
control and hot room rats show very naarlﬁ tha.aama rate of
growth, but there are marked differences 1ﬁ maze_learning.
At the time of the maze tests there is a aiighf difference

in rate of growth in favor of the control room. If rats
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grﬂwiﬁg fenter lose welght faster during the same learning
périod,'than the loss in weight aurves ang growth curves
should correspond. But the curves 555_525 similar,

In order to see 1f there is any relation between these
two fastors in 't:ha. relearning tests, growth curves for the
groups of rats starting in different rooms but ending in the
Eaﬁa réam have been drawn. In Figure 14 the blue 1ine re-
presente the rate of growth of rats started in the cold room
end retested there after original learning, The green line
represents the rate of growth for rate started in the con-
trol ruﬁm; hut.movﬁﬁ to the cold room after the firet learn-
ing taaté at about the twelfth week. Rats started in the
hot room but moved to the cold room for relearning tests are
represented by the red line. The seme symbols in Figures 15,
and 16 show that the growth hnrfsé for the groups in the
- ogontrol and hot rooms, |

0f the three groups relearning in the cold room, the
rate kept in that room throughout the experiment continue to
grow most rapidly. They also releerned the meze more rapid-
ly thsn other groups in ﬁhat room, The group frhm the con-
trol reum'ié_ second in rate of growth and speed of 1e§rning.
The hot room group stands third in both meesures,
| In the control room (Figure 151. the sub=-group from the
cold room 8gein shows the most rapid growth. The rats from

the hot room ere below those from the control room most of the
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time, but at the end of the 18th week stand slightly above
the average weight nf the cﬁntrul room group. The difference
in ﬁeight is almost sero, however. The relearning order in
the control room is C H X. L

. Pigure 16 shows the grﬁwth curves for the sub-groups
aﬁﬁing in the hot room. Although there is little ﬁifferenag
in average weight at the 18th week, the control sub-groups
are slightly heavier, an&.grnw more rapidly during the last
' four weeks. The hot room rats show the slowest rate of
growth until the 1ast three weeks, when they are just above
the nnlﬂ.rnnﬁ rate. The relearning order in fhia room is
C HX, just opposite the order of growth during tﬁa 16th to
18th weeks. '

The evidence for a relation between rate of growth and

learning ability is inconclusive. 0Only in the cold fuum are

marked growth differences found in the 2 sub-groups, but it

is in this room that the smallest differences in relesrning

trials are found, The largest differences in ralearﬁing

- 8oores are found in the hot room, where the growth curves

are the most nearly alike, for all three sub-groups. There

does not seem to be any clear relation between rate of

growth and mase performance in relearning.

Performance and Welght Logses

A second ﬁethnﬂ was used in an attempt tﬁlnlarifr the
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relative importance of the intelligence and motivational
factors involved in laaraing'in the three rooms. Ratp liv-
ing in the higher tempeératures have & lower rate of meta-
bolism. Djelineo (18) has found marked differences for ratas

living under different temperatures. Less food is no doubt
.raquire& to mazintain body heat, and iha'aame period of star-
vation msed in all three rooms may affect the rats in each
room ﬁiffaranﬁly. Becanse of the lowered metabolism, ani-
:-mala living and working in the hot room may be lesa hungry,
and thus learn more slowly. In an atttht to measure this
. factor,. daily weight records were kept for ali'rats during
‘learning, reloarning and grid teats. While it is not the
‘intention here to infer that "hunger" is egqual to the loss
of waight. or fhgt hunger varles 1h the same fashion as
motivational factors &6, the loss of weight seemed to be
about the only objective measurement that could be made un-
der the present exzperimental conditions. It should have
something to do with the different degrees of apparent moti-
vation in the different rooms. But the problem is ﬁampli-
cated by the fact that the same absolute loss of weight is
not a fair measure of the differences in each room. To
correct for this, the percent of the original weight retained
in each room hna been caleculated. |

Firat, the number of ra;a in each room showing a loss

in weight from the previous days during original learning
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was determined.  Figure 1"? indicates the trend in each room.
In the aald room all of the rats lose weight the first two
days, and after that some show s gain in weight the next few
dafa. The curve for the hot room shows that more rats tend
to gain weight during maze running fhan in the nui& TOOMm.
The rats in the control room show an irregular trend. For
the first few days the number gaininé weight is hgtwaan that
of fha cold and hot rbuma. The fourth and £ifth days show a
- decided increase in the numhar. gaining weight, but this trénﬂ
then reverses and from the sixih to the ninth'ﬂaya of maze
running, more and more of the rats lose waighf each day.

Figure 18 shows the average loss of.weight_in grams
each day of maze running, Rate in the cold room 1056 more
welght at firset, and tend to reach a level of about zero
welght-lo83 more alowiy.than the rats in the hot or control
- rooms, The Mot and control rcom curves for average loss nf!
weight each day follow each other closely until Xhe curve
fnr'tha_contrn; room goes below that of the aﬁl&_ranm, and
then rises on the tenth dsy. Ia the hot room there is an
everage galn in weight from the seventh to ninth days.

If loss of yaight enoh day nf;maae rgnning ;a.rulatad
direotly to maze legrnihg, these ourves: are hot in the ex-
pected order. For the first five days the praﬂiuted'ni&ar
is followed. That i, rats inaing the most weight each day
show the most rhpiﬂ ﬁrngraaa in the maze. .Lftar fhe fifth
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day discrepencies appear. Losses for the control and cold
rooms are opposite those of the first five days. Prom the |
seventh tn'ninth daye there are still eunai&arnhla numbers
of rats running in the control room, 17 on the 7th, 16 on
the 8th, and 10 on the 9th, while in the cold room the ﬁnm-
ber running on the corresponding days was 12, 7, and €. It
may be poesible that there are not enough rats in the cold
room 8till running on these days to give a representative
picture. Possibly a greater portion of these rats are ex-
ceptionally poorer learners than is the case of the mats
ranning on thﬂ?ﬂ days in the enutrn; TOOm, if this expla-
nation is true, then the reversal noted ebove may not be im-
pnrtﬁht. The hot room rats seem to lose the least weight
end begin to show an average gain a#uh day more rapidly than
the other two grnnps.. |

- The mean percent of original weight retained each day
of mage running is shown by Figure 19. Heasura& hf'thia
method, the cold room rats show 2 Steady loss of weight un~
til the fourth day with etabilization at about 85 % of their
original weight, followed by a .Bsuonﬂ short drop. Again the
control and hot room curves follow each other closely, Show-
ing 8 tendency to gain in the percent original weight re-
tained. As in the absolute weight losses, the.order of learn-
ing on the one hand and, curves indicating ﬁuight losses on
the other, do not correspond when all three rooms are oon=-

" 8idered. The marked differences in learning in the hot and
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control rooms do not show up in the weight loss curves for

these two rooms. Table XXXII, however, indicates that these

'maans are prohabl# ﬁnt reliable after about the fourth day.
The same measures for the percent original welght retained
(Table XXXITI) indicate that the means are many times great-
er than the dtanﬁard errora, Increasing the size of the in-
dex number, however, probably does not alter the fact that
the weight messures shonld be Eansiﬂnraﬁ cautiously.
.Gritical ratios for the differences between mean abso-
lute weight 1usa‘anﬂ ﬁernentag& original weight retained sre
given in Tebles XXXIV and XXXV. These values ere not high
enough to indicate that the ﬂiffarﬂneéa_in absolnte weight
losses are very reliable. The highest ratios are found
usually between the cold and control rooms or the cold and
hot rooms. Although there were decided differences in maze
performance between the hot and coatrol rooms, this fact

would not have been predicted by the waigﬁt Iusaeﬁ.

In considering the loss of wa;ght during original learn-
ing, it was found that the rats in the culﬂ.rnum lost most
weight per day of maze running, and that these rats showed
the best performance in the mase. The relation in the case
of the control and hot rooms was mot so obvious. The same
comparison can be made in the relearning situation, as daily
weight records were kept for this performance. .

Table XXXVI gives the means for the weight losses, by



TABLE XXXII

. MEAN WEIGHT LOSSES EACH DAY OF
MAZE RUNNING POR EACH ROOH
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] . Cold Room

Control Room

Hot Room.
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1

34|
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<941 34
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13.2

4,84
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£.95
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- 31| 517
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20
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'1.2
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8

«5

16

1.4|3,76

«89

20
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4.69

1.06

MEAY PERCENT ORIGINAL WEIGHT RETAINED EACH

TABLE XZXIII

DAY OF MAZE RUNSHING FOR EACH ROOM

The = 'sign indicates gain in welght in weight loss tables.
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« 78|37

BB8.9

4,11

72
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1.13
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5.4
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TABLE XXXIV

RELIABILITY {GRITIGAL RATIOS) OF THE DIFFERENCES IN MEAN LOSS OF WEIGHT EACH
DAY OF MAZE RUNNING IN. ORIGINAL LEARNING . .

Group| Mean | DIff | <DiIff | C.R. | Mean | DIff eDALE G.R. I. Mean | Diff |-Diff | C.R,
= 14' First Day Fourth Day i Seventh Day
-] ' B ; Wkl . ' - ' . )
' 2.0 1.20 | 1.,87. 1.4 | .89 1.57 | ' «98 | 1,02 47
X 12.3 2t :
C 14,3 ) ’ ' ' ' . -5 | ' '
’ 1.2 l.22 +«98 1.8 .76 | 2,11 ' A I «40
H 13,2 . 1 =1.2 '
X 1=, ' ) ' - ) ) 4 ' ’ ’
’ '9 1105 -E’E ia .EE’ aEE . 145 1.’?5 lg'l
H 13.2 =l.2 | :
' Second Day ] Fifth Day Elghth Day
c 8.2 ' ' ' 1.8 - ' ‘] .
o 2.4 2.62 « 92 ’ Sl 1.21 | 2.56
X 5.8 =1.3
[ - 8,2 ' ' ' 1.8 : ’ '
' 4,6 | 2.65 1.70 ' 3.3 1,10 | 3.00
H ST =1,5 :
x E-B "-'liﬁ . lié . . .
' 2.1 .92 | 2.28 ' " 1.10 »18 o ST 1,37 | 2,70
H g.‘? ""'1..3 'M
Third Day ’ Sixth Day
C 2.0 o
' 1.5 .89 | 1.69 ' -4 1.23 .02
X 1.4 =21
3 59 : - . 3 . - -
. 1.3 96 1.35 ' o « 95 43
H. 1.6 o7
I 1-4 . . - “*1 . ) )
. .2 90 22 ) B 1.26 .63
H 1,6 ) -T

- 01T



RELIABILITY (CRITICAL RATIOS) OF THE DIFFERENCES IN MEAN PERCENT ORIGINAL

TABLE XXXV

WEIGHT RETAINED EACH DAY OF WAZE RUNNING IN ORIGINAL LEARNING

Group| Mean | DIff |#Diff | O.R. | Mean | DIff| /Diff | C,.R, || Mean | Diff| o Diff | C.R.
i First Day ______Pourth Day Seventh Day
c 92,7 | ' ' 84,6 | . ' ' . )
: o4 .61 .65 ' 3.1 1.19| 2.61 6.6 2,17 | 3.04
X 93.1 87,7 .
c 92,7 '. ' ' 84,6 ' ‘ ' : R '
5 .86 .76 ' 4,5| 1l.15 | 3,74 7T.8] 2.38| 3.28
H 2.2 88,9
3 5.1 . . : BT — . . .
' »9 .65 | 1.38 1.2 1.10 | 1.0¢ 1.2 2,11 .57
H 02.2 ' 88.9
' Second Day Fifth Day Elghth Day
[ - 88,0 04,9 ' .
1.4 81 | 1,73 || 4,1 1,37 | 2.99
X | 89.4 3 89.0
C 88.0 ' 84.9 '
| 2.0 .77 | 2,60 : 4.9 1.50 | 3.27
H 90.0 88.8 '
X 89.4 ' ' ' 890.0 ' ' o 90.3 '
' .6 .70 »86 ' 8| 1.25 .64 1.2| 2.40 +50
H 90,0 89,8 . 91,5
) Third Day ) Sixth Pay
c 86.0 ' ' 85.0 - g i
' 2.5 .85 | 2,87 " 5.2 1.74 | 2.99
X 88.5 90.2
C 86.0 ' o ' 86.0 ) ) ;
’ J.4 .98 | 3.47 ' 4.7 1l.74 | 2,70
H 89.4 89.7 -
X Ba.5 ' ' Yl.2 ' '
) !9' 78 1.1? ’ o5 1.60 51 ">

Tt



~ TABLE XXXVI

. . MEAWS, STANDARD DEVIATIONS AND STANDARD ERRORS
POR LOSS OF WEIGHT DURING RELEARNING--18t & 2nd DAYS

112

Pirst Day Second Day _
- F | Mean | ¢ /s H | Mean| ¢ | %
Bats relearning in cold room
a. from C | 17 | 16.8 5.45 i.ﬁ? 9 | 5.4 [5.35 [1.78
b. from X | 14 | 14.9 |3.71 «99 | 10 | 4.2 [4.48 (1.42
c. from H | 16 | 13.7 |5.02 | 1.26 | 13 | 5.7 |8.81 | .92
811 in ¢ | 47 | 15.2 |5.43 | .79 | 22 | 5.1 (4,39 | .78
Rats relearning in control room _ |
8. from C | 17 | 15,9 |7.88 | 1.90 | 14 | 2.5 [8.18 | .85
by from X | 16 | 11.2 |5.62 | 1.45 | 11 | 2.2 |2.78 | .84
c. fTom HE | 16 | 12.4 [4.05 | 1.01 | 15 | 4.2 |2.81 | .98
all in X | 48 | 13.2 |6.60 | .94 | 40 | 3.3 |3.43 | .54
Rats relearning in hot room
a. from C | 14 | 12,1 |4.06 | 1.09 || 14 | 2.2 |[2.65 | .71
b, from X | 16 | 11.8 (3,63 | .94 |15 | 2.3 [2.69 | .70
¢. from H | 14 9.5 |5.01 | .80 |13 | 1.7 |2.30 | .02
all in B | 43 | 11.1 |8.77 | .57 |42 | 2.1 [2.94 | .46
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sub=-groups, during the first and second ﬁaya of relearning for
the rats in eaah.raum. In view of the size of the standard
arrors fnr-fha gecond day, there is some question &s to the
reliability of these means, TFor the first day, however, the
means appear to be reliabls., Congidering all the rats re-
ieafning'iﬁ esch room 88 & group, it can be sesen that the rats
moved into the cold room lose the most weight each day, and
that these animels also Telesrn the maze most rapidly. All of
the rats in the control room stand second in both measures,
with the hot room relearners third in both mean weight lose
and’ trisls.

Table XXXVII indlcates the reliability of fha differences
in mean waighf losa the first and second days of relearning
when differences between sub-groups ars considersd ss well &s
when all'gfoupa in each room are combined. There is some
evidence that there are significant differences in loss of
weight-whan all the rats in each room &are combined., Oritieal
ratios for ﬂiffnrancaa betwaen snhﬂgraupa are a11 amall anﬂ
are prohably noet aigniiieant on a puraly Etatistical hasis.

The puaaibility of nnnsistent trenﬁa in weight lnaﬂ of
sub-groups within roome should not be arerlnokﬂﬂ. VWhile the
differences may be ﬁaa small to be significant ﬁ#atistiaallr,
the same order in each room may wﬁll indicate some relation.
The rﬁq; of relearning in pauh room can be cﬁmpa¥eﬂ wifh tﬁa

order the three groups in each room occupy with respect to
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PABLE XXXVII

RELIABILITY {CRITICAL RATIOS) OF THE DIFFERENCES
I MEAN LOSS OF WEIGHT EACH DAY
OF MAZE RUREING=-RELEARNING

First Day Second Day
Mean | DIfFRDIPE | C.R. || Mean| Dif? [PDiff | c.=R.
A. Rats relearning in same room -
Ce 16.87] ) } b.4
1.9 | 1.856 | 1,038 1.2 |2.28 «53
Xo| 14,9 | 4.2 . ' :
ﬂﬂ lﬁiﬂ ' L 5-4 -
! 5#1 Elﬂl 1'54 . .l Enm t15
He 15-? ) 5.7
Xe | 14.9 » . - 4,2 . . .
1.2 | 1.60 «75 1.5 |1.69 -89
He | 13.7 5.7 |
Ex 1509 : J F .. ' 5-5 . .
4.7 | 2.39 1.9%7 ] L@ 1.19 1.09
xx 1_1-2 g W 2.2
Cz| 15.9 . : : a3 : . ,
B 315 2!15 1-63 . o? 1150 !5*
Hx | 12.4 4.2 :
Zx | 11.2 : : . 2.2 : . :
1.2 |1.77 <68 | 240 1,29 1.566.
Hx | 12.4 . . : 4,2 :
Ch| 12.1 _- 2.2
-5 1-% -21 n_I -99 aln
Zh| 11.8 2,8
Ch | 12.1 2.2
2.6 1!3‘5 1.93 .0 1.16 | «43
Hh| 9.5 ' ' 1.7
Xh | TI.B _ PG
2+d [1.83 |.1.87 «5 1.16 58
Hh| 9.5 1.7 )

B. ‘All rate relearning in aaﬁh room

all in C 15.2 Dol
2.0 |1.22 | 1l.64 1.8 «95 | 1.89

n.% X |-18.8 : || Bad

all in ¢ | 15.2 HE 0.1
: 4.1 | .97 | 4.22 3.0 «90 | 3.33

" " HE |11.1 2.1

all in X | 13.2 8.8
- 2.1 |1.10 | 1.91 1.2 «71 | 1.70

LI | 11.1 2.1
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weight losses aaoia day. Tha_ symbol 'atandin'g ﬂrat in the
triela indicates the most rapid leé.rniﬁg, and that ﬂacaﬁ
firat in the waighﬁ loases indicates the greatest mesn loss |
of weight. ' :

 PABLE XXXVIII
RANK OF SUB~-GROUPS IN BACH ROOM IN

REIEARNING TRIALS AND MEAN
VWEIGHT LOSSES EACH DAY

Relearning (Triels) Mean Weight Lose

1st day 2nd day 3rd day
Cold Room C X H CXE HOX CHX
Control Room € E X CHX HC X CXH
‘Hot Room C HX _ X H XCH HX O

In the cold room, thﬁ rank.in triale and waight losses
is the seme the first day, but on the secnnd and thirﬂ days
about the only similaritr 1& that the uontrul group is funnﬂ
in lest plaua in weight 1ﬂBBEB. There i= hatter agreement be~
tween the twn faotors in tha centrul room, with the control
room rate 111 lest p:la.aa- both in trislas and in weight losa for
the firat two ﬂaps. In the hot room, ths rats urigina.ny fruﬁ
tha.t room 1lose the 1aast Waight the first two days, but u.ra
sauunﬂ in leaming. The uuid room rats ogoupy each poaition

onge in waight, while tho unntra'.l room rats, lest in learning,

fail tn fa.ll 1n last place in the weight maasuraa on any of

the dayas., In this particuler measure there seems to be but
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slight relation between learning and the welght 168t each
day of maze running.

As was mentioned before, the percent ordginal weight
retained rather than absolute weight loss is perhaps a bet-
ter measure for determining this relation between weight
and relearning, Flgure 20 (page107) gives a picture of the
changee for all the rates relearning in each room. Hﬂra.wa
find the rats in the cold room retsin less of the original
weight and it is thess rats which relesrn the maze most
rapidly. The control and hot room grﬁupa arainaaﬂnﬁ and
third, respsctively, 1o both messures. Thé percentages for

the sub=-groups within each room ere given in Table XXXIX.

TABLE XXXIX

HEAN PERCENT ORIGINAL WEIGHT RETAINED BY
EACH SUB-GROUP--FIRST AND SECOND DAYS OF RELEARFNING

1st day 2nd day 3rd day

g Hean Kean Mean

Rats relearning in cold room =

a, from cold room 92.8 90.1

b. from control room 92.7 . 90.7

a, from hot room 92,9 90.3

d. a1l rats in cold room 92.8 90.4 88.1
Rats relearning in control room

a, from cold room : 93.0 92.1

be from control room 94.6 93.9

6. from hot room 93.8 91.6

d, all rats in control room 9.8 92.4 91.6
Rats relesrning in hot room

a, from cold room ' 92.8 95,1

b, from control room 54,2 - 93.2

¢, from hot room 94,6 93.7

d. all rete in hot room 94,82 93.3 . 92.9
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The rankings of the sub-groups in each room for the re=-
learning tests aﬁﬁ the percent of the originel weight re-
tained ere compared in the table below. The gub=-group list-
ed first in each room has lost the greatest percent of the
original weight.

TABLE XIL
RANK OF SUB-GROUPS IN EACE ROOM IN RELEARWING TRIALS

AND MEAN PERCENT ORIGINAL WEIGHT RETAINED
Mesn % original weight retained

Relearning {Trials)  1st day - 2nd dsy
Cold Roon CXHE'  XOCH XHC
Control Room € H X CHX HcX
Hot Room C HX CHX czH

The control rats in the cold room lase‘:elativelr more
welght than the other groups on both days, yet these rats
are second in relesrning the maze. The cold room rats stéy-
ing in that room are first in 1earning. yet they occupy 8eo-
ond end third plesces on the two aagﬂ in terms of percentage
weight loss. The control room rats in the enntrnl Toom show
the slowest relearning and retein ths greatest percent of
their original weight. Rats from the cold and hot rooms have
the same order for the first dey of welght measures énﬂ re=
learnihg teste. On the second day fhﬁ two aré'transpuaéd in

order. Again in the hot room the first day weights are in
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the same order as in maze running. On the second day the
hot and cdntrol groups are out of order, but here again the
cold room rate stand first.

If only the first dasy welght faenrda are considered,
there is conaiderable correspondence between the two measures.
The second day reeults are somewhat more eanfuae&. In gen-
aral, thers seems to be better relation between releﬂrning.
teste and weight losses when the latter are considered in
terms of percentage oripinal weight retained, then when 8b-
solute weights were.aunaiﬁeraﬁ. The dlscrepancies are et111
large enongh, however, to laa?a doubt =22 to ;nj consistent
relation between the two mEasurés.

There remains still another method of isolating the
possible relation hetvaen weight loss and relearning Scores.
If some single messure of weight loss can be used, the co-
efficient of correlation between that factor and reiéarning
ggores onn be determined. One possible means of expressing
aauﬁ weight lossea ia to fina the average Welght loss per
day of maze rumning., In this measure the full nmmber of ﬂngh
needed for relenrning can be utilized. Although there 1s
considerable evidence that the loss of weight is not ﬂirectiy
related to "hungexr" aﬁd that thara'méy be considerable loss
of weight without direct increase in hunger, the periods con-
sidered are short enough to suggest that the two fectors

‘must have some connection.
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'The coefficientsof correlation between the mean weight
loss per day of maze running'anﬁ trials an'ralaﬁrniug tosts
for all rate in each room were calenlated. ﬁaing the Tear-
son product momont maﬁhnﬁ, the following values for r were

found:

211 rate in the cold room T = +.24 £,097
511 Tats in control Toom r = +.66 3,053
21l rats in the hot voom T = 4,37 <.088
Table XLI gives the correlsations found for the rats in
the sub-groupe within esch room, As thers were but 15 to
17 rets in each. group, the rank difference method was used.
With only one exception, all of the coefflcients are
| positive, ranging from -.06 to +.71. The median for the
nine sub-groups is +.Z9. Although the values themselves
ere rather low, when these are considered in the light of
the other tendencies ﬁoteﬁ, it secems possible that these co-
efficients sre indicative of some relation ﬁaﬁween the two
variables. It may be that the lerge number of variables which
were uncontrollable in this expérimant agt to reduce the size
of the coefficients, without destroying the poseibility of
eome corral#tion- |
One other Hat_ﬁf measures can be examiﬁeﬂ before aﬁy
conclusions &8s to the relation between weight Iaassn; end per-
formance axhibituﬂ ﬁr the rata are formulated, namely..waight
loases during eﬁuh ﬂgﬁ of thé grid tests. Iﬁ the obstruction



TABLE XLI

CORBELEATION BETVEEN RANE IN MEAN WEIGET 10SS -
PFR DAY OF MAZE RUHNING AND RELEARNING
SCORES (TRILIS) .

In tﬁe cold room '
a, yats from the cold room +.26

b. rats from the conirol room +, 27
. rats from the hot room +.00
In the control room
) 8., rats from the cold room +.71
- be 7rats from the control room +.67
6. rats from the hot room +.28
In the hot room
a. rats from the cold room -,06 .
b. rats from the control room +,48

. rets from the hot room 459



TAELE XLIL

MEAN WEIGHT LOSSES DURING GRID TESTS

Third Day

First Day Second Day
T | lean '3 /i | W | Mean ,,« v/rw~ || I | lean e o/
Rats tested in cold room _ _ . _ | _ _
a. from G | 16| 18.5 | 5.90 | 1.50 | 17 | 8,5 | 8,99 | .97 [ 17 [11.0 | 3,17 | .78 |
b, from X | 10| 18.4 | 5.02 | 1,67 | 10 | 5.8 | 3.95 1,2;_u 10 [10.7 | 5.18 | 1.62
¢. from® | 8| 10.2 | 6.94 | 2,30 | 10| 5.2 | 3.62 |1.13 | 10 [10,3 | 3.91 | 1.22
ell In C | 34| 18.6 | 8,16 | 1.40 | 37 | 6.8 4.12 | .68 |37 |10.7 | 4.00 | .66
Rats tested 1n-anntrol room _ o _ _ _
a. from C | 12| 16,7 | 4,06 | 1.17 | 12 | 5.6 | 2,80 | .69 | 12 [10,1 | 2,55 | .74
b. from X | 15| 14.7 | 4.51 | 1,16 || 17 | 4.8 | 3,19 | .77 [ 17 | 8.7 | 8,90 | 2.40
¢o fromH | 9| 17.1 | 7.81 | 2,64 |11 | 3.5 | 3.15 | .04 [ 11| 9.0 | 5.88 | 1,77
all in X | 36| 16,0 | 4.98 | .85 || 40 | 4.1 | 0.46 |1,50 | 40 | 9.6 | 7,32 | 1.16
Rats tested in hot room ‘ _ _ _ ”_“ . .
a, from ¢ | 10| 15.8 | 6,07 | 1,92 | 10 | 8.4 | 3,290 |1,04 | 9| 6.1 | 4,21 | 1.40
b. from X | 10(.15.4 | 5.12 | 1,62 | 10 | 5.0 | 6.58 2,06 | 8.3 | 2,45 | .78
c. from H | 16| 14.2 | 6.76 | 1,69 | 17 | 5.7 | 3.84 | .95 |16 | 6.8 | 5.55 | .89
8ll in H | 36| 14.4 | 6.22 | 1,04 [ 37 | 4.4 | 4.78 | .79 |35 | 6.5 | 5.49 | .59

Tt



TABLE XLIII

RELIABILITY ‘(CRITICAL RATIOS) OF DIFFERENCES
DURING GRID TESTS

IN WEIGHT LOSSES

Group | First Day | Second Day Third Day
Wean |Diff|¢ DIfF | C.R. || Mean |DAfL | ¢DIff| C.R. || Mean|DIff |«DIff |C.H.
Co 18,5 il oo 8.3]. o ' 11,07 . ' )
. ll 811? -[}5 o 2-5 1-53 1-50 ’ '-3 1.&0 .17
Xe 1i8.4 5.8 10.7
Ce 12.5 ’ t ’ B.3 e ' ’ 11.0 ) ) ’
} L 2.3 .26 : 3.1 1.49| 2.08 ) « 7| 1.45 | .48B
He 19.2 5.8 10.3
e 18,4 ) ' 5.8 i o ' 10,7 ‘ ' '
. Bl B,76 .29 ' 6| 1.67 56 o A4 | 2,03 +20
He 19.2 6.2 10.3
Cx 16,7 T 3.6 ' ' 10,1 :
' 2.0 1.65| 1.20 : 1.2 1,05 | 1.17 : «2 | B.56 « 18
Xz | 14,7 - . 4.8 - 9.7
ox 16,7 ' o ) 3.6 : ’ - 10.1 ' ' T
: ' 4| 2,89 | .14 ’ 1] 1.17 08 ' 1.1} 1.02 «57
Hx 17.1 ' S5 - 2.0
x=x 14. 4.8 .7
2 3.4 B.Eg .53 .ff 1.21 -EB I l‘?_ Eiga 125
Ch 156.8 ' Dk | - G.d
_ ' 2.4| 2.51 + 96 ' 4| 2,50 .17 ' +2 | 1,60 « 13
%h 15.4 . 3.0 6.3
Ch 15, - . Dl Bel
' 1l.,6] 2.56 | ..65 ' 2.3| 1.39| 1.65 ' .7 | 1.66 .42
Hh 14.2 5.7 6.8

ect
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TABLE XLIII (CONTINUED
Group- First Day ‘ HSeeond Day , “Th_ir_-d Day N
wean |Diff [sDire | CLR. Iﬁaan Diff|¢DIff pifs|vpire | G.R.
¥h 15.4 ' ' oo 8.0 . A o '
| ' 8| 232 34| " | 2.7 2.26 5] 1,18 .e2
| m | 142 5.7] -
A1l inc | 18.6] | | 5.8 ' ' ' -
| 2.8| 1.83 | 1.60 “ " | 2.7 1.85 1.1| 1.34 | .82
|a11 an x| 36:0) 41 . 2 BREES Ch
ALl In C| 18.6| 6.5 ' '
N 4.2 1.74 | 2.41 ' 2.4 1.04 4.2 .89 | 4,72
All in H | 14.4 | 4.4 - N
All in X | 16.0 ' ) ' 4.1 ' ' '
| 1.8 1.33 | 1.20| 5| 1.69 3.1 1.30 | 2.38
A1l in H| 14.4 4.4
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_hbx. we might expect that those rats losing the most welght
.would eross the grid the greatest nﬁmber of times, as the
need for food would be correspondingly greater. This is, of
courge assuming that there are no phyainlagical changes
during weight 10ss which 2ot to change the intensity of the
eleatrical shocks, Weight losses in grams sach 4ay of the
grid tests are shown in Table XLII. The sigmas and standard
errors indicate that in general these means afa reliable.
The critical ratics for the raliﬁhility.nr the differences
of the means sare givim in Table XLIII. _Tha values are all
quite iow.fur the differences between the sub-groups in any
room, However, when all rats in each rcom are considered

as a single group, the velues for the eritical ratios in-
crease Bonaiderﬁbly. They are fairly high for the ﬁiffefh
ences between fha'hot.anﬂ cold rooms, This was found true,
it will be remsmbeieﬁ. when raléarning and weight losses in
the meze were considered, 2and may indicate that, at least in
the two extrems rooms, the differences found can be con-

8ldered fairly relisble from a statistical standpoint.

TABLE ZLIV

" RANE OF SUB-GROUPS IN BACH ROOY IN
GRID CROSSINGS AND VEIGHT LOSSES EACH DAY

Grid oroseings Mean weight losa each day
1st day 2nd Gay 3ra day

Gold Toom HX ¢ BHCX HCX CHX
Control zroom HC X CXH XCH HCX

Hot room  HX O CXH GXE HXGC
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Within rooms, the relation between grid crossings and
weight losses can be determined by noting the order of each
gub-group in the three rocme, (Table ZLIV) |

In the cold room, the suh-grnup from the uantral room
lost t‘-lw lezset welght, yet this group 13 I.n thar cantar po-
gition in croesings. Tha hot room rata are firat 1n cross-
ings end weight loss for the first two days, yet are_in_
middle place in welght loss on the third day when tests were
given. The eniﬁ,rnum_rata are 1sst in erossings, yet,a:a.
in second place in the weight losses for the first two days
end in £irst place the day of the tests. In the control
room the order agrees if only the weight losses the third
day are considerad, but on the other two days the hot room
sub-group, which makes the most crossings in that room, is -
last in weight loss. The same relation holds in the hot
room. Here the order is the same if only the third day is
considered. On tﬁa first and second days, the cold room
rats show the greatest weight lose but are last in number of
crossings. Hot room rats are 1ast in weight lose but first
in number of croseings,

The weight losses expressed in terms of the percent

original weight retained each day are given in Table XLV.
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TABLE ILF

HEAN FERCEHL ORIGIHAL ?EIGHT RETAINED EACH
DAY OF GRILL TESTS

1st day nd day &érd day

" Hean Mean Hean

Rats tested in cold room _
8, . from cold room 16 92.2 88.6 + 83.8
b. from control room 10 91.6 88.9 85.8
¢. from hot room 8 90,1 - B7.1 81.8

d. 811 tested in cold &4 91.5 8.3 82.%

Rate tested in control room - o
.8, from eo0ld room 12 9%.3 91.7 B7.2

b. from control room 15 23.4 91.8% - B6.7
Ga from hot room 9 92-2 ’ 90-5 E'Ell

d., all tested in cont. 36 = 92.1 91.2 86.7

Rats tezted in hot room

g, from cold room 10 92.1 90.4 89,2
b, from control room 10 92.4 91.7 B8.1
e, from hot room . - 16 03.4 90 .4 87.1

d. 211 tested in hot &6 93.0 20.8 88.0

The differences between rooms are about the sﬁma as in
the relesrning tests and waight lﬁsaas. The rats in the
cold room, regardless of nrigin."rétain lesg of thﬂir.urigi-
nal weight, and croes the grid more frequently. In the con-
trol and hut rooms fewer crossings are found, but more of
‘the original weight is retained. The order of the two
measures ¢an be examined for rats within each room. These

ordera are given below.
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TABLE ZLVI

RANZ OF SUB-GROUR: IN EACH ROOM IN
GRID CROSSINGS AND PERCENT ORIGINAL WEIGHT RETAIKED

Griad Percent original weight retained
crossings '

q . lat day End day 3rd day
Cold room HXC HXC HC X H {XC)
Control room H C X ) HC X HX C . HX C
Hot room "HXC CXH (a2C) X HXC

¥hen the weight losses sre nﬂnﬂi&a;éi in this manner,
there ia 8 much better eorrespondence between the two
measures, Rate originating in the hot room crossed the grid
most frequently whether they were tested in the hot, control
or cold rooms. All of these rats when moved to the control
and cold room show the greatest weight loss all three days.
The group orlginating and remaining in the hot room comes
last in weight loss the first day, tied for first place on
the second day with the rate originating in the cold room
and moved to the hot, and on the dsy of the tests, the third
day, stands in first plesce. The cold and control suh-grnupé,
whether those moved or not, ocoupy either éaaun& or third
plsces during the three days Bf.thﬁ teste, Thers is no
definite trend here, except that.theaa rats selaum'nccupy
first plﬁca in welght losses.

If the mean loss of weight per day of grid tests is

taken @e 8 single messure of the waight losses, the coefficient
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of corrslation between the weight changes and the crossings
can be determined. These values ere given in Tabdble XLVII.
TABLE XLVIX
CORRELATION BETWEEN LOSS OF WEIGHT PER DAY (P
GRID TESTS AND GRID CROSSINGS

In the cold room

‘A, rBts from ths cold room + .30
b. - rats from the control room - 15"
¢, rats from the hot room + .57

In the control room

A, ratas from the cold room + .07

" bs TrTats from the control room + .19

" 6« Trats from the hot room + «58

In the hot room
a. 7rats from the cold room : - 03
b. rats from the control room + .17
¢. rats from the hot room + .16

The coefficients are aumaﬁhat lower than the corrss-
ponding values found when the relearning trials and weight
losses per day were compared. There sre only two that are
not positive, however, and two or three are fairly high. As
was pointed out earlier, there may be uncontrolled factors
present which agt to reduce the values of the coefficients
without necessarily destroying any relation between the
weight losses and grid crossings. '

A summary of the performance on both the maze ang the-
grid cnmpﬁra& with the waight losse= in both measures may be
hﬂlpfﬁi at this time. If 211 the rate in each room are
grnupaﬂ together, we find the following orders in the different

measures.
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TABLE XILVIII
SUMMARY BY ROOM OF PERFORMANCE AND ¥EIGHT LOSSES

Relearning (trials ¢ XH
Mean wt. loes per day CXH
Mean percent arigiﬁal e _
weight retained ¢ X B (smalleat value ist)
Tofal grid cruaaingﬂ'. 0 X ﬁ_
ean wt. loss per day CXH

Hban'péxﬂ&nt original

weight retained ' : ,

during grid tests ¢CXH (smsllest value lst)
. The pattern of results is the same when all rats in each
room are grouped together. Relearning, grld crossings, weight
losses per day and percent original weight retained all occur
in the same order. .In evér# cass the rate in the cold room
stand first, the control room snimels second and the rats in
the hot room third. ﬁn this hﬁsia alone, it would seem that
there is a close relation between maze performence, grid -
eroseings and amount of weight lost during each measure.

The performance of the sub-groups within thalrnamﬁ cen
now be examined. The relationsbetween these groups when
performance and weight losses are considered afe given in
Table XLIX.

The general results found in the relearning and inm the
two meesures of welght loss during this part of the experi-
.msnt correspend fairly closely. The cold room suh*grﬁhp

(originated in cold room) stands in first place in the
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Table XLIX

SUMYARY BY SUB-GROUPS OF PERFORMANCE AND WEIGHT
LOSSES WITHIN EACH ROOM

Cold Control  Hot

Relearning (trinls} CXIE CHX ¢ EX
Hean welght los=e per day CHEX CHX XHC
. Mean percent original

weight retained during

relearning cHX ACX CHX
(R R N T N RN I R N NN NS N R T NN NN NN NN EN]
Total grid crossings HXGC HC X HXC
Hean weight loss per day c({m) HCX HC X
Mean percent original | | -

Wwelght retained during

grid crossings XICH HXC HC X

three méasures taken during raleaﬁting in the cold .rnnm. the
hot Toom sub-group in the cold room was second in two of the .
mesgures, the control sub-~group was last .in two of the meas-
ures. About the seme degree of uo;réspanﬂenea is found in
the other two rooms. The cold sub-group tested in the con-
trol room is first in two of three measures tsken during
relearning tests. The rats from the hot room are sennné two
of the three times while the control room sub-group tested
in the control Toom is last every time. While in the hot
room the éuld room rats are first in two of the three maaﬁ-
nrea;.tha hot room rats while in thé hot room are second

every time, and the control room sub-group is last two of the
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three times.

is has been pointed out, there is 1ittle agreement ia
the order of the sub-group in each room when relearning and
grid cros=sings are compared. However, the welght losses

during grid tests and the total grid erossings for the sub-
groupe in all three rooms show 2 fair degree of relationship.
Also, there iz considerable relation hetween the weight
Iusaes'and falaarnlng abllity of the sub-groups in all three
rooms.. Evidently the same sub-groups of rats, when maasuréﬁ
for ralamrning and grid crcssings, rankeﬁ.ﬂiff&rantly in

weight losses.

" quelitative Observatioms

Certain qualitetive observetions may aid in giving a
more complete picture of the ﬁehafiuf differences found in
the three roﬁma. Differences mentioned by Hellmer were ocare-
fullr watched for, in order to check their occurrence.

The general level of setivity varied considerably in the
three rooms. Rats in the hot room showed 1ittle inmclination
to move about apnntﬁneously in thﬂﬂcagaa. In the mazé situ~-
ation periods of rather rapid running were interrupted by
long perioda of sleaping,'aniffing, gruaming, nr.hnﬂdling in
a eornef.' The behavior in the maze waa rather arratin and
nacaaionallp many errors would be made in a trial folluwing

an errorless run. It was noticed meny times thet during the
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firat few trials most rats in the hot room, regardless of
origin, would explore almost all of the mage ﬂgring the
first triel on & given dsy. If, however, they missed the
food box, they would then retrace their path, and spend the
reat of the period in going up and down the iirat or sacond
ealley. The behavior in this room almost seemed stereotyped
et times, in ﬁh&t certein errors, once made, were repeated
without exception for many triale tharenfter-

Although the welght records indicate that the hot room
rete lost the leest wolght during the masze tests, they
geemed nevertheless to compste vigorously for the food when
1t was presented after the maze tridls for the day. Quite
freoquenily vigorous stiruggles for poeseseion of the food
can would develop, 2nd result in overturning the food.

In the grid teafa many of the rats in the hot room made
no crosslings end but few contmcts, The general pattern of
aetivity was ons cof ceuticus contacts with the grid every
now and then, but those rats spent most of the time crouch-
iné or 8leeping in soms corner and showing little interest |
in the food. Occasionallyj the animel engaged in desultory
scratching and biting at the screen wire covering the start-
ing chamber. liany would stand on their hind legs and claw
2t the covering for soveral minutes at a time, even golng 80
far as to try to hang suspended by all four legs from the -

BCTecn.

During the first few weeks in the cold room the rats,
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originating thers, wera quite asctive and spent less time 1n
their nests than when they became older. In the mazc trikis
the behavior was fairly uniform. In most oRues progress Wes
fairly stesdy. %hen an unusually larpe number of trials

was requived, thers were mors instances of clear sut re=
fusals to run during the first part of the test then of er-
ratlo behavior of the type found in the hot room. The cold
roon rats ste stesdily and guietly during the fauaihg periods
sfter maze triala. Theres were few struggles for possesnlon
of the food can. However, thera wers frequent attempts to
"hoard" excess food by taking it from the can snd nlacliop

it in & cornmer. This tyve uf.haha?iﬂr never occurred in the
hot roum during obeervations made by the experiméntar. _

Only a few rata teated in the cold room refnsed 0 0ross
the grid &t scme time during the 20 minute period. Those
that 4id refuse spent considerebls time in epproaching the
grid or gautiouely touching it. If this tyve of behavior
died down, there wes m tendency %o sit aquietly lIn a corner.
Occaeionrlly attention was diverted ito the screen covering,
but not me often &% in the hot room, |

In ponersl rate tested in the control room showed some
of the cheracteristic behovior of Yoth hot and cold rats.
The general lovel of activity throughout the sxperiment wes
perhape greater then in the other roome. HEaze behevior ﬁi&
not seem to be es erretic 2s in the hot room. During the

feading veriods there were cccasional gtrugeles for the fTood



ean, although no instances of "hoarding"” were found. When
tested in the obstrunetion box about the same type of be-
havior was displayed as in the e¢old room. Of course fewer
a‘mss‘ingﬂ were observed, a.nﬁ. more time was spent either in
nreuching‘ in s corner or clawling 2t the secreen covering of
the Bt#rfing chamber.e e

Mhét_uf the nutstﬁh&ing charasteristios of behavior
which Hellmer ﬁantiunaa were found to oceur in the present
study. In particular, it wes found thet the maze perfor=
ménce was quite similar. Changed experimentsl ean_ﬂitinns
of course prevented & complete check on all aspects of be~

havior which he mentioned.
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Discussicn of Results

_ In the preasent study an analysis of the behavior of
white rats living in different iuam temperatures has been.
earried out aiong two main liqés. Pirst, maze performance
under ghanping temperaturse was inveatigated. From an ex-
amination of the results, it seems fairly certain that the
performance exhibited ig clozely related to the temperature
‘under which the animals lived. However, this relation in
itself does not give a detailed or differentisted vioture
of the pgasihla ways in which the different teomperature con=-
ditions act directly or indirectly upon the animal.to Dro=-
duece the differences found in the maze performance. Accord-
ingly & second spproach was attempted. Posmible ways in
which the temperature differences affected the rate through
a study of their-weight differences, and responses to A
barrier, between them and food, in the form of an electrie
grill wersc investigated. ' |

In order to mske a comparative study of learning ability,
as we have done haéa. the idesl condition lie that.e?arr'
variﬁhla e;cept one be held constant, If ceriein veriabdles
are permitted to chenge, the direction and extent of the
change should be determined, and controlled. Lo the present
study control of the external conditions of food, iipﬁz. maze
procedure, food deprivation, ete., prnhﬁhly does not mean

that all variables save temporature have been kept constant.
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In the process of adjustment to the different temperature
conditions, cortsin phgﬂiélngical and orgnnic changes take
place, which necessarily are differant under different tem-
perature conditions. Thus msny fectors vary elong with the
temperature changee. To determine what these changes are,
and the extent of the shifts found is not to ﬁenr that the
temperature may be the key factor whieh initiastesthe pattern
¢f changee, Investigation of these patteras simply.inﬂrenaea
our understending of the method through whick the temperature
changes bring about the differences in behavior and gives

& more differentinted ploture of the changes by means of
whiuqisimilar animals reapond to the &ifferent temperature
..uonﬁitionﬂ.

#irst of all, there are meny indications that the rets
living in the cold rnnm.axhihit a higher rate of uetabolism
than do those living in the 90°F room. The rapid rate of
growth, and gaﬁeral earlier development would voint to this
faot. Hﬁilmar (24) reported that the average date of cﬁn-
ception for the rais in the cold room wns 2pproximately two
weeks ehead of that of the hot rcom,. ille(46) elso pointe
out meny lines of Eviﬂunée for thie inecrease in metaboliem
in people living in the tropics., An sbstrect of Djelineo's
study {18) 1ndicaté$ that with white rete, the higher the
temperature, the lower the baes]l metaboliem rete. The meta=-

bolic rate wes determined on the baals of oxygon consumption,
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andg marked aiffaréncés wora found for rats living since
birth in rooms of different temperatures. In some extreme
temperstures, the ratiog of the metabollic rates waa as great
a8 2:1. OChanging the enviromment of an adult rat influ-
ences 1te rate of metadolism &8s well. Quoting from the ab-
atraoct:

"Thus a rat which was adapted to 5-10% ¢ showed a BIR
of 859 Cal; after 5 weeks under 16-20° C the BIR fell to
676 C., after one month under %0-g2® C to 517 Cal.”

Dielineo found huatla change from higher to lowexr
temparatures increase; the BUR for a ftime. If the rate qf
learnihgfis related to mefaholism. this tenporary increaaa.
might account for the relativsly better performnnce of the
hot room group2 over ithe control groups, when both are teat-
ed in the cold room. It iz also interesting to note that
the tomperaluresijelineo is reported to have uzed f21l some-
whare near those employed in tho preeont study; whén the
Centigrede temperaturss are changed to Fahrenhelt we have
£0-50° P, 60~68° P and 86-90° ¥. |

. Heron and Tugend (27) ﬁaport the developaent of a
"hright" and "dull" etrain of rats, and euggest that the
difference in metabcliem in favﬂf of the "bright” grdup nay
acgount for 5559 of the differsnces found in learning. If
we assume that the cold reoom enimels in the precent ezperi-
ment exhibit a higher BiR, & similer relation between lenrﬁ-

ing ability and rate of metaboliam ie found in the prerent
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study.

The differences in the amount of food consumed in the
thres rooms, along with the welght losees during food de~
vrivation, cen alsc be thnught'qf ag additional ovidence
for the difference in metaboliem in the three rooms. Al-

' thuuéh-nu guantitative measuru.ﬂf thﬁ epount of food gon=-
gumed wes kept, the goneral observation was thai the cold
room snimals did require the most food. Doring the 24 hour
parioﬁ.uf food deprivetion, the cold room rats tended to
lose more welght than did those in the hot room. Thia is to
be oxpected if the rats in the hot room have a lower rate of
metaboliam. valght reoords kepl ¢uring lesrniag, relearn-
iog, and grld teats all check as to the ama]ler'luaﬁ of
weight during tﬁe gameé period of food deprivation by the hot
room rats,

Tnis fact suggests that a differencs in the degres of'
motivation may be operating as one of the factors that
ohange along with tﬁ% temperature. On & room by Toom basis
thers is gousiderable evidence thét this reletion holdw. It
must be remembersd, howsver, thut the basis of this ¢on-
elusion 1s the mssuwmption thet hunger and "drlve" are uloSe=
1y rolated. mﬂﬂé'invaatigatars aprea ﬁhat in general hungry
ratls are more nctive then nou-hungry rats, 2nd ususlly lesrn
simple mazes mors rapldly. (See Tolmnn and Honsick (67) ];
klso, meny egree that inoremsed periocds of food dsprivation

tend to produce en incresese in ﬁotivation, as weasured by
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uffiuienay of maze learning, until the animal becomes weak-
ened by stervation. Heron and Skinner (26) indicate that
‘hunger increases with starvation until about the fifth day
of deprivation, followed by a rapid drop in honger until
death cccurs. An sbetrasot of Vojtonia! study (69) xapnrﬁa
that he found an ineresse in motivation 28 a resaolt of food
deprivation from eight to twenty-four hours, followed hy e
conatant level during the pﬁxt thirty-two to fnrﬁg—eight
hoursa.

Other evidence, however, throws dounbt on a c¢lose Tre=~
lation between food deprivetion snd motivation. _It has been
found that after long training, satiated rats continue to
run.tha maze, Vojtonis suggestas thet perbapa a new motive,
8imply & tendency to run through *the maze, has haen sst up.
in auﬁa instances lessening the "ﬂ:::*ﬂl.-trﬂ'.I by feeding groupe of
hungry rats before maze testa leads to betier performance I
than non-fed hungry rats. 3Brace {13) renorte sueh 2 study,
end suggeste thot motlvation can be considered in several
ways, some of which are not directly related to the drive
for food.

The ute of the obetruction box nleo hee certsain dised-
vantages as n meascure of motivation &uring food deprivetion,
The phyelolegical changes that ta2ke plece during deprivaetion
sre not c¢lesr, As pointed cut by Ligon (29) the depgree of

punishment mey very for various physiclopleel states, Since
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the condition of the animal may change during the periods

of dépri?atinn, the differsnces in arugsinga may not be
measures of motivation but rather of physiological chonges.
He suggeste, 88 others have slﬁeaﬁy pointed out, that the
drive may not increase quantitatively ss the deprivation
inoreases. Ailsmo, amnﬁinnal excitement is probably different
with-different ﬂagraeﬁ of ﬁapriv&tiuﬁ. iignon concludes
that thes length of atarvation'periud. even when it does not
raaulf in suffaring.'&nas not determine the degree of moti~
vation. '

Other investigntors conclude usnnlly, thaet within limits,
aetivity and drive 28 shown by erossing the grid im the ob-
etraction box tend to inerease until the snpimal is weakened
by febd deprivation, Huuh_i&%] piaaaﬁ no definite limite as
to when activily declines. Holden (21) believes this de=
urea&é may come after iwanty-fear neurs of starvation, while
Viarner (71) states thst the tendeney o crcas the grid is st
s waximus after tarse to four ¢ays of food deprivation, end
Gecraeses thereafter. ~Females auﬁ somawhat differently in
that they reach the point of grostest activity at about two
to thres deys. An sbatract of Rezmussen's repert (69) in-
dieates that the period of maximum atteunpts to eat ranges

from one-half %o esix doys of Zeod deprivation.
In our obstructios box superiments focd doprivation wes

not great enough to weoken the enimals, snd prouasbly falle
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1# tﬁé periad where tha.mutivntiﬁn inereases with ths.htar-
vation.periﬂa. Hence we nay saosume that the Tesults roughly
vepresent the motivational factors involved. '

Uader the conditions of the prevent experiment, still
another oovaplicating eet of circunstnnces erises. The
differont phyoioclogical adjnstments demanded by the three
tempuratufa contitiona may act to produce diet deficliencles
in one group and not in nnother, when 811 raty sre fed the
eane food. These deficlencles may in turn aet to change tﬁe
BotivALTonaT Taidtari beyond that which may be imposed by the
‘differcnce in metinbollsm and starvation porleds alone. Here -
mhy be another factor which changes along with tempernture
- ghangea. It mey be poseible that tempersturs §ifferences
and maze performance ere related through the sction of such
deficienciesn. |

Milie (47) rnpﬁrtﬁ that food mixtures with enough vitae
min By to permit long heelthy 1ife of rats in a oold room
(68° F) ieft rets kept in a 909 F room runty ané stunted.
Thoee enimals in the bﬂ£ room neaéad fer normal growth twice
B8 much of the B vitamin thiamin (By) =8 4id thoee in the
eold roem., It alsu tunk five times a8 muoch choline for the
90° rate es for the 68° mnimnls, He also reports thet the
ether B vitsmins oare required in Jarger amounts in the hot
room. H111s peints out fhat the B complex i8 necded to ag~-

sure proper food oxideties, and with the more slugpish
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conditions of tropionl hemt, larger smounts are negded.,

- Hecantily the relation between maze learaing snd certain
vitamin deficiencies hes been investigated. In = series of
articles Maurer (41), (42), taz}. pointa out that groupse of
TRt deprived of an adequate quantity of vitﬂmin_ﬂg require
about twice o8 many trinla'anﬂ.arrurs to lesrn a naze &8 4o
the control groups. The same observation holds for By de~-
fiedent groups. ¢(n the other hand vitsmin .!L deficient
groups learned the maze 88 rapidly ns the normals. E. Poe,
¢, F. Poe, and ¥, ¥. HMeunzinger in several artiocles (60),
(67), {68), report somewhat different results, in thot they
balie?a the Bg vitanin deficiency makes no differsnce in
uaze performance, They do egree with Haurer in that By de-
fioclent groups were hglﬁw normals in maze running.

Protein, phosphorus and iron deficiencies in diet ten&
to0 produce poorer mﬂzé performance than for normals, Bern-
hardt roported (6), (7). These differences were small and
coneistent, but stﬁt;atiually unrelisble, Eith.ﬂurhart {Ej.
he aleo indicates that groups, viiamin B deficilent from an
early &ge, wore poorer in lesrning than groups deficlent for
e shorter time, slthough again the differences were not re-
liable statisticelly, The resson for this difference prob-
ably lies in the greater need for the B vitamin during the
rapid growtn of the nervous system during early life.

In view of the resulis reported in the present éxpaiin

ment, it does not seem likely that these deficiencies alone
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can account for the differences In behavior that were
found. If we accept I1lla' report that hot room rats noed
more df.tha B vitamin, and ﬂerhert and Berphardtts suge
gﬂstipn that ﬂaply vitamin deficient groups learn more
slowly than late ﬁafiuiant gr&upa, we 2till cannot explain
the performance of the hot room groups relearning in the
diffareﬁt reooms, Here are groups deflicient in the eszzential
vitanin from an age of about four wecks which show better
performance in most of the measures than a supnosedly
norral groun from the control roem. In many cases, how-
ever, there was less Jdifference between the cold and hot
room sub=groups relearning in any one room than batwecn

eithey one, and rets originally from the control room,

There 1s also a guestion whether the defleciencies
in dlet, whatever they may be, could produce such wide
variations in performance es were found in the relearning
In the rats in the hot and cold rooms, It must take some
time to produce diet or vitamin deficlencies in rats
which bhave hﬂdladequate dlets, Thirty to forty days do
not seem to be long enough te produce a physiological
condition in the rats moved to unfavorable conditions that
would be similar to that of rats srending thelir entirs l1ife
in unfavorable conditlions,



C 144

It would seem reasonable to supﬁoae that different
temperatures probably exert a mors or less direct influence
upon those aspects of the rats' metabollsm that lead to
better learning on the one hand and poorer 1aﬁrning on the
- other, whether the differences in léarning'result'frcm
differences in intelligence, in motivation, or both.
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CHAPTER IV
INTERPRETATIONS
The Present Study

In thia study we have atfempted to isolate a few of the
relationships found between ths organism and its enviromment
when one aspect of the enviromment is menipulated. Changes
in temperature under which white rats lived were introduced
and sccompanying changes in maze bshavior were recorded. At
the preszent lé?al of rufinaﬁant, only relative gross ch2nges
can be demonstrated. There is no intention of insisting
that temparature changes constitute the only important as-
pect of the environment which must be conaiﬁéraﬂ.’ Hany lines
of evidence, however, suggest thal.t temﬁerature may be more
important than has been renlized, and the clarification of .
such relationships may increase our understanding of other
aspects of the functioning of the organism.

The growih of the rats in the three rooms of different
temperature indicntes & tendency to develop different grnas
boﬂr-stfuc;uraa in the different temperatures. As & pert of
the adaaptation to envirommental changes, & new body pattern
makes its sppearance. Hot oﬁlr does the orgenism 2ct se=
lectively in reaponding to the enviromment, but when favor-
able aspects no longer axist; changes in the orgenism appear

that leed to better adjustment, The mechanism of such changes
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is at present relativel# unknown, and in the present experi-
ment wore not isolated. Child hne suggested that changes

in certain physiologienl gradients may be responsible for
| ohanges in structure. The phyaiologioal gradients consiset
of a graded differsnoe in physioclogical activity, and in-
clude the velocities of chemical and physical reactions,
collodial dispersion and ionization in different parts of
the crganism. The environmental energies induce such gra=-
dients to form,and the atructure and funcition of cortain
lowaer organisms are thus determined. By changing these
gradients, changes in the structure of thoe lower organisms
ocan be brought about, but in the higher organiems the gra=
dients are more difficult to change. As May (45) saig,
"Horedity auppiiaﬂ the potentialities of excitation and re=-
nction; it also determines the degroe of perzistencs or
effoctiveness of the ér&ﬂiant. Enviromment, on the other
hand, aetarminas which gradient shall onerate and how thay
shall operate.” {n. 744) _ |

The présent study offers & suggostion that perhaps oer-

tain of these pradients hnve heen altered by the different
temperature conditions in the three rooms. The goneral
pattern of the change in body structure was in the direction
of increasing body surface in the hot room, 2nd reducing
body surface in the eold room. It will 2lso be rcmembered -

thaet the tnile of the hot room .rate were signigicently longer.
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Hills (47) has pointed cut that the ears and tails of rats
agt as radiators for the lnaé of excess body heat. In the
hot ruaﬁ. where muech body heat must be lost, changes in
structure ars found to facilitate this process. In the cold
room the more rounded bodies and shorter tails exposs less
surface snd thus aid in the conservation of body heat.

 The lower temperature of the cold room, in forecing the
rat to expend more energy in the prnuéss of adaptation, pro-
vides a more stimulating eavironment. It is doubtful, how-
ever, that a more rapid ra}a of metaboliem 1s the only fac-
tor responsible in producing the greater level of activity,
Or more afficient performance in the maze. Tae entire pat-
tern of adaptation which takes plﬁoa when the rat lives
under the lower temperaturs must involve & wide range of
physiologiceal adjusiments. Just how these changes are re-
lated to the behavior patterns displayed is still unuartaih.
The differences in learning shown by the three groups of
rats in the cold, control, and hot rooms leave 1ittle doubt
that the temperature under which 2 rat lives and works is
an important condition in influencing its maze behavior.
'The differences in maze learning in the three rooms are falre
1y large and were found to be statisticaelly relisble. The
present data support the results reported by Hellmer. In
both experiments differences in the szme direction and

approximately the sama extent were found.
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Anaiysia of the data ﬁy means of the Vingsent curvas
suggests that the rate of elimination of errors during
ﬂifferaﬁt perts of maze learning has been altered. The lack
of progress in eliminstion of errors in the lsst half of the
learning of the maze in the hot room may indicate differences
in the rate of the learning displeyed in each room. It is
possible that new adjustments as those required in masge
1earn1né cannot be msintained as continuously in the hot room
a8 in the cold room. The weight-loss curves show that the
hot room rats reach & period of little gain or loss at about
the time the average number of errors begins to increase.
The lack of prugreea in learning might thus be the result of
a8 poseible decrease in motivation. The unn;rul r&om rats,
however, show ahout the same stabllization in welght losses
without the marked lack of progress in maze learning.

The lack of progress during the fifth to seventh tanth:
of thé trials required for mestery of the maze iz apgnin
clearly shown by the Vincent cnrves for relearning. All of
the rats relearning in the hot room, regardless of their
nrigiﬁ, 8how & decided incremee in errors during this pert
of the relearning, The rate of elimination of errors is
greater in thh hot room than in either the ccld or control
rooms until the fifth tenth. The drte from deily weight
records ecannot account for this difference in progresa.

Lgain, the weipght-loss curves do naﬁ eorreepond closely
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hot -room to meke it poasihie that differences in motivation
are solely raspanaihla'fﬂr the rate of relearning found.
More rofined studies of the effect of tempsrature on differ-
ences in learning may c¢larify this problenm.

Changes in porform=nce in the same group of rats corre-
'sponding with changes in temperature were fournd in all three
original groups of rets. The change in performance took
place relatively repidly and the adjustment seemsd tc be
feirly complete. The eritiecal ratios of the differences be-
tween groups relearning in the geme room were &1l below &
value of 2, snd eleven ¢f the twenty~seven were below & C,.R.
of 1. Thirty to forty days in the cold rocm wae leng enough
to bring the performance of & group lesrning im the hot room
but chenged to the cold room, to almost the same level of
performance 28 wes found in 8 group which was left undis=-
turbed in the cold room. When it is remembered that this
eame hot rcom group required almost twice a3 many trials ag
the cold room greoup for original iearning. the magnitude of
the change beccmes striking. In like fashion, changing cold
roem groups to the hot room produced ralea:ning geores ale
most the some &8 that of rats living the entire period in the
depressing conditions of the hot room.

Yibatever the pattern of ehangaé initiated by the new

temporature conditions may be, these changes began rapidly,
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and becams effective in & very short time. The data also
euggest that’the adjnﬂtmenﬁ mede by the organism fo its
nhangaﬂ.énviranmunt mey be more delicate and flexible than
préviuuslr belicved. It is also guite poesible that such
adjustments are found in response to much amaller_variafiona
in temperature than the extremes uwesd in the present ex~
periment.

' If the reeults of the chstructlion box are taken &s
rough measures of motivation, then the temperature diffex-
ences can also be thought of as producing differences in
motivation in the three rooms., The absolute numbers of
approaches, contacts, and arﬁaainga in the thrse rooms weras
different, but the general temporal pattern of activity was
about the same in 211 three Tooms. The oritical ratios for
the differences between sub-groups originally from different
rooms but .testeﬂ in the same room were all qulte luw; 'Hha!i_
a2ll rats tested in éaeh room wero Gﬂnﬂiﬂﬁ?ﬂﬂ! the differences
in crossings during esch five minute interval es well @ for .
the twenty minute total are statistically relisble., The +
é?idanaa doea not indicate, however, that 21l the obssrved
differences in maze behavior can be radunaﬁ to differences
in motivation. These differences are only part of tﬁa total
pattern of variables that must be considered in clarifying
the relation between témparature chenges and difforences in
behavior.

Evidence of 8 relation between weight losses and maze
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performance was inconclusive. Although there are many
studies which fail to reveal a direct cﬂrréspoﬁdénéa be=
tween maze performance and food deprivation, under the
present experimental conditions 1t seems. justifieble to as=-
sume that tha.waight losses are related to degrees. of mobi-
vation and would show up in differences in rate of learning.
ilhen maze parfﬁrmancap gipher_lga;ning or rp1aarn1ng, was
coﬁaiderad on a room baaig,_wgight losses and learning
ability were found éa be related. The eritical ratlos for
the differences in weight loss were alsc large encugh to
indicate statistlcal reliability for theaé maésurés, “hen
percent erigiﬁal weight retalpned in Iearniné and relearning
was considered, a fair degree of relation between this
measure and mage performance was found, _Thiq'was'ndt only
true when all rats teste3 in each room were used, but when
the performaence of tha'suh-gruupa in @ach room was con=
sidered. ¥inally, a low but consistently positive coefficient
of correlatlion was found between mean weight loss per day
of maze running and maze performance, either learning or
relearning.

Little correspondence between weight losses and maze
performance was found when the number of rats losling welght
each day of original learning was considered. Also, there
was llttle egreement between rate of first learning and the
" mean loss of weight by rats in each room during the last days

of maze trials. The curves for percent original weight
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the efficiency in original learning. The weight of the
evidence, however, pointa to some qurrﬂspanﬁeﬁaa vetween
woight losses and mazg perfornancea. HMore refined studies
should be undertaken in order to clarify the degres of corre=-
gpondence between the twn.meaﬂaraa.

| The oame genera]l picturs is found for the walght losses
during grid testa., If all rats tested in the same room &are
compared with all teated in the other rooms, there is a con=
glatent relation between grid crosainge aad weight Iﬁaaeé.
Again, the coefficients of corrulation between mesn louss of
wolght por day and grid crossings sre for the most pert
positive.

Whether rats in each of the three rooms which wers fed
go ne to eqgunate welght losges would show & difference in
mize performance, remains to be determined. Certalnly more
cﬁrefﬂllx controlled experiments of this nature should be
carried out before finel conclusions can be drawn., The
present experimcnt, however, sugpeste that differences in
meteboliem resulting from different periods of food depri-
vetion which in turn produce differences in woight losces,
mey be one of the method® through which the differemces in
temperature aet upon the organigm.

As we have elready seen, thé differences in grid oross=-

ings sugpest differences in motivetion of rats tested in the
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the lack of agreement between prid crossings and releerning
_scores, For some reascon that is not yet cleer, individual
rate mhowed different weight loeses in the grid teets end in
meze trisls, If the welight loases are thoupght of as infi-
cating or producing to some extent differences 1r motivation,
then the different bekavior in the prid tests and in the
mege i3 related to the differences in motivation,

Although knowledge of the behavior of the rat nannot be
translated directly to human behavior, any study dealing with
the adjustment of an orpanism, whatever ite desrsee of com=
nlaxity, to its nn?irunment,.raiﬂaﬁ cortain spcculations of
intereat to the 2tndent of humsn behavior. The relativély
ranld adaptetion of the rais to new temperature conditions,
es shown by the moze bekevier, cuggects that, én o humen
level, there mey be equally repid and complete chanpes 4n
certain aspeete of behovior, when different temperatures are
encountered. It is cuife poesible, snéd many lines of evi-
dence support the conclusion, thot long-timq vnrintinéﬂ of
orly & few deprees mey initiste fer rerching edjuetments of
the humen orpenism in the esteblishment of a new equilibrium,
18 ¥Wheeler hoe pointed out, thece adjnetmente are reflected
in e wide renpe of men's bhehavior, #ociel &nd cultural ss
well a8 physiclogicel. Although laboratory studiee ore

limited 88 to the ranpe of phenomens covered, it is poesible
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to gain, through the use of controlled experiments, a better
upndergtending of some of the adjuctments which may be of

basic ihpﬂrtanue in producing different behaviors.

Related Prablems

.Tha'preaant atady rﬁisaa a number of problems which are
directly related to the differences in behavior found in the
three rooms. JFuature experiments aloﬁg these lines may aid
in increasing both the extent and depth of our understande-
ing concerning problems that nave been raised.

Miret of all, in such a series of experiments, the
'tampsratura which brings forth the maximum level of pariqr-
mance should be determined, This optimum temperature may
not be the ssme for all types of behavior. ILqually impor=-
tant ls the question of the corresponding relative humidity
related to the different temperaturea, There should be more
adequate and refined methods of uuntrui end variation of the
humidity as well as temperzture in the experiments, Tem=-
perature alone has an impact upon organism which differs as
the accoapanying hﬁmiﬁity variea, Betefq;natiun cf the
optimom conditions of temperature and humidity would seem to
be a basic prerequisite for future work upon the problem of
temperature and its effect upcn behavior,

Second, the effect of different conditions upon sne=-

oseding generations should be found. Hellmor carried his
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etudy through two generations and reported that the differ-
ences he observed, both bodily chenpges &nd meze performanca,
soemed to he ﬂsﬁumulﬁtive from one peneration to the next.
The point of stabilization in the adjustment of the organism
to the different temperatures shonld be determined, It
might be poseible that successive generstions in the cold
room (&t the temperatures used in the nresent study) vionld
develop defiaienuieé Jnat ee the hot room rats seem to hava
done. If the r&té of development were slower then in the
hot room, two generations mey not kave been long enough to

- reveel sBuch tendencies.

Third, the problem of the hehnfiﬂr of successive pen-
cratione &l#o brings up the guesticn whether animnls cnoce
adjuceted to the ezxireme conditlons for many génaratinna wnﬁlﬂ
lose the flexibility or ease of sdaptotion thet ie epperent
in the present study, That ie, will rots of the tenth
peneration in the cold room meke &8 repid ond complete &n
sdjuetment if pluced in the hot rcem as the spnimele in the
present experiment?

Fourth, releted to the problem of 2djustment to the
¢ifference ie the question of how long 2 period would be
neccepary under the conditlone of the preésent study., Ie
thirty to forty daye the shortest time in which the adope
tation can toke pleace? Determinntiocn of theitima required

for fairly complete sdaptation as measured by verious tasks
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would give some indication as to how quickly the organism
ean adjuet to new ccnditions.

Fifth, the effect upon behavior Gf_éume of the organie
changes found in the different réomﬂ should be investignted.
In thie manner, the relative importance of diffaranﬂﬂﬂ.in
metabolism, diet and weight losses can be isolated. Such e
procedure will aid in giving 2 more complete and detailed
plcture of the pattern of changes initiated by the different
tomperatures and the role they play in producing the be=~
havioral differences found. For cexample, tezts might be
uarriaﬁ out in the hot room with groups pruviﬂéﬂ with extra
amounts of eﬁrtﬂin cesential vitamins to see if'supplying
this factor would eliminate the differcnces found in the
present experiment betwesn cold and hot rooms. The reverse
of ﬁhis, Psing vitamin_ﬂafinient groups in the cold room,
could be used ss en additional check. The same type of pro-
cedure might be applied to the other orgenic changes which
are the result of adaptation to the different temveratures.

Sixth, more adequate messures of the motivational fac-
tors should be made poesible. Until this is done, 2 final
interpretation of the lesrning difference between hot msnd
cold rate connot esatisfactorily be made.

Seventh, & more complete picture of the total pattern
of changes found in rats living under different temperature

conditiona is needed. OUther types of learning problems
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should be investipated. XMeasures of general neurotic ten-
dencies end poseible differences in soclial behavior can

8lso be made.
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CHAZTER V
SUMEARY

brocaedure

(1) fThree proups of white rats were raised under the
unhstaﬂt temporature conditions of 569 , 75° , and

| 900 F. reapectively.

{2) Weekly weight recordo were taken and growth curves ob-
tained. _

(8) At B5~95 Gays of age, 45 rats in each room were tested
fﬁr'iearning in & simple four alley maze. Recorde of
trials, errors and time were kept. After learning,
equal groups of 15 from eazch originel room were dia-
tributeﬁ'ta thraé temperatare conditiona.

{4) Approximately 40 days after learning, esch rat was
tested for ralaﬁrning.

{6) Vincent curves for both learning and releerning were
obtained,

(6) Daily weight records for each rat were kept during
maze tests, hntﬁ lerrning 2and relearning.

(7) After releerning, esch rat wee tested in & modified
obetruction hux.

(8) Daily weipht records during obstruction tests were
taken.
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(9) Tail length and body langth'maaaur&ments were made when
" the rats were killed at the end of the experiment
(when all rets were from 1B-21 weekxs old). Body-length
to body-weight 8nd body-length to tail-length ratios

vare computed.

Desults

(1) Hatﬂ in the cold room grew more rapldly than those in
the control or hot rooms#. iovement from one extreme
temperature condition to the othor tended to retard
the rate of develooment compared with that of rate
left in the original room. | _

(2) The-réta remaining in the hot room throughout the
course of the experiment developed longer, more
élendﬁr bodies and relatively longer tails (average
length 18.0 centimeters)., Similar éreups in the cold
room were short and stocky, with shorter tells (aver-
age 16.5 centimeters).

(3) Eats iiving end learning the meze in the cold room
have a great Rdvanioge over similsy proups living in
hot room.. The control room group stends about midway
between the hot and cold room groupe in performance
(average number of trials for learning, cold room 19.8:

control room 26.9; hot room 36.6).



{4)

(5)

{6)

(7)

(8)

180

in ralaafning tests, every time & group was moved to
a2 room of higher temperature the number of trials
raﬁuiraﬂ for mastery of the mAze incressed. Compari-
son was madé with triels required for relearning of
an equal group in the original room (cold rats re-
learned the maze in the cold room in 7.1 trials, in
the control room 9.8, and in the hot room 13.0,
Control room rats relesrned in the control room 11,3
trials, 1n the cold room 7.9, and in the hot room
18,8, The hot room rats.relearned the maze in the
not room in 16.5 trials, in the control room in 10.5,
and in the cold room in 8.2 trials).

Groups of rats Griginating in different rooms but re=-

~learning the maze in the same room, whether hot or

ecold, show almpet the same level of ability. There
is a Blight tendenoy for rats from the control room
relesrning in any other room to show poorer perfor-
mence then other gronps relearning there,

lio signiflicant sex differences in leerning or re-
learning were found,

Vincent curves constructed to aia in analysis of the
learning curves indicate & decrease in performance
during the latter portions of the learning in the hot

room.

In obstruction box tests, rats in the cold rocm
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crossed the gria most frequently, with the rats in
the control and hot roome standing in second ond
third place. |

(9) Almost no relation waé found beotween relearning scores
and grid scores. |

“(10) Records of welght losses during original learning

phow only a falr correapondence with learning scores.

({11) Records of welght losses during relearning 3how some
correspondence with releerning scores if the compari-
son is on A room-by-room besis. Thin relatlonehip
drops conslderably when the changes of the sub-groups
within rooms are antlyzed, Expressing the weight
losses iﬁ terme of percent oripginsl weight retained
inerenses the correspondence somewhat.

(12) A smell but consistent relation was found between

welght losses and grid crossings.

. Conclusions

(1) The tempersturs under which rate live is an important
conditlon of the efficlency of maze learning.
(2) Changes in performsnce of the seme greup are found
| which correspond with chengee in temperature. The
edaptation to the new conditiope scems to be fairly

repid and complete under the ezperimentsl conditions.



(a)

(4)

152

L survey of the relastion of motivetion as measured
in the present study snd food deprivation indicates
] éﬁmewhat uncertain oorrelation between the two. i
emell but consistent relntion between wéight logses
and lesrning, relearning, end grid-tasts wag found.
Differences in weight losses dﬁring reloarning and
grld tests possibly serve to aliminate the lack of
correspondenve between grid aroseings and relenrning.
Sugrestions made for further studies concerning the
influenoaa_uf argﬁnia changes upon motivation shonld
Be-narriaﬂ out 1f the problem of the relative im-
portAance of differences in motivation ia to be |

glarifisd,
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