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OHAPTJR I 
._ 

. INTRODUCTION 

.H1ator1 and General Background 

In the last few decades there has been an increasing 

recognition that man's behavior cannQt be understood in 

terms of any single isolated group of. condition~ng factors. 
. . .· . 

On.the one hand. emphasis has been placed upon evaluation 

of the biological needs and drives which form the bas1o 

foundation for man•s complex activities. On the other hand, 

there he.a been an emphasis on thasoe1a1 a.na cultu.ral 

patterns of which man is e. part." an.a on their importance in 

determining certain aspects of his behavior. The present 
. . . . . 

emphasis upon what many, for the la.ck. of a better te11011 . _.,. ·, 

call the biosocio-psycholog1oa1 sphere is indicative of a 

growing awareness that a wi<le range of influences must be 

consioered today in the study of human behavior., 

Miiller•Frienfels, (51) for example, in his recent 

book,"!!!! Evolution·ofMoaern Psychologl"t.POints .out 

clearly how attempts to understana man in terms .of on.a or 

two or even three elementary causal categories have failed, 

and outlines some of the methods used to secure a _broader 

frame of reference. Re uses such terms as psycho-sooiologJ, 

biops1ohosooiology, and sociopayohology and speaks of the 

"euper~individual" aspects of behavior. All such.evaluations 
• 



it seemst ara,efforts. to go beyona the more 'limited 'frames 

of reference . of the earlier ps7chologies.·1 · arid 'to ·elar.:lff 

.the interrelations between ·1mportant biological, social, 

and cultural forces ana man• s 'beha:vior. 

Developing e.s a part of' thls method of approach has 

been the effort to .show the importance to human beha:vior 

of' purely e.nvlronmental forces. !o be sure,. ln man.1 'in­

stances this movement turned iDto the task of demonstrating 

that onlz environmental forces were important in the 6&'.i. 

velopment ·ana proauctlon of beha,r1or·. The rather ·onesiaed 

view that a.11 beha'f'ior was enttronmenta.111 determined was 

obviously inadequate-, ana lea to reaction,. skept1c1sm-ana 

untimely pre3ua1ce·. 

Viithin the past few rears there has developed·, 1n a 

number of sciences,, the convict'ion that the total pattern 

of foroes acting upon.the organism must be considered if an 

adequate understanding ·Of behavior ls to be obtainea. It 

is not the place or purpose of the pre~ent introduction to 

surve1·exhauet1vel1 the development of tbls trend~ A.a with 

any such trend, ~ study of histor1 will indiea:te that ·there 

have been.some approaches to this general s1stemat10 po­

sition. The question,Where a.na. how have the1 tailed to 

arrive at the conolusions reached toaa1? must be left to 

other studies. 

'The details of these current points of, 11.ew differ from 
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one science to the other. An outstiinaing oharaoteristio, 

however, has been the 1ns1stenoe that onl1 when the con• 

flgnra:tion o:r pattern of forces acting upon the organism 

ia known can. there be developed an adequate pioture of man's 

behavior. i>o th1e en«. man1 general. fields of influence 

hitherto not aerlonsl;v oonsilierea are being stua1ea and the 

relation olar1fie4 between these obangea and the general 

pattern·of behavior~ 

Prominent amons theae newer.approaches we find an in• 

creasing recognition of the 1~fluenoe of o11mat1o changes. 

While there has been mu.oh apeoo.lation· ae to, the possible re­

.la.tion of climate to changes in human beha?Jo:r, there have 

bean few a:tte?npts to attaok this problem in a trul1 oompre­

hen,aive manner. .The orpn1sm1o point of view, it woulcl 

seem., offers the poseib111t1 of examining these influences 

1n their. proper J:'elation to other important environmental 

forces. 1'¢tj:1tural • ps1oholog1oa10 and phJe1olog1oal aaap­

tatione to, dif-.terent o11mat1e oonaitions. no aoubt take place. 

Yet me.n reaponas to oul tural O eoonom1o and poli t1oa.l in• 

fluencee, within the pattern ot auman behavior 1tselfo The 

organ1.sm1o point of view suggest_ that these l.atter 1nflu• 

enoes are integra.tecl with environmental conaitiona. More­

over, in this view. the recip:rooe.1 relations between the 

organism and environment are emphasised. The organ1em-1n• 

the•env1romnent ls the fundamental unit. antl the action of 
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the organism in changing, selectin~ .. and ·reaot.tng to the 

en1'ironment is .. as' import~nt as th.a actf.onsof' tbe· env!r.oment 
· upon , the · organism. ·. 

In the presElnt introduction only a··glimpse oan be ob­

tained Of· the manJ studies of'.human behavior, made ill the 

pa.st,.that have recognized the J.mporta.ne&:of envi~onmental 

e.nd elima.t1o factore .1n .addi.tion to the, purely.' cul~ural~ A 
,, " , r - ,--,. 

-survey Qf. enviro:nments.1 : theories. of '.,a-ooiety bt Franklin · 
; . ~ ·-. . ·-.;;·· ·;~.'(-:>;_,· __ ,,_ ~-·-,.. . ' 

Thomas ·( 66 ) gives ~ . fa..1:rly compl<,te; h~etory Q1 ·, these s t~di es. 
,• - . I ·. ' . ' . ' . -_-, I . ; • . . ' - - • . ~ ~ ' . •:· '• ' 

Omitting the·more speoillativeattempts,,for ma.ny·aaYe be~n 

little more than that. only three. a.re1 of·.~nterest here, 

· tho~e of Bodin. lloi1t,squ.ie~, an.a Baetle. ·. All .. ~~e.e -were in­

teree.ted in clesqr1111ng general laws :governing· the aevelop­

ment o~. c1v1111e.tions ancl n•tions,. ana ooncl.u~ed · t~at · 

elimat10· 1.nfluen.ees must be taken:· 1.nto account. , 
: • _· .: " . •, f' ~ , • , • , ·• .  _ -. ' . . • • • • - c • I ' - " . "• 

B.<>din's. (ll) was the· f~rst·.ser1ons attemp.~: .to evaluate 

the in:fi uence of. 'geographic. t:1n?ii-onme.nt ana · ollma tic·, changes 

upon the evol~:ft!on. of eociet1· •. As fhoma.s ( 66). points. out, 

Bodin tried to:find ge11ere.l l.e.ws for.the guidanoe of states-
. . . 

men. Quoting Thomae; 

·: · "In ·the latter work· (O~mmonw~alth) n.nder th~, caption 
'What order and course ls to be ~a.ken to'appl1.the form of 
a Commonwealth to the cn.versities ot men's humours·, and the 
means how ·to discover the ·nature and 61spositlon of the 
people,~' he (Boatn) sa1a that the failure of statesmen· to 
t~e into consideration the character of the population in 
.forming laws has often lea to trouble ana even the downfall 
. of the states.. Further on he asserts that hist&J:'ians ana 
Philosophers· of all time have· called·; attention to grea:t · 
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differences_ in population fX'om the ef'fec;t of tlimate and_· 
looatian, ''. The ref ore a wise governo:r of an1 0-Qmmonwealth 
must knc-w their· humours before he attempts an1th:l~g in the 
alteration of the state. and laws. For one of the greatest, 
and it may be the chiefest foundation of a CQmuto.nwealth is 
to accomode.te the state to the humour of the· :eitisens_. _ and 
the laws ana ordinances to the nature of the place, persons. 
and time•.ff · {.p. 49) 

Although Boai:n did little more than restate some o:f_ 

the e~lier oonoluslons oonae~ning the .influence of. olimatio 

changes upon beharl~r, a.na ·althottgh he was extremely myst1Qal 

in. some of his 1aeao, Jet his recognition of. the prob.lam is 
~:. 

an important one for the. statesmen as an hletorical l.a.na~ 

mark. 

Mon tea qu1etr• s { 48) purpoa·e was much the same in his 

Spirit of the .Laws~. He too bellevecl ~hat the. nature of the· 

population sho·u1a be oonsiaerea· bf.th~ sta.tesme~ ana.~hat 

eta.tu.ts laws shQuld be adapted to ·the general character of 
; 

the_people. The following·qttota.tionindicates.some of the 

factors he felt. ·to be important: 

"Thar (laws)._should be.in relation to the-nature ana 
principle of es.oh government whetbertheJ·form :1.t. as may be 
aaicl of politieal laws;. or whether they support it as may 
be said of ·civil institutions. ·  · . · · ·.· 

i'hey should be in :relation to the cli-mnte of each 
oountry,· to the quality of the soil, to itssittta.tton and 
extent., to. the principle oceupat1on. of the zurtives., whether 
husbandmen, herdsmen or eheparas; they should have relation .,, 
to the degree.,of libertywhlch ~he>constitut1on will bear; 
to the religion of the inhabitants, to their inclina·t1ons 
riches.· numbers, commerce. manners e.nd ·.customs. In fine ~ 
they h8:ve relations to each other, as also to their origin, 
to the intent of tne·legielator, and to the order. of things 
on which the1.were esta.blished; in. all of whloh·aifferent 
lights theJ ought to be eonsiaered. · 

This 1a what I ha.ve·undertakenin·the t'ollowing work. 
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These relations I shall examine sinue all these together 
constitute what I oa.11 the 11Spirit of the I.awe''•·" ( Volo I. · 
page ·7) 

· The 'histor.ia.n., Buckie·. ( 14), in his attempt. to state 

the gerieral laws wbiCbgovemthtt oOU.tee of humanp:t'Ogress, 

tree.tea climate,: soi'1 .• fooa and o-t~er aspects·· 'of nature. ,as 

important influences. in.the chsradter and.destiny of nations. 

As Thomas { 66) · points ou tt · 

. ''There is no. qµestion, of his belief. in a11eot cli­
me.tie influences, distinct. £rom the bountJ>of nature. He 
held that in the early histAJry o'f a people the accumulation 
of weal th ilepende upon u10 tbtns~-~the enerS1 ·· and regular! ty 
with whichlabor 1e·applled., ana·the returns made totha.t 
labor· by t~e bounty of ·nature. · .. The ener§. and regularity 
of the labor in turn depends upon the climate.----·fhe only 
effective progress aepenas,upon·tha ent1rgy·of·man, ana the 
powers of man a.re. not lim1tea ·11te ·those o~.·nature. Climate 
reacts upon man. stimulating hi$ eners, .. and developing, his 
powers. Therefore, that clvilisationconaitlonea bJ the . 
development. of human energy . 1s .. bouna to. outstr~p those 
which depana mainly upon nature a'lone·and do not ea.11. forth 
the latent powers of man'.O'" f page 138) . . . , 

· We fina some\vhat the sam.e »atte:,ta o:t . thought in . present 

day writings. J. VI. :sews f 9), ·in .his book. B:urnan Ecology 

expresses the fllnd.amenta.l aims, ancl purposes of the .. ecologice.l 

appr9aoh to the . study of human b.ehavior, . He. best· pr~serves 

a be.lance between the rela.t1v~ importa.n~e of the.organism 

e.?1a environment charaeteriat~'O of', the organismic approach. 

As ,oan be,seen. from. the fol:to~~ng qµotations, h1~a1m is no 

less ambitious than that ~:f. any of· the t.hree studies just 

mentioned.. Ecology ls for him _the means of s1stE;ma.t1z1ng 

al.l liuma.n behavior. · In his 1ntroduelt1ori ·h~ s,a1ei 
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"The first all-important fe.ot~ on which the greatest 
possible emphasis JnUSt be.laid~ .I.a thatllfe ap~rt p,om.the 
environment does not exist~ and .. cannot be conceivea. Life 
·consists_ esaent1a.11J ·of a process .of interchange ... bet~een 
the life.-substance or protoplasm-ana the environment. At 
the same time~ the term. ·enVi ronment apart. from life .is. of 
course~ mes.nlngless~ ·. · . . . .· . · . · ... ·. . . . : 
· .. The.interchrul.ge between the living .protoplasm a~d t1.>-e 

environment represent~ the working of the,·liv!ng machille .• 
Vihen this working cea&ee the organism dies. It no longer 
f'Unctions, Whether ~t oa.n ever temporarily al.together' 
cease functioning . and. a.fte:rwaras :reoommene.e • .without dying~ 
is perhaps· a point that might be debated, though hardly · 
at the present stage of our aisouesion. It ma.y be remarked. 
however, that. even in the case .of the resting·seeas or. 
s11oree · of plants, the evidence. a:va!lable goes to· show . that 
the life cha.nges are still continu:l.ng aurtng the resting· 
period., though at a very slow rate~ .Ohe.ngee in the .:ra.t! 
of functioning a.re obvioua11 continually taking place, 
1et while life goea on. the functional relationship between 
environment and organism remains~ Environment., 'f\lnotion, 
and .. ()rganism constitute what has been oal.l-ed. the f,unda­
mental biological tr:laa. The. ·trisa must be atnated as one 
complete whole, ana this etuay Js asaent:lallr what·we mean 
by ecology. .. . · 
. The im»ortance o:f a. holistic approach to the e'tuay of 
ecolo~ can scarcely be over-emphasised~· various.biological 
workers from time t.o time have tende.i to lay emphasis now 
on the environment. now on function,. and now on the organi~m 
itself~ All sueh studies are important. s:tn~e_ .. they _contri­
bute to the proper understanding of the triad as ·a tvhol.e~ 
b11t it !a.the task of the ecologist to, preserv~ a true.\ , 
o:aiance~ ln ·tho· earlier stages of its development·.; anq even 
still to some extent •. ecology has perhaps_ tended to.lay too 
much stress 011 the first term of the tria.d~ The environment 
oertainl~ does_. profoundlJ .affect the organism• s strtteture 
ana behavior~ but it must always· be remembered that the 
functional relationship 'betv,een :,en-rironment_ ana_ .. organism is 
a reciprocal one~ The organism also eonttnu.ously influences 
the env1ro.nment.". ( page 1-2) 

Be auma ·up his ooneeptio~ · .of the s tua1 of .. t=.t~ologr :_ in 

the following ~QJ,;,ds.: 

· "As we look baok over the whole ... :field of ecology we 
eee that. not only is lt concerned with a·studu, ·ma:ae aa 
well~b~laaced a.s pos.sible, of the threefold nature of life 
( environment--f'unotioa--orga.nism) •. -but i't also has three 
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diff-erent aspects of its, own. ·First of all eec:logJ .is a. 
science, with its own special technique, b~ which, lilte· 
everr other science, tt analyses ana investigates the.phe­
nomena of· Nature. In the. secona plac& eoo.lcgy · has a ·Very 
comprehensive_ view-point· cf ,its own, so tbat it ·may )Je re­
garded as a. philo~ophyo After all every single philosophy, 
in ess.ence ~ is merely thle••a V1ew.-.poiat1 a special way of 
looking at things,· e. special_ way of regarding the u~timate 
reali tJ of life and .nature~•and. this a.pp.lies equaii, to the 
subject of ecology. In the· third place ecology is to be 
looked upon as an s.rt. It has much· in eemrnon ·With_ the art . 
of' arehiteoture. It_provides a plsn,·a :pattern into which 
Qan be fitted everything that we. knowot man~ hie responses. 
his activities, and his worcls,. In br~ef, as· 1t has been 
our aim to show throughout,.eeolQs,\ondea.vore :_ to.· unaersta.nd 
how and why man is as he is·ana how and whJ he beha.ves as 
he does." ( pa.gea 299•300) . 

Lewie Mumford {521 (53) •· althougb inte_rested · primarily 

in trnoing the· interrelations between the development of the 

machine e.na. urban life with other aspects of the oultnral 

pattern, expresses vecy B1,m11a.r ·icieas. . In his book, 

Culture of Oitfesr ;· he sa.vs; · - .• ,,, 
' ' 

The. -
· _ "T.he autonomy -of the organlam., so chafactaristic o'f 1 ta 

growth, renewal, and repair. does not lead to .. isolatloit in 
either· time or spa.co.-.· on the· eontrsry~ every living creature 
is. part of the· gene:ral web o:f l..ife; onlr as life exists 1n 
all its pro·oeaees and. rea11t~as~ from· the a.otl-011 of the . 
bacteria upward, _ can any-. particular unit 'Of 1 t continue to 
e:dst. As ·ou;r knowledge _of the. organism ha.s grown,. the ·im­
portance of the envtronmentas a.oo•opera.tive .factor 1n its 
development has -become cleu.er;:·an<l 1 ts bearing_ upon the 
development of human societies· ·hllB become plainer,, too. · If 
there are fav.orable habitats and.favorable -forms:ot-· . 
s.esociation for animals and plants, as e.cology dfuaons·tratee, 
why not f'cr men? If each partlettlsr natural environment has 
1 ts own balance, is there· not perhaps an equivalent of this . 
in culture? Organism. their functlon.s, their environments: 
people, their occupations,. their workplaces ana living­
places. form interrelated and definable wholes.· · .. · -

Such questions. as yet oan evoke only tentr:it1ve answers; 
bu.t they :provide a new starting point for investigation~.---" 
( pages 300~302) 1 
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11or,s closely :rela.tecl to the present stuclJ 18 the 

approa.oh recently began by ,R. B. Wheeler. Wheeler concludes 
.. 

that complex a.nd comprehensive behavior patterns., even to 

points of view in sci.ence, are. f.ound whieh are relatea in 

a s'triklng fashion to :rela.tivel.J long time .climatic changes. 

Man's behavio;r must be oonsiderea ae a function not only of 

incli vi dual and s ooial forces, b11:t. of all. aspects cf the en­

vironment. To exp la.in bahavlol".,,, -the interrelation of the 

organism and a.11 .. aspects of ~he ·enrtronment to whtoh tt 

responds ·thatm.ust be, taten into aocollllt. Since climatic 

q.hanges seemell to be an espec1a.11, important a.speot of en-
. ' '" ' ' ·, ,\ 

vironment~ Wheeler maae an extensive study of the history 

.of ollmate. All ev1denoe polntea to the ex1atence of shifts 

in prevailing '.cl:lmat1c conaitions ove,r la.rge · are~s· of the 

earth. These were of' ·the same ·general .t.uitlire, and were 

f ouna ,to occur so nearl1 · at the same time that. they can be 

regarded as worl4-w1ae ln exte.rrt. Wheeler (74) po..ints out 

that the shi~ts of moderate :.length-but of irregular per1od1-

ol ti.es. have. the· following' general. oha.:rat>,tel'is tlos. · 
• ~ ' C$ . . • . ' 

ttfhe usual cycle passes througb.' the. following stages; 
{a) a oold•ary maximum; f b) · recove.~1. of ~em.pera,tt1re. ahead 
of rainfall, heno& a short, warm .. term,tnat:l.ou. of, a 0014 ~ · 
drought era; ( c) a. etr1k1ng :v,~r~.-.wet ~axtmmn .fwhi.ch, it long 
enough, . has a strong eol.d•wet bre&.lt or. 11sa.a dle"·l tumlng 
to . ( d) ·hot. and drJ. !rb.e:n, on a falling· temperature· cmrve, 
rainfall ·unaergoas. a aec,onasfy reoovery, resulting in a 
fe,irly marked cold-wet_ phae.e as a warm Jpoc~ shifts to_ cold. 
Then it ·oecomes drJ· again,; and the· cycle· ·1s re1>eatea." 
( page 2Zl ) . . . , . . . ' 
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Wheeler also emphaeizes.tha.tma.n•s behavior must be 

oons1aered as a function of the tote.a. f:teld o~ energ1.- 11A.n 

sotive climatic environment is eond.ue1ve to cultural' e.c­

t1_v1,ty.'' The effect o~ the active environment is felt: in a. 
wide range of man's activities. The following quotation 

outlines many of these a.SJ>eota c 

"l .. culture pa. ttern,. ·or behavior patte:rn of human beings 
in aoaial groups, ha.a oona1atentl:, shifted from an ... emphasis 
on one set of variables to its opposite along.with shifts 
from oold•dry to warm•wet maxima. Some 250 of thaae. . · 
variables have been studied ana more are constantly being 
added. · Demooratio. republioa.n, e.nd. "romantio'' epochs fall. 
on the cold side, while soota11at10 •. tota.lita.:?ian •. and 
''olaasios.111 epoch~ tall on the warm aide. The mentality of 
olaaaioal, warm parioas ts much more profonna. than that of 
cold periods, as measured by philoes,ophy • soignoe, e.rt, .. and 
literature. These are periods wben oul.ture1e dominated by 
a weal thy aristooraor. Oold · :periods are dominated by a. 
demo era tie ally minded midcl'le o:taas of more humble .•. but no 
leas important, s.chievementa • . · Warm periods>· are organic; 
cold periods, atomistic. The ,warm a:re1tlealiat1c, the cola, 
utili ta:rian; the forme.r. rational• :the latter• empirlQal; 
the former, "time minded'', the l.e.:tter, "epaee minded''" 

The profound psychological differences between these 
two patterns cannot be understood except in terms. ot the 
seJne sort of' energy beha.viot: that cha.ra.cte:rizes the el1mat1o 
snob as storms, earthquakes, and volcanoes, .. When. his en­
vironment is more ·aQtlv.e, so is. man; when aetivitt aeo.11nes 
in his environment, >mnn' s own · enerJW is. e.t a, . low ebb. . Man• s 
most profonna cul turs.J. achievements have occurred a.ur:lng 
transition periods :fromoola•drJ to wa.rm•wat.maxima anc 
back again, 1.e., a.bout the ax1a of· the curve .v,hen v1aua.11zed 
in the form of a wave. The.maxima of· .. ·the .wa,ye. both posi• 
ti ve and negative. are "s·ta.tio" or naea.a"' perlods, environ• 
mentallU and cul turallJ • 0 ( page 232) ···. · , 

All three of the approaches jue t ment1 onea. Bewa •. 

M'.umford and Wheeler t:)mphastze essentiallJ the ea.me thing. 

It 1s impossible to study and unclerata11<1 human behavior 

without considering tha total field of forces operating to 
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proam,e that behavior. Included in this fleltl o:f forces 
, 

a.re not only the blologieal n.eeair and ·pred1Spoeft1.ons, in­

tellectual e.nd -emotional modee ofad3ustment. but also the 

soa:la.1. cultural and p_hl!3~ctl,l aspects of the. envlr~nment. 

Boclin. Montesquieu. and Buckle s.lso were attempting 1n a 

·relativelJ crude method to consider euch rele.tione. Be1¥1.1 

hna cnllea this tbe ecological approach. consciously v.dden• 

1.ng that conoept to include all nepects of behavior·. Plum­

ford e- a sociologist~historian. accepts the . ecologioa.1 . 

e.pproa.oh because 1 t examines the ~at tern of human ins ti-· 

tution.s in the ,twhole'' in which 1 t takes place. Wheeler 

insists upon the same general !n.terpretation when he points 

· out the.t n1e.n'a · behavior is a fu.nctlon of the total field of 

energr in which he is fQund. He haa •. _however. e.na.lrzed in 

greater detail . the influenee of' elima.tic changes. 

A survey of. the :f'iOlus, whieh .. •eontribute to this general 

method of approach cannot be undertaken at this time. uan1 
' . 

spec1n1iz.ed investigations he.ve coritributed valuable supple• 

mentary en aence.. ·Ph.yaiologi.et.a have outlined in some 
detail the methods through which the boa; t.td~usts to uiffer• 

·ent conditions o.f tempei·e.ture., humidity and atmospheric 

. pressure. !he general level of· rneta.bol.1sm under different 

climatlc oo.nd:1 tions, th~ fu.notio.ning of the end.oorine system, 

4if:ferenoes in circulation e.na composition of the blooa as 

_well ae ma.nr other responses have e.llibeen 1nveat1gatea and 
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reported.. Typioe.1 of such atu,aies are those of' .Barbour ( 5). 

Sundetroem ( 62 ). , · a.nd Ba sett · ( 6}., 

Hum.erous hiatoria.ns ·1iave ~,ong .. found it necessary. to con­

sider errv.ironrnantal factors such na .. climatic ~lu1nges. natural 

resoui-ces e.nd 1oeat1on in the study of t.he devel-opment of 

nations.. Griffith .Taylor· (641 {65Jt aatzel {60). Draper (19) 

and others have all pointed out · the importance ot many' ·such 

fact.ors. 

' ' ' 

present havo been conaernea. with ·the influence of· different 

·climatic ·conclit:tons upon. the b.UL'lail organism. Thomas, in his 

survey · 0£ environmental· theories •. · mentions many auch men •. 

At the present time we fina ·people such as ·ll1lis ('46) {4Y). 

nnd Petera~n (56) concerned with the in.flue.nee. of·exceasively 

stimula.ting climatic conditions upon suseeptibility to 

ai:fferent dieaases. and upon the general ·1evels of· metabolism. 

l?ete:rsen points ou.t a possible relation hetr1een rna.ny physio­

logical cha.ngee and even the onset of mental ill11asa to. 
l . . . . . . 

eha.riges in temperature, humidity. a.nu atmospheric pressure. 

In addition to the field· of human ecology. there are 

many ·studies of plant and animal ecologJ which fUr.nish 

valuable supporting evidence. Typical are those of Elton 

C 20), p.es.rse (55)' and Oleinents {15). It shonl.a be, remembered, 

hov,ever, · that these sciences have aevelopecl specialtz.ed 

concepts whieh m~.y n.ot be , applicable to human behavi~r. or 
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must be ra.aioallJ reinterpreted if' they are applied. Alihan 

(1) points out some of the c.on:fustcns· thatmay ar!s.e if this 

· preea.u.tion is not observed iri hls survey of such ecological 

studies· in his Soei.al ~~olo.&'* 

From the fielas· of anthropology and geography have oorne 

many studies of eDvironmental anci geogrs.ph1eal influences 

upon human behavior .. some investigators etrees the more in­

direct influences of natural resources, .. location e.nfi e.cces­

aibility. while others. ·stress the more direct psgohological 

influences from the··· na. tural snrrou.ndings. 

One of the most recent and. comprehensive a.ttempt.s made 

by. geographers to survey the influence of ··elime.tia r,ictors 

on' mo.n ls fonnc.l in the \vorks of Ellsworth liuntington· ( Z3) 

(!-34} (Z5). Uot only has he been interestea·in the general 

relations bet,,een clime:t.e and civilization. but ,he also 

em1>hasizes the physiologioel a,ojustments of the human or..­

ganism ·to changing ·tempera.tures. Mental and pb1stce~ 

effioie.noy is grea.test at certs.in optimum temperatures, ana 

he finds' e~ definite rele.tion between the rate and qus;l1ty of 

reproduction. ana saaeonal climat1e fluetttations~. 

The Specific Problem 

As w& have seen, there a.re man1 studies _pointing to 

the fa.ct tha.t temperatn<re changes are e.11 important field ·of 

influence whieh must be eonsicer.ea in the J:Jtudy of behavior. 
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.As Wheeler suggests, the t'e1S.t1on between general. behavior· 
' . 

· :patterns ancl clime.tie changes ms.r be much more intimate ana 
· binding than has prev1onal1 been anspeeted. fhe present · · 

s·tudy although oonfined to rats •. was motive.tea bJ an interest 

in the larger problem. that of. the ·relation of tempe.rature 

to behavior J.n general. · An intensive etud1 of' this, l t 1s 
. ' 

hoped, will throv, additional light on the e:ff.eota of tea-. 

peratnre on human be.havio:r-. l?ree.ise11. then, this· is an 

attempt to find 3uat what.ohangea·in behartor ·take place 

whon the white ra.t 1s eu.bjected· to controllea ditferenoes 1n 
' . . 

t~mperature. · It is believed thatunaer the more rigid con-

trols .possible in laborator1 techniques more deta11·ea know­

ledge of the extent and direction of the possib~e beha.vio:r 

di:f'ferenoee. · oa:tl be gainea. 

There have been relativelJ few studies wh1oh ba.ve 1n­

·vestigated this ralationehip. .Most of 1these have been limi­

ted to cola-blooded orgEWiams an.cl thus bear only remotely 

on t:Jie pr~sent J>roblem. Orosie~ t16l ana B.oagland (50} re­

port some studiea along this lin~. Using ants, Hoagland 

found that the speed of learning 8 ma.1e was increased if the 

ternperature vwas 1ncrea.seu. but. that continued exposure to 

higher temperatures brought about a disintegration of the 

learned behavior. 

~wo studies by ?lever { 72) ana Hack (23} should also· be 

ment1o·ned. Wever· found that water temperature is related 
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to the speed of swimming in the white rat. He reported 

that the ra.ta of swimming was greatest .fo:r: low temperatures, 

e.na smallest when the. water was · near body tempera.tare. 
Higher temperatures were at1mul'ating 1n that considerable 

nativity wa.e aroused, but it was of a. disorgan!zea oharaeter. 

In a similar experiment using a· simp~e water maze. Ke.ct 

concluded that the learning d1Sple.yed ·was in part a fnnoti orr 
of water temperature. the same general pattern of activity 

aeser1bed by Wever was aga;in obsen-ea. 

French (21) has. investigated: the effect o:f · tempera:ture 

on th&· retention of a maze habit in f1sh, Re tested fish in 

n simple water maze kept at a t.emperatu.re of 22° a. Bet•een 

'learni.ng and retention teats the next day, groups equal in 
· . 0 . O· 

learning ability were kept in water maintained at 28 •. 16, 
0 

or ~ o. Be fottno that the errors made f.n the retention 

tests decree.sen ea the tempera.:t"ttre .of the 1,mter in whieh the 

fish were kept was lowered. Re also notea that :fish kept 
. 0. ·.O O ·. . . ·, 

at cU.ff erent te,mperatures { 4 • .16 , 28· o) befoz.-e. o?lg1nal 

learning mastered the maze at dlff'erent. rates.. Th.e cold 

group was. the poorest. in terms of erro,:s, with the warm 

group nextb The medium. group made the f'ewest ~rroi-a .. 

Hunter ( 32 l has reportea. ,t;ne effe;ct of tempera tu.re on 

the, reten .. :tion o.f a a~:;rkness-n.voiding response in ooqkroaches. 

Intense cold was found. to be un:fa.vorablG to. relearning, but 

this was believed .due to injury to the a.n1ma1s. 
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Bellmer's study ( 24} o.f the effect of t.~peratnre on the 

behavior of t.he white rat hes . the most aireet bearing upon 

the ·present exp~riment. Indeed, the-presen_t study ls tha 

eccond of' a series 01·iginall1 designed to-investtge.te tbe 

infl.uence of tet!merature upon the. b~havior of the white rat. 

Diff erencea .in the .rate of. growth. body s trueture.. ana 

learning ability of rnta subjected to different tem:perata.rea 

were all investigated by Hellmer-. Three ool<>.niee of ~1hi te 
0 

rats were raised tmcler t~e temperature oent11tiona of 56 ·, 
6 o . . · 

'15 and 90 F reapeotlvely... The stud17 was oerried through 

two genere:ti one. Weight reooras we:t·e kept during the conrsa 

of the experiment and certain body measurements made wlsn 

the rats were kille.d at 21 v,eeks of age. Be f'ou.ml that in 
~"'-. 

the cold 1~oom the. rats grew most 1.·apidly, me.tu-red earlier 

and gave birth to litte1's of larger. healthier young. In the 

ho·t room growth a.no ma.turi ty were delayea, cone~ptions were 

later and :fewer, and the litters were sma.ll.er in aite. The 

young were weak.: a.nd many at-ea a few days after birth. 1 

Differences in body size e.nd tail lengths were a.leo 

found. In the cold room the rats tJere usually short and 

stocky, e.na possessed relatively shorter talls. Rats in the . 
hot rQom developed longer, more slender 'bodies and longer 

tails. These differences were found to increase 1:n the second 

genera ti on. !!.'he diff e:rence in rate of growth for the ma.lea 

in ea.ch room for ,the two generations are shown 1n Figures l 
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e.nd 2, reproduoea from.the data Bell.mer re:Por:ted, (pa.gee 59-

a.na 64) Tables l ana II;also:ehow t:tle,bo<11 meaattreme,nta fQr 

the ,two genera ti one. · . {pages 68 . a.na 71) • 

Hellmer' a obief interest, however. was .tn the beha.11ior 

differences a.a teated b:, the ability to learn a. simple maze. 

·Tbe·ra.ts living u.naer each temperature condition learned the 

. maze, . and we.1·e tes tea for rete11tion about thirty days la. ter, 

The conditions were. arrangetl stl thnt par"t». ·Of the rats living 
. . . ,· . 

. in an:v one room were .required :to· learn .. the maie unaer tbe 
I ' • 

other two temperature conditions, .. for example, some. of the 

· :re.ta living in the oold room ·learned the· maze there. Otha:r 

rats.living in the cold. roomwere,rttnin,the maze .1n't11e 750, 

. or control room, while stil~· others living:in ·the oold room._ 
~ • ·, t ~ 

· rejn the.' maze in· the· 90<> roo~~ . The same p:rocedure wtui follc)lv• 

ed in the· other two l"ooms,. st1>tba.t in all there were:ntne 

G~arimental ·groups, _ ta.bl~ III eumma.ri~H3S aome of· the data 

. Ballmer_ repor.ted for. both generations•: ( pages 81 a.~a 95.) , 
and gives . the trials. ·errors'' and time required to ';i.ea.rn :the 

. . -

maze, Aa can be seen·. according .to the .thre·e oriter1a of 

learning, the rats from. the oold room are f:rorn two to three 

times more efficient in maze performs.nae •. 
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TABLE l 

llliWI VALUJiJS FOR ~ MEASURFJ\OJNTS 011 THE-· F!P.S'.l' 
GFJ'iERP.TION W .. LES Arm :F.F.-IAI.BS AT 21 V-4EEXS OF }~GE· 

Group 

Males 
0 
X 
H 

F'emnles 
0 
l~ 
R 

(BELin.Ei) . . 

a73 
279 
24.G 

18'1 
182. 
166 

fAB.LE II 

M.BAN VJ..LUFS }'OR Tm~ AtEltSURS!BNTS OF TltE SECOND 
Gli?ffmATIOll M!ll!S Alm FEit~JES AT 21 WEEXS OJ' AC}; 

Group 

Males 
0 
X 
tr 

Fems.lea 
-0 
X 
H .,..,. 

' 

. . ( B.EIJJlBR) 

!lean 
·BOtlf L. 

21.1 
_21.2 
19.6 -

19.l 
18.8 
18.2 

Hean Mean 
'Wtlight Tail !,. 

284 
271 
200 

208 
190 
140 

16.2 
17.9. 
18,0 

10.9 
10.1 ,., 

l.25 
1.12 
1.12 

lo15 
l .• 10 
1.os 

1.30 
lol8 
l.09 

1.19 
1.1, 
1..13 
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fAJLE III 

MEASURES OF ORIGINAL SARliIIG• JIEAN SOOB.FJJ IB. TERMS· OF 
TRIALS. Elll{ORS, AND WIME or THE DINE EIP.ERIMEITAL GROUPS 

FIRST AID) SEOOID> GENEP.ATIONS 
(RBl,llAER) 

First Generation seeor1c1 Generation 

Group l{o .. Trials Errors ts.me l'•h Trials Errors Time 

Oo 16 13.6 11s., 4857 14 14."I 101.6 4'118 

ex 16 22., 1:;·a.e ~18 14 18.5 12'1ol 6823 

Oh 17 27.l 164.5 6121 16 M.3 175.o 10049 

xx 15 21., 1S3.9 4006 15 24.9 123.6 Z426 

Xe 15 2'1.4 1'15.9 6691 15 i0,'7 18'1.6 '1629 

Xh 15 28.9 146.2 4881 16 Sl.6 16'1.3 6970 

lll1 12 53~9 
.. 

26808 10579 18 42.8 251·.l 8986 

Bx 12 47.8 211204 9'136 12 49o0 235.0 8322 

Ho 11 60,9 358.,S 14109 12 
' 
51.5 566.,5 16'124 

fhe capital letters {O.• oola; H • hot; X -oontrol) 
represent .the room 111 whic,bthe srou.p \tas raised; the small 
letter the room in whloll 1t ·ra.n the maae. 

Aleo, the temperature in which the rate lee.:r.ned the 

maze e.e well as the ·tempe~ture of the room 1n whioh 

they were raisea wae· an !"po,:+,e.nt factor 1l'J maze perfo):J~ 

manoea Ballmer founa llttlG e1gn1ficant <11:tferenoe in re­

tention 1n. terms of percentage saving regardless of the 

temperature. He aleo points ou.t that, within the limits 

of the experiment, adapt1ons to the oU .. rnatto oon-

d1 t1one appear to be continuous antl aoownttl~t1ve 



in the maze performance as well as in the growth aifferenoes • 

. The preaent,stndJ was .an.attempt to earry the analysis 

. of the, differences in behavior :Of white :ra.ts'.. li~ing under 

different temperature cond1 tiona one step further.· Here the 

main :purpose was to find out vil~.ther the, superio:rtty· of the 

eold rats . held ~P when the tempera.tur~ of_ their environment 

was· rais~d. and whether ~ha inf~;-!Qnty of: ~he hot !a.ts con­

tinued nhen the temperature of th.elr env1r9nment· was loweredo 

In this method of approach we were· 1nterea,ted in f1,!lding how 
• I 

rapidly ana completely the adaptation. if 1~n7. to the new 

oonditions took place.. Some attempts to o}1t11ne mo~e olea~ly 

th.a impo.rtance of certain t>rga.nic changes ;whic,h mig;h,t re­

sult from di:f'fer~noes 1~. motivation were a~ao maae. 



CHAPTER II 

EXPERIUEBTAL COliDITIONS 

25 

In order to oheck some of .the results reported by 

Hellmer, the experimental condi.tions were arranged to dup­

lic~te those employed in his study. The same three rooms 

were used. These rooms were about the same size, with the . 

interior covered with one-inch Insnlite. one room was 

equipped as the cold room, · with a. Frigidaire refrigerator 
0 

unit maintaining a temperature of 56-58 . P. A fan in the 

refrigerator unit supplied circulation oi' air in the room. 

A temperature of.88ao:908 was maintained in the second, or 

hot room. by a small electric heater equipped with thermo­

static control. A fan blowi.ng a stream o_f air over a shallow 

pan of warm water kept the relative humidity 1n this room 

approximately equal to that in the cold roomo The third 

room was kept at room temperature, which varied with the 

temperature of the building .•. e.na a fan 1n this room also 

provioed eircula.tion. ~uring_ the first four months of the 

experiment, the mean temperature. was a.bout 75°, while in the 

last three months the usual temperature range was 'from '15• 

,a° F. 
Thirty albino re.ts were kept in yet another room of 

average temperature. While hereclitary information concerning 

the rats wa.s not available, they \Vere heal thy animals ana 
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there is no reason to doubt that they differed in any im­

portant aspects from those used by Hellmer. The rats used 

in this etuay were brea a.na the litters thus secured were 

used as the experimental ant.ma.ls. Each 11 tter, when four 

weeks old, was weaned an.a.so divided that members of ea.oh 

litter were placea 1n each of the three rooms, as nearly 

in equal numbers as possible. This was aone to insure simi-

lar hered1 tar:, background in the three rooms. . For e:xa.mple, 

in the first 11 tter of six·, two-of the rats were placed. in 

the cold room, two were placed in the control room, and the 

remaining pai·r put in the hot room. At· the time each litter 

wa.s separated, the rats were weighed, and numbered with an 

ea.r mark:. Rats in each room were numbered consecut1 vely. 

Division of the litters was made to equate the number of 

males and females ana also ·the average weight .of the rats 

placed in each room. About stxt;v rats were p·laced in each 

room. The rooms were equipped wl th steel cage stands with 

removable cages of .hardware ·cloth. Tops . and bottoms. o·f the 

cages were removable ·for ease. in cleaning cages. Wood shav­

ings was provided for cage bedding in all ro·oms·, and excelsior 

for nee.ts was r,lac-ed in ~he cola room ·cages. Equal numbers 

of rats were kept in ;ea.ch cage in all three rooms. 

The same diet was prov~aea for all the rats. Purina 

!2,!. Chow pellets .. were kept in the cages· at all times, ana 

lettuce was supplied once a week;. Drop-tube bottles fur­

nished water~ and the rooms were illuminated by 16 watt 
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flouresoent lamps. The same routine of light ana darkness 

was observed for the rooms. With. from twelve to sixteen 

hours of light ea~h twenty-four hours. 

Weekly weight records,, were kept for a.ll the rats 1.n 

each room. These recoras were started when, each rat was 

weighed s,t time of separation of the litters at four weeks 

of age, and continue,d until the encl · of the experiment. 

Daily weight records were. kept for ell ra.ts while running· 

the mazes o Eaoh rat was weighed on the ,day prior to maze · 

·running, ana ever, day thereafter until the maze had been 

me.stereo. H11e of weighing was at the time of tsolation for 

· maze running or just before performance in the maze. 

In order to measure the performance of the same rat iii: 

two situ.ations, original and changed temperatures, a tech­
nique similar to. the transfer experiments 1n learning was 

utilized. The. sequence of such studies ia. roughly Test I, 

intervening perioa, .. Test II. . Applied to the present study, 

Test I was conducted in a room of one temperature. Test II 

in a room of another temperature. · Consistent changes in 

performance of groups moved to different rooms,~ with tem­

perature as the most important variable factor,·would 1na1-

cate a relation between performance ana changes in tempera­

ture. 

The test selectea was lea.rn.ing a relatively ·simple maze. 

Approximatel1 forty-five rats in each room were tested in 
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the ma$e ( original learning)~-.A.ft er l;earning. the group of' 

forty-five was :divided. into, three sub:groups of fifteen~ 

Di vision was made. to ·.equate. sex and me~n trials required for 

mas:tery of the maze. Ea.ch sub-group. of' fifteen was. then 

pla.o~d ·.in one of the three . temperature condl t1 one. For ex­

ample. iri the cola room. one eub•group· waa left in the cold 

room~ the .secona sub~group-was moYea to the control room, 
/ 

and the .third sub-group was placed ln'thehot roomD After 

thirty days in the new rooms. the ~ats were tested· for re­

tention. The retention<-( relearning) constitutes. Teat ~Io 

The same. procedure we.a carried out with the forty-five· 

rats in the eontrol. room. As.soon as the original maze was 

learned, division was made to equate the sub-groups and these 

were distrlbutea, to ea.eh of the three temperature conditions. 

A similar techn.ique was ·ueed with the-rats placed in the hat 

room. irihere the·. sttb•groupe were ohanged from one . extreme 

temperature condition to the other. ·there was introduced a 

seven•day adjustment period in the oontrol room, in order to 

avoid a sudden change-in temperatttre that might prove to be 

too severe. · I:n this. fashion the temperature was· varied for 

the rats by changing i-ooms rather than changing temperatures 

in the same room. 

It was shown in Hellmer•s work.th~t the preeentage sav­

ing on relearning for groups of re.ts learning in a given 

room and tested for .. r~iention in the sa~e room was approxi­

mately eq11al. That is., rats in the cold room learning and 
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releam1ng the mast there show about the same percentage 

saving as rate l~arntng· ancl relearning in the control room. 

The same ts true tor· those rema.lrd . .og in the hot room for both 

teats •. In the P,resent ·~-thocl, if we find ·a ai~f'erenoe 1.n 

percentage saving \ihloh vartee a.a the temperature changes, 

1ve .have additional reason ·to believe that the performance 

ana temperature are·rela.ted. 

Four-a.11e1 mazes ot standard aesign were used in the 

learning which conet1tutea Test I.. Mases of this type, the 

Saine e.e emplor.ea ·b, Bellmer~ were used by Lashley in his 
brain ext1rpa:t1on experlmenta sna were found to be reliable. 

fhe floor plsn of thisme.1e 1e shown. 1n Figure 3. 

• 

Fooo 
60'IC 

· Figure ~. Floor Plan of· ilhe ltase 

The maze.a were pla.cea in ea.oh room for the testing· 

perloas a.no removed et ·completion of the running •. , The 
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starting box ana food box cloors were contro.lled from out­

side the room by means of' strings. A small window in the 

door of each room enabled· the experimenter to recora from 

the o~tside the.errors and time per trial of the rs.tin the 

ma.ze. In this manner, disturbing 'factors during running 

were kept at a minimumo Uniform lighting conditions were 

met by placing e. 40 watt light two feet above the center of 

each maze. 

Each rat was given ~one trial the first day of maze 

rnnning. ;three trle.le 'per day for the ·next' three de.ya' and 

five trials a day thereafter. If the' rat had not learned 

the maze 'after thirt1-seven trials. it' was. ·g1ven ten trials 

per day until eighty trials ·had been reached, e.na at this 

point the running was a1scontinuea. •. Twenty minutes was set 

as the time limit per trial. After an. incomplete. run the 

rat was allowea to eat in the fooa box for thirty seconds 

before .t.he next trial was started. ·If the rat still refused 

to run after seven incomplete trials, it was removed from 

the experiment. The c:riteri,on of learning we.a set at three 

consecutive errorless runs. Entrance into ·a blind. alle1 

be1ond the-shoulders of the rat and back ti;tt,cking any unit 

of the maze were counted as ,errors. All rs.ts were deprived 

of' food for twenty-four hours before running. Gaine·Dog 

Meal mixed with enough milk to forma paste was uaea·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.-.· Afte~ C<lmpletion of the 

day's runs. the rats were 8.llowei to feed for twent1 minutes 

on the ea.me food-as was usea in the maze. 110:more :food was 

than given until completion· of the next da.11s trials. 

Retention. tests were beganapprox1mate11 thfrt1-4ays 

after original learning. Three t·nals were given the first 

day. five trials ·the se·contl 4a.y, ana ten trials a aa:v there~ 

after unt11 the maze was relearned. The criterion of ··learn­

ing was · three consecutive error.less runs.~ A twenty minute 

time limit to-,: ea.oh trial was aga.1n usea. and the rat was 

removed from the experiment after five incomplete trials. 

The· same experimental conditions .' were employed e.s in the 

original :learning. Dally weight' records were also kept, 

starting at the time of food d,epr1 vation·, twenty-four hours 
. ,. 

before .the first trial. 

All maze running was carried out in the afternoon and 

early evening. · Several assistants were employed in the ex-
' 

' ' 

periment, all experieneea in-this trpe ·of work, having a1aed 

in the. stuay carried oa·t the year· before by Hellmer. They 
I - . . . 

were again carefully instructed as: ·to methods of handlin·g 

the rat's a.nd recording errors ana time. · In addition. each 

w_orkea with different groups .of .·rats au.ring the course of 

maze running. so that no one group, would be handled differ­

ently over the entire leasning process. At all times they 
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were under the immediate supervision of the experimenter 

and in. all did.,not work with mQre· than one-half of the rats 

during the course of the experiment~ , 

. , In an attempt to throw ltgb,.t on the problem of ~drive" 

or motivat~on· .raised by Hellmer' e experiment.. ·each. rat. was 

aubsequentl1·tested inan obstruct1on,bo~. ·IJ.'hs apparatus 

w~.e similar ·to· tha~ used by warden (.'10) in the· Colnm'i:>ia tests. 

Figure 4 gives the floor ·plan of the box • 

Entrance 
· Ob.ember· 

. ,, '!). ' 

B1ect.Jt1c 
.· :oriel .. 

. Figul'e .. 4 

.Incentive 
· Chamber 

l?loor Plan ot the· Obstl'tlct!on Box 

. . ,.l 

The starting ana 1ncent,ive chambers were ten inches 
I, 

square, conneotea by' ~:'pas~ageway four· inches Wide. The 

fioor of this passageway was a remova.bie sheet of ba.Jtelite 
', \ . 

';, . l . _,-·'. . ·. '·. '' · .. ' .,' i.···.· .- ' '·· ' ' ·. . ' ' . 

wound with number 26 uninsulated copper wire. ·:The wires 

were wrapped eo:'the.t contact with any 'two aaJ,ac,ent ones .' 
'\ 

completed the circuit ·and gave the rat a slight shock. 
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.current was furnlshea b1 a small induction coil placed out­

side the experimental room. The voltage was checked after 

each ·teat in order to keep it at a constant·. value. After 
. . 

prelimi11ar1 trials. the current wa.s set at a value· just 

strong enoq.gh to fUrnis~ a barrier which.about f1ft1 percent 

of the rats in the· control room would cross.with little, if 
. . . ' 

any, .hesitation.· Thie 1ntens1t1 of current was It.ept con-

stant for all tests in the three rooms, and.the grid was· 

kept clean ana aey at all times to avoid short circuiting. 

Two 40 watt bulbs. directly above the inner partitions of the 
. . . . . 

, starti~g and incentive chambers furn'ished. the' light. ' 

Two days of exploration were first allowed eaeh rat. · 
' 

Each animal was!aeprivea·of.:fooa for thirty-six hours· before 

exploration. on· the. first 'uay the rat was· give'n ·ten minutes 

to inves.tigate the box, folloVJed by a. fifteen minute feeding 

peri'od in the incentive chamber. The ·same foo·a was us.ad aa 

in the maze situation. Theseoond aa.y each rat was given 

five preliminary test crossings, w1 th a· sixty second ea.ting 

period between crossings~ After the f>ive trials each rat 

was again allowed to feed ten minutes. On the third aay the 

rat was permi ttea·· three more practice crossings, with ·only a 

nl-bble of food after:· each crossing. 'The current· was then 

connected to the·gr'1a, at1a the test period.began. After a 

crossing,· the rat was· allowe·a only a nibble o:f food. · It was 

·then pickea up, returnea· t:o the entrance chamber ana placed 
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in different positions relative-to the gria s.ccording to· a 

systematic plan. 

The preliminary tests· on the grid were carried out · 

neoees arily in the presence qf the: experimenter. · The rats · 

were handled as gently aa possible to avoid introducing dis­

turbing emotional factors, .. and the lighting was arranged to 

keep the experimenter r~latlvely obscure in the shadows. 

· Records o:t' approaches 1 co1:1ta.cts and crossings of the 

grid for a twenty minute period were .ke:ptc, To furnish· a 

more complete picture, this period we.a divided into four, 

five m1nu te intervals. Defi.ni te .. orients. ti.one toward the 

fooa, with the nose even with the connecting passa.ge,.were 

counted as approaches. Contacts.were.countea when the rat 
touched the grid with f,oot or,noaa a.na .received· a shock. 

Going aoros'.e the grid and rece.1ving the shock for a nibble 

of ·fooa. of oonrse, conatltuted a orosslng. 

As in the , maze learning,_ d·a.111 · weight reooras · for each 

rat were kept •. These· records were started at the time of 
• ' + • ' • • 

fooa deprivation. and taken before each tri.a.1 dUl!lng. the next 

two days. All grid tests were car:tieti out in the evening 

between 8 and 12 p. tDct The writer was. responsible for all 

tha.se tests. 

Since this pa,rt. of the. stuay wa.s considered of secondary 

interest in relation ·to the t1emperature chnnges ana changes 

in behavior. none of the elaborate precautions to insure 
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exactly the same shock intensity to each rat were utilized • 

. . It is quite, possible that the rats did receive slightl.1 

different shocks. However. e. re1at1vel1 large number, about 

fifty .1~ each room, were tested. Subdivision of' the groups 

on the basis of room ot or!_g!n. show little apparent differ­

ences in the shock intess1t7 8.dmlnleteredo c• 

After. the gr1d experiment was. over the rats were killed 

and.body measurements were ma.de. · Total length~ from.the tip 

· of the. tail to tip .of the nose. as well as tail length. · wa.s 

recorded.· The tail length ws.s meaeurea £iom anus. to tip of 

the to.i.l. Body length. was. obtained by "e'tibitra.qtlng te.11 

length. f!om total. length. These ma~urement~i for groups re-
. . . 

maining 111 the origin~l rooms were· .ueed to cslcula.te two 
. . 

.ratios; body weight to borly.length., and. bodJ ·iength ·to tail 

. length~. The former ra.t10· gives a .. p1cture o'f the· bod~ pattern 

in .. terms of grams · per centimeter ~f bodJ length., whtie the 

second ratio sbo\\'8 the relative tail lengt.hs more ac~urately 

·than the absolute measurements •. · 
. . ' 

Table IV, summarises the mean time aurin.g wh1eh the rats 

lived in th.e i-oom to which theN, had be~n tre.nsferr~d after 

,. original learning, and the average ages for tl1e n~ne groups 

at the time·of·each of the three'.tests, original learning, 

relearning. and .the grid. experiment-. 



TABLE ·rv 

MEAM TDJIE u1 THE ME\f Rootias BEFORE RELEARNING AND MEArJ AGES 
. AT. TIME OF RELEARNING AtID .. GRID. TESTS,, 

T 1tile in nevt 
Age room before ·· .· Age · Age 

first trials relearning :ttelearning grid. trials 

Cold Room Rats 

s.. left 1n 0 154.9 150.6 

: b •. moved to. X 135.2 153.6 
" . . . 

, c .•. moved to H 1$0.9 

C or1trol Room Rats 
. . . 

a. moved to 0 91.8 38 .• 1 . 13t\.6 151.3 . 

89 •. 4 40.3. 136.2 155.3 

c. moved to H 40.8 136.2 

Bot Room Rats 

a. moved to C 91.3 31.6 137.4 155.9 

b. moved to X 87.9 39.7 136.l 151.5 

o. left in H 88.l 39.0 135.4 159.4 

• 

(,1 
~ 



CHAPTER III 

RESUL!rS 

Differences In Bate Of Growth and Body structure 

35 

In presenting -the results of a e~u.dy inV"olving the be­

havior of a large number of 1ndiv1duals; certain statistical 

data. are neoessa.r1. In the present stuclJ no doubt a number 

of methods of presenting the results statisticalli could be 

utili~ea. It has been the intent of the writer to use onl1 

the simpler measures ·and 'methods, as the pr!mar1 ·purpose is 

to point out differences founa, and not to make the data ob­

taine·a an exercise in ett:ttistioa.l manipulation. 

The usual measures of :rariabili ty a.na r&lie.b111 t1 of 

mea.ns·were employea. ·In comparing the performance of differ­

ent groups sorne idea. of the reliabi}i.ty of the diff erenees 

between means is needect. Although the critical ratio has 

certain disadvan.tages, especially when the samples used are 
' 

small, it has been calculated as a. measure of tbe relia.bili ty 

of the cl:lff"erences.. '?his was done,. primarily. in order to 

compare results of the present studJ with those reported by 

Hellmer. 

It is. believed that the statistical tools .employed are 

sufficient for the results. obtained. We a.rs interes tea. not 
; / 

only in establishing the fact of cl:tfferences in performance., 

but to begin to point out possible wa.us in which these 
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differences ma1-be related.· In doing this our rationali­

zations mau be baaed upon tendencies which, statiatica.111 

insignificant, are from other lines of e-vidence, obviously 

import.ant. Consistent, though s.mall. differences, bio­

logicallJ related faotors, and evidence 'from similar studies 

are, all imp<>rtant for our p-urpose S!]d may. be a.a . valuable 8S 
. ' .. 

some of the relatively.·· art1£ic1al statis tiea.l val uea. · 

The · ·general picture obtained from the growth curves 

corras·ponda to that found by J:Iellmero Those rats living in 

the cold r:oom grow more ra.p1olt and exhibit a. larger averaged 

wei'ght per w~'.~~ than rats ln the other two rooms. Figure 5 
. . . 

shows the growth curves_ 'for· the rats in· each room from the 
. . . 

fourth to the t'enth. weeks. ·Here it will be noticed that the 

rats in the hot room show a more rapid rate of growth than 

the control group for the first few weeks, bat end up below 

this group a. t the tent'.h week. When the 11 tters were di­

vided at four weeks of age, the average weights for the cold, 

control and-·hot roo·ms were 45.9. 44,.1. and 44.·7 grams, re­

spectively. At· the end of the tenth week the weights were 

157 .9, l45 •. '7. aml 141.5 grams, i-espectivel7. 

lurther information concerning the rate of growth can 

be gained by examination of' the growth curves for ea.ch sub­

group in the diff.erent rooms.. As said before, each of the .. 

,original. groups was · divlded into three _sub-groups, one being 

placed in each temperature condition after learning the maze 
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for the first ti~a. · fhtte soma of ·the growth curves are for 

groups whloh lived in one room from four to ten weeks. ana 

then spent the next eight weeks nnder soma other temperature. 

fhe :reenl ts of sneh changes are shown in the fol lowing 

growth curves, Figures 6. 7, and 8e 

/t.. etua1 o:f the cnrvee indicates that switoM11g a group 

from one ex.ti-eme temperature oonaltion to the other aota to 
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retluoe the rate of growth b_elow that of groups left in the 

original r~om· or sent· to th& control roomo For example. the 

cold room group. a.fter placement 1n the hot._J'oom shows a 

alov1er rate of growth than do .~qual groups. plecea 111 the· 

·control room or left ltl the cola Toom. A trend in this di­

reetion would be expeoteci on the basts of the rat·e of growth . 

during tb.e.fourih to ~enth weeks of.the eJtpe1.9iment •. However, 

when we consider the growth curves·. for rats started in the 

hot· room.. 1 t ehoula be. notice~ that placing a· group from the 

hot-ln.the cold room does not accelerate its development be­

yond that of rats left in· the hot· room._ On the contrary the 
. . . . . ' . . . 

. . ' . 

group placed ln the. cold ro.om shows the slowest rate of 
growth after the change of rooms 1s madeo In this case, it 

is: true, <liv1sion was ,u1fortunate in tlie sense that the ra·t~ 
. . . . 

selectea to stay in tho. hot room seem to grow more fS.pidlJ 

than the other groups. before the time of ·changing rooms;, -

However. this early a_dve11tagE3 . 18 overtaken by the hot room 

rat~ pliieed in the _con.tro1 · room. while the_ group placed ln 

the. cold 'room show-. ~he slowest· rate· of growth~·'.' _-. 

In the case· of.the rats-start:i.ns:tn the control room, 

changes to either the' cola or· hot room serve to stimulate thQ 

growt~ rate. The differences are slight. however., ana ma:, 

not be etgniflcant.-

A.' number of the re.ts w&r·e .kept in the original rooms 

throughout the entire .course of the experiment and certain 
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boc1J measurements taken when the rats were killed. Tail 

length ana body length were recoraea. In the aata reported 

here' no sit tempt. has been made . to separate the groups as to 

sex..,· Ea .. oh group, however, contained approxi.mately the same 

number of males and females. The age at the time the , 

measurements were mads· wa.a ~ot exactly the samb.\ but the 

same number of ra:ts of each age were:taken from·each room" 

The mean values for tail and body lengthS. as well. ·as some 

indlca:tion of the raliability ·Of these difference.s are. given 

in Ta.bles V and VI., 

TABLE V-

llEJ\.Ii TAIL Mm BODY l"ENGTHS FOR RATS 
SPENDING . ENTIRE PERIOD IlJ s.um ROOM 

. 

Tail .Length Body Length 

Bo Mean d 'ave. 
~
0if.l!• L. Boom No Mea.n , , ave-. 

Cold 58 20.0 , l.3E .22 1.21 

Control 58 17~4 ~99 · ~16 40 19.V ·l.4 .22 1.13 

Hot ~6 18~0 086 .14 59 19.3 1.2 ~19 1.0'1 



'?ABLE YI 

RELIAJ3ILITY .OF :OIF.F.ER.F.BOES BETViEEN 
MEAN T,\IL. LF1NGTliS AND BODY LENGTHS 
FOR RA/l'a SPENDING .EllTIItE PERIOD .IN 

SAME ROO'A 

Tail_ Lengths Body Lengths 

G-roup ttean Dif'fo d .Diff. · Q.R.. l!ean · Diff. cf Dif f. 
. ' ' . . . . 

0 20.0 

.22 4~1 

X 19.7 

16.5 20.0 

,22 6.8 • '1 .z 

18.0 

X 1'1.4 19.'1 

.• 20 3.0 .3 

1.8.0 ls.a· 

.. 

42 

c.~.· 

.97 

2.33 

The tail lengths tend ~o 1.nerease. as the tempera..ture 

conditions a.re 1ncre~sect •. From the tables, it v,ould also. 
/ .. . . . 

seem that the body 1,ngth~ ve:ry_in.the "aam~ man~er. ·.However, 
. . 

as ,the ra,ta 11 v1ng 'in the .cold. room tend to grow to a larger 

overall size, the re.tio of' body length to tail length gives 

~ better picture o£·the relative body a.na tail lengths in 

ea.oh room. The values for tllia ratio 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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compa:rea to the bodJ length. The cr:i tical ratios for the 

differences between the tail lengthS are e.11 3.0 or above. 

For the body.lengths the ratios are much smaller. probablJ 

not large enough to indicate a reliable difference. 

A. comparison of these values with those· r_epor.ted by 

Ballmer is of interest here. Oornb:tning his measurements 
for malesana females of the .first generation {See Tables 
· I and II)~ we have the following tail lenghts; 16.5 cmo 

for the cola room; 17.6 em. for the control; ana. 17.0 om. 
-

for the hot. room. With ,the exception of the hot" room group, 

hia results correspond closely with those rep-orted · here. 

The ratios of body length ·to tail length can also be compared. 

Rellmer :reporta· l.20 for both.males and females in the cold· 
room, 1.11 for the control room, and 1.10 fo~ the hot room 

group~ From Table V the present values are 1 .. 21,· 1,.13, and 

·1.07 .• 

As there :la -little diffe,rence in the bodJ lengths of the 

animals 1n each r,oom, the rati.o of body weight to body 

length -gives a better picture of the long narrow ver~us the 

short chunky body pattern. fhevalu.es thus :found give the 

grams of body weight per 1·1nea.i-eentimeter of body length. 

Thase ra.tio_a aecrease from a maximum of 11.'1 gr. per omo for 

the cold room group to 10.5 tor the eontrol room to 10.3 for 

the hot room group. Rellme:r reported. 11 ~ V, 11. 81 and 10. 9 

for. the corresponciing ratios. Although. there ·1s only a 
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slight aifference 1.n the present· v.alues between hot ana con­

trol room groups, and Hellmer•e con'trol gl:oup' ts out o:f place, 

the trencl is ·the aama in both experiments. The· cold room .. 

rats tena to have heavi.er, stoolder bodies than their litter 

ma.tea living under t.he higher temperatures • 

.As Mills { 47) has suggested •. this would seem to demon­

stre,te -a. change .1.n bodily strnctttre·-in the process· o·f aaap-

ta.tion to the conditions lUlder whic.h the animal is forced to 

live. Exposure of e, greater ·surface area, espeo1a.111 tail 

area in the case .Of the rat. no aonbt facili ta.tea loss of 

body heat. In the rooms of higher. temperatures,· greater 

aniounts of body heat m:a.st be '1ost. ana this may be one of 

the factors responsible for the differenees found in the three 

rooms. 

In the main part of the· experiment. s ta.ndards for maze 

pedormance in each room ,,ere _fi~st establlshea. Equal 

groups,. in terms of tr.ials. required for ~astery of the maze. 

were t.hen placed in each. of the t~ree temperature cona1·t1ons 

and the relearn1.~g scores d-etermined 40 ~e.;vs later. Thus the 

group in eaoh room learning and relearning under the same 

~onditions acts as a control or furnishes sta.nda.ras of per-
. . . ; - . . 

forma.nc.e for the groups relea.rning·nnder <lifferent conditions. 
' ' • ' ,I, i ' 

Using such a. procedure, . it is possible that in the period 
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between learning ana r~learning (U.stu1•91ng factors· other· 

than the temperature ohange ·ma7 enter. Moving &. rat .from 

OD8· room t'(? a11ot'her. to new snrrottna1ngs and ca.ge ma t:es t 

might possiblJ a.ct as a disturbing faotor to change the per­
formanoe. Of the three sub-groups in each room, two were 

distq.rbed, one left· undisturbed. If the moving :ttself is a 
. . 

oomplioa.ting :factor, it is eq.uall1 di9tr:lbutea among· the three , . 

rooms. Also,· if moving a rat acts to disturb 1ts performance, 
.,_,, 

we would' expect to find lower relt.nirning· scores' in' those 

groups place4,1n other than the.original :room~-However, the 
. . 

relettrningsoores did.not vs~» in\ea~h 8. f~ehion~ but in 
'-<-•· • 

some 1.nstancea were just opposite t~s trena. In ea.ch case 

>it will be seen that the temperature was the important vari­

able in producing different scores in different rooms. 

~able VII gives the mean trials,· errors, and time re­

quired for. masteq of the maze · the first time. The medians 

and.· ranges for the perfo.rmanoe of· the groups are g1 ven in 

Table.VIII. 

In· terms of tr1~ls, errors, a..n4 time, the cold room 

rats learn. the· maze m.ost ra.p1dlJ.. fhe. control' room. stands 

next with :the rats in the hot room showing the poorest per­
formance. As the temperature of the room in which original 

lear!Jing takes place 1ncreases, the performance decreases. 

Variability of perf.orma.noe changes in the reverse ma.nneri as 

the temperature increases,· variability increases. values for 



Group 

Cold 

Control 

Hot 

. TABIE VII 

MEASURES OF ORIGDJAL LEARNING •. MEAN SCORES IN TERMS OF 
. TRLl\LS, ERRORS, AiID. TIME 

Trials Errors Time 

uo. Mean. ' d l-1Iean 
. ,I 

47 19<.8 7 .• 36 l.07 141 72.3 10.5 4443 2926.5 

46 25.9 13.50 1.96· 143 80.,V 11.9 5180 3664.8 

8270 54SV.9 

I/Pr.. 

426.6 

540.~ 

.799.9 



Oold 

Control 46 

Hot 47 

TABLE VIII 

ME.r1'1.1'!S, MEDIA!'1S,· AND RANGES· FOR THE THREE ORIGINAL GROUPS 
!M MAZE .. LEARNIMG 

Trials 
.. , 

1a • .o. 

25.9 20,.5· 

36.6 

, .. 

s to 141 
~A. 

11 to 145 
68 

10 to . 24.s 
80 

-, 

12e.o 

110.s 

195.0 74 to 
.555 

Time 

4443 4395 

.5180 4291.5 

8270 6899 

487 to 
11490 ' 
937 to 
19384_,; 

1825· to 
25790, 
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d/fr" also indicate. that th~se.: averages are reliable •. The 

medians are 1n every case somewhat lower tha.n. the meane and 

on two occasions there 1S a reveraal of the trena fauna in 
' ,. 

the means,, The median errors and time for the control room 

rats .is a little below corresponding values. for the cola 

room. However. differences 'between.median ~rrors and time 

for the cold an·a bot rooms are quit~ large. It will a.ls o be 

noticed that the range of per:fo:rmanoe i~creaees as one, goes 

frQm the cold to the hot rooms. 

Relia.bili ty of the means reportea are shown by 'i'a.ble IX. 
I • I 

!leasnred in terms of the critical rat!o, the differences 

fonna in original learning are significant. The lowest 

values are for di.ffererioea between cold ana· control rooms, 

especially in terms of' time and errors~. The greatest values 

of the critical ratio appear between the cold an.a hot rooms. 

Aa later tables will in<11eate., this also appea~e to ,:>a the 

cose in mertsureEr of relearning. 

Hollmer reports gre~:ter d!fferances· between his hot ana · 

cold room groups. He found 1506 trials a.s the mean score 

for the groupwhich·corresponaed to the present cola room 

group, 2lo'l for the control :i-oom, ana 53~9 for the hot room!t 

The diffe.renoes ·can no doubt be neao.untea for by. slight 

changes in procedure followed in the preaent expe_riment. The 

hot room rats were stopped after 80 trials, rather than 100 

as,inRellmer's method. He divided the original group in 
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TABLE IX 

REL!ABILITY (CRITICAL RATIOS) OF THE DIFFEREMCES IN TERMS OF 
.TRIALS,: ERRORS,. AND Tnn~ POR. THE . ORIGINAL GROUPS 

Trials Time 
,, 

Mean Diff' • J Dif.:t.. S.R. , Pi!e~n Ditt. _GD1ft. (l~R. Mean Ditf.. d'Diff. C.R .. 

0 

X 

C 

19.8 

25.9 

19.8 

R . 36.6 

X 25.9 

B . 38.8 

16.8 

10.7 

a .• 2a e.74 

2.98 15.6 

141 

143. 

141 

245 

143 · 

104 

3.4 . 3.1 102 
245 

e2.a 4.5 

4443 

5180 

4443 

. 8270 

5180 

8270 

757 688.5 l.07 

90ES..5 4.22 

3090 
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such n. wa:7 as to leave only 15 rate for lea.rning in. the 

original rooms; i.n the present study over 45 were tested in . 

each of the three conditions· and thtts constitute a tnOl'$ a.de­

qua.te sa,mple. 

As outliDed es.rl!er, each original group was divided 

into· three equal sub-groups as the maze was mas·teredo This 

division ,vas made on the basts of trials r·equirea for three 

errorless runs. ln some instances, there is a difference of 

a trial or two between gronps ·\vhieh were aqua ted. However. 
if the gro11pe going to any one room were not consistently 

favored, such a division can be considered as fulfilling tha 

deai rea ena. Table .X shows the distribution of the 9 sub­

groups in terms or trials. errors. an a time. 

On the basis of trials , the hot room is favored twice • ............................................. 
1'hs.t is, of th& three original groups, the sub-groups placed 

.., ,•. 

in the hot room had the lowest soo:re in terms: of trials in 

ttwo of the three original rooms. The cold room is favored 

only once on this basis •. With er:rors as the oriter1on, the 
I' 

hot. control and cold :rooms were eaoh fa.vorea once. Using 

time as the standard, the hot roQm .ie favored once,, the cold --
rporq twice. Thns cu:tnside,ring a.11 three cri terie., the hot 

room ·was given an· advante,ge 4 of the 9 possible measures, 

the control 5 oft.he 9, and the cold •. 2. Thed!vision·was 
., - -

me.do in au.ch_! manner .• ~s presumablz ~~R .. give !!! aavanta!\! 12. 

~h! iroup.s which were later found to A~ the slowest~ rate 



Cold 
a.. 

b. 

c. 

· .TABLE X 

DISTRIBUTION OF THE GROUPS ON THE BP.~SI$ OF 
TRIAm·~·-_ERRORS• Ami TIME 

I 

Mean .Mean 
!rials Errors 

Room Rats 
Left 1.n C 20.2 11a.o 

Movea to ~ 20.0 163.2 

Moved to H 19.2, 140.& 

Control Room Rate 

a.. Moved to 0 26.l 14306 

b. Left·.;,in X 26o3 169.5 

e. Iioved to B 25 •. 7 128.5 

Rot Roont Rats 

a. Moved to 0 35_.4 254.5 

b. .. Moved to X Z7.3 230.9 

c. Left in H 37.5 255.6 

51 

Mean 
Time 

4215 

469'/ 

4021 

62~5 

4715 

5169 

84'13 

8025 

8571 

!n! effic·iano.z ~ ~.~rnlng. lli~ffereneea in aivlston can not 

then be the basis fo.r the differences exhibited ~n relearn-

1.ng. \ 
Mean trials. errors, ana time in relearning for. the 9 

sub-groups are given in Table XI. If one ·ta1taa the cold 

room as an example. one finds that thG sub-group of 14. rats 

which \•Jere left in that room. and ·tested for relearning 

approximatelr 40 days later,-took an average of '1.l trials, 



TABLE XI 

TR!lU.S, ERRORS AND TIME FOR THE J:ITIUt EKPERIMENTAL GROUPS--RELEARNDlG 

Tri.a.ls Erz-ors Time 

N Mean_· rl tl/r;v Mean tl/r',u 

Gold Room Ra.t~ 
~ :(. _.: .. ·. 

14 559 

•. 

th Moved_ to H 14 15.0 6.48 '· 1~/1 50,.6 31.80 8.80 1356 1187.5 317 .• 5 

Control Room Rats 

a... Moved'' to c 14 7.9 
• -r __ ··• 

.9 708 715.4- ,191.3 
' ' 

•' . -
b~, Lett in X 15 11.3 6.77 

'. 
1.8 40 •. 0 58.56 2009 277S.l 717.9 

., . ' 

c. Moved· to H 15 l(fl.8 9_.22 2.4 70,.,4 46.90 12 .. 1 1009 1576.6 ,407.4 

Hot Room Rats 

a. Moved to 0 16 8.2 3.28 .a 28.9 ·22.72 6.93 1019 1507.l 376.8 

b. Moved to X 15 10.5 4.56 1.2 36.5 43.09 11.1 749 689.8 180.6 
<n 

o. Left in H 14 16.5 9.76 2.6 47.6 20.32 5.43 l.715 2205.9 589.3 
ro 
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17.4 errors, . and 559 seconas for masterJ of the maze the 

, seoond time. A. second sub-group from the . same room. learn­

ing the maze in an equal number of trials, ,but relearning 

in the control room after ,40 clays, needed 9 .a trials. 31 .· . 

errors. and 1090 seconds for mastery. A third sub-group, 

a.gain with an equal score on original learning, but moved to 

the hot room for relearning. needed on the average l3,.0 

trials. 50.6 errors, ancl 1336 .seconds to relearn-the maze 

36 days later. 

The same trend can be observed in the control and hot 

room rats.relearning the maze in.each of the·three ·temper­

ature conditions. Eve;rz time the. sub•·e:ou;e is !OVed to! 

.£2.Qm ~ lower temperature._ the number.!!!. trials needed •·!!:: 
creases, and .increases !! equal groups .. are placed in rooms 

E£ hiEher .temperature. It must be no·ticed, howeve:t5 ·that in 

the sta.naa.rd ot total .· time requireci, there are 2 irregular!-· 

ties in this trend. The control rats relearning in the con­

trol room require greater time tht\ln do the control room rats 

relearning in the hot room •. Als-o, .the··hot room rats re-

lea.rning in the cold room need more time than do the hot 

room rats relearning in the control room. Time·:.: scores., how­

ever, are usually considerecl 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. a.re quite large. 



variability of.performance follows a. trend similar to 

'tha.t found· in original learning" · The size .of the stanaar~ 
,>.-" ' 

aevia. tions · increase as sub-groups originally from the same 

·-room relearn· the m~ze ·1n rooms of higher _temperature. This 
trend can be observea in all three standaras emp~oyed. The 

means ·reported here are also reliable if trials are taken as 

the standarcl of performance.. The standard errors are all 

low. with the:means·ranglng from ',:to·10 times the standard 
error •.. : With errors · _as the s ta.nae.rd. the means are from 5t 
( twice in 9 ·oases) · to a times as large as the standard 

'! . ', .·.; 

errore. --The time sc~res are probablJ .leaat reliable with 

means ranging from· 5 to 4 tlmes_ the stenaa.rd errors. 

The-medians ·and-ranges for-the 9sub-groups are given 

in ~able XII.: -Ae;a111, a.a e·qual groups are--placed in· rooms of 

higher temperature. ·the median score 1n terms of ·tri.als, 

errors ana time tends to-: increase. The· range also. increases 

in this same _manner •. Examination of· the .median scores ·shows 
. . . . . 

only one exception to· this tendeneJ. Hot room rats relearn-· 

ing in the control· room take 13 seconds less than· do a .oor­

responaing group in the · cola room. 
~eliabili ty of the differences . bet\teen means for the 9 

groups usea here are given in Table XIII. The critical 

ratios-for the differences between groups relearning in the 
' 

hot ana ·cola rooms are· e.11 large enough to 1na1cate that 

similar -results can be expEteted in future trials. · The values 



TABLE XII 

ME:AU, MEDIA!~,- A1:ID RANGES FOR THg TRIALS, ERRORS, AND 
TIME., OF THE NINE EXPERD~EN'rAL~ GROUPS· . 

Trials Errors Time· 

.· 

) .. ... . 

Cold Room Rats 

··a..· Left in O .. .14 7~1 6#-0 3 •· J.9 17.4"· 11.0 , 0 ... 87 558 215 .·52 ·~.· 2'735 

~!· Mt.)ved to x 17 s •. a 10.0 4 ~.·· 19 ai •. a 29 •.. o a • 79 1090 867 191 ... 3418 

c, Moved to H 14 13.0 12.5 5 ,.. 29 50.J5 43.5 4 "'· 11"1 1336 1063 67 •' 4014 

Control Room Rats 

7 .• ,9 7.0 4 ~·.· 12 346 , 97 · .~. 2447 
... . ·, 

.. 

b •. Lett in X 16 11.3 10.-0 3 -..! 2? 40· .. o 28.0 l -.· 15'7 2009 819 68 .: 9882 

o. Moved to H 15 1e.a 1'1.o 9 ·~· 45 '70,4 55 •. o l.7·· 171 1909 1167 441 ., 3916 

Hot Room ·aats 

a.: Moved to C 16 a.2 7.5 4 -16 28.9 .20,5 8 -· 126 1019 516 125 .. 5368 
b •.. Moved to X 16 10 •. 5 a.o 4 -20 36.5 25.0 5 -166 748 503 163 -2563 . 

c. Left in H 14 16.5 14.0 5 .. 40 47.6 44 .. 5 17;. 89 1715 1146 269····· 930~ 



TABLE XIII· 

RELIABILITY (CRITICAL RATIOS) OF THE DIFFEREUCES BETWEEM MEAUf}, OF TRIALS, . 
TIME AND ERRORS FOR THE MINE EXPERIMENTAL GROUPS~... .. , ;' _ 

or·oup Trials 

'Mean' Diff 1Dif~ , C.R. 
Ce ; , 7 .• 1 

f'hr g:.a 
CC.· . 7,.1 

Ch 
ex· 

Oh 
xo 

xc 

Xh 
Xx 

Xh 
He 

Rx 
· He 

m, 
Hx 

Hh 

13~0 

18~8 
11.s 

18~8 

e.a 
16.;5 
10.5 

16.5 

1.98 

10.9 4.27 

2.3 1.43 .1.6 

Errors 

· Mean Diff d Diff 
.-17~4 

.17~4 

40.0 

70i4 
28.9 

36 .. 5 
28.,.9 

47~6 
36.5 

47.6 

30.4 15.V 1 •. 97 

v.a· 1a.11 .ea 

ia.7 a.a -e._13 

11.1 ·12.:sa-

Time 
·-

Mean· Dirr· d'Diff CL .. R~· 
559 

531 321~·1··. l.65 
) 

1090 
559 

777 372.9 2~oa 
·1336 
1090 

1336 
702 -

2009 
702 

l90S 
2009 

1909 
1019 

748 
1019 

1715 
748 

1715 

246 4b7,5 ~6 

1307 742.9 ' 1.·75 
- _, 

1207 450.l 2.68 

-100 825.4 

2'11 417.8 .• es 

696 -699.2 .99 

* The· letters c, x,-h1 indicate the room in which sub.;.groups· releamed the maze. 
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for d1fferences·between groups relearning"in the hot and 

control rooms a.re in general next in size. while the small­

est ratios are found for the differences between groups re­

learning in, the cold and control rooms. This same trend 

can be found in th~ ratios -calcUlated for ... the error ana time 

scores •. but they are eomewha.t· iower. 

, T~blfJ XIV 1.s presented in order. to see· if there are .sig­

nificant differences between the groups orig1n$.lly learning 

the maze in diff'er.ent ro-ome. but which relearned in the same 

room. This was done to see if the differen~e found in origi­

%18,l -learning persisted when thtf rats were placed in new con­

ditions. It this does ooour. the sub-groups coming from the 

col~ room woula be expected.to show the best performance of 

the sub-gr~ups 1q an1 room, with the control a.nd hot room 

rs.ts. standing second and third. Examination of the scores 

of the re.ts .relearning in the cold room 1ndi ca.tea that· in 

tems of _trials~ the group originally learning the maze in 

the cold room stands first, those:from the control room are 

second,. while .the hot room rats require the greatest number 
l 

of trials. For errors. th'e sequence is OB.X. and for total 

tim.e, OXH. ·However, the. aifferenc,es are slight. and the 

values for the critical ratios (Table XV) do not .1.n them­

selves warrant the belief that such differences as those.. are 

eignifice.nt •. 

1. The S3'lllbols C, X, H stand for groups originally learning 
the·ma.ze in the cold. control ana hot rooms, respectively. 
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The sub-groups rele~ning in the control room have the 

order CHX for trials, CBX for errors. and HOX for time. 

Again, !l.'able XV indicates that the critical ratios are not 
•' .· . ·,• 

. , .. 

sts.tist1call7. In· the hot room, the order ln relearning is 

CRX for trials. HCX for errors. andXCR for time .. Critical 

ratios :for the reliabilityof·theae. differences are somewhat 

· 1arger,· but still too··sma,11 ·to be very significant·. ·· 

!rABLE_XIV 

RELE!RNIB'G.SCOB.ES GROUPED BY ROOMS 

· · . Trials 

., .·. '. B,ats. relea.rning in c.old room · 

. /x... ..From cold :room 

b. B·rom control room. 

c. From hot :room 

7.,.1, 

·., ,.,_9. 

8.2 

Rats relearning.in.control room 

a. 'From cold room 

b. From control room 

o. From hot room· · 

Hats _relarning in hot. roOfl. 

a. From: cold room. 

. b. From con\trol room . 

c. From hot ro.om 

11.5 

10.5 

---13.().: 

18.8 

·· 16.5. 

· Errors 

17.4 

·a1.·z 

2Bo9 

40.0 

.36.5 

-50.6: 

'70.4 

4'1'.6 

Time 

569 

'102 

·1019· 

.1090 

2009 

'149 

1536 

··1009 

.·· 1715 



Group 

· Cc 

Xe 
Cc 

XC 

ex 

Hx 
xx 

Hx· 
Ch 

1\"h 
Ch 

Hh 
Xh 

Rh 

TABLE XV 

RELIABILITY (CRITICAL. RATIOS) OJ? THE DIFFERENCES BETVlEEN MEANS OF TRIALS; 
ER~-ORS AND TU1E WHEN GROUPED .·BY ROOMS. FOR. RELE..t\.RWING 

Trials 

Mean Diff Jn1r.r 

7.~9 

8~2 .. 

lh2 
9.8 

11;.3 
9.8 

10~5 

13.0 

18~8 

.• a 

.a. 

5.8 

l.4 

1.2a 

s.oa 
.. 

1.26 

8,92 

C.R. 

.,so 

l.98 

17.4 

31~.5-
17 .. 4 

28.9 
31.3 

23·~9 
31 .• a 

40i0 

3(h5 
40.0 

60.6 

60.6 

D1ff rlD1ff 

. 13 •. 9 · 9 •. ea 

.37 

19.8 14.80. 1.34 

3.11 1.13 3.o 10.oa 
. 16.5 
18.8 

16 •. 5 
2.3 -3.52 .65 

47;6 
·tu.4 

47.6 
22.8 13.26 1.72 

' 

Mean 
559. 

702 
559 

1019 
702 

1019 
1000· 

2009 
1090 

748 
748 

2009 
1336 

1909 
1336 

1715 
1909 

1715 

Time 

Diff a'Diff C.R. 
.. 

143 275.7 ~52 

460 424~6 

317 422·~6 '.. 

919 1.28 

342 808.6 1~11 

1261 740.3 1.70 

673 516.50 1.11 

379 669.4 

194 716.4 .27 
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It should be remembered, however, that purely statisti­

cal teats have definite limitations. :Cons1stenc7 in trends, 

even though .ab~olute differences may be sma.11., are. certainlJ 

· i~portant sign~-of ·possible relationships. In:_.the relearn-

11:18 in each of the-three rooms• it was found that rs.ts 

_ learning the maze in -the control room and relearning in any 

of the three rooms show the poorest performance. This is 

true in,6 of the 9 possible oombinati-0ns. using trials, errors 

and time as standards. _Even ·1n ~he original. room, control 

rats relearning there have·&. poorer.score than do rats coming 

from ei the~ the cold or hot rooms.,. In no case <114 · the sub­

groups from the cold room stand ·iast,. whi.le:·tbose· from the 

-hot room were in last place _1D 5 of -the. 9 chances. 

?/bile .the cold room grou1>s do stend first in 6 of the 9 

_mea~ures,. it ie the hot room groups which stand. second place 
. . ' 

mos.~ frfJJ<'l,uently. with the control room groups coming last · 

the greatest pa,rt. of the time. Thus if there is a tendency 

for the· cold room to set up process:es which ms,ybe carried 
• . ! 

over into other rooms and for a· time influence behavior., 

corresponding tenaeneiee ar1sin.g fr.om the hot room .are lost 

rapidly. The relatively poor performance of·the ·control 

room sub-groups als.o suggests the possib111 ty that these rats, 

wh~n moved to-other rooms, are_ at a .... disadvantage •. ·, Confronted 

fot: th~ first_ t1me ~1th· the problems -of adaptation to new 

oondi tions at a later period of, their 11.fe, -they may ·not be 
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able to make s.uch changes as these readilJ. Perhaps the 

cold and bot room ,ra.ts.,.he.ving 9nce adJustea :to un~~~a.l con­

ditions., are able to. uo,.so again. with relatively greater 
' I 

ease. ·. This . &XJ>lanation .• however·, fails to account ~or .the 
I 

poor perf ormanoe of the control. rats remaining in the_ con-

trol room. unless the assumption is made that.· the move from 
. . 

hot to· control room acts to stimulate 1n some .way the·. rats 

from the hot room. 

Tables XVI • .XVII,. a.n.d XV'lll give the critical· ratiQS, 

listed in order of magnitude.· for dif.ferences .: 1: between 
. ' ' . . .  . , ·: . . . 

groups measured in terms 0£ trials, . errors. ancl. ttme. Ee.oh · 

group is eom1>are4 with every other .group. In all 3 stan<l-· 

a.rde, the. general trend. ia for. the highest critical. ratios 
. ' 

· to occur between groups ·relearning in. the eold and . hot rooms-~ 
. ,. ' 

regardless of or,igin. The low oritioa:1 ratios usually are 

founa between gr·oups relearning in the same room, no matter 

where original learning took _plaoeo Dine of the .£1rst 

twelve cr~tica.l r.atioe .are between groups relearning in the 

hot ana cola :roottis. · Eight of the last· ten are betw.een rats 

relearning in the. SSJne room. Vlhen errors or time are oon .. 

Sidered,· the d1Str.ibut1on 18 not quite S& striking. but it 

follows the same order .• · For errors, seven of the first ten 

o~a.•·s are betwe.en rate· relearning 1n the cold and h~t· rooms •. 

with tour of the last ten between groups. relearning in the 

same room •. When time is considerea, six .of the 'total nine 
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· criti.oal :ratios :for diff erenoes between the bot and cold 

rooms are included in the first twelve ratios .• , i'he, last 

ten ratios include. ,more , differences between c•x and x-h 

gr_oup~.~ . J'.hree oJ the. ia.st lQ ~nolttd~a groups relearning 

in the same room. 

1·. The small. fJJmbols. o, :x: •.• h, .1nd~cate the .room in which 
, eub•groups relearned the ·maze .. · When neea with c, 1L', or 
B, th~room of o:rt,ginal learning-as·well.e.s the·room 
in wh1<:h relearning took· place is itulieatea. Thus 
Oo 1s used to 1d~nt1fJ the g:rqup learning ana relearning 
tlle mase in the oold room. 



TABLE XVI· 

GROUP ·. DIFFERENCES FOR RELEA.tUiING. IN TERMS OF 
TRIALS !WIRED ACCORDING ~O TRE SIZE OF THE 
· · . ORiiICA~· ~TIO~. . .. ; : 

G3 

Rank Pair O~R~ Hank Pair O.R~: Rank Pair C.R.. Bank Pair C.R • 

l 

2 

. Oo Co Cc Ch 

Xh 
Xe 

Xh 
Ho 

4.4't 10 

4.2'1 ll 
XC 

Ch 
Ha 

2.,0 19 

2.64 20 
1 .:. • 

l.'15 28 
. ex Hh 
Xe Oc 

;L.'10 . 29 
Ro 
Ox 

1.13 

,.8 [', 

3 4~20 
.. Xh 

.12 24'54: . 21 · 
Ch. 

1.66 zo • '13 1: 

5 

6 

7 

8 

9 

;.ex: 
3.44 

Xh · 
Cc. 

l.3 

ox z.zo ·14 2,:40 23 

Rx 

Xh 
Xe 

Bh 
Re 

5.13 ·l5 
. ·ax. 

2.10 24 
Hh 
Co 
t.04 · .. 25 

Ch 

Ho 

Rx 
·.OX 

Oh 
Xe 

Ox 

1.60 ~1 

l.60 32 

'. 

1.58 ia 

1.53 M 

3.04 17 1.98 . 26 · , 1.20 35 
Hh ·.·. Xh. Ch 
Co , Xe. .He 

Ch 
2 •. 90 .1a·.· 1 .• 80 .27; 1.11 56 

ex 

XX' 
Alt 

.70 
Ch 
Bh 

.66 
Xh 
Cc 

.5'/ 
Xe 
ex 

'· .-56 
Rx 
Bx 

.58 
Xx 
Xo 

.24 
.Ho 

• In Tables XVI, XVII,· XVIII,, the group with smallest. learn­
ing s~ore is placed first :l.n each Jlai:r-. considered. 

I 

I; 



TABLE XVII 

GROUP1 DIFFEREN'CES FOR· RELEARlHNG IN TERMS 
OF 'ERRORS RANI<ED .ACCORDING TO THE SIZE 

. OF THE CRITIC.AL RATIO 

64 

Rank Pair C.R. Rank Pair C.·R.-, Rank Pair C.R. Rank Pair C.R. 

1 

2 

4 

5 

7 

9 

t;C: HC . CC X.C 

Hh 
Oc 

Xh 
Cc 

Ch 
He 

Xh 
Cx 

Xh 
Xe 

Xh 

Hh 

Xh 

4.15 10 
Ch 
Xx 

4~06 11. 

ex 
3.40 12 l .• 94 21 

Rh 
Cc 
i.84 22 

Xe 
Cc 

I:Ie 
Ch 

Xh 
H:x 

1.40. 28 

· 1.36 29. 

1 •. 34 30 

. C,t He · ,. 
2 .• as 1.4 i.so 25 . .95 s2 

: Ch Xlt 

2.64 15 

2 •. 13 16 
Hh 
. xo 

2.06 17 ... 
·. ·Ch 

1,.:72 24 .. 

l..60 25 .·. 
Cb 
ex 

Xx 

· :.81 34 

.70 35 

'• 

Xx 
He/ 

Hx 
,ex 

Rx 
Xe 

Hx 
He 

ex 
Hh 

,,,Ch 

l:Ix 

Xx 
Ho 

Xe 
~o 

ex 

.66 

.ss 

..• 37 

~37 

.31. 

.30 

.25 

.22 

.05 
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· fABLE XVIl:t 

Gl10UP DIFFERE.tt0ES, FOR BEJJT~llmiliG 11' tERMS' OF i'lim 
. . RAJ.V.tED AOCORDUG !l!O ·Tml S.IZE ·OF Tlm 

CRlTICAL.l>ERIOl> 

Rank Pair Cl.B. Rank Pa.fr a.It~ ~4.tlk fair e.It. Rank ·pa:1:r: ·o.R. . . ere-. RX Ei Ho 1 2.9g .lp 1~,o 11· · 1:.ll 2a 
; 'Xh xx ··.. ;-' . ox 

3 

ox I 

4 
Oh . ·Hh 

·. Oc-
5 

'I 

9 
.ch . Xx He 

Oh 
Ox 

Ob 
..• 60 

· -Cb. 
1.os zo . 
.. ·, 

l.Ql 51 

,.99 32 

Rh 
XO. 

·xo ·. 
.·.Rh' 

, XO 
34 

•. 62 

·.z2 
·• 

.1,' 
.~,'1,l 56 ' •• µ; 

ox· 

.12 
Xx 
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Diff.erences in relearni,ng by the sub-groups from any 

one room can also be calculated in terms of the percen~age 

saving in relearning. Th& o·r1g1nal learning score minus 
. . 

the relearning score d:lvicletl bJ the original ·score· gives 

a value which expresses variation from-a base, or original 

soorea ·As the sub-groups in ea.eh room were equated on the 
\ 

basis o:t trials on11. the percentage s~vings may reduce the 

reversals notea in the absolute scores. · Also, such values 

show in. a striking fashion the di.fferences in relearning 

under the three temperature conditions~ Table XIX gives 

the percentage ea.ving on rel~erning for the nt.ne groups. 

As might be expected, the percentage saving, when learn• 
ll 

·, 

ing is measured· in terms of t1-tals. errors. or· time, ae-

oreases as the rats a.re move~ rtrom rooms of l~ver t~ higher 

temperature •. The rats from the hot room show the gr~atest 

saving whe.n'moved to rooms of lower temperature. as they 

have .greater scores for original learning.· T~o reversals 

in the time scores still rems.in. but the differences are 

small. 

Table XX regroups and summarizes the va.lues presentea 

. in Table xix. Here the groups relearning the maze in the 

same room are placed together •. Th:f.s. is done in order to 

compare the rank of ea.ch sub--group. in terms -of' percentage 

saving, with the ranks in terms of absolute scores. In 

terms of percentage saving, the expected order will be axe. 



TABLE.XIX 

PERCENTAGE SAV+!!G INRE!,EARNING 

Time 

Cold·Room Rats 

a. Left in.C 20.2 7 ... 1 1s.1 a,.as 11s.o 17,4 1oo~e es.29 4214 559 sass -86.73 
.. ' : .*.' • .. '· .• .. " 

·. 

b. Moved to x 20.0 9.8 10.2 51.0(> 165.2 11.8 131.4 80.51 4697 1090 3607 76.-79 
.. ~ 

.,. ' ; " ... 
,. ,. .. , .. 

' ., 

c. Moved to H 19.2 13.o e.a aa.at 140.6 so •. a 90.-0 a4.o1 .4021 1338 2685 66.77 

Oont:r:-ol Room Ra. ts 

a ." Moved to a 26.l 7.9 1s.2 ss •. sa 143.e 11.a 1.1e.1 79.20 u2:ss '702 4533 86.59 
. . • -. " . ' . 

b.. Let•t in X . . 

c. 11oved to H 25 .• 7 18.8 6.-9 26.85 l2S.$ 70 •. 4 58 .• 1 415.21 6169 1909 3260 63.07 

Hot Room Ra.ts 

a. raoved to a 35 .4 s.2 27.2 76.86 254.5 28.9 225.6 88.64 84"'/3 1019 7454 87.97 

10.5 26.8 71.93 230.9 36.5 194.4 84.19 8025 748 727'1 90.68 ·m 
~ b. Moved to X 37 .3 

-
1 
c. Lett· in H 37.5 16.5 21.0 56.00 855.6 47.6 208.0 81.38 6571 1715 6856 79.99 
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as the ·hot room .rats, with the lowest level of performance, 

will be expected to show relatively greater gains in :Per­

forme.nce. whe~ placed.in rooms of cooler.temperatures. 

· For. rats relearning ln ·th& eold room, the rank is mco 

for trials • .ROX far errors,,.· and ROX for time. .In the con­

trol ~oom the correaponaing values are BXO, BOX. and ROI.. 

Sub~groups relearning il)· the hot· ro.om stand. 1n·the order 

!IOX f:or trials •. errors a.na tim.e. Again. the control sub• 

~oups lag behind in their expectea position 7 of the 9 

times •. The hot. room groups show the greatest ·percent !m-· 

P.rovement. standing flrst ·in .. every ·case. · The possible 

b~is for .the control .·gr(?upa standing last is. probab~J that· 

advanced earlier 'in the di.setission .of the absolute ,values. 

The differences in the percentage saving .cf groups of 
' . .'" 

equal leaming ability i-elearning the maze in the hot and 
' . 

· eol.d tooma are interesting. ·oold room aub-gro11ps. relearn• 

ing.in the cold and hot rooms. have e. differe~oe in· per-· 

centage saving of 31.9 for trial,s,, ·21.z for errors., and 9.1 
for time. Re.ts·· originally from the ·control room. relearn­

ing in the cold and hot: rooms, have a difference of 42. '1 i· 

. for trials, 3,3.0 %· for errors. and 25.5 dj; for time.· cor­

responding vaiues for· ho'tf room. rats'. relearning in the hot · 

and cold rooms are ·20.9 %, '1~:2 i, and a.1 %. In gene·ral, 

the gre~test difference in. percents.ga saving for rel.earning 

in the extreme, temperature oonaitions is found in the trial· 



Oold Room 
a.. from .C 
b. from X . 
o. from. H 

Control Boom.. 
a. from o 
b •.. from X 
c:. from R 

Rot Room. 
a. from. a 
l>. fron1 X 
Co from B: 

PERCENTAGE SAVIBG-RATS GROUPED 
BY Roam DURIBGRELEARIIE'G 

64.85, 
69.58 
76 .• 86, 

51~00 
56.92 
'11.93 

52.29 
261185 
56.00 

Errors 

85·.29 
'18.20 
88.64 

80.51 
'14.89 
84 .• 19 

64.0l 
45.21 
8l,o38 

Time 

86.'13 
86.69 
8'1.97, 

'16.'19 
57.39 
90.68 

EU,. "1'1 
65.0V 
'(9.99 
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eoores. with the next .. grea~est diff erencs in the error 

scores. !here was · Oll'l1 a ··.9._3. 'j[, tlifference between. the time­

scores for cold room. rats relearrd.ng 1n th.e hot .and cola 

rooms. The· differen.ce ts· a .• 1 j ~o~ the hot room. aµd r1se;9 

to 2a.·S? i .. for the control ra.ta.. Although large •. this la.st 
value is the smallest for the ,differences in percentage. , 

saving for .control rate relearning in .t,he hot and o.old rooms, 
' ' 

when all . three <8tBJ1oards of learning a.re considered.-The 

same ge.nerel pattern ... howe.ver. 1~ f()uncl .,in ~ost retentio~ . 

tests. Thus the .differences. noted . are probabl¥ .not , a pro­

ouct of temperature alone.-
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sex Differences ln Ataze Learning 

Xn original learning tests, .it wa.s found neeessar1 to 
. .· ., ' . . . . ~ ' 

drop aomtf of the rats 'ttom the·· experiment·~ These· rats, 

after repented trials. consistently refttaea to run the maze. 
' ' -> 

As might' have been J)redictea., more rats were dropped from 

.the hot room than from either. of the other tVJOo Interesting­
ly enough, it was ~lso noticed that more me.lea than females 

in the ·· hot room had. to be removed. Thie fa~ t , augges ted that 

there might be sex' differences: ln maze p~:rformanoe under'' 
. . 

tht) extreme tem:perature,oond1tions. Although; Bel~mer did 

1:1~t report· ani' a1tterencea. of'· this 11.na, her a1a ·1na1oate 
· that the sex ratios for the seoond generations born· in three 

rooms differed widelJ. Relatl velr more males were born in 

the cold· room. and·a.pparent1,·ntorefema1es 1nthe hot. 

:Examination o:f. the records ab~w that 6 of the 9 rats 

dropp"ed · from the c·old room \Ver·e males. fhe same number were 
. '  ' . 

removed from the control room •. 6 of which ·were ma.le.so. In the 

hot. ~oom. however,: 11 of the 1:2 rate dropped from t:he ex­

periment were males. These fact& suggest that the males 

S8Eltll' :to do rela.tiv·ely poor.et 1!1 all three ;'Ooms, and GS• 

pecially so in the· hot room. 
. . 

Oe.loula.tion of the menn trials,. errors and time for 

original learning of the males and females 1.a eaoh 'of the 

rooms ws,e ilext made. fable XXI gives these, values. There is 

some indication that the males show better performance 1n the 
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cold room; the females better 1n the hot room. In the cold 

room the males required 18.8 tr1a~s. wh~le, it, took the fe­

males 21.1 trials. In the hot .. room the-positions are re~ . 
.' : .-- . " ' ' '."' ' '· ') ' ·. ' ,· .- ' ; ,. . ·- ,.· ' ' 

versed, with the· males taking 42 .. 0 trials to: the females.~ 
, ' . . . . .' . :, . ~ ' ' . . . . . ,, . ., .. 

S3 .5. The same tendency is founa in the, time scores. bu"t 
.~'. ' 

TABLE XXI 

ME.AB TRIAIB • ERRORS, AND !?DIE FOR ltALES 
Alfl> FEnlA.LES Ili EA.OB. ROOM • ORIGINAL LEARliiliQ 

Males ·Females . 

Group Bo Trials Errors T~me :No !rials _Errors Time 

Oold 2s is.a 128.4 · 4206 22 21.1. 165 4'113 
' ! . 

Control 25 25.3 125.1 5054 23 26.6· 161 5505 

Rot l'l 42e0 241.0 8941 ZO Z3.5 247.2 '1890 

the males do somewhat better in terms of errors .in the hot 

room than the females~ 

The reliability' between the diff'erenees of the means 

'for the trials .of the males a.rid females 1n ea.ch room was de-
) ... 

torminod.. Table XXII gives. these values. As the cr1_t1oal 

ratios a.re all low, the differences may not be sign1f'ios.nt 

statistically. Since critical ratios for differences be­

tv,een errors· and time a.re u~ueil1 smaller than.for trials, 

these values were riot calculate a in the present case. 



TABLE XXII 

RELIABILITY OF DIFFERENCES· BETWEFJJ!lEAlf 
TRIALS • MA.LES. MID FE-· 

JlALES·· '. 

.· 

G:roup Hean Dlf'f'... ti l)iff. 

Oold room 
males 18.6 

females 

_Oontl'ol 
room 
males 

Bot r·oom 
males 

females 

.25.5 

42.0 

·zz.s 
8.5 

.. 

1.0 

.33 .. 

1.65 

172 

An additional check on the B:ex differences c~ be made 
;i . . . . . . . . ... 

bf en.mining the relea.rning scores ~n each room. Vii th all 
'· '~ . . . . .. 

three a.ub-gronps combined.o These differenoes are shown in 

Table XXIII -~ 

Although the meJ.es rele·a.rning 1n the cola room do better 

in terms · of .. errors ana time. they lag behina. when trials ~re 
'\ 

conslclered.· There is :no clea.r advantage in either direo~ion 
J 

in relearning· in the control room.· · He.lee in the hot room 

a.gain show the better pertorma.nee on all three :cr!te:r1a. 

The trena in performance of the males and females ·wa.e not 

the same in relearning as in the original ·learning. suggest-· 
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iJlg that there me.1 be little significant difference in the 

ability of the s~xes in the hot and cold rooms •. However, 

this is only a. preliminary examination, and conclusions 

should not'.be taken as final. 

. . 

'!ABLE XX.III 

MEAN TRIAL'3 • lmBOlt<J AND TIME FOR KALES 
~D FE?lt!LES Ill EACH ROOM ,... RELEABNIBG 

Females 

G.roup . .No !eris.ls Errors Time No !'rial.a Errors 

Oold 22 80.l 623.0 ·22. ,., 50.9 

Control 19 11 •. 0 

n:ot 22 15.5 53.1 1569.'l 21 16.8 60.0 

!-.nalys1s ot the t.ea.rning curves 

Time 

924.3 

1123.9 

1'753.5 

·4. ' ,. . . 

In oraei• to comp~re the performance ot. ithe a~fferent 

groups ot re.ts in the mate • .1 t wa.s ·necessary to use some 

method of m.eltlng compara,ble the learning curves of all the 

rats. ?!·his mns·t be done since 41:ffere.nt rats· in each room 

mastered the maze after a differe.nt numbs,: of repet1 t1ons. 

Learning curves basea on the average• errors per trial would 

thus not be representative 1n the final portions of the' 

learning process as only a very :rev, animals would be in• 

eluded. 
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The procedure proposed by Vincent (68), with some modi­

fioa.tions. has been used here. The· three errorlese runs, 

need as the criterion of learn1ng. have been· included ;n the 
' . . 

total number of trials from· wbieh the Vit1e,nt · cu!ve·s -were 

constructed. This was done to be consistent. as a11·ste.n­

da.ras of learning employed here. include these trials • .Al­

_thOU:g1:t this does not fallow the procedure suggeste_d _either 

by Loucks {40) or ltilgard ( 28) it ie adequate fGrs.ottr pur­

pose. An1 V'ineent curve pre_sents. in a sense. az1 artificial 

picture. All that is desired here is some·mea.ns of com­

paring the general progress in elimination (?f' · errors daring 

·the learning of the maze by the different groups of ratso 

From the .curves thus obtained,, we note that there is 

little.difference ·1n per:f'ormanoe between the rats learning 

: in the:. 001a and control" rooms·. Fignre 9' shows that while 

the control room rats start w1 th' a greater number of average 

erronr in the· earl1 terl'th of the· learning process, this . 

group elimina.tes~errors rapidlJ un~il the 5th tenth. From 
t ' 

this point the: control room rats are sli:ghtlJ behind the 

cold room rate. The le·arning curve for .. the hot room has the 
. . 

same general form.ae the.other two curves. with the exception 

that it starts with greater ·a:v~rage errors, 'ana levels. out 

at about. the sixth tenth at a fairly high average error per 

tenth. This level is maintained until near the e::ndi of the 

learning. 

Figure 10 gi~e~ the curves for relearning, combining all 
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sub-groups relearn:ing in the same room. regardless of origin. 
,  I 

The range of errors ·at. 'first is la.rge, but this diminishes 

rapidly ·an;t11 ·the· mid-point ef the. cnrve. . Be:te the. groups 

:from. s.11:. thr~e. rooms melts about the same average errors per 
;•. . 

tenth. After this point, howe'Ver •. the rats· relearning ia· 
. , , ·r· 

the hot room · tend to show a. decrease in performance:, · ana the 

average. errors per tenth increMe. Rats 111 the· eola room·· 

show fa.irl:, steaay progress.. .The eon·trol groups also elimi­

nate. errors. at a steadJ rate •. but. somewhat mo,:e aiowlJ · than. 
\ 

· the cold room rats. 

Modified Vincent curves.for·e.lI.eub•gronps relearning 

iri each room a.re shown .111 Fignres ··11. 12, and 13. While, 

they present much the enme general,pletu:re that wonl.a be ob­
tained it one c·onsiderea only_ the mean tT!·ala for relearning, 

or the rank :ocou.pied b1· e.e.ch group in' the three :rooms,· they 
nevertheless del1nes.te the ·course ot rel.earning throughout 

the entire process,. 

.·The·· performanoe of groups relearnin~ ·1n the co.~d room 

is Shown 1n Figure ll . .- Here the rats originally .learn.ing 
. . ·• 

the me.ze in the cold room ancl relearning it there 8.hO\C/ the 
•' 

best pe:rformano~. Average e·rrors :per. tenth a.re at a low 

level throughout' the entire iearning process.<- The: ·sub~ 

groups from>. the. control and hot rooms show about the same 

levels of 'pez·formance. somewh~ t l.owa:r tha.n the rs.ts from the 

·cold room. 



j 

' . . 
' 

ll +-. . . 
; ii-

~ 

t . 
~ 

' 

+ 

1...41++++-l+l+++H+ ~++-H++++i 

± ,_..__._,_~....._ ... ____ _ 
-t 

.J.U-l--1--++.J+~-+--++--i++-ll+++·H-H-++++++-++++-H-H-++t-t-++t·+t+tt+t-t++-tt-H-ttt-M-t--t"t • 

l'f ·l±±±t±H±±±±Hfil±it±ili±U±Uttt:tttt:t:tttt:UtttttULLJ.LLJ.LJ.L.l.J.~J...Li.LL-LJ.L 

~ -;-

ftt \ 
+-1+4--1-+-1-1-......... 1++-1-~1--++++-1-.J..ri-,-t. :r 
+++-l-~-l-i-!-l+l-+-l-+-6,.144-!,~~: ~: 

: 

t . 

t,, 
. t ,.. .... 

1 
: 

' 
+ 

r .. 
~ t-

f 
+ 

+ 

-+-

• -+ 
·+-

:;: 

t :1 

•+ 

1" 

+-

_,. _,__,_,_,_ ,.._,_ .... 
-+-

:1 

lo .. 
·+ 

... 

1-t 

H 
1 



.... 

'! ! + t f ,-·+ 

± 
1:tt±.tlltu..t:.tttUU:.tt.:t.d..t+H-1:.t. +t5:::t+ti:.tif '..tH-~tt.t±H:UU::Wiil~rit.:tffltttU:t:1~.ttt.Jtt::~ffl+l+l++:1ffl+t+t+t1f-1+ffflttt-t-++1:++l+t+Htif-fff-ffi4-f 

t 1-+-+l,+++H-+++I-H-++ 

1-++c++ l-+++--H+++-t f-t 

1--1--1--,-+-+-+--.........,_._,__..._~t ij 1 t 
......,_.~++++++-,i-+-t-+_+..j._: ~o T J 

t \ 

! 

' 

.. 

... 
·+ +-i-+.l~H+-+--1-+H--H~+++++++-H+<-+-+++++i++-r++t-+++·+-t 

; 
,_ 

+-1-+-1~+-,.++-+-.. • •+-+-+-+--<f--++ ++++,>-+++·•+-1-, tt +rr--1-,-,-,-,--,-~ ~++++-1-+-H-+ t+H+H+t-+t-t-tt-tit t++ tt 

+ 

.. ,-, 
+ 

I + 

+-

+ 

t-++-<f-+++-+++-t-........ --+-+++ + ,-,­,-

+ 
i 
! 

t 

1 
I 

! 

,-

i 
·• ·• ·+ 

t +-

J ·: r ,. . ,-
! ' 

t ~ 
,- ~ 

t 
,-

:L·~·~-_,~,w..,.~~ttrttiituJWttl~ttttm~tttttttttttt.tttt:ttti~Wrtttmttttttttt:t:mtm.tttt:ttt:mrm.tuumttt=tttutt-mt 
; f--+++-..._..._...,..._. ... ~+• 

i +-+-+-1-+l-l-+-+-+++-+-++-~11--l-+-l...J.+-l.+++-I-H---;1-4++4'1-++++-++-+-Jc+++++++-++l-++--H-+++++-++-+++-4c+.i·+++++-+-+-H-H--+-+++-l-+-+-+-Hl-+--H++-++++-+--++-,i-++-!++++++·•+-+·H·++++++-+I 

H 

I 
I 

I 



80 

Inspection of relearningcurves from the control room 
' \ I 

( ];1gure 12) indic.ates that the sub•groups from the cola and 
l . • . ' 

hot rooms exhibit almost the eam.e type·of progress 1;hrongh~ 

out the relearning. The curves d!terge slightly dnring the 

first portions, but remain. close together most of the time. 

While t.he sub-group f'rom the control room starts with fewer 

average errors, th.ere is a ms.rked plateau from the 4th -to 

6·th tenths which plaeea this group .behind . the other two the 

remainder of the time. 

Figure 13 for the hot.room presents.the same general· 

picture, -Rere, however, the sttbr-group from the control room 

starts with a. greater number of average errors. and remain 

in this.position the remainder of the time. It 1a interest­

ing to note that all 3 sub•groups in the hot room show a de­

cided lack of progress from the 3ra or 4th·. tentl1 to the '1th 

tenth of the proeess.. This. is especially true for the cold 

and control rats. 

· A general p1ctu~e of the rate of error elimination can 

be gained fr~m the ourves, thus: presente4,. Rell.mer :reportea 

certain qualitative observations fonna. to hold 1n the pres~ 

ent stud,. Ratsc working 111 the eold room tend to ShO\V. great­

er stab1.~1ty in their. ~erformanoe. both in learning and in .. · 

rel.earning., ~rrors w~:re eliminatea .gradua111 but oone1etent­

ly. T~e is reflectea.s.n the steady drop of' the Vincent 

curve for that roomo on the other hand,. rate working in the 
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hot room. were quite erratic in their behavior both 1n learn­

ing and :relearning, sometimes running· the maze qu1okly ana 

at other times failing to complete it in the per1oa a.llo'i'1ea. 

Progress 111 elimination ot errors· was unateaar .• and after 

an .ini tia.l peri.oa of improvement the rats seemed to show 

vary little gain in learning for tt.la.nJ. tr:ia.ls. The plateaus 

in the curves for these rats a.re evidenee of such bah~vior~ 

It la interesting to not.e that !n the ease of relearning 

the curves beoome more va:r1a.ble •.. shov,ing more instances· of 

improvement followed by a decline, as one goes from the cola, 
; 

through the oontro·l to the hot ~oom. 

The Obstruction BO:t'·''lests 

Performance in the obst:r1.1etion box was di•ided into 

four 5 minute periods• ,aud. the number, of approa.che~. con­

tacts e.nd croa_aings we:ce. recorded for ea.eh interval~ 47 rats 

were tested. in the cola room.. 55 in the control ana, 49 in 

the ha·t room. Per:formano.e' of . s.ub•groups. wl thin each room 

was also recorded. table XXIV gJves the mean values for 

approaches, .. contacts s.na crossings for the 9 sub-grou:pa, as 

well a.a the mesns when the re.ts a:re grouped by rooms. Ex­

amination of the data·from rats grouped by roo,s in which 

th~y were tested ·reveals several tendencies. In each suc­

cessive 5 minute. period the,.nnmbe1.t,of approaches ehows a .. · ·, -:· ' '' '' ' 

slight tendency to 1norCtase from the cold through the control 



TABLE XXIV 

MFAM·VALUES FOR APPROACHES, COUTACTB., AMD CROSS~MGS. IN OBSTRUCTION BO::t 

app:voa.ehes 
oonta.ets·· 
crossings 

., 

Rats tested in O .. · Rats teated ta x Rats tested in B 
· a~u. a;i;;L a11 

tx,om from trom 11n from k from t:t'om in from. trom 'from bl: 
Cl . X , · Ir · 0 .. er. X R . X O . · X . H H· 
N=20· N'=l4 N=l3 Re-47 N=l.5 N=24 N~14 N=63 N=l4 l\T=-12 N:=-23 N=49 

5;.o 
7;0 
l.9 

seeona s·m:tnutes 
approacnes 
contacts 
erossin~s . 

approaches 
contacts 
cross1I1P!S 

a.ppl.'oaches 
contacts· 
CI'OS a intZS 

Totals·· · 
approaches 
contacts 
crossiruzs · 

· 1.a . .s 
a •. o 

1~9 
.'7 
7.1 

.~ ...... 
.• ~5 
e •. 9 

"' "" . 

l~.9 
l~l 
7.7 

9~6 10~5,. 11~2 10~2 16~7 13~6 11;5 14~6 17 ~7 19~8 13~3 16~1 
11~3 7 ~a· 11~, 10.3 · s.1 12~-9 13_.1 11;a 11~a 9.;9 a;3 9;a 

.. _22.7 34.7 35.2 29.5 14.5 7.5 26.6 14~8 5.1 9.3 9.5 8.1 



to the hot ,room. In other words. more hot room anima.ls 

failed to cross tha gria. Th.a number _of contacts ma.de bJ . 

the eoid and hot room rats was. about equal, while the rats , 

in the control room tonehed 'the grid more frequently. This -
means !hll· J.Jl .. the cola room more !l?Pr.oaches and contaeta were 

'. 

converted :t.o erossin~ while J.n the hot room there: were !!! 

.attempts to ea.rr1 the aotion ~-1opd the .Point .2!. orientation 

toiva.rd ,!!!! .soa.l. · The animals ~~ the control. room ma.de .·~ 
,. 

_!:P;eroaches that led ~!> contacts~.-~t,an the rats .!E the J!2! room~ 
. . . . 

Aetna! erossin.e! indicate that ra.ta. tested in the . .2,2ll room 
' : . . 

made the d.ash .moat :freguent11.,. w1 th the control ~ hot rooms 

~tending pJ3X;i? .. i~ order. 

When the approaches. contacts a.nd eroas1nga · fo~ ea.oh 

au,coessive, 5 minute period are examined separately, several 

trends oan all!O·benot1eed. ,Oonsider!ng all the,rats tested 

in each room. we find a tend~ney to make most of the approach­

es in the first and second 5-minute periods, with a decline 

in the 3rd and fourth. ·The co.n.trol: rats act somewhat .ciiffer­

ently in that tha·gree.test number otapproaohea are·:tound in 

the second and last ·periods. and fewest in the third e.na 

first. 
,_ 

In all three rooms., more contacts are m~6e in the first 

and second 5 minute 'per1oas. with the third ,·ana fourth periods 

ootning.next. The groups in the control room·reverse this 

t19end during the last two periods• however. · Most · of the 
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crossings take place during the later trials~ that is. in 

the third and fourth pertods.- The cold room is m.ost'active 

in. the third interval while the other two rooms show the 

greatest number of cr<?ssings in the · last p~ri.od. Rats test­
eel in the cold :room show the fewest number of crossings in 

the first ana f:o:irth intervals, while those in the control, 

a.na hot :rooms cross less.: frequentl1 in the first tJno . second. 
, , I . , 

As a .rule. however .. the same general pattern of aetivi ty in ,. · 

thefive minute,i,erioas ta 41sp1,:,ed bythe·rate in a.11 three 

rooms • 

. · The s·tanda.rd deviation~ fo_r the_ means fo~ all rats test­

~d in es.eh :room a.re given 111·.Table XXV. Tht ~~gmas indicate 

~.ha:~. the gre_atest-var~abillty fo:e approa.ohes comes in differ­

ent periods for ea.oh.r~omo·. In theoold :room~ it is.during 
' ' 

the first ana ~eoona ,perlQdS.t0 Yhe first. and fourth periods 

have ·the greatest va.r1abilltg 1n. the. control room._ while -it 

is the third.and :fourth in the,h~t room. 

Contacts sho\v almos.t the same order in .. all roo~,. when 

variability of perfor1+1anae is·· conaldered. It is ·greatest 

usually :in the first and second »ariods. and smallest in the 
I 

thira. On tho ot~e1• hand_. ~ot~l. crossings are found to .be 

· most yariable -t11 di.ffarent periods in the three rooms •. The 

greatea t spread of crosf:!inga · is founa in the thi.rd period in 

the cold room. during the f'9urth i.n the control room and ln 

the first in the hot room. The ame.l.l-est· values were f'or the 



TABLE XXV 

MEAMS, STAMD.ARD DEVIATIONS I AND STANDARD ERRORS FOR EACH FIVE MlllUTE · 
. . · . . · PERIOD FOR ALL RATS TESTED Llv EACH ROO:M . _ , · . 

Al.1 tested ln x Al.l tested hi H 

.· 

F lrs if · 5 t'id.nu tes 
a.pproaohes 
eon.tacts , 
crossings 

3;1: 
7:n_••-._.· 
•i.7 

G.$ 

~pproa.ches a.o 
contaets 1~0, 
cross 1n~s 7 .• 7 · 

Thira· a minutes 
a.pproaones 
contacts'· 
croasln,:z:s · 

1.1:1 
;? e.,. 

app:ttoac11,a 1,8 
contaets · .,. 
crossings 7.1 

Totals· 

rl 

approaches 
contacts 
Cl'OSSingS 

10~2 8~80 
10.3 e;.70 
29,5 29.80 

lf/,-,t., 

•_·n __ W•V 

1,4 
iS.3 

14.6 
11~6 
14.8 

cl 

12~20 
11.20 
20.45 

~5· 
._7a 
.5 

~,, 
;30., 
.aa. 

mean 

3;1 
.a, 
2.a 

12.go 
7~08 
u.oo 

1;04 
l~Ol. 
1.70 
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first period in the eola ancl control rooms, and the seoona 

period tor ·tl1e hot room. 

Since the.standard errors for many of the means are 

fairlr lerge.· there is ·.aou.bt as to· the re11abil1t1 of some 

of these measures. In vitWi ct tllls faot, _!t !)~~!1!~ • .9ui~ 

.nrobnbl& tha.~ · tbe tem12pral A~.,~.e~ g! !t.G?rtiv~ t,: ,~ well· _as . 

. • tJl! . d~m:eJ, of ysr~~b.111~X · ~t lie~fo:ga.a,?ica· lioes ·not. differ 

!.im!ifigen,:t}.z J_n . t)1e !.hre,e ro.omm • 
' , 

ifed!sns a.na re.nges tor the tots.l number of approaohea ~ 

. contacts and crossings· prese.nt about the same· picture • 

. Tttble XXVl gives those 1"a.lues •... In general the. medians era 

sma~ler than· the tat1ans,.. !1Jh1a was to be expeoted, e.e ma.nJ of 

the rats made & __ fe1i 1f anr cr,ss1np, or contacts. 'l?hie was 
espee1& .. ll1 true :for cross.in,:~. in the contro1 ·snd hot rooms. 
J!q ~na ia tent t:en{le ~n .~h!l. s1~z.e! · of ·J;h~ rantt!~ for ~! three 
rooms cru1 be detected • .__........_, 

/ 

The data can next be -examined to see if there are dif-

. ferences ln 1>erfor.mnno-e between· sub~groups within eao·h room. 
. ' 

Of e.11 the re.ts tea tea in •noh t'O~om, one-third ·came o~igi-. 

nal1y from one of the three t&nper.atnre :oondit1ons. Are 

there diffetenees in behe/vior in the obatra.ction bo~-that 

onn be related to tht'Lroom ot: or1g1n. or that can be. re-lated 
/ 

to · the trends found in the releartd.ng cf the mQze? values 

t•or approaches, contacts 8Jld oroesings :from Table XXIV can 

be usea 1n dotermining the \rank of each eub~group in each 



TABLE XXVI . 

MEDIA?:l, AND RAMGES FOR TOTAL APPROACHES 1 CONTACTS A?ID CROSSING.$ 
FOR THE .?tINE E.t'tPERilt'iENTAL GROtrPS. 

i--------------._~-R-a_ts_·_t_-e_s_t_e_d_i_n_····~O~.-----*-~----R-a~t-s~-t-e_s~te_d~.· ~irl.~····_x~··-·~.----+-~_;;;.R~a~t~s-t~e=s~t~e~d-·=1n~·~1~r-···~~,., 
all all all 

from , from front 1n t·rom t11om from in trom from from in 
C X H C . 'O X R X O X B H 

To~a1·APP1!'4aChes . 

Mean 

Median 

Range 
.. 

Total contacts . 

ltean 11.3 7.a 11.4 · 10.,a 8.3 9.6 · 

Median a.s s.o 10.0 e.o ~.5 13.5 8.5 7.o. 7.0 
i" 

Range 

Total Cro~s~ga 

. Mean 22.7 .34.7 35.2 29.5 14.5 '7.5 25.6 14.8 ;·5.1 9.3 9.5 s·.1 
..... 

-Median. 23.0 40.5 18.0 23.0 2.0 .1.0 26.0 2.0 .L.ti 1.5 2.0 1.0 
... .. - .. .. 

Range 0•78 o-94 0-109 0-109 0-61 o-51 o-sa 0-68 0•43 0-35 0•39 o-43 



TABLE:.xzv.II 

R/UiK OCCUPIED .BY SUB-GROUPS I.N EA.OH· ROOU: Ill 
OB.~TRUOT!OH BOX TEST.S* · . 

F:trst·5 min. 
approaches · 
contacts 
· cros,e ings ·· 

Secon.d 5 min. 
approa9hes 
'contaets · 
crossings 

. Third 5 min •. 
approac.hee 
contacts 
, croa sings " · 

Fourth6 min. 
approaches 
·contacts· 

/ . 

· o.ra:ssings 

Totals. 
ap])roaohes 
contacts 
oross ings 

· Tested 
in 
0 

OXR 
( Oll)X · 
ll X C 

lI C X 
·x CR. 
lI X 0 

{XII) 0 
(CX)H 
x:n c. 

HXC 
lfX O 
x· .. K 0 

HXO 
H O :X 

· · H X 0 

Testea 
in 
X 

X ~CH 
11 .. x···a 
·H..'0 X 

(OX)K 
· :X H 0 
Ii OX 

Tested 
in 
n· 

/ X C Ji 
0 X lI 
XRC 

OXH 
XOB 
X ll:O 

OXR 
XRO 
1FQ X · ··· 

OXH 
OXH 

(· XR 0 

o•x R 
X R <l: ·· 
l! OX 

,o·x a 
HXO 
ll O X 

.:( JI C 

.Q X Ii 
X 11 0 

X O ii 
O X Ji 
RXO 

• symbols in parenthesis ind:iea:te <equal rank. 
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room. The rank can be expressed_ by using symbols to re­

present each, sub-group ana placing them in their _order. of 

magn1 tude. . Thus in 'fable· .L"tVII, · the sequence OXB. means. that 
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in any room the sub-group·from the cold room stands.first, 

tha,t from the control room second. wi th· .. the group from the 

hot room third. 

There is some agreement in the number of e.pproaches. 

contacts ·and crossings fo:r the nine groups.when the totals 

for tbe twenty.minute test period are consideredc Ra.ts from 

the hot room when· .tested in the cold room show the greatest 

number of approaches. contacts . ana. crossings. A. similar 

group·· in the control room also stands first in contact~ and 

crousings. In the hot room, the snb•group remaining in the 

hot room has the most crossings. .However. the order of ao­

tivi.ty is not ·so consistent in each room a.nring the :fottr 5 

mintt~e periods. "a.a cQmparea with the tote.ls for the 20 minute 

period .•. , The a:r,cter .-of crossings during th~l:le sttb.-:P*3l;iods is 

. the most regalar,~ as compared ·with approa.ehes and contacts • 

. In the cold room the order·is BXO the first 10 minn.tes, e.nd 

XlIO the ls.st half, Crossings in the control room are in the 

oraer ROX for all 5 minute periods,:. and in the orae:r XHO for · 

all periods in the hot room~ 'l'he sequen9e o'f approaches and 

contacts is more contused, with the co~·d room eub-groups·1 

highest in number. \Vith the 1I and .X groups in second and 

third positions. An ottts.ts.ndi.ng excep·ti o~ occurs in the case 

o.f oontaots in the control room. Re.re the cold room sub .. 

· group is lt:4~t in aill 4 periods. 
The eignta.a and standard errors for the sub-group totals 
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are given in Table XXVIII. Although there· are a. few means 

not s~fficiently larger tba.n the standard errors to indicate 

con,plete reliability, in general ·the dif:f erenoes are great 

enough to be sa.tisfactoeyo · 

Critic·al ,:atios for ·the differences be·tween the means 

of approaches·~ of contaetsi and of crossings for· t·he sub­

groups tested wit-hin. the same: room .are given· in Table XXIX. 

Only the totals for the t,wentyminute period are here used • 

.All of the ratios are sme.11. indicating that· statisticallJ 

the differences are probe.blJ not signtf~ca.~t. · Differences 

bet\veen the· highest and lowest values of groups in the same 
room are greatest for crossings. Only two o.t·the· 27 ratios 

a.re above· a C.R. of 2, ho\vaver. One of these · is the . con­

trol room contacts. as between. oola and hot room sub-:groups. 

and one is 1n· the, control room ,::rossings as: between '. con·trol 

end hot room sub-groups. over one'"'ha,lf of the ra. tios are 

below l. Evidently the rats as n. whole show much ·the same 

performance in a given room regardl~ss of tbe temperature of 

their room origin. 

Critical ratios for ·the differences between means of 

performances of the three groups as ivholes in ea.ob o minute 

interval are given infable XXX. Rere only.the total a.p-
.. 

proe.chee. contacts, ana. croasizl'gs are considered. !be ra,.tioa 

a.re much higher than when t.he sub .. gronps were, considered 

sepa.ratelJ. exceeding the standard of" 5 in some 1nsts11ces., 



TABLE XXVIII 

MEANS, STAiIDAHD DEVIATIONS, AND STANDARD-:ERRORS FOR THE TOTAL APPROACHES~· 
CONTACTS liND CROSSINGS FOR THE NINE EXPERIME1'1TAL GROUPS ..... 

Approaches Contacts Crossings. 

Me~n 

Rats tested in C 

a. from c 20 9.6 a •. 56 1.47 '?2-!7 23.47 5.25 

b.-ft-om X 14 10.3 8.85 2.3.6 , •. e a.13 1.,s4 34.,7 ··aa.20 - v.s, 
; 

l.l.4 7.12 1.98 

Rats tested in x 

a, •. from 0 l5 
: . 

b,,. from.x 24 

a.• from H 14 11.3 18.64 5.38 

Rats tested in R 

a. trom 0 14 17.7 10 •. 90 2.91 11.6 9.32 2.49 5.l ll.30 3.02 

b. rromx 12 19.8 16.30 4.71 9.9 7,34 2 .. 12 9.3 12,05 3.48 
' 

c. trom.H 23 13.3 11.50 2.40 8.5 4.68 .98 9.5 12.20 2-•. 54 

!! I 



TABLE XXIX 

CRITICAL RATIOS FOR DIFFERENCES BETWEEN .GROUPS IN SAME ROOM IN APPROACHES, 

COMTACTS AlID.CROSSINGS FOR TWENTY MINUTE_-PERIOD · . _ ... , , 

.Group 

Cc 

Xe 
Co 

Ho 
Xe 

He 

Xx 
ex 

xx 

Hx 
Ch 

Xh 
Ch 

Ith 
Xh 

mi 

App?'oaches Contaote 

:Mean Diff oifr . C.R.-Mean Dif'f Dttf c.R. 
/ 9.6 ' 11.3 

.7 2.78 .25 S.5 2.16 l.62 
10~:s 1;e. 

.,1 e.43 .41 

.10.~~ 7.8 
· .9 _ 3.81 .24. 3 .6 2 .56 1.40 

11.a 
16.7 

13.6 
1a •. 7 

11~3 
13.6 

11~3 
17.7 

17.7 

:s.1 5 •. 10 .ao 

2 .. 3 4.30 .55 

. ·.· 

2.1 5.54 -.38 

4.4 3.77 1.17 

ll.2.9 

13;1 
ll.6 

· 9~-9 
J.J. •. 6 

4.8 3.20 1.53 

· .e s.a7. .os 

3.3 2.67 1.24-

Mean Diff Dlff c •. R. 
22.7 ~ . · 

-12.0 9.18 1.30 
34~'1 
22.7 

18.5 11.50 l. •. 09 
35~2 
14.7 

.s 12.vo .04 

14.5 
. 7.0 6 .03 l.lG 

14.5 
11.1 a.63-1.29 

25~6 
7.5 
18.1 7.15 2.53 

as~G 
5 .. 1 

4.2 4.61 .• 91 

5.l 
4.4 3.95 1.11 

13~3 8~3 9~5 

.2 4.31 .05 19.8 9.9 9.'3 
6.5 5.28 1.23 1.6 2.33 .69 

13.3 8.3 9.5 



TABLE XXX 

CRITICAL RATIOS OF THE DIFFERENCES BETWEfill MEANS OF .APPROACHES, COMTACTS 
A'MD CROSSIMGS .FOR -ALL.RATS IN EACH ROOM,, FOR EACH 5-MIMUTE PERIOD 

Group Approa.ohes contacts Crossings 

First 5 minute: 
A-il: 1n C .. 3.,6 ... 6.3 

1 .• s 1 •. 4a 1.oe 
n n .x 6 ... 1. 
Al1-in C· 5,6 

s.1 
•. 14 1.1 .94 1.17 1.1 1, •. 02 1.oa 

" " · H 5.0 

second 5 minutes 

•. 9 .. 65 1.58 

All 1n -u a .. o 
1.6 .69 2.52 

n " H 4~5 
All in X 3.9 

•. e •. 75 
n " H 4.5 .. 

7~ 1~9 

_l..O 

1~4 
.o 
1;1 
1..4 

1.1 

.71 

.. 

• 1 .53 

•. 57 
3,3 

1.7 
1;.e .B9 1.ee 



· TABLE XXX { C 01\J'"T IUUED) 

Group 

Third 5 minutes · 
All in 9 1.9 

n tr X 2.,a 
All ill O l.9 

n " H s.a 
All 1n X 2.6 

ff fJ H 

Fourth 5 minutes 

n n X 
A1l in C 1.9 

Approaches 

.7 

1 .• 7 

.7 

1.2 

All in X 3.2 1 .• 1 

" n 11 3.1 

Totals 
All in C 10.2 

tt '' X 14~6 
All in C 10.2 

6.9 2.24 2.63 

10,3 

11~6 
10.3 

n " ll ·1s:1 9~6 
All in X 14.6 11.6 

1.5 2.48 · .60 
" " H 16.l 

Contacts· 

•. 1 

.46 

"···' 

.33 

.-46 

1.5 1.82 

.7 1.40 

2.0 1.84 

.89· 

a.4 
4~.2 
8.4 

C~ossings 

4.2 l.64 2.56 

1.53 4.05 
... 

2~0 l.05 _1.00 

.s9 a .• 7 1.so 1.ao 
-'7.1· 

.ao ,.s 1.33 3.sa 

2.6 

29.5 
•. 71 14.7 s.1s 2.as 

14;8 
29.5 

.so 21.4 4.64 4.60 
9~1 
14.8 

1.09 a.7 3.28 2.04 
e.1 

:2 . 
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The greatest differences and reliabilities are usually found 

be,tw~eD:: co:ld ana .hot ·room gronps., In most ease.a .. _the per-· -

fotmanoe·. of the ·.control·. ~ndt?hot :room !.a very mua~ alike. 

As ind$;cat~ bJ, the .crit{~l. ratios• the gr,atest reliabiUtJ 

of the-differences, ts' fo1.1t1a··when. crossi~gs ~re conslderea, 

with _the least r:el:i~btli tr fo.:r apprattohe~'• The at.ff'erences 

between the means .. for:th~-total .eroesin@S· $or all ~te. test-· 
j •• . -· • • '\'• .-~ . • . : • • ,_ . ·• . ' 

mos.sured ,:bf the :JJritlettl. ;·ra.tioe.· 1s ~omewhat -bette·r. llere 

a.gain, the-:·eree.test -dlffe~en(«t-ts _ba_twee.rt tbe hot ana. cola 

roo:m.s,, and the, :e.9~esp_p11<ling crit1c~l, ~tlo 1~ 4.$., .O,Q a 
·, • • ,.··:· ;, . • '1 •. _ •• ••• .• -, .• 

room bf ;room basis,~··the ~;r:o$s.t.ngs for 'the. entire. test period 

seem to. show a real 41:tference:. . .--· .,.\,. 

. . 

Oonsiel-e~ing· the ;perf'Qrzp,nc.e of. all: -rats .. in-- El8.Q.b(;oom., .: it 

was found that the rats' in the . c_ol d .room both. 1.earr.tEto and re­

le arnea th~ 'maze m_ost Q:uiekl1-. ·Rats'. i~ -the· cont:rol. room were 

in. 'S8C0l1d place. While ·those i·n ·the '.hot>room .needed the most ,- ,, . . -. 'I:-_; . ;: 

trials· fo:r aas.teey of th,e .. ma:ze .. -Tl1is same· orde-r was repeated 

when gtia .c~ossingG · f~r-all.. :rats in. eaoh room were ·.considered. 
' ' . . . . 

On & l'OOID ··bJ room ·b&'$1:S • the~e ts ~Oma relati:OD between l.ee.rn• 

illg, i~lear~i12g ana· grid ·cr·on'Jings. ; Bo1if.;v~x·~,--.let. .11s take the 
r .· .· ._ · -- ., ·, -,, • , .. ·.. . ' ' ' .. ,., 

next 'step, aaa see if the same rela
1

ti.on; _.()~1\ be. found wlthin · 

rooms.·- That is, within each room.·. do those rats·. whi,~h relearn 

the maze most, ra.pidl;y 'also t'en.d to make the mos't crossing$ on 

t.he .'grid? fhe. gres.testf sim.ilarities prc;,babl.1 woula ·exist between 
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sub-groups'·wtthin an, one room. !I'he background of temper­

ature changes is the same, a.na the performance should be 

more ne~r11·the same in botb. relearning and'grid tests. The 

coefficients of ootielatlon'between the trials on relearning 

and the ntmd:ler o:f grid cros~l.ngs in the twe1:1t1 minute test 

perioa !ere ·determined, using the ·rank cU .. :fference methoa.· 

Table nx:X gives those values. 

1'A.BLE XX.XI 

COEFFICIENTS OF OORRELATlOB BETWEmf' R.Um: IN 
· RELEARNING · ( TRIALS). AUD · GRID 

CROSSING~• ... BY· su.n-GBOUPS 

F'rOIU C 
From X 
F:rom.R 

.Coli. Room 

--.15 
-·.o& 
+.36 

Cor.ttrol Room 

+.15 
... 05 
-.12· 

Hot Room 

+.44 
-.06 
-.44 

All tbe· coe:fflc1e.nts are low. wlth'more negative ·than pos1-· 

tive.values. The largest, +.44 for theperforma.noe of the 

cold room rats in the hot room, is balaneed by the. lowest, 

-.44 for the hot room··rats in the hot room •. 

Oomb1n~g ;the sa~·group~ in· the satt1e · room and using. the 

Pea.rson pr.oduot moment· ·methocJ, even smaller coefficients o·f 

correlation were obtained. For the cold room, r: ;. +.06 i:.l; 

for the control room, i --.0,2 %.l; and for the hot room·, r -
+ -.aoa -.1. This indicates that in each room, tbe most rapid 

;, ---.... -------
lear~ers and the slowest learners tencl to cross the. grid 

. • .· . . • ·~ ---.·· . -.____ 
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about !!! egual number of' times •. 
This conc1us1on is substantiated when the data are com­

bined bJ still another method • .As was mentioned previously. 

·some of the rats in each· room were removed from the original 

learning aeries because they failed to master the maze under 

the prescribed c_onditions •. These rats were given tests in 

the obstruction box. Let us s..ssume that refusal to run the 

maze can be 1nterpretea as isolating those of lower ability, . 
and oompa.re their grid scores with groups of known greater 

ability.;..-in terms of eucoese:ful completion of·the maze. 

In the cold room, theav,rage number.of.crossings by 

the rats droppea from the learning tests was 2'1.1. The 

average for all other rats tested. in the oold room was 29.5. 

Values for the sub--groups in the cold room that completed 

the maze were (a). from the cold room. 22.7; (bl from the con­

trol room, 34.'l; and {o) from the hot room, 35.2. The cola 
room rats that both learned and relearned the maze in the colc1 

room thus show fewer gria. crossings: than do the rats dropped 

from the m.a.ze during the £1rst learning tests. 

· .Eliminated rats from the control room crossed the grid 

an average of 9.8 times in the 20 minutes. The average for 

a.11 rats teste<1 in the control room was 14.8 crossings. The 

crossings. by sub-groups. were; (a) :t:.om O, 14,5; {b) from 
' 

x~ '1.6; and (c) from R, 25.6. Again the rats dropped from 

the original experiment in ·the control room cross more fre-
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quent11 than rats learning and·~elearn1ngthe maze in the 

control room. 

The. eleven rats dropped ·from the hot room crossed the· 
, . 

grid. 6~'1 times as contr~ted with a.1 for all, rats 1n· tha~ · 

room. The sub ... group from the .cold. room,. relearning in the 
. . ) 

hot, averagecl 6.1 crossings; from the control room this num-

b~r was-9.3; and ~from_the·ho~ room, 9.5. 'The only time that 

the discarded rats do not show more grid crossings than rats 

left in the original room is found :in the case of the ·hot 

room. 

Rate.of Growthana Maze Performance 

Is ra.te;of growth.at the time of maze running a factor 

that may influence.maze performanceJ. The same. period of 

food deprivation may produce d1f'ferent effects on· rats grow­

ing at different rates. Animals ad<11ng weight rapidly may 

be "hungrier" ,after the same period ·of food aepriva:tion than 

rats adding weight more slowly. Differences in the learning 

score's might then 'result. 

· ._In the.: original learning tests, rats 1n the cola room 

grew most rap1dly~81ld learned the maze most quickly. The 

control and hot room rat.a show very nearlJ ·the same rate of 

growth, but there are marked d~f'f'erencee in m~ze,learning. 

At the· time of the maze tests ther, is a slight difference 

in rate of gro,,th in f_avor of the control room.· If rats 
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gro"vlng· fe.ste:r · 1ose weight faster ·during the same learning 

period,, than the ·lotus ·in weight ott;ves· and growth curv~s 

should , co~espond .-· Bu. t the curves are not sim11ar •. --'-·.......,. 

· In order to _see iit there ls any relation. _betw,en these 

two .factors -1~ the rdelearn1ns tes:ts •. growth curves. ~o~ thQ 

groups .of· rats ata.rtins ln different. rooms but: ending 'in the 

same :room· have-·.been c1rawn, In FJgu.re 14 ·the blue line re• 

presents the· rate of BJ.'OWth of ~ts _started 111 the .cold room 

.. end retested there after O:rig1na.l · 1earning, ·· . The green line; 

. repr:esenta the ,ra,te Of growth for· rats started . in the ~on~ 

tro:t room~ .but moYe4 to the cold. room after. tbe·i firs~ learn~ 
' . . 

ing t&sts at about t·he· twelfth week~ . Rats started in ~he 

hot room but uu)·vea to ·thEL'OOltl ~ooni. for relearning tee ts· a,:e · · 

represented 01 the red line. !J!he same s~bols: ;l.n Figur_es · 16_, 

'and 16, · .. ehow 'tha t . the growth . ·eu.rv&$' tor '· the groups 1Xl .the 

. oontrol and·· hot rooms, . 

· Of the three groups --relearnlng 1n the cold room., the 
' ' 

re.ts kept 1n that room ,througho_ut the experiment ,continue to 

gro_, _most :ra:r,Jdl1, They J11so relee,rnea t~e maae .more_ .rs.pid..­

ly tha.n other gtoupe iJ tba.t room, The gronp ·.front .the··. con• 

trol room '\ls:;. secopcl in rate of growth and spe·a· of l,earn1ng. 
. ·The 1-ot i>oorn group. stands th1:ra 1.n both meuures. 

,, 

In the control:rcom: (Figt1f!e 16J•· the eub~g'rottp from the 

col.~, room again she.we the moet rap1,l. grow.th·. . The :rats,.. ~C>tll . 
. 

~ ' 

the hot room are below thoae from the: control ·room:mc:,et of the 
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time,. but. at ··the· end of the 1_8th week: stand slightly above 

the·a.vers.ge·weight of the contro~ room group~ The difference 

1n·welght 1s·a1most iero,·however. The relearning order in 

the•·control· room 1s O H x. 
. Figure le shows ·· the growth· curves for the sub-groups 

ending in the hot room. -Although· there is -ii ttle difference 

in average weight at the 18th week, the control sub-groups __ 
', ' 

are·sllghtly heavier. and grow more rapidly auring the last 

four weeks.-· The· hot room rats show the slowest· rate of 

growth until the last 'three weeks, when the.J are Just above-
·: 

the cold.room rats. The relearning·order in this room is 

c H X, 3ust.opposite the order of·growth during the 16th to 

18.th wee.ts.· 

The evidence fora_rel.ation,between rate of' growt~ and 

learning a:t>i~ity -1s 1ncono~~s1ve. ·-Only !.~ the cold ~-!.22.! are 

marke~ growth d1£ferenoes found .!!! the ! sub-groups.·· bu~ !! 
!! ·!!! this room. that the smallest. differences in relearning 

• , I ' 

trials are ·founa. The largest tllfferences in ·relearning 

scores .!,!!_found in_the hot room. where the qowth curves 
. ( . \ 

are the~ nearlr alike, for air.three sub-groups. There 

does not seem to.be an1 clear relation between rate of 
growth ana maae performance 1n relearning. 

Performance and Vlelght.Loasee 

A second method was used in an attempt_ to clarify the 
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relative importance of the intelligence ana motivational 

factors involved in learning in the ·three rooms. Ra.ts liv-

. ing· in the higher temp·eratures have a lower rate• ot meta­

bolism.· D~elineo (~6) ha.a found marked aiffe.ren~es for rats 

living under different temperatur~s. Less food is no doubt 

req111r·ea to m~1nta1n bo~i heat. and the same perioa of star­

vation used in all three rooms may affect the rats in each 

room differently. Be·cause of, the lowered mete.boliS.m,: ani-

.. mals living-and working .in the .hot .ro·onr.m.ay be less_ hungry, 

~a·· thus-·learn. more slowly. In .e.n a.ttempt_-to _measure this 
.. ,: 

factor~.,. daily weight records were .kept ·for a.11 · rats . duri·ng 

. lero,:-ning, relearning ana. gria' tests. While 1 t 1.s not the 

.intention hare to 1.nfe~ that "hunger" ls equal to the: loss 

of weight, or· that hun'ger varies· in the same fashion as 

motivational fa,otors ao, the· 1oss of welght seemea to· 'be 
' 'f •• 

about the only objective measurement that could be made un-
•  I 

der the present exper1mental·eoncllt1ons. It shoula ha.ve 
' ' ' ' 

something to ao with ·.~he ·different ~egrees of apparent' m~ti-

vation 1.n the aifferent rooms. But the prob.lem ts compli· 

catea by the fact that the same absolute loss of weight is 

not a ta.ir measure of the differences in ~aeh roomo To 

correct.for this, the percent ot. the. original weight retained 

in each room has been calc.ula.ted. 

First,, the number of rat~_ in each room showing a loss 

. in weight fr.om the previous a.a1s during original learning 
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was determined.· ligure l7·1nd1eatea the trencl in each room. 

In the col a room all. of the. rats lose. weight the .first two · 

days, ·and after that some Show a .gain in •eight the n.ext few 

days.· The curve for the hot room ~hows that more rats tend 

to gain weight. during maze running than in the cold room. 

The .rate 1n the control room show an irregular trend. For 

tl1e first few de.JS the number gaining weight 1s between that 

of the .cold ana hot rooms. The fourth ana fifth days show a 

decided increase in the number gaining .weight,. but this trend 

then reverses and.from the sixth to the ninth aays of maze 

running, more .and n:aore of the ~ats lose weight each day. 

Figure 18 shows .the average loss of weight in grams 

ea.ch day of maze running.· Rats in the ·cold room lose more 

weight at first, and tend to reach a level of about zero 

weight-loss more slowlJ than the rats in the hot or control 
•. ,. I 

rooms. The l1ot and control room curves for ·average leas of 

weight.each de.J follow eaoh other closely until the curve 
' .. 

for.the.control room goes below tha~ of the cold room. ana 

then ,;ises on the tenth.day., In the hot room there is an 
. , 

. . 

average gain in.weight from tp.e s~venth to ninth days • 

. . . If losii of weight each day of maze r~nning ls related 
i r , .. ; . . j •. ''. . ; .· . • 

directly_ to maze l.e,arning,. these curves· are not in ·the ex­

pected order.. For .the f1rst five aa.ys the predicted · order 

is followed. Tb.at is,. ra.ts losing the most weight each daJ 

show the most rapia progress in the maze·. After ·the fifth 
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aa.y/diecrepencies appea~~ Losses for the control ana cola. 

· rooms. are opposite those--of tho 'first five days. From the 

seventh to nillth-days there are still considerable numbers 

of rats runntn·,i in the control room. 1'1 on the ·vth, ·1, on 
I 

the 8th.: -and 10. on the 9th. while 1n the cold room the rium-. 

her-running on the oorrespontling cla1s was 12. '!, and 6. It 

may be p·ossible that there are not enough rats 1n the cola 

room still rUDD.ing on these da.ys· to g1ve a representative 

p-icture~ Possibly a greater portion of thes-e rats are ex­

ceptionally p_ooreri learne~s than la the case of the rats 
-; 

· :running .. on these aays in the control room. Jt' this expla-
~ . . 

nation:is ·true. then:the.reversal noted above, may not be im-

portant_, The hot room rtaits s:eem· to lose the· least •. weight 

and b~g'.1.n to. show. an average -gain -each day lJlore rapidly" than 

the-other-two groups •.. 

The mean percent of origi~a~ weigh~ reta:biea each day 

of maze running ls. shown ·by Figure la,.: Ueasu,red by~· this 
method, -the COldcroom rats Sh(?W a ~tead7loaa:·of-weight un­

til the fourth day Td.th stabilisation at about 85 % of. their 

original wei_ght,. followed by a second S~Ol't drop. _Again the 

control an<f hot ~oom our11ee follow each oth~r closely. show-. 

1.ng e. tendenc1 · to gain in ·the percent original ive1ght re-· 

tainea. As in the absolute weight losses. the ,o.rder .of learn­

ing. on the one hand and, curves inatcating weight losses on_ 

the other. do not correspona Uthen all three rooms --a.re con-

-e1dered. The marked differences in learning In the hot and -·.' ..... _. __ _ 
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control rooms ~do not show UJ? ln the weight ~ curves for 

these ·two rooms. i's.ble X.llII •. however. indieates tha~ ·_thes.e - . . 

means are probably not reliable after about the .fourth day. 

The same mea.sur~$ .for the percent original weight retained 

(~able XXXIII) :lndtoate that the means are man1 t1~es great­

er tha.n. the st8Zld$.rd errors.. lnereaslng the size o:t the in­

dex number, however •. probably·aoes not alter th~ fa.ct ~hat 

the weight measures sbonld be cons1aerea ca.ut1oue11.,_ . 

. . -Critical ratios .for the. attferencee between mean abso­

lute weight· los.s s.nd percent.age .or1g1na.l weight retained a.re 
; 

given in Tables. XXXIV anaxxxv. fheae values a.re not high . . 

enough to 1.naicate tba.t the differences. 1n absolu.te weight 

los~es are ver1 reliable. !he high.e,st ratios a.re fauna 

usual.lJ·between the eolaand control rooms or the cold and 

hot rooms. Al though the1·e were. deeldea differences ; in maze 

P.erfo:rmanoe between the hot and control rooms. this faot -~ . ' ' 

would not ,,have .. been predicted. b;y the· weight io~ees. 

In· considering the loss of we1:ght during orlglna.l learn~ 

ing, it was fottn<l that the rats in the cold room lost ·most 
' . 

we.ight.·J)er day .of maze run~ing, and that th.eae rats. showed· 

the best. perfo:rma.noe in. the mase. The rela.tion.1.n the case 

of the. control and hot rooms was not so. obvious. .The. same . 

comparison ean be raaae in the :relearnins: situation •. as dally 

weight, records ware kept for this· performance •. · 

Table XXXVI gives the means for the weight .·1.osses. bJ 
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. · .. _. KEAfl WEIGH'.t LOSSFJJ : EAC.Ui' DAY OF 
MAZE .RU.NNI!fG i!10R EA.CH ROOM . 

. 
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1 34 14~3 5.411 .. -.. --~94 :34 .12.s 4.5_7 :,. _.?fi .~9 1~.2 4.~4, .'la 

2 ,o . a .. 31&ir· 2.25 42 ,.a a.a6 .,,~s )'4 ._ ~-·? , .• 69 .,1 
• .. 

4 56 . 2.e z •. 3'1. ..57 a, .. 1.4 4.e. . .69 .57 , ,1:.2. 5 .. oa .01 

. 5 31 .. 1.lJ , ... 79 .• ai; so ·~1.3 4 .• 68 .a5 54 -1<.5 4 •. o& ...• '10-

6 22 .. ~a 2~es :.65 24 ... -1 :5-,.1'1 1.os zo ., a.'l .• 6e ·. 
·v 12 .s 4_.'14 1.s, 17 , ~•• 5,~.tie a.z5. 23 -1 •. 2 s •. 3s. 1.12 
a : 

. . . '.-.~ . ' ' . ' 

ME.A.Ii PERCENT OB.IGIUAL WElGJif REi'AIIiED E..4CJI 
.. J>AY OF MAZE RU:NlllNG . FOR EA.CR· BOOll _· , 

Oold. Room. . .control J9om . 

• .•.. , ... !, 

1 z4 92 • ., 2~s4 •. 44 u :,:i;i 2.•e · .4z 39· 92.2 5.11 · .•. s 
.. 

: , · ' • 1 '. : t '. .. ~ ' • • ' 

2 40 sa .• o ·3 •. 62 • .:62 42 89.4 zr.:o, ~55 44 90 .• 0 2 .• 84 .46 
-; 

3 59 86.0 4 ..• 5 . ~78 41 88.5 2'~90' ..• Ltl 45 8& •.. 4 Z.68 ..• 6 
: ' • l •.: •. · \: 

4 Z6 ·84.6 5~0'1 .90 3'1 87.t, 4~28 .va ,5'1.88·.-9 .. 4.il .72 
5 z1 84:.9 &.56 t.,.1z $0 as •. o 4~:oa r:.;:v.a .34' ,a9,.a :1s~i · _:·~g·a , 

6 22 85 •. 01 :6.'141~32 24 90.2 5 .• 2l li14 zo 89~'1 6~92 1.14 .· \ • . . . • . .. . . .. ' . •, ' . 

7 12 85.2 5.'1 . · 1. '/2 117' 89.8 o.3Z l •. $3 
1 

23. 91:~o: ,~i4 1~·64 , 
8 16 90.S 5.5 1, .• 47 20. 91.,.,5° 6 .• 44. ,l.6L l 



TABLE XXXIV 

RELIABILITY (CRITICAL RATIOS) OF THE DIFFERENCES IN MEAN LOSS OF WEIGHT EACH 
DAY OF MAZE RUNUING. IN. ORIGINAL. LEARNING 

Group Mean Dift /Dirt .c 4J;R.-. Mean D:!ff ·<tD1tf .. o.R... Mean Ditt 'Diff .O~R,. 

C 

y 

0 

H 
X 

14.3 

12:.,3 
14.3 

H · 13,2 

C 

·x 
(l . 

H 
X 

H 

0 

,c 

C 

'R'. 

X 

H 

a,2 

a.;7 

3.7 

2.9 

1:4 
2 •. 9 

. L .. A 

1.4 

1.a 

First Dav 

1.20 · ,J..~67. 

·1.2 1.22· .9a. 

.9 1.os, 

second Da,r 

. ,.92 

4.5 2.65 . 1 •. 70 

. 2.1 .• 92 2.2s 

Third Day 

1.5 .89 1.69 

1.3 .96 1.35 

.2 .90 .22 

2.8 

2 •. a 
1~S 
1.4 

1.2 

1.s 

1.8 

~1.6 

.3 

-.1 

•. 7 

Fourbh na!" 
... 

-1 .• 4 .89 1.57 

.76 2.11 

Fifth Dav 

5.l 1.21 2.56 

3.5_ 1.1Q a.oo 

.2 _l-.10 .18 
-. 

Sixth Day 

.4 1.23 .32 

.4 • 43 

.a 1.2a .63 

. . 
Seventh Dav 

•. 9' 1.92 ._47 
.:4 

.7 1 .. 77 .40 
....1:2 
-.4 

.91 

Eiirmth Dav 

l 4 .... 
1,37 2,70 

..... 

..... 
0 



.TABLE XXXV 

RELL\BILITY (CRITICAL RATIOS) OF THE DIFFERENCES IN MEAl'1 PERCENT ORIGINAL 
WEIGHT RETAINED EACH DAY OF MAZE RUNWING'IN ORIGINAL LEARNING, . 

. . 

Group Mean D1£f a'Diff O .R. Mean Di.ff tJ'Dirf C.R. · Mean Diff i:r-niff C.R. , 

0 

X 
C 

H 
X 

H 

X 
0 

H 
X 

, 

C 

y 

0 

H 
X 

H 

92.7 

93:1 
92 •. 7 

92;2· 
93.l 

92.2 

· 89~4 
ea.o 
90~0 
89.4 

90.0 

sa.o 

88~5 
86.0 

89:4 
88.5 

89.4 

., ,., I 

First Dav Foul"th Dav 
84:.6 I, 83 .2 

.as. 3.1 · 1.19 2.s1 
97;,7 89~8 
S4,.6 83.2 

Seeond Da.:v Fli'th Day 
'. 

·.s1 1.11:s 4.1 

.70 . · .aa 

2.5 .sa 2.67 

3.4 .98 ;3.47 

.-9· .'78 1.17 

89.0 

89~8 
89,0 

89.8 

85·.0 

90;2 
85.0 

89~.7 
90.2 

89.7 

90.3 
.a 1.2s 

91.5, 

Sixth Dav 

5.2 l.74 2.99 

4.7 1.74 2.70 

.5 1.60 .31 

- .. , 

Seventh Da11 

a.a 2.17 3.04 

'7.8 2.:38 :S.28 

Eigh·:.h Dav · 

.50 

t:! 
""" 



112 

TABLE.XXXVI 

. · ,MEABS • STANDAR~ DEVIATIONS AND STANDARD ERRORS · 
FOR LOSS· OF VIEIGRT-DURING RELE.Aml'ING--lst •·2nd DAYS 

.First Da1 Seeond DaJ 

I Mean rl B mean ~ d'/1,v 

Rats relearning in cold room 

a. frorn C .17 16~81 6.45 1.~, 9 5 .. 4 5.55 1.78 
' 

b. from X 14 10 ;4.2 4.48 1.42 
, 

.· ' 

.c. from R 16 13.7 '5.02 1.26 15 6.'I 3.Zl .• 92 

;~11 in 0 4V 32 5.l 4.39 .78 
·I 

Rats rel &$rn1ng in. control room. 

a. from C -1'1 15.9 7.8B 1.90 14 z •. s ~.18 .85 

b,i '.from ... x 15 11.2 5 .62 1.45 11 2.2 2.'18 .84 
' ·• 

., 

15 4.2 z~a1 .98 

_a11 in x 48 :13.2 6.6(') 40 3.3 3.43 -.54 

R~ts rel.earning ,.111 hot room 

a. f'rom O 14 12.1 4.06 .1.:Cl9 14 · 2.2 . 2.65 • "11 

b. from x .15 · 11.s · a.63 · .94 15_ 2.3 2.69 • '10 
' ._ .. ! 

c,. from R 14 

all 1n B 

' 
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I 

sub-groups. during the .first e.nd·-second days of relearning for 

the' rats in es.ch·. room. ),;tl 'f'IiBW Of th(l' Sise ot: the Standard 
. . . . 

errors', for -the aecona· aa,~ th.ere is. some que$tion as to 'the 

_ relia.b111tJ -Of·. ·these _means .•. For the, ftz-s.t aa.1~-· however. the 

mea.na appear· ttr be re).:1able;., : Consl4ering· all· the' rats re-
' . 

les.rn1hg' in ee,ch room as.-a· group.·, tt.' ean. be _see~'. that the· rate 

moved 'intoi ~he'· ·co'ld rooallose the. nicst·-lJe!ght· each· day:. and · 

that· these anltna1s, also relearn· the mate' moat· :rap!dlJ. · .All of 

·the ·rats· i!l the control room:. S·t.and Seconcl i:n,'·both· mea.surea. 
. ' 

with·· the' :hot·. room· re1e·arners-'. thi.rd .in ·both-mean weight, loss 

• - • ' ' ~. i, . . • ' ~ 

· · _; Tabl.e. XXXVII 'ind!oa.tes· the· ·reliability :of the, ·differences 

bl mean weight.loss' the fi.rst e.rul second da.Js of. relcaarning 
' ' ' 

wb,n d1:f'ferenc.es · betwe_e.n sub~gronis are cona1:de:req. as. wel 1 as 

whe~ a11-groups· in e,ach·; room,, are-c.emb,:1.nea. -. There is some 

evidence that· the-re 'are· s.:1grd.ficant. dlfferenaes in loss -of 

weight'.· when a.11 the rats 11.1 ea.oh x,ooia are :co:mbinea. Ori tical 

ratios for differences ·be.tweerrsu~groupa .are·a1l;>small-and 
• • • • , J I ~ ·t ' 

are probably not elgnlfiea..nt on ,a pu.,ely ·etatistlcal ·be.sis. 
' . 

fhe. poeaibil1tJ of f)Qns:l.s.tent t:renaa ·in:: weight. lose· of 
t . 1 

, , .~ , , • 1. I A c . . ·; ' ". . ,\ _. 

su~-grou.ps within-· rooms sh.0111a, not b.e overlooked·. 
~ -, ., • ; I • 

Whil_e' :the 
. ; ,; 

differf;naes' may be" too small ... 'to be'signifi~ant; stattstioally,' 
' ' >\ ; '. > '  •  ' .• '• • • '( -. •• ' ::- .. ; • ~ ' ' ;, ~ A .. , (, ~ o 

the: ~ame order in. 1eaoh r9om. mar well.;' 111dica.te, .some relation. · 
' ' • r , ~ ~. t , I . •j : ' ' ', ' ~ • I '\, :, . ~ 

!he: rank -of re:ten~.ning 1n ·eaoh' _room .• can be, e<>mpa.red with .. the 
, ' ,, < \ ,1 " ! ~ t \ .._ 

Order the. three. groups in each' rOOl'l OC~ttpy. With respect, to 
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REL!AB.ILITY (CRITICAL RATIOS), ·or THE DIFFERENCES 
l:N MEAD LOSS ,OF WEIGHT .EA.OR DAY 
. . OF MAZE RUlnlIBG--RELEARIUIG . 

First· Da1 Second Day 

Mean D1f~D1ff'· a.R. :Mean D1ff jdD1ff 

A .• Rats relearning in same room 
cc· 16.a. o.4 

1~9 1.85 1.,05 1.2 2~28 
Xe 14.9 4.2 
Co 16·118 .• 6.4 

i .. 1 2.01 1.54 .3 2 .. 00 
B.o lZ.'l 5 •. 'l, 
X.c 14.9 4~2 

1.2 1.60 ·~'5 1.5 l..69 
He 15."I 5.'1 .. 
ox 15.9 5.6 

•' 4.'1 2.39 '].9~? 1.3 1.19 
Xx 11.2 2.2. 
ox 15 •. 9 3.5 

3.5 2.15 l.65 ."I 1.zo 
Hx·. 12.4· 4.2,. 
Xx 11.2 2.2 

1.2 1. '1'1 ·.68 \2;~Q 1.29 
Rx 12.4 4~2 
Ch 12.1 2.2 

.3 1.44 .21 ,4tl .99 
Xh 11.8 2.3 
Oh 12.1. 2,.2 

2.6 1.35 l.92 .~5 1.16 
-Hh 9.5 1., 
Xh. 11.e 2 .• s 

2.3 1.l23 .. 1.sv .6 1 •. 16 
Rh 9.6 1.v 

B. · All rats relearnin ~ 1n each room··· 
0.1 

2.0 1.22 l•.64:' 1.8' ~gs· 

" " X .13.2 3.5 
all in C 16.2 0.1· 

4.1 .9'1 4 •. 22· z.o .90 
" " B: 11.1 2.1 
Sll in X 13.2 3.3 

2.1 1.10 l.91 1.2 ~71 ff n B 11 .. l P-1 
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CoR• 

.53 

.15 

' 
.89 

1.09 

.54 

1.55. 

.10 

.43 

.62 

1.89 

3.33 

l.'10 
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we~sh~ losses e~c,h, aa1. fhe a;voibol standing first 1n the . 

tr1e.ls indicates the most rapld lee.ming, · ana , that placed 
' ·.- ., . . .. ; . . \ ' . ·. _. ; . ·~ . •• . ' . . ' 

first 1.n t~e night ~oases indiea.te·s· t.he: beatest· :·mean loss 

of·weight. 

!!'A:SLlfXXIVlXI 

RAlfX OF SUJ3..GROUP3 'IB :&OB ROOM XB : ', 
. RE.tEAB!l ING TRIALS AND MEA.N 
. l/EIGBT LOSSES EACH; DAY 

~el earning ( trtele) 

0014.noo~ c x..a 

Control :Room . · o B X 

.,Hot Room', .QBX 

Hean Weight LOSS 
ls t aa.1 -'2nd , da.1 .. 3rd daJ 
OXR .R.OX .OBX. 

OHX ROX .OXH 

ex.a. lO,H. BXD 

I~ -t;he co14.room •. the rank !n trial.a and w,lsht ioeees 

is the same the.fil:St G&Ji but on·the secon'a·and·third.de.ys 
. .. -.,.- ',.,· . .--· -· . . ,· •'." . ._ . . . . 

about the onl1 s1~1la.r1tJ is t~at the control ~oup is found 
-

1n last plaee 1nwetght losses. There is better agre~ment be-
~ ' . . . , ' . . . ; ' ' ' . . . ' ~ 

. ' . . ' 

tween the two faftol,'S 111 the conti-01 :room, w~"t;hth, oontrol 

roo111 rats . 11l1ttst P1a~e l)otb. in ttia.1s and 1n. Weight. loss• for 
th~ .first two «avs~ Xn the hot toora, ,·lie .rats or.1g1naliu ... from 
' tba.t room lose the .least welght the flrs,t two' days. l)u.t are 

\ : ;. 

seoona itl Je~rn1ng. The ootd ~oom rats aoouiJ,· ea()h post t1o~ 

onoe · in ~ei~ht, · whtle tli!J oontr0::1, roo"' ra.ts, l.as't · in learning, 

fall t9 f.:e.11 1n last place ln··the w-,tght mea~ur.!~. ·on an1 ~f 
,. . . ·, . ;(.::· 

the days; In . th1$ particular Mfil\81J~$ .'there· setJ.m$> to· be but 
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alight relation between learning ana the weight lost each 

day of.maze running, 

. ·As, was mentioned· before,· the ·percent Ol'igina.l weight . 

retained rather than abeolnte·weightloss ts perhaps a bet-

ter measure for determ1n1ng this relation between weight 

and relearning. Figure 2Cil' { page107) gives a picture of the 

changes for all the rater rel'earning in ea.oh room. · Here we 

find the rats in· the· cold room retain ·1esa of the or1g1na.l 

weight a.na lt is these rats which relearn the maze most 

rapidlJ. The oontrol a.nd hot room groups are·: second and 

third, respectively, in both meaatiresh, · The .. Percentages for 

the sub-groups· within· ea.oh room a.re g1tren in Table XXXIX. 

TABIJE XXXIX 

ME.AU PEROEl'lT ORIGlliAL WEIGHT RETAINED BY 
EACH SUB-GROtJP••FlRST 'AUD SE~Om> DAYS OF RELEARNING · · 

Ra ts relearning in co.ld. room 
a., from oold room 

.-. b. from oontrol :room 
o. from hot room 
cl~ all rate in cold room · 

Rats'relearning in control room 
aci from cold room 
b. from control room: 
Oo from bot room 
d. all rats Jn. contro.1 room 

Ra.ts rel ea.rning in hot room · 
a~ from cold room · 
b. from control :room 
o, from hot room 
d, all ···rate in hot room · 

1st aa.1 2nd ua.1 3ra day 
Mean Kean Mean 

92.8 
· -92.7 
92.9 
9~.a 

93.0 
94.6 
93.8 
gz.a 

9308 
54.2 -
94.06 
94.2 

90.l 
90 •. '1 
90.3 
·90.4 

92.l 
93.9 
91.6 
92 .. 4 · 

93.l 
.93.2 
95.? 
93.3 

aa.1 

91.6 
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The ·rankings··of ·the sub-groups in each room for the re­

learning tests and the percent .of the original weight .re• 

tained are.· compared 1n the table below., The sub-group liat­

ect first in each room has lost the greatest perce~t of the · 

original weight. · 

TABLR·XL 

.RA.mt OF . SUB~GROUPS' Ill E.A.CB BOOM 'IM · RELEARNl.NG · TRIALS 
AND .DAN PERCENT ORIGIIAL ViEI~HT- RETAIN~ 

Relearning. (.1I'rials) 
' ' ' 

Cold Room O .X R 

Control . Room. . ·O R X 

Hot Room CB X 

Mean% original welg~t retained 

1st d~J 

XOR 

0 lI .X 

.o HX. 

2nd da1 

XBO 

s o·x 
0 X lt 

The 'control rats. in the eol a room lose relative.11. more 

. weight than the other groups on both· day.a, yet these· rats 

are second i~ relearning· the maze.· .The. cold room rats s,tay-
. . 

ing· tn· .tha.t roo·m, are first .in learning. yet tbeJ oe·eupy seo-
• ' ' J 

\·' ' 

ond' a.na· thira places on the two. days, in te·rms · of percentage 
' ,_ 

. 

weight loss. · Th~ control room. rats in the control room show . ,· 

the: slov,est · relearning ·and re~tain the greatest· percent of 

thelr original weight.. Rats from ·the cola ana: hot rooms, have 
' ' 

the· same oraer for· the first ae.1 o·f weight measures and re-

lea:r.ning tests. On the second ·.da~ the two. a.re, transposed in 
' '·, . ' . . 

order. Again in the hot. room the fi'rst day weights a.re 'in 
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the same oraer .. a.s in. maze rupning. on the. second· day the 

~ot and control~roups~re .out of order,. but here again.the 

cold room ra.ta.atand·firSt • 

. If only .. the first day weight records e.re considered •.. 

there ls. considerable corres ponaence between the two . measures. 

The second ~ay. results a.re _somewhat more confnsedo .. In gen-
- ,, ' 

oral, there seems to be better relation. between relearning 

tests and weigpt lose~s when the·-la.tter are considered in 

terms· of percenta.ge original. weight retainea. than. when ab­

aol'llte weights \Vere oonstdereo. The di~arepancies a.re still · 

' Ja.rge. enough,. however.· to leave doubt. e.s to a:a1 consistent 

relation betweentha ·two measures. 

There r,emains still another method of isolating the 

possl9le relation between weight loss atid relearning scores. 

If some .single measure of. weight loss can be used. the co­

efficient· of correlation between ·that fac.1ior · and r~lea.:rning 
! ' 

scores oan be determined.· One :P.~asible means of expressing 

such weight losses_ ls to find the ·9rverage we!g~t loss per 

aay. of ma.~e running.. In this measur~. the full number of days 
/' ' 

needed for .relearn~ng oa.n be utilized. Alt.hough there is · · 

conijidera.bla. evidenoe ~hat the loss of weigllt ts· not directly 
·. . '-,.-' .· ·; .. ' 

rela.ted 'to "hunger" ana that there 'may be consiaarable loss 
of weight without direct increase in hunger~ the periods con• 

\; ' 

sidered are short enough to sttgg:est that. the two factors 

must have· .some. connecrtion. · 
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· The coeff1.01ents9:t e~nel.a:t.ion between the mean weight 

1os·s· ·per 'clay of· maze running·.and t:rd .. e.ls. on .r~lea:rning tests 

for all ra·ta in. eaoh :room .. were· calcnla.toa. . Ua1ng the Pear--
. ' 

eon prodn.et· moment method• the f'ollawiag, valttes. · for .r were 

. '·· .... 
all :re. ts . in · tho .eolcL,re:ont · r· ;. .. + •. 2.4 ··. t~o9V. 

< ' 

all ~ats ln control · l!'.oQm.· r -•~66 .t.053 · 

a.11 rats in.,' th& hot room r ;,, +.zv ;t.088' 

·Ta'blfi .XL~. glvEJs 
I 
thti .. :eorr.elatlona founq · f~;r:" th.e :rats in 

\ -.··.·-:·_, • .. ·. . .. . . .. . ··:_·· - . . . 

. ' . . ~ 

the sub6giou:ps .W1th1~ each room,.. As there were,but,15 to 
1'1 :ritts :111 · ea.eh·. gJ:0'1-P ••. · the rank tU.ffe:retlee method was used •. 
. . . . ·, ' ' ' ., . ·. ~ '.. _. .-·,. .·; . ' . . . . . . -~ ' . ; ' 

With .. onlJ .. one· .e;c~pt1on •. ,ttl1 O·f the Coeffl()i.&nts are 

positive., ,:ang!ng, from. -~06 to +.vi.~. f.he tnedian·f,lr the 

.nine s~b .. groups is +.59. ' .. Although. ··the .values I themselve:s 

are .rather low. wlien these til:'·e eoa13:1derea ln th~ light ~f 

the other .tendenote, notea,. it seems PO$Slble th.at ·:1ihose. 00.;. 
!. .. 

efficients ar.e 1nd1eative, of some· r$latton be.tween· ,the. two 
' . . ... 

variables. .:lt raa7 ·be that the ltiJge nttmber ·of· va~ie.bles whioh: 

wer,uncontrollable itt-thta ()Xperiment·act to.~edttce· tho s12ie 
~ ' ... . 

. ~ ' ' ; ~ 

of tbe: coefficients ..• •lth.ont tlestrof1tig·the possib.ility. ot 

some oorrelation ... · 

one· other aet. of'. measures can be· examined bef'ore any · 
conclustons s.s to the relation· be,tween weight; loss~s and· per• 

fo~a.nc9. exhib~:ed·b1. the rats are· :formulate~.· 11~eJ1 •. weight 

loaaea during each aa1 :0f the grid tests·. In the obstruction· 
/ 
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.coR..tmLF.Jr.TIO:N llETWEEif. ru\.mt. I!f MEPJi WEIGHT LOSS 
' PER DAY OF MAZE WlUfllJG J,Jll) RELEuummo 

. ; . SOOP.ES .. C TRI.A.I.SJ ...... ·. 

In the eola·room 
ao , rats from the e.01<1.room 

·.: · b. · rats from the ··oontrol room 
c. · rata from the ,.hot rtlom 

In the ·Control room · · 
a. rats -:trom the, cola room 
b. rats from.the·contre>l room 
'Co rate froUt the hot room 

In.the hot. room 
a. rats from the cold l."oom 
-b. · :ra.ts from. th~-cO'ntrol room 
c. rats from the ... hot room 

• ' 'r 

+.26 
+.Z'l 
: +.66 

+.Vl" 
+.6'1 
+.22 

-.06 
-1-.48 
+.59 

120 



TABLE XLII 

MEAM WEIGHT LOSSES DURING GRID TESTS 

_'First Day Second Day 
' 

N Mean 11/r'-rv N Mea.n 

Ra.ta tested in. o.old room 

a-. f'rom C. 16 18.5 17 .97 17 11.0 , .• 7a 
.. •.' ·. 

b. from X 5.02 l,.57 10 1.23 10 10.7 5.18 l.62 

c. from H 8 19~2 8.50 10 1.1s 10 10-.3 5.91 1.22 

e.11 in· C 34 18.6 a.10 1.4.0 EL.8 .ss' 37 10.7 4.00 .as 

Rats tested in control room 
., ' 

a •.. fl'om 0 12 16 •. 7 4.06 . 1.1'7 18 3.6 2.39 •. 69 12 10.1 8.55 •. 74· 

15 14.7 4.51 1.16 17 4.8 3.19 ,,/17 17 
.· ., 

c •. from II 9 17.l 7.81 ·2.e4 · 11 · s.s 3.13 .·94 11 9.o s.aa 1.n 

all in X 36 16.0 4.98 ..• 83 40 · 4.1 9 .. 46 1,50 40 9.6 7.32· 1.16 ~-

Ra ts teated in hot 1'oom 

a. from 0 10 15.8 6.-07 1.92 10. 3.4 3.29 1.04 9 6·.l 4.21 1.40 
. 

b. from X 10 ,,:13.4 5.12 l.62 10 5.0 6.52 2.06 9 6.5 2.45 ···78 

c. from H 16 14.2 6.76 1.69 17 5,.7· 3.84 .93 16 6.8 3.55 .sg 

all in H 50 14.4 6.22 1 •. 04 37 4.4 4.78 .79 35 6.5 3.49 .59 



TABLE XLIII 

RELIABILITY ·· (CRITICAL RATIOS) OF DIFFERENCES IN WEIGHT LOSSES 
DURING GRID TESTS 

.. 

Group Firiit Day · second Da.y Thi.rd Day 

Co 

xc 
Co 

Ho 
xe 

He 
ex 

Ox 

Bx 
Xx 

Oh 

Xh 
Cb 

Hh 

18.5 _ 

18.5 

19:e 
18.4 

· 14.'1 
1Eh7 

17 .. l 
14.7 

.. 1 -2 •. 17 

.4 2.89 .14 

a.a 

a.a 
s;e 

2.s 1 •. aa 1.ao 

3.1 1 .• ,0 a.oa 

' -

Mean Dift dD1f:t 
11.0 _ 

11.0 

10~5 
10.7 

.s 1.so 

.7 1.45 

C.R. 

.17 

.48 
·• 

.• 6 . l.67 .36 .4 a.oa .• 20 

1.a 1.os 1.1, .• 4 e.sa .16 

a.a 10.1 

2.4 2.89 .a:s .v 1.a1 .5a .7 lh98 .23 
17.1 3,5 9~0 

.13 

.42 



Group· F~rst Day 

Mean Dift !Dift 
Xh 

• a 2.34 

All in C 18.,6 
2 .. ~s l..,63 

All in X 16~0 
All in ·C 18 •. 6 

4.2 ·1 •. 74 
All in fl · 14;4 
All in X: 16.0 

1.a 1.ss 
All in H 14.4 

T,ABLE XLIII (CONTINUED)· 

C.R. 

.• 54 

se~ond. Day 

a.o · · 
2.1 ·2.2a 1.19 

5~.7 

1 .• 20 .3 1.ae ... 1a 

' . 
Mean Dift il'Diff C.R. 
6-.3 - . 

·5;9 
l0.7 

.l0.7 

9.6 

6.5 

· ,.5 l.18 .49 

4.e .89 4.72 

5.1 · l..30 2.38 
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.box, we might expect that those rats losing the most weight 

would cr~ss the srld .the g7!es.test number of· times, as the 

neea. for food ·w!Juld b~ ·correspondingl1 greater.. · '?his is., of 

cou:rae assuming·. that there ~re no physiolQg_ica.1 ch~g~s . 

during weight loss which ~ct to :change the 1ntens1·tr of the 

eleotrioal shooks. Weight losses 1n grams· each aa.1: of the 

grid tests are shown ln Table XLlI.. The ·Sigmas ana standard 

· ·errors tna'ioate · that in general these·means are re)iable,. 

The c.r1t1cal ra.tios··for the reltabilit1.of.·th~· tllfferences 

of 'the me(!.:ns a.re given in Tabla XI.III .• · The val uea are all 

qul ta low. for the .d'iff'erenoea. between ·the .sub-groups in any 

. room,. However .• ·when :all rats 'in ea.oh room a.re constdered 

· as a slngle iroup. the values for the crit:ical ra.tloa .in~ 

·orease consi ae:ra.bly.. The.1 are. f'a1rlJ high for the differ­

enoes between the 1;iot and cold rooma.. This was fon.na true, 
<., 

'it will be remembere<l, when relearn~ng and .weight losses ·1n 

th& maze \Vere consider.ea._, and may ·indicate .that. at leaat in 

tha t,,,o ·extreme rooms. th~ differe.r;lees found aan be con­

sidered fairly relia.ble from-a statistical standpoint. 

TABLE XLIV 

RMfir OF SUB-GROUP$ IN E .. lOii ROOI: IB . 
GRID ORpSSIE'GS AMD ViE.IGHT LOSSES E1\CH DAY 

GrJ.d oros sings . 

Cold room ·g X G 

Control room H c X 

Hot room H X c· 

Mea.n weight loss each. day 

l~ t day 2na · aa1 · . zra day 

ROX 

OXH 

0 X ll 

ROX 

X 9 I! 

0 X J1 

CHX 

lI O X 

·H X C 
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·,u.tM.1). r~Qms .• the. ·,relation. be~e.en gr.id crossings ana 
I 

w,ight lcu1ses oan b" de:termined b1 noting the order of es.oh 
• '. ·' . . ·- .  i -

sttb•grou.p in the three rooms. f !fable XLIV) 

In the oold room, the sub~group.from the control room 

lost the l~~s~ :w~1ght., ret this .g:roup f*. in tb.e ce~ter po­
sition 1n crossings. !he hot room ft:J.ts are 'first .1n cross-

1nga e.n~ weight loss for the first two cta1s. ·yet are 1n . 
' . 

m1aa1e ple.ee in weight loss ® the third da.y .. when tests were 

given.. Th.e ~()1cl •. room "!'ats are la.st 1n croes!ngEt • Jet _are 

1n aecontl .place 1.n the weight losses :tor the first two days 

e.nd. in fi:rs.t. place the .as1 .c.f the: tests. I;Q ·the control 

room the· .o:rder agrees .1f onl.1 the weight lcssefl the thirtl .• ' . . ' . . . . . ~ 

ilaJ a:re :c-o:nei·d·e,re,d., · httt .on the othe~ two aa,a the hot room 
,'· . .. ,.·· ·.·· .. . '.·-. . ·... ' ·; 

sub-group.: wh1olt makes the most crossin.gs 1n\1iha.t .room~ is . 

la.st lnwelght loss. mhe .ea.me relation holds in the hot 

room. lia?'e the. o:raer. is ~he. same ·11 onl1, the _ third clay 1s 

eonsidered.,_ On, the: :first ana se;ona ·(lays. the. cold room 

rats. show the greatest, wei.ght. lose : but. are l.ae t 1.u number .of 

oroaslngs. Hot room rats ax-e last 111; weight. loss bttt first 

in nmnber· of crossings., 
,:" . 

'.l?hfl weight losses expressed 1n terms of, the,·~percent 

original weight reta!.ned e.ach aa:y al7e: given in Ta.bl& nv. 
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JIEAll· PEROEllT ORIGINAL WEIGHT RETAINED'.EAOB 
DAY OF GRILL T&~TS ,. . 

Rats ·tested in cold room 
· a.·. from cold: room . 1...6 
b. from control room 10 
.c. from hot room. · 8 
a. all testea in cold 34 

Rats tested. in control .room 
. e.. from cola room 12 
. b •.. from control room 15-
. c. from hot room . 9 
a. a.11 tested in cont.. Z6 

Be.ts teated in.hot room 
a. fr.om cold room 10 
b. from control room · 10 
c. from. )lot room· . · 16 
_d. a.11 testou in hot 36 

lat d.&J 
' ·· l{ean. 

92.2 · 
91..6 
· eo.1 
91.5 

,• 93.3 '•. 
93.4 
92.2 · 
. : 95.1 

92.l 
92.4 
·'91.4 
93.0 

.. 

2nd day 
Mean · 

88.6 
sa.·9 
-87.l, 
8803 

91.'1 
; 91 .• 3 
90.3 
91.2 

90.4 
91.V 
· 90-.4 
90.8 

126 . 

3rd day 
Mean 

·83.8· 
83.8 
81.8 
83.3 

87.2 
86.7 
86.l 
86.V 

. 89.2 
88.l 
· 8'1. l 
. aa.o 

The cliff erences betv1een roo.1na are about the same as in 

the relee.rning tests and wei·ght losses. · The. rats in tbe 

cold room, ·regardless of origin, retain less of their ori.gi­

nal weight, and cross the grid more frequently. In the con~ 

trol an·a hot rooms :fewer crossings are fonna, but· more of 

-the original weight is retained. . The ord~r, of the two· 

measu.res can be examined for ra.ts. withi11 each room11 These 

orders are. g1 ven below. 
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TABLE XLVI 

RAUK OF SUB-GROUPS IN EACH ROOM -IN 
GRID CROSSINGS A.ND PERCENT ORIGlliAL 1h'EIGllT RETAINED 

Grid 
crossings 

O~ld room H XO 

Control room Hex 

Hot room · H X C 

Percent origina.1,welght retained 

lat day 2nd day 3rd daJ 
H X o. H ·c X H (XC) 

ROX 

C X 11 

Ji X O . . R X· 0 

(HO) X H X  0 

W~en the weight :losses: ate considered in this manner. 

there is s. roach bet-ter. eorrespondenae betv1een the two 

measures. !{ate .originating. in the hot room crossed the grid 

most frequently \Vhetber they were tea teo ~n the ho.t, control 

or cold rooms. A.11. of these rats wh(ttl movea to the control 
. ' 

ana cold room show the grea.test weight loss all three days. 

The group originating and remaining in. the hot room comes 

la.st in tielght loss the first day. tied for firflt place on 

the seeond day,: with ,the rats originating in the cold room 
'i 

a.ml moved to the hot~ ~nd on the d e;v of. the teats. the thi ra 

day, stands in fiz:st ple.oe. The-oold and conirol sub-groups, 

whether those moved or not, occupy ett·her second or third 
,: 

plaees during, the threedaya of the tests. 'There is no 

a.afin1ta trend here, except that these rats seldom occupy 

first place in weight losses •. 

I:f the mean loss of t1,"8ight per day of grid ·teats is 

taken as a. single measure of the weight loaaes, the coefficient 
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of correlationbetween the weight c.he.nges_a.nd the crossings 

can be determinedo· These values·e.re given in TableXLVII• 

TABJJfil XLVII· 

·coRRELA.TIOlL BETWEEli LOSS . OF· WEIGHT PER DAY OF 
GRil> T&CJ~-AND GRID. CROSSINGS 

in· the cold room 
· a. rats from the cola room 
b. -rats from the control. room. 
· o. rats from the hot. room 

In the control room 
a.. rate·· from th.e cold room 
· b. rats from the o.ontrol room 
· c. rata, 1'roni the hot room 

. .. 
In the hot room. 
a. ra.ts from the cold room 
b •. rats trom the control room 
c, rats from the hot room · 

+ .30 
-.l.6. 
+ .'.5'1 

+ .•. 'ov 
+· •. 19 
+· .68 

-.oz 
+ .17 
+ ~16 

i'he coefficients--are somewhat lower than the corres­

ponding values found when the relearning trials and weight 

·losses per day were comparedo · fhere are -onlJ_two that are 

not positive •. however. and two ctr three are fairly ·higho As 

was pointecl out earlier, there mat be uncontrolled faotors 

pr_esent w~ch aet to·· reauc~ the Ta~.ues of the coefficients 

without necessarily destroying any relation -~between the 

weight losses ana grid crossings •1 
. . . .•· . . .· . . ' 

· · .A summa.1 .. 1 'of the· perform.a.nee on ·both· the !Ua:9e and the 

grid compared with the weight, loss·es in both measures may be 

helpfu·1 at-this time~ If a11 · the rats ln each room are 

grouped together. we find the following orders in the different 

measures. 
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5!ABLE XLVIII -

SmmlJiY· BY BOOM OF PERFOlUIABOE AND ViEIGliT JiOSSES 

~elearning (trials· .. , 

ltean wt,. loss per oar 
Me.an percent original 
weight retained 

Total gr14.-. o:r;oesl.ngs 

Mean wt.I loss per aai · 
. Mean . pe:rdent ori gJ.nal . 
· weight retained 

iluring ·gricl tas ts 

o·xiJt_ 

cxa 

'.: 

G X ·u. · (smallest ·value 1s.t) · 

OXR 

01 Ii 

The· pattern of. .~e~ul ta ts···· the aame. whea a.'11, rats in. es.oh 
' ·: ' • . ' . ,' .;· .·• ., . ' . . · ' t·' ; • ' .:! .·! 

room a.rf;l -group:e4· togetheX\•, . Rel.earning,· gr1a crossings. weight · 
~ ·' .. , } . \ ·: ( . .~. . . ; . ' . . . . . ~-.. , ; ... : . .. - ' 

loeeet:1 · per --ia.y:-a.~a··p~t-<Jent·· or1ginal y,eight retained all occur 

1n the same ora.er •.. In· every ca.s& the. ~ts 1.Q-.. ,the cola· room 
\ -.~- ~ ;_ . :.-- - -1 . . -t '·; ! ,_-- - . . ·: i . y:. -'. .. ~ . - .. , '. .  - - · 

stand first,· th& ·control, :room. animals second an6 tlle rats. in 
,. ' ' ' : -,· ' ~ ,. . ' ' . ' . . ' ' ., . ·. ' . . ... ' . 

the ho~· rC.~tn thlrtl •. on t,h1,s basis -alone:. ltw.o.ttlcl ,seem tha~ 

there lS: ~ ,close ·:reiatiett ,between:ma.ti. p,erfoTEGS.ntiei,:-" grli 

oro~~ings .. and ·a.mount .. of· weight'.lost au.,:i.ng-eaeh.:tnea.sure.·· -

. !h~ pertc~anoe: of the anb~grou1.s• : wt th~+l.-._tbe rooms can 

.now be examined •.. The relatlons,betweer{ thes.e .~oups -when .. 

performanc.e, and we1ght losses ar•· conslderea are given in 

fable-nn: .. 

fh& general result• :found Jn. 'the relearning and in the 
two me·~·Uree of _weight los~ cll:1-r1r~g: this part. o-t the' EtXPeri.­

ment ~.errespon:ei fa1r1J -Olos.ely. The ~Old room &Q.b~e;rou'P: . 
. '?:-''\ 

. ( originataa in cold. room') stands i.alfirst' pl.ace·: in the 
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Table:XLll 

'SIDAMA.RY BY ·suB-GROU2S OF PEPJ!~OlUL\!lOE J.JiD WEIGHT 
LOSSES WITHIN EA.CR ROOU 

Gold· 

Relearning ( trin.ls} 0 l. R 

Ilfean weight .lose . per day C. lt X 

riean pe1.9cent original 
weigh~ retained during 

1 
• 

'rel a~..rning C B X 

Control 

C Ii X 

CHX 

. lto~ 

C .H·X 

XII 0 

CRX 

...................... : •· •.•••••••• •·. & •••••••••••• •:. • • •  • • • • • • . 

Total grid crossings 

Mean weight loes per day 

Mean :percent original 
weight retained during 
grid crossings· 

HXO 

e f BX) 

x. an 

B: C X. 

ROX 

R X C 

II X 0 

HCX 

lI C X 

three measures taken during relearning 1n tbe cold room, the 

hot room. sttb-grqup ·1n the. cola room was s'econd 1n two of the . 

mee.anres, the control s11b-group wa.a last in two-of the fl18as-· 

u.rea. About t.he a ame degree of o.orreapond ence is :found in 

the other two rooms. The cold sub-group teated ir1 the con­

trol room is first i:t.t two of three measures taken dttrin·g 

rel earning ··tests. The rate. t'rom the hot room are second two 

of the·-three tim~s .while . the central room. sub-group tested 

in the control rooin is last every time. · While in the hot 

room the cold room rats are first in two of the three meas­

ures; the hot room rats while in the hot room are second 

every time, and the control room sub-group 1s last two of the 

I 
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three times. 

As he.a been pointed out. there is little agreement in . 

the order of the sub-group 1n ea.oh room \vhen relearning and 

grid cros.aings are comparea. Howev-er, the \Veight losses . 

aur:t.ng grid tests a.nil the total grid. crossings :for the sub­

grou-ps. in a.11·three roomis show a. fair degree of :relationship. 

Also. there is eons!derable relation between the-weight 

losses· ana relearning ability of· the. sub..;,groupa in all three 

rooms.. . Ev!dentl1 -~he same. sttb~groups. of. ra. ts~ . when measured 

for relearning ana gr1d erosaings, ranked different11 in 

weight losses. 

Q.nali ta.tive Observa.t:tone. 

Oertain qnalite.t1ve observations may aid in giving a 

more complete'pict~re of the behavfor differenaes found in 

the three rooms. Differences ment1onea by Hellmer were care­

fullJ watched for, in-order to check their occurrence. 

The general level cf aotivi t31varied oonsirlerablf in the 

three rooms. Rats in the hot room showed little 1nol1nation 

to rnove about spontaneously 1.n the ca.gas. !n the rnaze situ­

ation periods of rather rapid running ware interrupted by 

l~ng periods of sleeping. EU'lif~1ng, grooming, or huddling in 

a corner. The behavior in the maze was rather erratio, and 

occaaionally many errors \'iOUld be ma.de in a trlal following 

an errorless run. It we.a noticed rnan1 times that duri~g the 
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first tew·tria.ls most rats in the hot room. regardless of 

origin, woUld eltPlore almost ·all' o:f the mase during the 

first trial on a given d.sy. If, however, they missed the 
. 

. 

food box, they would then retre.oe their pa. th, and spend the 

1·est of the period in going up and down ·the first or eecona_ 

alley. The behaTrlor in this. room almost seemed stereotyped 

at times, in that certain errors, once made, were repeated 

w1 thou:t exception for many trlale thereaftero . 

Although the \KJeigllt rec.H,rde indic·at'e ·that the hot room 

ra.te. lost' the lee..st weight during the ma1e teats, they 

seemed ne-ve_rtheless to compete ·v1gorousl1 for the. food when 

it wa.a presented after the maze ·tris.ls for the da.1. Qui ta 

frequently vigoroua struggles for poaseasion of the food 

o~ would develop, and result in,overturning the foodo 

tn the grid.tests many of the rats .in the hot room ·maae 

no croas1nga and _but·. few. contacts. The general ·pa:ttern of 

activity was one o~ oauttoua contaqts with the grid every 

nov, and then. b_ut those i;ats epen~ moat · of the time crouch­

ing or aleepi.ng in eome oorne:r and showing little interest 

in the food. Oecaaionally the· animal engaged in desultory· 

scratohing:and biting at the soreen wire oovering the start-· 

ing ohember o Many wouia e:tano on .their. hind legs a.nd claw _· 

at the oovering for aovera.l rBinutes at a time, ave~ going eo 

far e.s· to try to hang suspended bJ_ all four legs. from the 

screen:. 

During. the first fe,v-. wee~~;. tn the cold room the rats. 
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orlg1nat1ng ther-e. we~e quite active and spent lees time in 
. . . 

their" nests than when thay beor:amo older. In the ma:o trl.als 

the beh.tivior v,aa . :t.d.rly ttnitorm. In most oases progreaa wae 

ft1.lrl1 s.teaay. · ?lhen an unnst~a.117 large nurnher of trials 

waa. requtred. there '.Were mora ~ngt.anoea of clear out re­

fusals to run du.ring the · first part of the tea ·t thQJJ of er-
. . . 

ratio bebnvio1• of the type tow1t1 in the hot room. The cold 

rQ<»n rats ato ata:ad1li and quiet1J during tbe feeding periods 

a.ft.er miise tr1a1a. 1:hGre were faw ertrnggles tor posaeasion 

of the food ean. !towE.nrer. there nere frequent attempts to 

''hoard" exoeas fooa bf taking it from the C$.n t-1.nd :olt1.cinet 

1t in a corner. :i.'his t1pe ot behavt.or never oceU::rre1,d 1n the 
i:---,. ·,i ...• 

hot room unrir.tg . observations maae bJ tbe ·experimJ.nter. . 

Onl:v a fe"1 rnta teste~ in the. cold room reftteaa to cross 

the grid at senna t1me dur1Dg the 20 minute per10011 Those 

tht,tt a1a re:t:use spent eone1d4rl:\ble · ts.me in s.pprciaohing the 

g:rii or enuttoualy touching it. lf this ty1,a ot btlhav1or 

died tlovn1. ther$ v1eis a tendenc;v to sl t qu1etl1 ~n n corner. 

0C<.tne1on~ll1 att~ntion was ai.vertea to the screen covering, 

bnt not as qf\en ·s.11n the hot roca. 

In genGral rate tasted in the control room showea some 

of the ohf.U't1oteristic behavior of both hot and cold rats o 

i1he general level of act1v1 tr throughout the exper!.ment wes 
perha,ps greater than tn. the· othttt: tcoms. tiaze behavior aid 

not seem t() be as e.rrttt1c a.s in the bot roomo During the 

feeding, .periods there were ocH)8,8ional EJtruggles for the fooa 
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oan,· although no !nstances of "hoara.tng" were _found. v,11e11 
. i . • 

· · :teatea-. in the obstruction box. a.bout>. ·the' same t1JJe of be-

havior .we.a tU.splayed as . in the :cold ro~ni. Of course fewer . 

orosS1XlSS were-observed,; a.no mo_re_ time was spent e~ ther in 
c:rouehin.s 1~ a oorn~r o~ ~l.aw:t:ng at ~e scre~n covering of 
the . s.tart:ing chamber.-. 

Most_ . of' .the , outataha111~t ona~acteristios of behavior 

~bioh -~ellmrJr ·-menU~netl were.'fo_una. .. to. oe.cur in. the present 

stu~f•·.. In. pa.rtl.cular~. lt .. was _:fou!ld that the .-1ttaze_ pe~for-­

me,ne_·e. was q_u.1te-s$mfla:r •. °Chan~d e,:pertmenta,l cona1t1ons 

CJt ,ours.e Pr.~vented a .. complete check on . all aspects of._ b,­

liavtoitc.. whi~h-he mentioned. 
-: 

,. ' ··· .. 
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lllsottssicn of Results 

in the p>;ea ent study an analysis of the behavior of 

r1hite rats living in aifferent room temperatures .baa been, 

carried out along two main l1nes. Jri:rst. maze performance 

under .<!11.~c!Hgns tempera.turee was investigated.·. Fr9m an ex­

amination of the results 1, .1 t seems fairlJ certG.in that t1:te 

performance exhibitea. iitt clo~l~ly relate~ to tho temperature 

under \Vhich the a.nimt1ls 11Ted. Hov,eve:r, this relation in 

1 tself does not give a «etailed or differentiated pioture 

of the _possible \VD.i's in which t.be different tempera. ture con-

. dition8-aot di-reetly or indirectly upon the animal to pro­

duce the a1 f:f'erences fou.nd in the maze perfoxmance. i\ocora­

i.ngly a aeoona approach was· !tttempted. .Poseible waya in 

v,hicb the temperature d1tteranoos affected the :rate through 

a study. of their lvei'ght d.tf:ferences. a,nd responses to a 

barrier. between them and tootl., in the f.orm of' an electric 

· grill v,ere investigated• 

In order to make a. ccnnpitrative stutiy of learn.in~ tfbllitJ, 

as we have ao.ne hare, the 1clearl oondi t!on. 1s thEtt every 

va.r1able except one 'be· ?teld constant. !! certain verlables . 

are parmi tted to. change., the dlrection a,,n.d · ext<:,nt of the 

change should be determine<l, ana. controllea. ln the present 

stu41 control of tbe ext.firnal c-ond1 t1ons of' :food •. light. maae 

procedur~, food deprtva.tton, ~lte ... proba.blu aoea not mean 

that a.l.l var;ab~es save tomperatttre bnY~. been kept .eonatant. 
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:rn·the process of aajuatment to the.different temperature 

cond1 tions. certain physiologioaJ. a.~<l orgttnio ·changes take 

,place, 'ivhicb 11eoet)aarily aro .different under different· teni­

perature conditions.. ffhus man1 factors var'9 along with the 

temperature · ehangee" fo de.termlne what these -ohOllges are,· 

and the extent of the shifts founu is not to dez:11 that the 

temperature may be the. ke1 factor v,.hio·h ini'tiates the pattern 

" of obt~.ngaa. Investig11.tion o.f ·these pa·ttorns sim;plr inoreeses 

our untleratr,.nding of the method ·throush which the temperature 

chnng-ea bring about 'tlle · lU,ff ere.noes in behavior and gives 

n. more c.U.fforen'tiatea p1otu.ra of\ the cha.ngee; by means of 

_::::t:::::a); animals ieapona to the d1ffel"ent teu.pe1:nt1ne 
:&'1rat of all, · there are m&nJ 1ndieat1ons tha·t the rats 

living in the cola room exh1b1t a higher rli.te of \netabolism· 

than do those living in the 10°1~ room. Tbe rapid rate of' 

growth. and general e&..rlill't tle.velo:pm~~t \70ttJ.d point to this 

f:aot. Ifollmer { 24) :t'epo1,ted tl1~-..t the tiiver.a.ge a ate of oon­

ce11 ti.on for the ra.ta in the cold· rottm wa.n :!..pJ>roxiraa.'tely two 

weeks e.hee~d of that of the hot x-oom" t.Ulle( 46) silso points 

otlt mttriy li:naa of evidence for thte it101·eeae 1.n mets.boliem 

in people living in the tropics. .kn. abstract of Djelineo' s 

11t~dy {18) lnaiont~e that \vlth t,ll1te riH.ta,. the higher the 

temperature, the l ow~r the baa.al · tnetaholiem ... rate. Yn.e met9.• 

bo11c rate· wa_s determined on tlu.l bti.aia ot oxygen consumpt1one 
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a.nd marked a1r:terenoes were ;found for rats . 11 nng since 

birth 1n rooms of different temperatures. In some extreme 

tEttuperatures. the ratios of the. m.etabolle rs.tea was as great 
. . ' 

as 2,1. ~changing the env1ror1ment of an adult. ~t influ-

ences l ta rate of'·· metffl .. bolism as v,e11. Quoting from the e.b­

s tra.ot: 

"Thus a rat. which was t1.cls:pted .to 5-10° O showed a mm 
of 859 Oal ;. after 5 \veeks nnd.er l6 ... 20° O . tb.·e, BMR :fell to 
6'16 c •• after one month unaer 00•3!o C to 51'1 oa.1.11 

l>Jelineo fouhd that a chflnga from higher to lower 

temperatures inoreaaerst the B~tn for a tit'llE.h If the rate of 

l.ea.rn:tng is rela tea to 111etabolism, this ·temporar:r i.noree.ee 

mi.ght ~ccoun·t for the relativf.111 better pe:rf ormaneo of the 

hot :room groups QVer the control grot1pa, wl1en both al'e ·teat­

e•l in the ool. a room. It 1$ ,a.lac interaa ti.tl,i to note that 

the terope:ca .. tu:res D3talineo ie reported to have used :£ell some• 

Wl1ere .nafl,1~ those. ew:plo;red in the pree out a 'tu.a:,; when the 

Oent:igrnde tem1,eratures ar$ changed. to Fahrenheit ,tJe have 

40*50° J1, 60•686 F nna OG...,90° 1\, : 

. lleron. and Yu.gelid { !'t} l:'e)'.)ort tho de"tel opr11eot of a 

"brie;ht'' SJl1l 11dt.1.lln etra.in of rats• a.11cl anggee t tha·t the 
,' 

cliffere.n.oe in raetnboliam in favor of the 0b.-ight0 group may 

aoooont for some of tho tlifferenoert foti.ntl in learning. If 

we nsnume that the cola :room e:.iimnla in.the prea~nt experi• 

ment .. exb1b1t a hig~e-;r BMR" a, simtlair :rela.tion bet,veen leara-

1ng ti'b:ility ta.no r8.te cf metabolism is found in the :preeent 
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stuaj. 

The d1fferenoos in th(l amount of food consumed in the 

th1tee' rooms, along v1l.tl1 the weight 1 oases dnring fooa de• 

1rrivs.t1on, can a1ec be tho'Qgllt ~f as aadi tional (lVitlence_ 

for the dtff&renoe in me·taboliam 1n thffl three ·rooms. Al• 

though no quantitati~e measure of the amount of food oon• 

trained was kept•· the get1era.1 ohaar'ta.t:i.on was that the cola 

room animals clid require tho most :food. During the 24 hour 

period of food d&priv-a.tion. the cold :room rats tended to 

lose . more weight .. th.im di. cl those ln tho hot room. Thia· ls to 

·oe oxpeo:ted if tl1e rats in ·the ho·t room .have a lor,er rate of 

me·te.boliein. Vla1ght :r:eoor<la kept during lear.lling, relearn­

ing, and grid teats a.11 aback· as ·to the smaller ·.loss of 
we1@bt during the soma period ·Of. food dep:ri.vation b1 the hot 

room rats. 

:this fao·t. aug(feste that.· a d1ffereno8 i11 the degree of 

n1ot1va.tion mar .be .OJ>e1·a.ting e.a one of the f~otors th~t 
· .. ;1tI 

change a101.1,g wt.th· 'tbb te,tt·r,e.:~.ti.tre. o.o ~ roor.t. 01 :room b~s1s 

tllera is oou~iide.r~ble evidence that this relst:i.on holda. It 

ran.st ·oe remembered, hQweve:r .... that the 'b!'laia of tats co.u­

olusion is·: ths l1eaumptio11 thg.t '.hunger and 11dr1ve'' are olose-

11 related. Most ·1nvastigato~t£J agree that in genera.l b.ungrr 

ra. ts a .. re rnore t.w tiVJJ tl.l~u nox1~ht1r1gr1 ra ta. ~nf.!. uaua.llf lee.rn 
s:1.m:ple matzos ooors rapidly. (See !rolman aud Ho.tudok (Ji'/) ) • 

Also. manr aeree, tlin.t lnOl"'8~$~u periods of food. nep:r:tvat!on 

tend to prott12oe t-1..n tncrer.lae 1rt rn:ott va tion,, ae me~~re4. by 
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effio1enor. ot maze learnln,i, until the animal . bec.omes weak• 

ene<l. by et~rvation. Heron and Skinner (26) inaicate that 
( 

.ban@er ·1~area.see with. starvation until about the fifth aar 

of aepr1vat.:1on, follow8~ bJ a_ rs.p14 drop ln hanger until 

aeatb OQeu:ra. An a.bs_t:r~ot ot·vo.Jtonis' etudJ ('69) reports 

th.at he fou:nd B..'1 increaEu!f in mo t!vation a.a a raeult · ot food 

depri~n.tion. from eiiht to twent1--ton.r hottrs, follow4d by a 

constant level duri.rtg the next t·ntrt.y-two to fort3-eight 

honrs. · 

· Otber uvidenee, however, t'.hr.o.ws doubt on n olose re­

l.tltion between food oeprin.tion ancl mottve.tion. It haa been 

founa that after long tra.tnirtg, satiated rn.to continue to 

run the maze. Vo3ton1e suggests the,·t perhaps a new motive. 

eimpl1 a tendency to run tbrongh the maze, has been set up. 

In some inatsnoee leaaeni.ng tht t1or"1 va" by feeding groups of 
I 

hungry rats before ·tnaze tests leads to better performance 

thnn.non.-fed hl.Ulgrzr rat~. '.Brtice (:l3) reports a11.oh s atuay, 

a.na sngg@ta. that motivEJ.tion asn t~e oonf!lde;r.ea , n sevnre.l 

we.ye, some of whioh are .not ,.u.1~ectly related ·.·to tht:i ari?e 

fo1: food. 

fhe. use of the obatrn.ct1on box 9.l~O h~e ctrrtrd.n dise.a­

VR.ntsges ae a measure of mot.f:v·at!on ltnr1ng fooa cleprf.vs,t1on. 

The pbyeloloeioal chrUJgea that take ~la.oe tl:urtng ·ceprlvatt~n 

are not· cle~r. As polntefi out bg 1.,igon ( 59) the _aeeree of 

punishment mar var1 fo?' vs:.t"iona phys to logical states. s'ince 
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the condition of· the animal ma,-change a·uring the periods 

of depr1-va·t1on, the differences 111 cro~s~ngs may not be 

measnres Of· motivation but rather ot· pbiaiologioal chsnges. 

lle suggea-·te. as others have slreadJ po1ntea out, that the 

driv.e mar not inoreaee. qusntitati.ve11,ss the tlepriva.t1on 

i.ncreases, A.lao. emotiC>nal e:xcitement .. ia probabl7 different 

wi.th-t.dif:fere.nt aeg.reee of deprivation·. Ligaon concludes 

th.at the length of ata.rvat1on' per1oa .• eve.n when it does not 

reaul t 1.tl suffer.ins, ·does .. not deter-mine the degree of moti• 

vation. 

Oth~r inveattgeto:ra conclude uaiullly, that within limits, 

a(rti v-i:t1 and dt1v~ as shown by crossing ·ths gri'd, in tho ob­

stra.otion box tend to increttee·untilthe animal 1s weakened 

01 fooa depri·vatio!l. aoaa, ( 4-9) plaeea· no tlefini·he 11mi ts as 
to when act.i'Vi t1, deo.linee_. !old'Gll f Zl.) b&lie.v·es this ae-

. . 
oreaae ma;v come after :bwent7~:tcr1r hours of starvation, while 

ws.:r.o.el: (71) states that the tendeneJ to c:ross the grid is at 

ti maxirnwn. after tru:ee to ·:r:.ou.r ,la:gi of f , .. HJ a ae:pr1 va tion, and 

deoraaaen thereafter. leo:u.1les act somewhat differently in 

'.the.t· thay reach the point of gres.test aet.1vi.-t7 at · e.bou t two 

to· t11ree u·a;va. ,..\n abatraot of ?ie.ernus.sen 1 s report. ( 59} in~ 

dina tea trJ:1 t. the pex·ioti of maximum ~t"ternpta to aat ranges· 

from one-half' to six days of food· deprivation. 

In our obst1~uctioa box &xpe.rim<?:nta footf clopr1vat1on was 

not great tu1ough. to wen.ken the animals. &n,6 p.robablJ falls 
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1n tlle· ·period where the moti'va.t.ion. increases with the star­

va.·tl,on pe.riod. Itenoo wa . ma.y- Jtt38Unta that the reaul te :roughly 
',' 

:reprai1ent tl1a m.o·t,iva tional-faetori, involved. 

~nder the oonoitiona of ths prenent e:tperiment. still 

nnotllnr llompli ar~ting · set o:f eircnmat.J.JJ'lees sr1s,m. The 

a1:e·ror·ont peyoiologi.aal ttdjtWtmante dema.ndeil _bj' the tbree 

tem;,or;r .. ttt;ea oont!_it1ona · ms:v aut to prouuoe diet cteficienc:Lea 

in onr, grot1p and not in anothar. v,aen all rato are :f"ed the 

anrne food. :tbes.e aafir.d.encies ma.1 1n ·turn aot to ohnnge the 

motivtition.s.l factors be:r<m.d. that: w·bich may ba 1mposeil bJ the 

·di:f:fe;enµ.e ,in .metnholiam and starvation pe.r1.oos ft)"one. · Here 
• ' • ' ~ l' • ' 

rnn, be r..nother .fttator which. changea along :w1 th· .teoipert·ature 

ohnngea. It mn1 br, pos11.1ble that temperature ,U.f:fare.nces 

ana ma.se pe:rfo:rmr...nco are related through the ~~otlon of such 

ci&flcieno:f.es. 
' ,, 

Mlllti (4/l} reports. that ,food .mixtures v,ith enough vi ta ... 

mitt »1 -to pe,rmi t lo.r11 hem.l t~v life of rats ir.1 e.. ool d room 

( ,so f·) l&ft re;t.s kept in. a so~ If(' i-oom r1.u1t1 s.nd 1t.nnted. · 

Tl1oes fl,n1me.le ln tb.e liot room ne•de4 · fo;r_ normal growth twice 

s.a:i much of the S rl tami.n .· this.mt.n ( B1 l ae ata thoee in the 

cola roerm.· It also took five times f.UJ much choline :for the 

90° re.ts as for the 68° a.rd.mt1l.a.. Be alao repo.rte that the· 

otlwr B: v1 tsmtna a:re_ rnquirea in larger .. e.monnta ln. the hot · 
' . 

room. .1U.l ls points ou.t. that the B eom:ole:x 1s needed to as­

sure proper food oxidation. ana with that more sluggish 
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con4i tione . of' troplotU hetit • .1e.rger amounts e.r_e needed. 

· Recently , the relation 'between maze learnb1.g and certain 

vitamin de1"1~1enc1es has been,1nveatigatea •. In a series of 

a:r.tioles .Maurer .{ 41), ( 42),. ( ~3) 1 points out that groups of 

:ra.ta deprived of an adeqaa.te qaantlty ot vitamin. Bl require 

a.bout twice aa. msn1. trials and errorES to learn a ·inaze as ao 

the control groups.. ~e en.me ,observa.tion holes. for 132 ae­
fic.d.eirt groups. on t.he other hf-µ24 vitamin A. deficient 

groups le~rned the ma.~e ,s.~. rap1dl1 ns the normals. E. Poe. 

o. i\, Poe. and x. F,. ~eun~inger in several a:rtiolea (60). 
{i7). (58),· repo1.1t eomew11at different reaults, 1n that ~hey 

believe the B2 vitamin deficieno1 ~~es no aiff.erenoe in 

waze pe:cfol1.llanoe. fheJ ao agree with Kttu:rer in that Bl ae­

fioie:r1t si-oups ,,ere, below nox'llals tn maze rtmning. 
. . 

· P.1 .. otein. phosphorus. and iron defioienctea in ttiet tena 

t,o proauoe poorer ma,ai performs.nee, than for normale. Bern­

hardt rcportud ( 6), Pl).. :tthese tlifte:renoes vi1ere· sma.11 and 

cone1atent. but statis,tioally unreltable. · Tilth Herbart (8), 
' ' ' . 

he a.leo indicates ·that trroupa,. Vita.min a deficient from El.ll · 

carl.1 age• wore poorer in lea1tnlng .than groups· aef1o1en·t for 

a. shorter, ·time, although again the di:f.'ferenoes !fere not :re• 

liable statistically~ · fhe reae.on for this difference prob• 

ably li.es in· tll&· greater ··need. for the .B vitamin·· durin.g the 

rapi.d gro1Jrth of the .. nervous system rlur111g earl1 11:f'e •. 

In view of the reaul ta report·ed tn· the present experl­

mont. it does not .seem .likely that these 4eft,c1eno1es. alone 
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can account fot' the d!ft,erences, in behavio~ that were 

found .. ·,,. It we accept it!.13.s• report tbat bot room ·rats noed 

more or the. ~1 Y1tam1n, ,ana Herbex-'b and Bernbarot•s sus• 
. . 

gs:it1~n that. ea~ly v1t_am1n aet1clent s~~J>S learn more 

slowly tb.eu'l '1a.te deticlent gt*oups, we ,etlll c,,annoh explain · 

·tho •pe:etormnnc• or· the hot. ,:-oom groups 'r:elearn1ng 1n ·the 

cU.fforent x-ooms.- Hex-e atte ~otips derlelent 1n the ~eaent1al 

vitand.n· frotn a.n age or··a.bout r~ weeks which sbow better 

pttr~tormence ··.tn· moat ot the measures tban t1 supposo·dly 

ttortrial sr~r,,. rrom tbe :eontrol ,room. In man,-c.as·en, hoo­
~ver;, · 'ther~ was lose ·d1ff'E1r-tne• betweGn· th~ cold and hot 

· · room sub•groups re:1learnlng. 1n .any one room than beti,ee.n 

·either one:, .a:nd •ata ovlglnally t!'om tlie control l'Oom. 

T*nei,e is also a. qtie,stlon wbetller the det1c-ienc1es 

in diet, wll~teve.r the7. llBT c~.,. e.ouia p-:r,oduce such w1de 

var1atiotitJ 1:i pex-tormnauee -as weJte found ln tbe ralearnixlg 

1n the :rat-a: in the· bot; ant eoltl rooms., It must 'talce some 

ttme to produce aietr o• vitamin def!otene1es 1.n rats 

whi-eh have bad adequate d.tett.. Whi•ty to forty days do 

not -see~ to b!t long onou.~ to produce a pbya1olos1cal 

condit.1on. ·1n the ~a.ta moved ,to unt,avorabl.& eondlt1ona that 

ltould be a!milar to tbat ot Jtiat& Sp~nding tbe1t:t entire life 

1n un.faV!oNble condltlons., 
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It would seem. reasonable to suppose that different 

temperatures, p~obably'exert'a, more or less direet 1nf1uence 
upon tbo.se a•pects ot the. rs.ts, metabolism that lead to· 

. . ' 

better learning on the one hand .and poorer learning.on the 

. other,, whethe:rr the .d.ifferencett in learning ·JJesul.t' from 

d1:r.rerenees in.' 1nteli1gence~ in motivatioa~ 01'· bc,tli; 
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In thia stiadf we have attemptecl to isolate a few of the 

.rela t1onsh1pa found between tha organism ana its environment 

when G.ne aapeot ot·t'h~ en?1romaent ls manipulated. Changes 

1n tempera.tu.re under wltieh white rats lived were introduced 

and aocompanying ehanges in mase beha.v.ior were recoraea. At 

· the present level of refinement. · onlr relative gross changes 

oan 'be demone·trated. ifhoro is no intention of insisting 

that temperature. ohanges eonatl tute the 01111 important a.s­

peot o:f' the enVironment which m.nst be concd.dered~ Many lines 

of evideneo. hotvever. euggoa·t tbat temperature ma.1 be more 

important than he.a been realized. and the clarification of , 

such relat1onab1ps ma;g inoreiaeeour understanding of other 

aspects of the fanotioning of the, organism. 

The growth ot the rats in thES three rooms of different 

temperature indicates a ten<1enc1· to. develop different gross 

body ·structures in the oifferent temp:e:r.'atares. Ae a part of 

the aaaptation to ,nv1:rotunenta.l, ohanges. a new hoar pattern 

makes its appearance, lot onl,V does the organism aot ee­

leoti val1 in reapond,1ng · to the environment, but when favor­

able aspects no lo~ge:r exist. cbangee 111 the organi~.un appear 

tl,a.t lee.a to bet tar adJ.uatment, The mechanism of such changes 
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is at present relatlvel1 unknown. and in the present experi­

ment w-0:re not 1aolated. Child ··has. suggested tbt\,t changes 

1n certa1npbyslolog1oal·grad1enta ma.1 be responalble for 

ohangaa in. stru.oture. fhe 1>h1eiologlca.l gradients consist 

of a graaoa diffaranoo 1n ph7siologicill ac~ivit1. ana 1?1-· 

oluae ·th.e velouit:tes cf ohemioal and phya!.ca.l. reactions, 

oollo4ial,d1spersion ana ion:t.za.tton 1nd1fforent part~ of 
the orga.'lism. The environmental. energies 1nduoe such gra­

dients to formJand tha structure and function of certain 

lower. or.gan1ams aJ:e thus . d.eterm1nea. By chP..ng1ng these· 

gradient.a. ··changes in the struoture of' the lower organisms 

oan be brought about,· but in the .b1ghar organisms the gra• 

d1ents. are more .d1ff1.cult to .• ·change.. M itay .( 46) saict~ 

"Heredi~Y .. auppliea the pot_on·tta11 t1ea of exo.1 te.tion an~ re• 

action; it also determines the degree of pereistence or 

ef'fectiveneaa of the gradient. .Environment. on. the other 

hand, determineswb1oh gradient sllall opera.ta and how they 

shall operate.« ( J'. ?44) 
The prea·ent .atu.cly offers a suggestion that :;,erha.ps cer­

tain of these .gradients hrtva been altered by the different 

tem13era.t1.1re oond1 tioz;ia in the . three rooma. Tile general 

pattern o.f the oha.ngo tr1 bong' atru.cture wqs in. the aireotio.n 

of inc:toas 1ng body surface in the . hot 1100m.. e,nd reducing 

body surface in the oola. room. It v1.tll e.leo be remeznbere.d 

that the tr111a of the .. hot ro.om,..ra.t.s.:<ware. s.ign.tgioantly longer. 



147 

Hilla {47) has pointed out that the ea.re and. tails of rats 

s.ot. as radiators for the loss 01· excess boor heat. · In the 

hot room, where_tn!leh ~ody hea.t DlUSt be lost, changes 1n 

structu·re are found. to fao111tate this proeeea. In the oold 

. roomthemorerou.naea.boa.1es ana shorter tails. expoaa·1ess 

surface a.nu thus aid. in·the ooneenation of ·body heat. 

fhe< lower temperature of the cola room. in forcing the . 

rat· to expena more enern·.·.1n the process of adaptation, pro-. 

Yidee a more stiinUla.ti!Jg enrtronment. lt is aonbtfol, how• 

e.ver. that a more. J!'apld rate of metabolism le . the only fao• 

tor reaponsio~e in producing the greater level of e.~tivity, 

or more e£f1c1ent performance .1n the maze. ,he .entire pat-· 

tern of aaaptation wh.tehtaltee place when the rat lives 

under the .lower teDlpera.tur~ must·involve a. w1ae range of 

physiologtoal aajuatments. JUst bow these changes are re• 

late« to the beha?ior patterns displayed ls.still 1U1oertain. 

The differences in.learning shown by the three groups of 

rats in, the cold, control, and hO~· rooms le.ave little doubt 

that the temperatu.r-e un.der which a rat lives e.na. 'WOrks is 

an 1mpo:rta.n.t condition ill 1nfluen.c1n.g its maze behavior. 

· !he 61ff'.erenoes . tn maze lenm1ng 1n the· three· rooms. are te.ir• 

17 ·large and \'1ttre found to be stat1st1oallJ re11ablth The 

present aata support the results reported bJ Rellmer. In 

both experiments a1fferences ln th.a so.me clirection and 

approximatelJ the ea.ma extent· were-fottna .. 
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Anai191s of the· aata by means of the V.lncent curves 

an;ggest" that the · rate · of e11mtnatlon of errors during 

6ifferent parts of mase ·learning· 1ia.s been· altered. The lack 

of »rogresa in elimination of' &r:rore tn the ls.st ha1f of the 

learning of·the maze in ~he· hot room may 1n41cate -difterenoea 

1n the l'Fl.t·e of the learning itisple.recl 1n ea.oh room. lt ls 

pose1blcf that new adJuetments as t·nose required 1n maze 

learning cannot be tnaintainea ·as· continu.ous11 in. tb.e hot room 

as in the cola room. -'!'he weight-loss curves show that the 

hot rooni '!'a.ts reach a Jerloa of little gain or loss at a.bout 

the time.the average nnmbar of errors begins to increase. 

!l'he lack· of progress in learnin~ might thus be the result of 

a possible decrease in motivation. The, oontrol room rats. 

however. show about the, same stab111aat1on in weight losses 

without the marked l~ok of·· progress in maz·e learning. 

The is.ck of progress <luring the fifth to seventh tenth· 

of the trials requ:tretl tor master, of the ma1e is again 

olee.r11 ·shown by the Vine.ant ourv-e~ 'for relea.ming. All of 

the rats'· relearrdng in the hot ~ooi·1,:.. regardless of their .. 

origin. show a aeoiaed · increase in errors aurlng-this part 

of the :relearning. The rate at eltmJ.nat1on. ot errors is 

greater in the hot room than. :bt either .the oold or control 

rooms until the· fift.Jl tenth. The ueta from aatly \V&1ght 

records eannot e.oconnt for this. difference· in progress • 

. Again, the weight-loss curves do not eoneepond closelr 
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enough with the·v~ncent ou.r,ree fo:r rats. :relearning 1n the 

hot·room tomake'1t.poss1ble that cliffe:renoes 111 motivation 

a.re ao~Jly resp~neibl.e for the rate of relearning ton.no·• 

More rofineti studies of the effect: of tempe~ra.tu:re on differ­

ences in .learning may clarify,. this problem. 

Olls,nges in perfo11nanoe:lfl tbe same group of rats oorre• 

eponding \tJith ohang~s in .tempal"ature were found in e.11 three 

original :,groups of re.ts. ~'he change in porf.orma.nce. took 

'place-i:-,1ativel1 :capi.dlJ s.nd the e.dJns.trnent seemed to be 

fa.1rl1 complete.· fhe gr.lt~oal ra-tios of the 61ff ere.noes be• 

tv,e·&.n gr~ups r·elaarn1ng s:n the irune room war6 a.11 ·balow· a 

va.lue of 2. a.na; eleven of t,lla twe.ntr•seven wet-e below a o.l?. 
of 1. Thirty to fort1.aa~ in tbe-cold roomwae long enough 

·to. bring the performance ·o~ e. group lea.r.ning in the hot room 
~ 

but .ehanged to the. oola room, t& a.ltnoat ·.the saxne level .of· 

performance aa .wee .. found .in a, group wbtoh was left u.ndis­

tuibei. in the oold room. When lt is :remembered that this 

ea.me hot room· group reqatred almost tvd.oe as many tria1a aa 

the· cold ~oom grc,up, for or1einal ·learn.i.ng, the magnitude of 

t.he ehs.nge beaomaa striking~ In like faabio11, ch:.inging cold 

:room groups to tho hot, roorn pre>duae4 relearning eoores. al• 

most tl1e :uime a& that, of rats living the entire perioa 1n the 

d.ep1·essin·gcondit1ons of the hot,·roorn. 
· ?~hataver. .tbe pattern of changes. 1nit1atecl bJ the new 

temperature oondi t1onn may be, ·thet1e ohan$&8 began· rapidly, 
\ 
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ana became effective inn veey short time. The as.ta also 

suggest that the e.dj11stm.e11.t m.ade by the organism to its 

c·hanged. enrtronment ,n~.y be more delicate and flexible than 

prev1ousl1.belie'1'e(l. It :ts also quite poaaible that such 

adjustments a.,;e f.ol.Uld in reaponse to ·tnttch smaller ,variations 
' .· ,,, 

in temperaturf.i, than .the extremes ·asad in tbe present ex­

periment. 

!f the results ot the obatruotion box are taken e.s 

rough ineasnrea of mc,,t1vat1on,: then the tr.m,pers.tura diffei'­

enoea ·.can· also be ·ti:.ought of as proch.1.oing tli:tferences in 

motivatipn iu the three,rooma .. The absolute numbers of 

approaobea, contacts, ant.t orossinss in the th,~ee rooms we.re. 

<lifferent. bnt the general tempo·ral pattern of activity was 

about the ea.me in all three rooms. The critical ratios for 

the differences betv1een· s~b•groaps o:rigi.nally from different 

.rooms but teated in .the·· .13&ue :room wore all quite low. 'llhan . 

all ·rats tasted in eaoli room ,.,ere ·considered, the alfferenoes 
,· .. t- • ·, • 

in crossings during each .i;ive min~te interval t.u;. w.eil ·as· for 
,the twerrty minute total· are statist1oally re.lia'ble. The 

evidence does not indicate, however, th.at all the obaervea. 
,.·. ,;. •·.,.··· ; 

differences in maze behavior can be re duo eel to di :ffe·renoes 

111 motivation. Theae differences are only part of the total 

pattern of variables that must be·cons1dered in alar1fy1ng 

the relation between temperature changes e.na tlif:ferenoes in 

behav:ior. 

Evidence of a relation between v1eight losses and' maze 
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performance was inconclusive. Although there· are man7 

studies wbieh ta.11 ·to reveat ·a ·direct .correspondence be­

tween maze performance and food deprlva.·tion~ under ·the 

present experiment~l .c¢idition$ i't ·seems .·jt-C:stitie.ble· to as­

stune that· the W&ight<10SS8S· ·8.l'-& %'elat·ed· t·o,'degrees, ·ot moti• 

vat,ion. and would: show up tn· diff'ereneetf fu.rate' o':r learning. 

When maze perromnancei,· .either lea::E'ning_ .. ~r, r~:i~arn~ng, was 
• ' 'I .,, • • t (.• ' . ·, 

considered on a room basts.; weight. losses, and.l~arn1ng 
. . ,, •... ~ . · •.. · ..... ' . ' f .. ' . ' . ' ' • ' . 

ability "1ere foun.d to be relatedlli fJ?be ci-~tfCffll.·:_ r~t~os for 

the dll'tf3l'ence& in wElight los1f wet:'& e.lso ~r~ ,nough to 
indicate _stat1st1ca.l reliabilit1· fo~ ·~h~-s~ me~s~res.t· When 

;~ ' ;, ', ' ', 

_pereent origina1 weight retained in. learning and,relearn_ing 

'was Con.e!dered., a ·falxa degree 'Of ~el.at1on(b~tri1een thi:s 

measure .a1id ma·se~ p$rform8n~e was .fOUlld. . .Thi~'.was . not only 

· true wiien 'i11~ rats testeil ~n ~a~:n .room \vera ·used, -btit when 
' 1·. ' 

thEt performanc.,e or the sub•grou,pa in ea.ch 'rooni·was eon-

·s,1dei-ed.. F1niill.y,. a. low-but eons:f.stently :pos1.t1ve coefficient 

of.correlation was. fpunet be'tween mean welgb:t loss per day 

of maz~ running and ~ze perf·orma.n;oe, '.~1thex-.learn·ing or 
-.: • ·:.: . ' :.' :j \ ~ 

relearning .• 
,·. 

· L:t.tt1~ correspondence b~tv,een. weight loss'3s and maze 

performance was fo~na. when· .t~e·. numb·er or: rats losing' weight 
each day of origi~l: learning was considered~ . Also, .. there 

was little _agreement,. between: rat~: or; first· 1aaisning and tbe 

mean loss c,~ weigbi? by rs.ta 1-n eacl:;\ room.during the last days 

of maae trials. The-curves ~or pere~n~, 0~1g1na1· wei~t 
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retained ea.oh ·cia1 of or1gina.i learning also fnil to predict 

the· effici~nc:i ill ~r!gtnal .lee.rntng.-. The weight of· the 

e-vidor10.e, howevor, poin1:a to some eorraspondenoe between 

weight. losses ana maz(f perf·orraazu,$. More ref1n.ad $tUdies 

abottlcl be undert~iken in. order, to clarif1 the .. degree of corre• 

s·ponaen:oe betw:oen .the two .measures.· 

The aama general p1eture. 1S founcl_ for the weight loases 

during griti tests. · If all' rs.ts ~te'$ted in the same room a.re 

compared. with all test~a in tho ,0th.or· rooma, there la a oon• 
· eietent relation. be·tween .gr1d oroaa1nge and weight losses. 

J\.gi11n. the coefiioi-ents of .eorr·olation betwann mean ·1ose · of 

~ieigh.t pf:r day an,d .. g,;-id cross.ings a1·a :ror the· moat :par·t 

:1101siti ve. 

Whether rate in ea.eh of tbe·tbree rooms.which were fed 

ao na(~o e(tnate weig
1
ht loiie.ea woul~ a'how a. aifferen<.H! in 

maze· pftrf'o:ttnanae. remains to be dtlte1inine.a. Certainly more 
. . . 

carefully controlled experi.ments o:t this nature should be . 

carried out be.fore· fine,l coneluaio.ne ·oan be drawn. The 

present experiment, however. suggests that differox1.oes in 

mete.bolism resulting from d1:ff"er.ent periods of food ospr1-· 

vation v1·hioh 1n turn produce di.fferenaes 1~ weight losses. 

mar be .one of t.be methods through !lhicb the d1ffereilces in 

temperature ac·t upon the organism. 

As we have a.lready eeen, the a1fference, in gr1c1 oross-· 

inga eugg_eat d1i1'i:erenoes in motiva:t1on ·of. rats testecl 1n the 



153 

tt\ree rooms. , 'l'ho weight losses offer\ a means o..t reconciling 

the lnck of.agreement. between· grid crossings and Telee.rning 

scores." For some reason that ie not :,et elesr. individual · 

rata ahowed different weight losses 1n the $?'id teeto ena in 

maze trials •. !'f tho v,eight .losses r*.re· thought of ,a.a indi-
,· 

ca~ing or:produc:ing,to sotne extent .differences ln motivation, 

then the.difi'erellt beh11?ior in tb.e grid teats and in the 

me.ze is related to tha diffe;r.,encea in motivat,ion. 

Al though knowledge of .the beha.vfo:r. of the ra.t oan.not be 

ttts.nalatecl 6ireot11 to hum.an bohavior~ any s,tl1dy dealiJlg_ with 

the ad,1ttstment of an organ1sm, vihntev$r its degree of com­

p1..ox1t·y. to 1 ts env:tr·onment. raises eartain spoculationa of 

i.ntcireat to the et\\dent of hun1an behavio1·. z:r~he relatively 

rnp1a· 8.daptation ·. of. the r!ita to ne\t temperatni·e -conditions. 

ae ahown by the maze, b~hnvior,. ,truggeste that• on tt hurns.n . . ; 

luvcl .' ~r;he:r.rt. mu.y bti eq11.ally r.e.pitl an·a cicmpletcr tihNir;es in 

certJiiI1 aapectu of behc~viot. when ·d:l.ff.e1·ent. tempernture:e are 

enoountol"eo. It is. r{ui tei possible:• @,nu many llno-H of evi­

deirne ·:support the. concltmion. · tiw~t long time Vt\rin.tionn of 
... , .14. • 

only s 'feW degr·ees me;y· in,.tta,te ·fe,r _re2.ching aajuet.mente of 

. the human organism iri the est~.blishmcmt of ;'a new equ111.brium. 

ls Wheel.er has pointecl out. theue aujuetmente are ret1.eoted 

. in ft wiae. r.e.nge of man "s beht=1vior11 e·ocie~l and oul turn.l ae 
well as ph1sloloBiCf).l. Although lnborntory studies 0 .. re. 

llrni ted e.s to the range of phenomena. covered, it is pO$S1blo 
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to gP~n •. t~rough the .use of' c,ontrolleii ex:per1ments. a better 

unaera~e.ncU.ng of some of .the s.6justments v-1h1ch ma1 be of 
~ 

basic importEt.nce in producing different behn"tiors. 

Related Problems 

fha·preaent atndy raises a number of.problems which are 

directly related to the .. differences in beha:'/ior f~ound in the 

. three rooms. .1.'1uture experiments along ·these lines mar a:1.d 

in increasing both the ext.ant and depth of our understand• 

ing oonoe:rning problents that have been raised. 

ll'iret of a11. in auoh a .series ot e:x:perimenta. the 

temperature which brings.• forth ·the maxi1num level o:t perfor­

mance should be determined. Thia optimum temperature may 

not be the same for all tnes of beha:v-ior. Jsqaally impor­

tant is the ,1n.es·t1on of the oo:rreeponding rela;ti'I$. humiai tr 
relate4 to the d1tfe:rent temperatures. There should. bG mo1·e 

adeql1a:te and refined methods of ooptrol and variation of ·the 

humidity as .\tell aa temperature iD the experiments,. Tem­

·perature alone haa .an impact u.pon' organ1i3tn which differs as 

the ac.co_~panJ!t.1g humidit1 vari~s. Determ._i~ation of the 

optimum conditions of tem:pera.tntie and hurnidit1 would seem to 

be a· basio · prerequisite <::f.'or future work upon the problem of 

temper~ture a.na 1 ts effoot upcn l>e.havior. 

Second, the effect of 4itterent conditions upon sue-· 

,,,u1ecU.ng genera.t:l,.ons should l>e too.nit. Hellme.,: .oa,.'fried his 
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stu.a, through two generations and J:eported that the 41ffer­

enees he observed. both bod1lJ changes and m~~te per!ormance. 
,.,, .. i . . . . 

seemed to be·acoumttlntive from one generation to the next. 

The point of etab1l1it\.t!.on ·1n the aajnstment ofP the o~ganiem 

to the . different .tempe1~atureft. 'sht;n:lt?. be determine1't. It 

m1gbt .. be ::possi bl~. tha't euccea.si ve. Btmera,t:tons in the cold 

room.( at ·the t~mperatn:rea_ n.eea in .the present etudy) wimla 

deveJ.op deficiencies jt1at oa the hot room ritts ~etE:m to have 

done.. J:f the 1~ttte of development v,erc. slower thar1 i.n the 

hot room, tv,o gen.erationa ma.y not ha:v-e been J. ong enough to 

reveal such tondenoies. 

Tlµrd.. the 1,r:robl$m o:t\ tb.e beha'V'lo:r of' anccoasive ~en­

<Jrt:1.ti ons also i,ringfJ up th.e queetio-n whether nnimo.ls once 

e.o.JneteB. to the extreme, co~ditiona for me..nl' generatione woula 

lose the. fle:xi.bility 
1
or ease of acls.pta.tion tha,t 1F.i e.pperent 

l.11 tho \'lX'eErnnt fd;utJy. Ths.t ie, v11ll :rttttl ot· the tenth 

genera.ti on i.tl the cold · 1·ocm tn~.ke . ae re.pi cl· ttm1 c<ltnpJ. eto en 

tl.djuetmc;nt if pla.oed in the hot room aa the ttninmle in the 

p:ree e.nt · experinwnt? . 

h'onrth. reJlated ·to· the p:roblern ef ,iclJustment to the 

a.J,£;:erence ·:ts the queetion of. ho1ti long a. pe~iocl would be 

neoeeaar:, under the condl t:tons of thtJ present study. Is 

thirtr to forty da.ye ·the s~rtest time· in wbiob the adrtp­

tm.tion can toke nle.ce? Detet~inn.tiot1 o:f the t,~ma reonired . ' ' ' ' ' .. 
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would give aome :lndiea.tion as to how quickly the organism 

can adjust tone~ cpnditions. 

· !'ifth, the affect upon behavior of. some of the organic 

changes found in the different rooms should be investigated. 

In tbia manner, the.relative importance of differ~ncea in 

metabolism, diet and weight l oases oan be isolated. Such e. 

proaedur• will aid in giving a more complete and detailed 

picture of the pattern of changes initiat·ed. by the different· 

temperatures and the role they play in producing the be• 

havioral differences f'ound. For example, tea ts might be 

carried out in the hot ~oom with groups provided with extra 

amounts of ·oerte,in eaaent:tal vitamins to see if supplying 

this factor would eliminate· the differences found in the 

present experiment between. cold and hot rooms. The reverse 
. . 

of this, using vit~in deficient groups in the oold room, 

could bo uaed as an ad.di tional ·oheok. The same type of pro­

cedure might be applied to the. other organic changes whioh 

are the result of adaptation to tl?,e different tem1,,eraturee •. 

Sixth. more adequate !'}ensures of the moti va.t!onal fac­

tors Should be made poesible. Until this is done. a final 

interpretation of the learning di fforence bet\1'1een hot ena 

cold rats cannot satisfactorily be ma.de. 

Seventh. n more complete picture of the total pattern 

of changes found in rats living under different temper~ture 

condi ti ona is needed. Other types of 1 earning problems 



157 

should be inveetigstea. Measures of' general neurotic ten­

dencies e.nd possible clif'ferenoes in social behavior can . 

also be Jnade. 



CHAPTER V 

SUUM:\RY 

Procedure 

Cl) Tbree groups. of whi. te rats were raised under 'the 
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· constant temper~.ture conditions of 56° , 75° , and 

900 F. respectively. 

(2) Weekly weight recorda ,vere to.ken and growth curves ob­

tained. 

(3) At 85•95 .days _of age. 45.rata in ~ach room were teated 
•: 

.for learning in a.simple fonr alley maze. Raoorda of 

tt'ia.ln, errors and ·time were kept. After learning, 

equal groupa of 15 from :each origine.1 room were . dia• 

trlbuted -to tbree tempera.t11re ooncU tiona. 

( 4) Approxima,tely40 days after learning, es.ell rat was 

teated for --.rolea.rn1ng, 

( 6-) . Vincent. curves fo:r both learning a.nd relee.rning were 

obtained. 

C 6) Dail.y weight records for each rat were kept during 

maze teats. both les.rning and relearning. 

( 7) After .relearning. each rat . was tested:· in a. modifiea 

obstruction box. 

( 8) Daily weight recorda during obs truotion tests were 

.. taken. 
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(9) T&1l length and body length measurements were made when 

·the rate v,ere killed at the end of the experiment 

(wh~n all rRte were from 18•21 weeks old).· Body-length 

to body-weight and boa;v-length to tail-length ·ratios 

v:are oompute·a. 

Results 

( l) . Rats in the eold room grsvir more rapidly thrul those in 

the control or hot roou1s. Movement from .one extrema 

.ternperatnre condition to· the other tended to :retard 
. . 

the rate of development aompared wi tb. that of l~a ta 

l·&ft in the original room. 

( 2) fhe· re.ta romainlng in the hot room throughout the 

oourse of the experiment developed longer. more 

slender bodies and relatively longer tails (a.vera,ge 

length 18.0 centimeters). Similar groups in the cold 

room were short a.no atookJ, with shorter te.lls (aver­

age 16. r, cen timetera) •. 

( 5.) Ra.ts 11 ving Etnd learning the maze in the cold room 

have a great a.dvan:tnge over similar groups living 1n 

ho.t room.,. The control room group stands about midway 

between the hot and cola room groups. ln performs.nee 

( r.verage ntttnber of trials :for learning, oold room 19 .a; 

control room 25o9; hot room 36.6). 
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( 4), Iri ralearniug teats* averr time a group· was moved to 

a room of higher temperature ~he number of trials 

requirea for mastery of the maze increased. Oompari• 

eon was me.de with trials required for relearning of 

an equal group in the original room ( cold rats re­

learned the maze in the oold'room in 7.1 trials. in 

the control room 9.8, and in the hot room 13.o. 

Control room rn.ts :relearned 1n the control room J.1,3 

trials, in the cold room 7.9., an~1in the hot room 

is.a. The hot room rats .,rele8..rnea the_ ma~e in the 

ho-t 1•00111 in 16,5-trials, in the control room in 10.6, 

and in the cola room in a.2 trials). 
( 5) _ Groups of rats q:ie;inating in different rooms but re­

lee,rning the. maze in. the same room. whether hot or 

Joold. show a,lm.oet the_ ·same level of ability. There 

is a alight tendencJ for rats from the control room 

-relearning in any other room to show poorer per:for­

manoe than other gronns ralesrninir there. 
• . •· . ' ' ....... -_-._ '!f· '. '. ·.. . .., _ _. 

( 6) lf 9 significant sax di fferenoea in learning or re­

lee.rning were found. 

('I) Vincent ourves oonat:ruotea to aid in. e.na.lyaia of the 

learning curves inaioate a decrease in performance . 

during tha latter portions of the learning in the hot 
..;,,' I 

room. 

{8) In obstruotion box tests, rate in the cold room 
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; 

crossed the gr1a most frequently, with the rate in 

the control anc1 hot rooma standing in second end 

tli1ra pla.oe. 

( 9) J\.lmoat no relation was found between relearning scores 

and grid eooraB. 

( 10) Records of weight lossea during original learning 

nhov·1 only a fair oorrespondence v1i th let1.mlng scores. 

f 11) Reool~as of weight losses during relearning show some 

oorreapondenca with relearning scores if the oompari-
. 

son is· on a room-by•room ·baais. Thia rel ationehip . 

drops ·considerably when·the changes of the sub-groups 

within rooms are ana.ly!Zed. .Expressing the weight 

losses in terms of percent origina.1 weight retai11ed 

inorenaea the oorreapondenoe somewhat.· 

( 12) A' sr.,all bt1t consistent relation \\19.S found between 

weight losses and grid crossings. 

Conclusions 

{ l) The temperature under which rate live is an important 

oondi tion of the efficiency o:f' maze learning •. 

(2} Obang~s in performance of the es.me group are founa 

which correspond with changes in temperature. 'llhe 

adaptation to the nevi conditions seems to be, fairl7 

rapid and complete under tho ex.pe:rimente#l oond1 tions. 
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(Z)c A survey of the relation ot motivation ae measured 

in the present study and food doprivation inclios.tes 

a a6mewbat uncerta.in oorrelation Qetween the two. A 

.sme.11 ·· .. but consistent relation between weight losses 

and lee.r1J1ng ,· relearnillfr ~ and grid .tests was·, founa. 
/ 

Differenoes in weight l~ssee.auring relonrning and 

grid teats poss3.blf. aer-ve to aliminate the lack ·of 

oorresponderioe between grid orosainga and r01:earning~ 

{ 4). · Suggestions mscle foi--:furthe:c studies oonoerning the 

. in:t'luetJooa .of orgt:tnio ohangas upon motivation should 

be -oarr1ad out if the _-p·roblem of. the relative im• 

portanoa of di:f:ferenoas in motivation ia to ba 
ola.rified • 
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