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CHAPTER X
HATURE OF THE PROBLEM

The tobsooe problem is & subject of very general intersst
,,,wﬁm many distinguished persons hold widely divergent views.
ﬁm of the literature appearing upon the subjest gives very
M;&ng evidense sonserning these offects. am of the medioal
f;‘f‘i&hﬂtm desling with the prodlem purports to trace the effests

ﬂ' nimmim in the pathology of nearly every organ and process M
ﬂw body. In view of the widespread popularisation ¢f the fad of
mkhlg, espesially amgng the younger gmantiw#f both soxes, that
mﬂuy hold gonsequences mpproaching the dimensions of e major
mnmtrmo for soolety, if mamy of the Am;«mm are sustained.
_ The potential memos of the situstion has been olearly
‘Pessgnized by medisel mes, .mm, tndustrial leaders, and soctsl
,\Eﬂml religious workers throughout the world, A great mss of olinieal
f{md seientific dats is available dealing with many phases 01" the
";N&th and more is being ymmw steadily. ¥uch of 1t, however,
;M imwalmin and oftentimes sharply ocontradietory; dut such e |
{~iq¢uﬁfhian- is not strange in view of the many difficulties involved
hm ndequate study ef the predlen.

mmhlly is #hh trm ﬁth ngur& o ttwu awd!n and
ents which dead ummmm The senditions for
;it'tc ﬁamrimh%m are % mruuu snd the uwnknown fastors
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ﬂ de and opsrating are so complex that they make many of the
. ,;,°“;,1“1“, unoertain and the pesitions asswsed vulnerable. It is
| gonsrally resognized that much patient experimentation and extensive
“‘tm:%;wim will yet be needed befors finsl arswers oan be given
%0 many of the vidal guestiens Invelved in the whole tobacoo predlem.

Previcus Investigations

, The Oummittes to Study the Tobsosco Problem hes sponsered a
_great deal of work dealing with the problem in recent years. Its
nmu* contains an imposing list of names of fifty-two eminent
{i‘}:;‘;yfayﬂalma, eollege prosidents, university professors, physioal
k',@m‘ltcra, 'mmm lsaders, character building ar;muatim
_exsoutives, industrisl leaders, economists, and editors. Some of
ﬁu lending investigations have been oarrisd out under its ausploes.
’ One of ‘k)'w tmnmk volumes published wnder its diﬂeﬂm
18 & susoinet :mvy of the literature which has appesred upon the |
4 subject in many sountries and langueges (23), It contains also an
_amstated bibliography of prosticslly all the experimental and
elintonl data prodused before 1927, Thers are uver 875 titles in
thie bibliography the most of which are probedly of s medisel and
ffﬂ&uiul nature.

 The mass of experimental liverature dealing with the subjest
uy be olsssified according to three major types, (1) physioclogieal,
;fiff(a);i)‘”ﬂmogzm and (3) statistiesl. The physiologleal list
semprises by fur the largest part of all the stuiiess This tnsludes
M &Mml aut u&i&i m: u& the nﬂm studies that have
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_beon oarried ot in the field of animal experimentation.

: The peyoholegioal 'g:*mp is very limibed in its soope. #n
nearly all ostes the subjects have been otllege men, snd the aim has
Mm to disoover the fmmediate offeots of smoking upon nrim
:,uuhl p&mu&ah Representative of this group sre the studies by
mm (12), Bates (2), Baumberger andMertin (3), snd Carver (6).

1 “ By far the most elaborate of thene studles is the ome sarried
_out by Hull, assisted by seven staff workers in the University of
Wiasemsin. But the diffieulty of getting pesitive, definitely
:mroﬂ results from such gtuéu; is evidensed by the faot that he

: mm at the close of his monograph that it would be very risky ta"
,\rmﬂ' any e vuolusions whatsosver regarding the ultimate offoots of
mmm from their uwMta

_ The statistical wethod attempts to test the effests of long
im‘btnmd mking upon the mental prooesses, noprnmemﬂ» of this
;muy are the studies Yy ¥eylan (19) end Esrp (8), A faverits method
here has been e compars the college marks of a group of smokers with
‘those of nomesmekers over a peried of yesrs. But the diffioulty in
5“M-cwﬁ£u is one of oontrol. Hull shews thet by partialling out
m fsetars of athleties and mﬁrniﬁu the differsnee indicated
iu Beylan's study oould be reduced by half, What other facters might
have been playing a petent part in produsing the differenses is of
fmn fmpossible of determination, It is elearly impessidble to

0 . mw cr am:a&m faotors in such studies, any of whioh
Plolent o pre ﬁymsm wariations,
ng the peysholegiosl effeots of tobaseo
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_#moke as indioated in the experimental literaturs is by mo mesns
f:*‘}'amlu:m‘ Sone of the literature marks the harmful effects upen

| seholerships yot muach of 1t points to megative, and seme %o

. :m,aﬁéhi, results of smoking for soholership, It is very doubtful,
"/'s‘athmdm 8 rother prodigious -v of sslentifie duta, if very
,“mh more is kmown today about the paychological effects of moking
'fﬁum was known twentyefive years sgo.

_ In the physiological field muoh of the data Jas the merit of
m:ng dt least tangible. mﬁim& end olinieal data shows very
ii%ﬁni&& doleterious effests af* aﬁunmhm on the various organs end
{’;M§£m¢ But of oourse it desls with only mmamm, and perhaps
' th& soang tmptiml, eases. How universal 17 these maladies
:;mmw tobages sddiotion is wholly unkmown. Sush studiss as have
'f,fﬂ#tmeé to got at the mm universal sffects of smoking upon the
g;:,ww physioal funotions ham been subjected ¢o the sams aifPieultien
ﬂ!‘ sontrol that the mwlmluguh have encountersd.

It is enguestiomabdly in the field ur animel experimentation
;m-vw sontroverted poiuts must bs largely decided, Even thenm it
mm be mintained that the uicotine affects humens and animsls
fil&ht in faot there 1s praatiocal sertainty that it doss net, But on
t’h basis of the Wnr mms sstablished Wy it, s strong hypo-
‘ygmtmx vase may be w&iﬁ&u& for humsns. At least it may indisabe
e n sress that ought to be investigated, end porheps it may
a14a methads bo Do ussd in such tuvestigations.
| awtm&u m hu umay been done §u this fisld. A survey
:w the titles in the annotated bibliography by SohrumpfePlerron

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



m&md above rmni: the faobt that experiments have been oenduoted

f;ii'& rabbits, rats, guines pigs, miss, frogs, dogs, dirds, imsedts
, mll plants ss eubjests, Among those the following may de singled m
a8 of most interest for the present study., OGlopsw produvesd asube
«,"f;amm poisoning of tiu frner ser in pigeons and guinea pige:
A,{am-ms. found tit animals inheling smoke wistalned injury to the
jgﬁmmw; Depierris noted lessening of generative onpeasity of s eook
e,m,_nme under tobagoo moke; Wright noted selercsis of testicles

ih mim pigs and five Pronohmen, Riohon, Perrin, ﬂetg."
Mlitn and Oy notioed mﬁﬁaﬂm of growth of young snimals resulse
ng from tobesse smoke, |

i | Of more importance for this resssrch are the studles of Wice
{20) and Pleld (9). lWise studisd the comparative effests of sleshel,

{ootine, tobeooo smoke, und caffeine on the growth of white mise,

ﬂ later the effests of nicotine en thedr sotivity, The results for
ﬁtwtm, whish was given %o them in their drinking water, were
_prastically negetive, wheress thoss that were fumed md more young
%"'ftm the others but a such larger percent of them died. He alse

mm the work of Pileg, & Prenshman, who subjested guinee pigs 4o
m infaletions of tobaooe smoke, to injestions of smoke sr nicotine
fima obtatned abortions, still Births, wesk and stunted young.

‘} ‘ Plold atbempted to stimulate humen smeking sonditioms by
féﬂMM*ing 3 rmlvtug oage into whish smoke wap !nm« in puffs,
m mm ﬂmt tebaocos mmoke served as a deolded mmw and that
m W‘#” wers apparent for s period varying from fifteen minutes
m mﬁmm:lr hours after’ mkm.
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;y It 1o netewerthy that, in the field of snime) experimentation,
;ﬂmuﬂy no one has studied the tobusco preblem from the wantage
’ctm of ‘khu pasyshologist: Experimenters have dlacovered with some
cmm of unanisity that tobaoco smoke end nisetine wariously ,
ahiaimn& to produce certain physiologlenl effsots, dut me previows
m;um e attempted to determine the effects sxpm the intelligent
behavior of snimals. Neither has there been anything like an extended
A;@u&y of the hereditary effeots of tobaseo smoks. Towards these major
rm’hima ‘the present ressarch has been dirscted. Ineidental to them
m been various other olosely related prodlems some of whioch Mve
‘regeived ruther dotailed trestment in the body of the paper.

’ | %n‘mnat, indefinite stats of the problem for all interested
:a@m&u is correotly summariszed in the words of a mediesl autherity.
o The general conolusion of medion) knowledge regarding the

;*mw of tobasoo upen the animal organiem i that date s still
Ancomplete for a salentifie point eof view,

" Purther esntrolled elinical and laberatery studiss sesm desire
z,lhu in order to attain more precise imowledge ngw&.lng the ultimete
l?f'#% il of %m#‘ Ewae (3&!“,55)«:

The Alm of the Investigation

I'b was the purpose of tlu researsh to detormine mmin
b m:mgam and psychological effects of todesoo smeke upon white
#ats, On the physisal side this insluded the following: (1) wins
mﬂm’a the imhalation of todasos smoke has upon the fertility of the
lt Mk ald tlu *rhbn%y of their young: (2) what effect it haa
Erowth of young rets nd how this affects the ultimate
dy tius ua& (a) mt htndieuy effests sre produced by 4. On
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the learning side it sought answers to the following problems: (1)
mﬁ i,!foétn smoking has upon the learning bshavier of rets) (2) what
As.fwcnntinl offsots my result from varied smounts of smoking: (3)
m‘b sex-differences are produoed by it; and (4) to what cmuk these
'gmm sre transmitted to progeny. | |
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CHAPTER II
EXPERIMENTAL PROCEDURE

S8election and Groupings

The expesriment was conducted on the basis of eguivalent
groupings of animal subjects. The foundation stock, Wister Institute
rats of exsellent quality, was sesured from the Department of Zoology
éf the ﬁninrﬁﬁy of Cineinnati. This comsisted of six females and
’é;»'e males representing three litters, and these were used to start |
both the oontrol end the experimental lines. The rats whish |
sonstituted the original stock were very closely related, their lines
having been closely inbred for gernerations, The hereditary factors
were therefore as nearly identical for all groups as could be well
ashieved. The variable factors such as feeding, housing, training,
ets,, were rigidly ocontrolled to make them as nearly equivalent for
t!w various groups as possible. It can be said that all things were
mal to & very high degree for the varlious groups except the
,orrx;éer;&mntal fastor of tobacoo smoke.

The experiment was begun early in 1832; in faot, a preliminery
experiment inclident to it wee begun Decexber 24, 1931, But from
v@rly in Pebruary to Janusry 23, 1933, the experimental stock was
under the daily eare and observation of the axparimﬁter.

The first litters of the foundation stock, consisting of

thirty-six surviving young, wers designated as the first gensration
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'ﬁntmh or the 0 growp. Six females and one male were kept as
breaders and obssrved for nearly eight months. Thote with lsarning
records nesrest the average of learning tims for the entire group
im selocted.

After the weaning of thess first litters, the original steek

_wss subjeoted to the smoking prosess daily for o portﬂ of fourtesn
days. At the end of that tims they were put into the breeding pen.
The smoking was continued through the gestation peried and during the
tine of suskling, Two of the females were destroyed because of imner
ear infestion and ether cuuses, but the young of the others, cousist-

dog of thirty-ssven survivers, wers wsed to start the Q'Qaginntﬂ

(i‘;um Sinoe the parent stook had been fumed for & peried of six or
cight wasks before these were weaned, this group wes labelled tie
second goneration experimentals or the EII group. Six females and
4wo males with learning records nearest the mean learning time of
the entire group were sslected as bresders. These wers kept and
obeerved for six months,

e The first litters of the eontrel group mumbered forty-nine
#um%ng young. These six litters were divided ns warly ss
‘waib‘tv inte two equal groups, each litter being divided equally on
the basis of sex and weight. One of these groups was fumed in the
regular way and the ether served as sontrols. Thess two groups were

_designated respectively as the first generatien experimentals (B3
my) and the mmi ﬁmntwa sontrols {mm). ‘ it was not

daemad nesessary te retatn suy of these as brasders, sisss the records

i‘w subsequent g&mmﬂ»nmn being ;muum w ether groups of
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‘the same Blood strain, See figure 1 for s schemtis representation
#’ Qw genaral brseding pim«

The first litters of the experimentsl (B1I) group $otalled
sixtyesix young born in eix litters. One litter of ten survived only
& m or two. A wild rat sucsesded in getting into the roem where
;‘my wers kept and under the wire m#ing bottem of sage in which many
mag wore placed, About fiftesn of these were so maimed by it tmt
ﬂ wag neosssary to destroy them. Others died » that the grouwp whioh |
semposed the hird gonsration of experimentals (EIIT group) was
ﬁm»& to thirty-four mm forales and tires mles, selected from
this group st random, were retained as breeders. In addition to the
ﬁh&w-raw wag & group of twelve selectsd at random frem the seoond
litters of the perent stook of this third gmynﬁ{m of experimentals.
'm;u were fumed for a much longer period of time seoh day end were
desigrnated as third gensration experimentals B (RIIIb greup).

- The u&uﬁa breeders from the BIII group wers plased in the

brecding pen at oleven or twelve weeks of age as was the sustom with
A1 the groups. Five of the olght females litbersd, bearing s tetal
:t!‘ Ww“n young, All of theee excspt khi'» ware oither stilleborn
or survived but e day or twe. The imk&ng wag then discentinued und
th forales were replaged in the breeding pen. They were keph thus

until they were twenty-two weeks of age, but no mere litters were
bern., The group was then dlseerded and the experiment breught to a
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Foundation Stbck

April - Originhal stock fumed
(36) before produeing the
I Group EII and BlIb groups

Juns -~ July
 (28) EII (9) EIIb

Fumed 30 days 30 | Fumed 30 days 1

minutes per day hour per day with

with smoke from 5 | emoke from 10
grams grams *

Septenber October

(24)CII|(25) BI Fumed 37-59 days
30 minutes per dey with
smoke from 5 grams

Novenmber,

v (34) BIII

(46) CIb Fumed 45 days 30 minutes

per day with smoke from
5 grams

December

(12) BI1IIb
Fumed 41-57 days 3 hours
per day with smoke from 20
grams

EIV (3 survivors)

Fumed 60 days in all, during first 30 days 30
minutes per day with smoke from 5 grams.

Pige 1. Schematic representation of the breeding plan showing

line development and group relationships. Months indicate the
time of training.
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 whioh was provided by the Departwent of Zoology. This with fresh

mﬁw was kept before thqn at all times. Osoasionally they were given
; iﬁmﬁ loaves to wat,

o The young wers weighed weskly er bi-weekly as near the semwe
1 lmr of the day us possible. Entire utm grougs were weighed
;?Mm»«m‘xy on ordinary dial sonles, It was impossible, on sgoount

of the great activity of such groups, to determine the ecorreet weight

;"ﬁthm less than eme<third or one~fourth of an sunge, but such errors
: mga to be componsating, All weighta were computed snd resorded

;‘yf’,"'in terms of grasw,

B , | The reta wers kept in allewire oages which wers nintximd in
& sanitary condition at all times. The first thres groups were reared
im ﬂa laboratory, but with the onset of the hot weather of the swmmer,

tln bﬂi&iug stosk was removed to a room in s vesant apartwent where
tﬁ was sovler, This room was sdeguately heated, and here the later
. grm (o1, BRI, 2111, EIIIH and EIV) were reared. In both places

th stook was maintained in s very thrifty sonditien, In m £han

nu'l tine no epidemis or malady of any sort developed.

Pour days before the tultion began the rate were taken to the
hmgtwy‘ The guestion should be raised as to the effests of this
mm;r epon their learning efforts, Might not this introduce o
i}.m:»biag fastor that weuld greatly influense the learning recordst
Tryon's (261318) sxpariments tend to shew that enviremmental

rpolatiens sush as seasomal shanges, variable bresding oenditions,

The m mxma oorn meal, rolled eata, whole wheat
whele milk, ériml meat soraps, alfalfe weal, salt,
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oval to mew quarters, eto., have but little effect if any upon
. aming ability. That conslusion, in the main, may be subatantiated

W this study,
Thers wers, however, other fastors in ths situstion that 414

wm to materislly affect the resords. The rats whish were reared in
ﬁn hWaww were rarely digturbed exeept Yy the daily visite of
thn tmrimﬁhr in looking after their oare, The result was that
they tended to be somewhat timid and easily Prightered, Avolding

»‘mam snd other emotionsl disturbanses net infrequently o raoter-
,:71“¢ their behavier in the maze learning situation with the result
’%ﬂz their learning resords were correspondingly affeoted.

| On the other hend, those that were reared in the vaoant apart~
ment room were subjested to s variety of expsrisnges. For oms thing
ﬁ!w exparimenter and members of his fewily spent much more tise
mkm with them and studying them than was the cni with the
1sboratory groups. These were freguently handled snd petied and the
mmm was that they bsoame as gentle as kittens. The experiencs of

um put into boxes and transported by swtomebile to the laberatery
?‘iﬁpﬂmmly provided them with no very novel or disturbing situstion,
;m in their mete learning they were wholly unsfraid end lecking a@
ilmwya The result was that both controls and experimentals scored
wmm;r higher resords than did those reared in the ladoratory. ¥e
um 1t would be wrong to aver that the wvaried experiences made

|  » arighwr than the w&han, yet it sertainly is true that they

“ M m the uhmi mnérnms to uxim pcrrarmn in

mﬂsm; m m?miu s imutﬁzt that any
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mﬁ# somparisens for rets in guoh = situation whioch are not based on
mi fey with resprot te this one faoter of domeatielity are un.
reliadle to some degree,

Apparatus for Administering the Smoke

o The smoker (Fige 2) was a tight box 21 x 21 x 26 inohes with
s glass door &n the front, The door wes wmmrwtﬁ.wd mm the
_ box tight dmh to hold the tobaocon fumes rer soveral uimtu after

e tobacoo hsd burned out, Presh air on%m the box with thl smoke -
through the bottom enly. The result wes thet the interier of the bex
gm:lmd & very heavily smoke saturated volums of air. All-wire

_sages 17 x 20 x 8} inches held the subjsats snd thess sould de placed -

4 the mmoker at varfous levels. Ths usual procedurs was to place

_ them in the upper half of the box where the smoke was the most demse.
| A pepuler brand of smoking tobaoso was used. It was burned
ﬁm s small burner which was plaped inside s six inoh pipe ten inches

ﬁ"‘.@ng, fastoned into the esnter of the bottom of the box. The standard
; m& of tebsooo burned was five grams, and the subjects were fumed
fw u period of thirty minutes per day six days & week,

 Prom former analyses of tobeoso smoke that have been made
(251107), the total eontent of polscnous substances somtained in the

i m‘nm of smoke produced from five graws of todbaooo and inhaled eadh.
Y by the subjests was as follows:

1. mmm* ‘!‘himtnwiﬁm, and xamwum, 4.5 %0 &
. mgam.
2+ Vieotine, 10 to 12 mgms.
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8. Uarben menoxide, 410 o.0. 7This gas 1s ove of the most
harmful elements of bobaoco smoke.
Other substances present in varying amounts are Prussis Aeid,
_Ammonia, Pormaldehyde, Pyrolin, snd Gollidine,

The Maze

e The msse pattern was aumnd solely with e view to mm
‘ S.% &m and diffioult. A sheloe presented itsslf betwsen a a&wi«

m& 1n which the em and srrors in the initisl triale m!.a be un~
;_,;Mrﬁnﬁé, or a hurd mass with a measure of :mmx durhg t!w

:-: ttm trials. The latber was ulﬂtud‘ s being & muoh more ‘wt‘wﬁw
_methed of bringlog out say signifissnt differsnces «hish might be

wﬁﬂmi in the rats by the experimentel faotor of tﬁu;ﬂ smoke
_mw of 1t awnn in figurs 3 Delow,

The mase pu%.m desided apan was rn&ny sot up in s
hmmry maze whioh had been ingenicusly devissd 0 mks it resdily
mgmm to a great wariety of mage patterns. This oconsisted of a

Dox forty-sight inshes square by five inohes desp and eress-grooved
ffwe intervals of four inehes. The box itsslf was made of 1} ineh
“k ka. stained without and painted blask imdo. Panels mde of
A]Inwy galvanizsed iron of various lengthe oould be . haumd into the
_gresves to meke nearly sny desirable pattern, The panels wers alse

od blasks

e | true path-way was 388 imshes in total length. There ‘mn
m!; de wn, fourtesn of whieh openad dmnﬁ.y on the true
way. The cul de sucs totelled an additiensl 190 inches.
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N The food box was eight inches square looated in the eenter
(6F the mase. A close #ibbing frame oovered with eme-half fash mesh
f@;ﬁn“mw‘ag soversd the mase. A trap door in the netting st "e"
_jtmﬁ ss the pluse of ingress. A hinged door oould be olosed dowm
‘over the food box, but this was always 1eft open. A four fnsh pael
m;l&ppo& inte the groove at the sntranse to the food dox after
'the rat had entered. |
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The magze was plaged in an alum which wes 'inuhé in the
mtlmw eorner of the amaim laboratory, This alsove was
ﬁtm 127 x 14" with a large northern window expesure. The shade
,w this window was kept drawn, snd » oeiling light centered about
m tnﬁ .m. the mage was always turned on during the prestice

;@ﬁﬁh Shades at the windows on the south side of the larger room

‘Were adjusted sosording to the conditions ef the day. Thus the mae
e kept fres from shadows, and the intensity of the illumimation

o hp% fairly constant. The mase was set on the floer, and the
‘L'ﬁm:*im»m@r sat in s ohalr direstly in rrm of the point of

m’wmm. These canditions wers osnstant for all groups of rate,
Criteris of learning

Ll 'thn thres fasters of learning em, trials snd errors were
3“&& inte sosount in somparing the various groups. The somputation
#’ the Mﬁmal saores was bused upon all the trisls exclusive of
m first and the last four errorless omes.

 The learning was considersd to dave baen completed whom the
jm« mde four out of five runs without errer. All deviatioms from
i%ﬂ true pathway were counted as errors. It seemsd sufficlent for
;th. purpose t6 take sdoount of two kinds of srrors enly, mm‘tm
’\mmmt into oul de saos which were duigmtcd as A type, m& re~
jmwngu whioh were designated as B tw errors. A retracing was net

rorage Siue for the veriows groups is represemted by the
e formis’for wileh is
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;&M‘d 88 an error unless the rat turned s corner. This usually
sonsiated fn meking o U turn sround & partition. Freguently these
mna were mde around a oul de sso insteed of a partition, but wah
turns were counted sa only ome error, sinse there was a potentisl
Qfm yi.a the oul de sas., A oul de sao error was counted when the
mm ontered sufficlently far to include more than one<half of its
f.ﬁ’w length in the alley. Ne attempt was made to difrwmﬁh« botween
$his minisal error snd eme in which the whole length of the blind

T&ﬂ&y s traversed simse tho oriterion of time rtg&suna this

‘fﬁﬂ’aumw with some d&mq of presision.
The Mage Learning

1% 1s elear that t&w validity of the results for any msthod
,{ﬂ* mimshm grouping for comparstive purposes must be oontingens
W the degres to whish the learning is preperly motivated, highly
,wp«amli and performed with meximum offert by the warious subjeets,
mwﬂw to aohieve such s situation the purely random, exasss

thu present ﬁmly the rats were given thres guided runs in the mase,
W Pirst m of which was m sounted in the total seors. The
lwm; «mhhd in ehcm up all mx de ssos.

, The first fres run over the trus path-wsy snsbled the rat o
‘:ﬁmw m‘t the mase was m mnly & 1w kind of cuge into whioch
&‘m een wm bt that 46 led to food, After Shat disaovery was

O —_— ! "f.“'ily highly wwcﬂl md vigorously
”ﬁﬁt The ttm m miﬂﬂ runs, which were counted, served b
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_ fixate the general memse of direstion of the way to the vm‘m no that

_ when the guides were withirawn thers was less sonfuston with its

"’ ‘umuium piling up of errors and lﬁﬁ of time.

. The usual proosdure in preparing the subjpots for thelr Yoarn-
m mah remove then %0 the oages near ths mare. This wos deme
M days before the tultion begen. During this time they were fed

1‘;;3.#&!» fwddhw of tha naLe mef. frhnsr weres alzwad o !‘«d and to

: ftuy amm m the Mp of the maze for three quarters of an hour the

! «s,.nm &ﬁar that they were allewed to feed fiftesn minutes per
ﬁy"wﬁl the lut befors the tuition began. During the tweniy-four

urs mmmy preseding their tuition they were given only ten
m« in the r»a-m: and thet wes ususlly at the beginning of that

]yufwr haw yrim.

o was customary t0 run ten or twelve rets during e mi'bim
{5‘5? sriod. On the first day they wers given three guided runs and one
.famuuad tun each, The second day they were given ten runs, and eon

3’%‘ third and eash suoseeding day thereafter wecessary to somplete the
: ,‘_tmizm they wers ginn twelve runs.

 After the Pirst five or six trials they were adle to run the
;l;am in less than & minvte with but fow errors. Then they were eash
given two runs in sucosssion in esch of the practice periods. The
if,mgtiu pariods were divided dﬁmlly betwesn the morning and the
mﬁnmw:: with mu_ in enoh, Roughly spesking, esch rat was given

e turn of two consesutive trials in the mase in sash sixty or minety

A M “iﬁi“ food were sllowed as a reward st the end of eash
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m. Then at the close of the day's prsotice they were silowed %o
ma for ten mimutes. The first three groups (CI, EII and TITh)
mn fod in the mmse, but all later groups were fed in their onges.
m total feeding time for any one day would not aggregate more than

m*m or fourteen minutes. This was made to vary, howswer, in

?jﬂain eases, asoording to the genaral apparent omdition of the rat,
m would lose weight rapidly and appear to be exsessively hungry.
my wors given more to eat, whereas those that ssemsd to be less
sted by ﬁm w;rwam fast and consequently less euger to run

_ were rigorpusly denied.,

| It was geverslly amw mere diffioult to sesure the proper
MMtim of the sontrel groups. They appeared %o be somsvhat less
mm and fatter then the smoked rats. They seemed to require less

‘M»ﬂ during the mﬁiu‘mriﬁ. they were less sager to run, snd
_thelr loss of welight appeared to be less.

= The experimentals wers obviously less curious and less timid
_than the oentrels. The ordeal of being bundled into smteivers,

» ’, ried out of the room, and put inte the umhr oaoh day served to
}f;‘;g«ma» them with & varisd experismce that was prebably in thetr
;fhms ALl ether things being equal, the dslly handling, oMange,
m., probably provided a stimulation end an experisnse that uvﬁt for
M!m' learning records on the part of the experimental groups. |
ungor was the deminant metive relied upen in the experimest.

" r, m; nﬁ powerfully sugmented hy otler atrcmg imaﬂma ’

ho naturel euriosity ehich eharacterises the ret and leads

mm“pm%ﬁm soverents and the vigorocs ecenyd. mmtt
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"."‘(‘mﬂ.% %nullv result when s rat is oonfined in a mew or strangs place.
ws that iz net hungry will uswmlly run the mage in fairly good time,
Liift has hm shown that rats will even learn s maxe without the in-
_"th of food, but when this incentive is added the lesrning progress
. 1s greatly sovelerated (25)*

L It oecasionally happened that & rat would not run. In several
flﬂfﬂmﬁ trisls they would venture only a few turns away from the
;;ﬂ%t‘lm% Then they would return promptly and spend meny minutes
wﬁy oi tting or working simlessly at the »nving or the sides of the

‘ﬂhwm These were mmsm&ty sliminated. 7The condition wes
_apparently due to various causes, such as an cccasionsl oase of
Pumuffles”; or some indlsposition superindused by the preparatery and
Wntm regimen, The failures sertsinly dié not in svery case

sdinate immls,ﬁy % learn. 1In a few oases where it was oomvenient
M do 80, muﬁiﬁ and indisposed rats were put over and started egain
w&h a later grouwp. In every such sase the subjest nohleved & falr
mwm resord, In the whole experiment there were four nerml uxid
m iwﬂmmgl rats that falled out of o total of 168 employed.
i’ . There ware several, however, that plainly were too ,smﬂ to
mmz the maze. There was one mals, for instanss, that did susoeed
Tiu wuug around twenty-two times. But its mmaﬂ of proosdurs was
» thgly interspersed with starts and m-y: that 1t seuld have
‘~»mm¢ no panﬁhu idea of the consecutive nature of the mie, Ita
P& wseoond trial wes sharaoterised by w-nm«any
m mnmimy as w& of a normal ret in its arly trials, Iis

practice pericds were, morsover, distributed over u period of five
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«ya , but even though it spent several thousand seounds in the mase
‘}& iﬁdﬁ ut littles 'wggrou in eliminating errors. Others simply
_refused to exert themselves sufficiemtly to find their way out.,

Centrol by Ouldance

The Gestalt viewpoint thet "learning is i repsated goale
‘aptivity" was busle to this experiment. This holds that the goal
mt be perceived, and when it 4is the body woves towards it under

tﬁmn. or benaion, oy the law of least setion.

e 1t was the funetion of the first run %o estadlish sush a goal
mﬂ sot up » tension towards it. As such 1% was not oounted in the
£ins] sumsation of the rats erformanse, Such a prosedure seemed
fj;w@m.a in view of the fact that the comduct of the great mejordty
iu %m: first trial mlurly indicated thas their movemsnts were
‘:fwﬁy random. The more agnuiw, Mldw rats would press steadily
‘forward and arrive in the foodsbex in a reletively short time, while
ﬁht others vnoillated baok and forth in their movements, finally
é&rﬂﬂm after varied lspses of tims, |

f ‘ Some failed at first o move sufficiently far %o arrive. It
m slearly demonstrated in & number of mmm that rets will
fﬁm:ky sustain their exploratory or easaps mmﬁ: in any vigorous
mammer for more than five or ten minutes at a time. Those that
li‘#ﬂw to dhwmr the rMmm ugually gsme to rest nesr the entrange
‘;ﬁm the end of that time, and many minutes would thus de spent in
somparative inmastivity. It was found to be betber to remsve them

the Mase a8 soon as they cessed thelr aggressive effarts and to
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;}'{fmﬁ.tﬂ them in the mase for a second attempt to oomplete the run
Q‘f‘mor an howr or 80. As & gensral rule they attacked ﬂm&r probvlem
"'wiﬁh much vigor. In a few gsages it was nesvssary to allow three or
!‘ﬂw new starts before the run was finally aompleted.
 Theoretieally 1t would sppear that those rats which spent

m time in the mese in oampleting the Pirst trisl would have »
"',‘éiwimt sdventage over those that took but a few sesonds, but prasti-
m}‘iy the itho whs on the side of the latter, It was manifestly
f s ‘di&ﬂ.mﬁn&mhgu when ens happened %o disoover that the way te the
M«s»m and Preedon was by maving Porward stesdily, Those that
‘;iz‘eriwa, by a large series of essillations were apperently ‘HWWOQ: i
The tendency was 0 repsat the sams wavering movements upon the next
j%ﬁﬂ. | 80 it appsared that what was learnmed Muring the first exesssive
*ﬁ,pﬁrﬁ.ﬁd of time hmd largely t0 be unlearned.

| The naxt two trisls were slso guided, and the wcwu make 1t
‘slear that this wes not unwiass. The prinoipal thing that wes learned
Whag the initial trisl was that the maxe aﬂ"ofcé s way to food and
;l;m‘dam Many that mede the disoovery by means of a lamo m\nr of
“n%rwlngu oertainly had e olear idea ag to how thst. dunmry was
m&m Their behavier in ﬂw -gooond, and wm%inu the third, trial
thwl:r demonstrated this fact., Their movements were much more sager
almd ‘9Wwom then the first had besn, dut there was very Prequently
ﬁ mt same tendenoy to rotraee the path, It is practicslly um&n
l;tmh such rete would have been hopelessly sonfused and lest, if they

Ind bee  plased tn She epen mass withowt guidanee for the sesond

‘ ; mﬁ ‘.“,m; u m uwm; -l m e ﬂw as fifey~
_arrars on the secend trial even though they had gone around omes
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;yf{mom 16 the guldes had been out, it is 4iffieult o beldeve that
AM would have found thelr way around under sn howr, and parhaps much
m tioe than that would have bsen mqaima, Some experimsnters
_report tim for inttial trials varyisg from three, £iftesn, or sven
mwnﬁn bours and that in relatively simple mses. In o mase as
uag and diffioult as the gne here used, 1t 4s svident that in many
tawlnuca the time required would have been enermous.

. 1t was %o eliminate this ameuiw sdding up of tim with the
:gﬁmmmt anassing of srrors that this method of eoutrol was used,
fﬁmi&mbh argusent has been offared against the wvalidity of the
’fimm expsriment, and this has largely been besause of this factor of
‘ffmtmnu time and errors wm the extreme spread whish wmny
_”mm, Because of this it is sharged that 1t 1s impossidle to
f}‘mzmm results (14). A more oonciliatery attitude than the one
which would slininats the mse experiment entirely is ome whish seeks
m refined methods and mors rigld contrel. Such must of nesessity
’N amu, if the mase experiment is ‘o mprumt more than o mers
‘iﬁwmﬁm 4o truth, or, at best, a fair degree of probadilivy.

| ‘The pressnt research probably achieved results that were more
w.mmm is ordinarily the emse. It {a olsar that the results
nhiﬂudby this mothod of control represent more mearly the muximuw
anming effort and ability of the subjests than the standsrd methed
mm possibly mecomplish. This is by virtue of the faet thet the
‘fwtzy rendom, exgess muvmy was sharply reduced. And unless

g j‘uim are so uﬂwﬁha that the gmpi to be compared perform

ir him zms w ﬂﬂiﬁm quentivative measurements for wp

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

pparisons must be open in many respeots to serious ‘Qﬁcéﬂm;

. But what did guidanes do to the learning? Figurs 4 belew,

| whﬂ.ﬁh sempares the learning curve for twelve subjests trained by

 , ‘standard mthods in o mase somewhat similar to the one used in this
mmmm with a group of thirty-five controls, shews that the

*ﬁﬂt and prinoipal effect was to sut down the initisl randem astivity.
_ This served to leunoh the subjests early in the series upen s very
 purposeful snd highly direated lesrning astivity. The desirebility

doing this was olearly sensed by Pechatein more than fifteen years
m and foroibly stated by him in the Pellowing trenchant permgraph:

o Tt sppears slmost eomolusive from present data that the ree
traeing and entering into blind amlleys, made possible by this ree
“trseing are praoctiocslly useless items., Oraphs for the rats learaing
Mage A show that retrasing is a negligible facter long before the
rst hall of the nunber of reguired trials Mas been mde; that the
turn oul de snos cease to play any part after the first two fifth
e trials sesei that the forward directed runs ars almost
entisnl in number and in distribution throughout the entire learn~
.ing period end that they and they almost solely determine the lsarn-
ing ourve for the last half of the tultion peried. This seesms to
indieate that the begimning trisls are very wasteful vhen waste is
permitted; thet the mege L never mestered wntil the rat finelly
sttles down to the diffieult task of forward eliminatien of errors;
t the sarly trials de not messure learning bdut primarily the
ravsgant and uwseless sxpenditure of energy. This wwld argwe
that the retracing is mainly of ne effielensy in learning and henoce
wlﬁ be disregarded (22:18).

L A referense to the figure will show that this is exmstly what
ha ]ﬁ;mu'mwmyudma in effect by the present method., The guidenge
,,;ﬁmt to bring the rats in the present expsriment to the ssme peint
m the lesarning serioes w stage two that the others had mmntu
ﬁhoir third stage, and that ,ﬁ% only a mere frastion ﬁ" ﬂm 1est
m that these had wfrcﬂa* From that peint on the two ourves

ro strikingly sisilar) in fast 1f the ome were moved over only ene
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?‘&55 4. A oomparison of one of the original curves with & standard
ourve to show the effeat of guilding the firat three runs. The

dard curve is from Pechsbein representing the performance of
wy mkﬂ ﬂm m&g&m surve is for oentrol group I representing
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stags the two weuld practicelly coinoide throughout their entire
" jengths. The reaords will show in each case that By stape two and
'~,¢m¢¢ three rospsstively the rats had "finally settled down to the
a1pfioult task of formard elinination of errers.”
| Tiguws 5 shows in detall the effests of guidanse as reflested
in the first eight trials. The first trial is the unsounted eme.
: It appears from the graphs that the relative mmzm of the thres
v;;iuaor groups would be unchanged by its inelusien in the results.
ﬁxiu holds true for comparatively large groups; but for finer sompari-
mm with emeller grot%pt"km inclusion of this run would be dicu‘mvﬁn
Por instance, one contrel rat took abeout forty minutes to complobe the
rmc run, That sxoessive m#m; of time tends to be meutralised
mn 1t 1s averaged in with the w&gr&: of seversl dosen others; but
,{1;1{1; would completely offsst the resord of the litter of which this oms
w: & mapber, and practically destroy wi value Por amﬂﬁiw
’.wpﬁau.
o The records show thet there were some differences batween the
gﬂm n thelr behevier during the first runs. (See Teble I) The
i&tmi groups grupml the essential Ldea of the mage somewhat more
‘ﬂa&uy than the experimentals did. Por instence, of the first
fwntm of thirty-five sontrols (CI group), ninetesn made wrmﬂh
lm during the second trial, and twentyenine of the thirty-five made

yfycrf*ut rung en the m&m wm;. This resord wes not approashed by
mlwrmm& grope o

 The esperimental groups rather wnifornly evidenced slightly
m: omfmi&a and woertainty during the first few runs. A probtabdle
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Brrors

Mig. 8. Curves of errors shw&ug the effeots ar guidance m the
agmv ﬂgmz trisls,

mmtral groups (e::, ;m}
Smami o Pive gram experimental greuwpe (EX, RYI, EYIT)
. +———+——+ Ton and twenty gram cmrimmh (211, E!:X‘b)
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TARLE X

E&%@R AVERAGES POR THE PINST EIONT THYALS OF THE VARIOUS
Wﬁ”ﬁ%ﬂm

H
g

Tt |2nd 4th |Bth |6th |Tth

18 |15 |10 |10
18 |15 | 18 | 10
|18 (18 |12 |10

20 |11 (14 |12
is |28 | 11 8
1¢ ? |10 8
38 13 | 11 $

20 |15 |1
1 |17 |18
21 |18 |18

Cer 18
e 24
" 15 |18
| y
| e
16 |10

17 | M
12 | 12

ygu Gmad NGB

ot

‘ ms was that they terded te masa their learning Mﬂﬁg &lu first
w'ts of the prosess. mﬁr mwg%& traversinge of uot&m of the
mﬁ uppunn’ﬁy served to stamp in the knowledpe of the true pathe
mr to thelr later advantage, On the other hand, the contrels t.nded

uauwim‘ their learning with the result that the nesessary

MW of @m; was ineressed s well as the time,

. . | The effects of the relative amounts of maased effert in the
nitial trials will be studied more in detail in Chapter IV, and the
ams» on the entire learning surve will be noted. It would be
5:%5&%0mtm to knew what the resulte might lave been 1f sll retracings
‘mm the m« runs. m won Wm. It 1s « plevsible gusss

ha v exporiment ’3 mm would nave beon handiecapped Mh
f,’;r, tm m o bea ﬂtrtmag sinilarity in the ourves as
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indiosted in Plgure 5, and this seens to be indiontive of the fact
m&. 811 proups uma&d the prodlem in much the same way and that
ﬁgl’l pr#ﬂtodf mich the seme by the mothed of guidumo employsd, The
;;ﬂi&ieﬁt cauan whioch effested any significant differences in the
;?ur&m groups are probably farther to seek than san be ascertained
"tjgia this part of their learning activity.

Distribution of Praotioe Perieds

The method of digtributing the prastioce differed from the ususl
t‘pfwudwu Yhereas the standard method distributes the pﬂahﬁ.m 80
«blat m rat makes but one or twe runs in esch twenty-feur heura, .

the pressnt wethod provided for six prastioce periods in eash twenty-
m hours. Three of these were given in the morning snd thrse in

&q afternoon, and they were spaced sp;wio‘?zmmly from sixty to ninety
m« apart. |

" There seems t0 be genera) agreement that distributed practioe

:‘i& more efficient than o cnoentrated practics. Lashley's ‘axpaﬂmw

188 hin 4 the conlusion that within linits as yot undeverained
’:mﬁrweﬂ practioce is less efficient than distridbuted. Unfortunatsly,
how ver, the animals which he used were not aooustomed to being handled,

m Be observes that much of the retardation was due to the avelding

;; ;ﬁgmﬁom of ﬁmga used in the sonsentrated practise. One of his major
sonclusions regerding the differspoe betwssn the two types of practice
uu follows: “This is due to fuotors whioh arise from the particular

: ﬁu&neﬂ‘ training used, peouliar to the muze problem, and not to the
jonss of time relations upon the prosess of Pixation of new
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‘funotionsl nervous anw' (17:387) In this latter pesition

ht h‘ undoubtedly at variance with mueh m«pﬁoé opinion,
‘ Wheeler's pesition s typlesl of another viewpoint whish
‘plases mush emphasis on the time slement in its funotien of fixation.

Be emphasises naturation as ome of the major comditions of learning,

stresses the essentia) natwre of recess periodss The f ollewing
W serves to show the relation of this factor to all the other
3‘”%: in the learning proosss womém‘ to his tﬁmsﬁo&l- formale~
ten,

. Fimlly, the lesrning prooess proves to de a form of -
‘inbelligent bahavior that inevitably takes place when the orgenien
fuges problen situations repsated at intervals of time, It isa
function of (o) mturetion, (b) the repetition of stimuli, (o) the
tims intervals detween repetitions of stimuli, (4) thﬁ relation of

; problem to the learnerts level of maturation ) the gespletoness
» whioh the stimulus-pattern is repeated and ir) e degree of

m under which ﬁu 1umiug is beheving, (z&sazs)

This question of the time imml between prnﬁu priods i

km iatttgulng one. How many practice periods :hmld there be 4n
»;m&y-ﬂm' hourst? Is only ome sdequate for effiofent Xnming.' or
4 five or six e too m‘! s two minutes of motusl running time
twenty-four hours adequste, mﬁ is ten or fifteen i&mw ‘oo

. The pethod used in this research was a comoentrated ome, m
fsui&ma served to eliminate the trmnaou wasts of ﬂm for the
jmm fow runs, thus making all trisls from first to lust relatively
uniform. I¢ had the fores of largely shunting the learning around
ﬁm proxm:mry stage 4!‘ @iw learning which Pechstein oalls the stage
elimination, with its enormous time expenditure, and intredused the

bets very esrly in the process to the stege of meshanisation.
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: ﬁ#mming’m significence ,mr this lather }mgc for human waxe
hmiag M gives the following apt charasterisation:

Tendensles to enter oul de suos, to retrase, eto,, are still
“present but these are swamped in the repid forward-going astivity.
- The funotion of this peried is to render definite the elinmination
of these arrers and to inoressa the spesd of the run. Expleration
- has now 86 plsce. The sotivity is well en the road to the habitusl
_Aevel. Tts momentum i3 its major gusrantes of success. Thie is the
time for massed effort, By repetitions of the suscesaful runs, the
tondenoies to error beome less and less liabls to funotion, as the
Mxation proceeds rapidly end surely, In s Btrictly psychologiosl
_seugse, the subjset who hesitates is lost. He osn mow drive out of
the series the danger-giving slemsnts and so render their slimination
permanent, In distributing his effert, such permansnt elimimation is
rtainly less slow in attainvent. afriuimar domands mum of the
radng, mm ,64}

ﬁf wwu sbrietly nassed 1um$ng mm be uptnibh fw
‘ uﬁn,. kw it was felt that a frmamy much greater than one or twe
trials a day would make for greator offiotency. The plan of giving

kmn guided and one ungu&éw runs m& first day; ten runs the sesond
,, m, twolve runs the thipd day, and t«mlw runs on esch susocesding

guy neosssary for the sompletion of the learning proesss was therefore
nﬁm& |

" The manner of dlatributing the runs was as follows: In the
}ifmiﬁg of the firat day, sach subjeot was given two runs, separated
by an hour or wore, in the maze with all the oul de sacs blocked.

m wu wors taken in turn, and ench eame in thet order for subsequent
m* In the sfternoon eash was given a guided run and one unguided
m‘ On the Pollowing day and for sach susceading day three pructice
wﬂﬁn ,iag the morning and three in the afternoon were given each

, ”ﬂfuud learning® as here used fmplies continuous applics-
;_;;;m to the problem until it is learned.
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subjects On the second day in the first period in the foremoon amd
 in the first in the afternoon single runs were givem, but in the gther
periods two ma in suscession were given. The records sesm %o
' indioate that it might have been better to have had more practios
_perfods separstied by shorber intervals but with euly oms run in the
~period instesd of the two for there was a rether uniform tendenay for
4he seoond run of & prastice pwriaé ta be slightly higher in time and
;mwa than the first, =
; That this amount of practice was not excessive must be spparent
when it 1s considered that before the smd of the seoand morning the
rats ‘ﬁrn able to run the waze in less than & minmutes That mesns thet
after the first day they were aspending less than ten minutes o dey in
the mages It seoms entirely ocertain that the rats represented in
 Poshetein's standard ourve above were running the mase in about a
:nm%n by stage three or four, They were getting two runs s day, so
for the last eight days of thelr learning they were probably spending
less then two minutes a day in the mase.
The amﬂwiw of & more soncentrated program of learning may
b. reflected in the fast that the group representing this resesrch
‘aompleted their learning with an average of twenty-ons trials whereas

‘ A serious effort was made %o trsin all groups under sone
ditions that would secure thelr meaximum performsnce. This neosssi-
tated an osonsional varistion in the method of prosedure, OGroups
‘BXII and BIXIb seemad to be 80 small sud puny that their preparstory
‘vogimen was yredused te two days insbesd of four, If & rat becsms
frightened or diverted from its goalesseking by amy umusual disturbe
snoe, it was teken out of the mase and the record for that partial
krisl was ignoreds It ocossionally happened that s rat or a group
showed slearly that they were not hungry enmough to make e determined
‘effort to get through, In such emses the learning was promptly poste
pned for seversl hours in order to seoure the satisfaotory mtwmmﬁ
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ﬂw other group took twentyeseven trials with the two mases being

] pﬁk&ully squivalent, There mey have beon some saving In &iwe also

*!Wghwk the stage of mechanization,

Summary

The animal subjests in the experiment were white rats which
mrg very slesely related.

This fast tegether with the rigid eonbrol
‘of variable enviromsental faotors served to sscure groups that
’Q‘ﬂ%‘& s very higk degres of/mlﬂlﬁmt

The method of tniw-
g employed, involving guidanse and cencentrated prntiu, resulted

‘ tu & materis) saving of time and ot’tart on the wr& of all tultion
_groups. |
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CHAPTER 111
SOME PHYSICAL BPPRCTS OF TOBACCO SMOKE

 There 1s no evidense from this sxpsriment to indicete that
?j:jﬁ#hnu smoke affests rats and men alike. In s0 far as sofentifie

w&a&mmu ventured & statement, it at hui veises & preponderant
doﬁh«k sonecrning suppesed parallel effeots, Bush doubts are valid
_ a8 teuohing the superficisl effects, at least. However, if there

hm insidiocus polson in tobesco smoke that deteriorates mmm
: mu snd causes Punotionsl and organio lesions, &hm it would appesr
m some of these effests would be produced in the rat subjests. It

”’it the purpose of this shapter to indisate s few of the more obvious
ot .m af tahumu mko on the pmly physionl mmtiom izhurt were
f,{Mmd. ,

‘ The eypmx resstions of the rats to tha tobnm :wkc wers

}fm«nmw&ng. In only a f‘w instences ﬁid 1t sppesr to miks ﬂum
;siak.. In those sases the rats manifested hodily sysptoms of mild
fémiammg m«h as writhing and squealing. But this uum&ti@ poemed

\ wsm for no more ﬁhna ton or fiftesn minutes after they were
mﬁ from the mr. After that thelr behavier in the eages

fﬁm& to be mffwﬂy serml. Iu mo tase ceuld 1t be dotected that
;M hnd in any shgrn formd a tobasoo Mbih
The smoke treatment was Mumiy very sevors, At the first

ar the smoke in the bex the rass imr!xbly ud« frantie sfforts
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4o esoape. Then as 'a!m fuves beoams heavier and thisker, they bessme
",'zj‘ifjﬁ?éin#m*k, lying with thelr syes olosed, their mouths opsn and thelr

- moses thrust as fur ss possible into the eorners of the oages. The

_ bresthing was labored, and thers was svery sign of great bodily dis-
o ;ﬁwt. ‘Salivation was greatly inoresseds lLarge dreps of sslim
1 pyﬁd from their helf-open mouths, thorsughly wetting their entire
!‘rm guarters, snd ran on the floor of the smoker,

L It might be expsoted that in dus time the rets would become
habituated to the smoking conditions se that the pecultar bodily
WW of disturbsnoe would disappear,

But sueh was not the osse.
h fast, some females that were smoked slmest daily for several mﬁhc

¢mm¢ to evinoe thoss wwl&ar reactions in imoressing messure., A

"m;xc puff of smoke blown inte their faces sufficed to start the

mm flow of salive send to sall eut the spparent fear romtfsm.

Effect on Reprodustien and Viability

There has been only a very limited study made of thu phase of
W tobaooo prodlem.

m#m Suoh evidenss as thers is appesrs to be contradiectory. The

fop by Depierris and 'uﬂght, referred to in Uhapter 1, indieste

tmt%’mga smoks lessens the generative oapeasity, whereas ¥ioe's

_#tudy shows olearly an increased fortility resulting from sxposurs to

oductive procssses up to s oertaln peint; after that peint has been
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aned its effects are émér%ﬁiw.

o . The sovompanying w:xgu ﬁ to VIII. give the group records on
fm: points The row labelled "number died" refers to those that were
: Mill»’mrn or that died from matural esuses within a few days.

.  Two of the experimental W’m BIY and EITI, showed im«‘
mta:mmy the stimulating effeots of the tobscos Pumes. The EIIT
mw is & muoch more mmmubh and slear-gut case, hewover, than the
mm *rhna were first um:- rats, whereas the EII group repre-
lfuaua second litter vats; und there is normally a material inoresse

‘f;;,kn'i*uthr sise with the ssemd litters. Domsldson's tables show thad
aomolustvely (7:28),

| The BIIX group represented the firet 1itters of the EIT group,
M they aversged Qlam to i:.h« 1itter with the range f'rom eight to

:mm Thess wers amrhm stunted, but, sxoept for one whole
iimr of ten that died within a day or two, they seemsd to e rather

}‘ﬁmmv This group with their own progenitors, the EII group,

~averaged 105 per litter, or 116 young in eleven litters. The effeots
 fertility are shown by comparing these groups with the contrels.

i fﬁ'nww&nu normal litters born there were 145 young, or an awmgg

a&“ 3.5 young per litter. The litters of the experimentals thus
fmmg.a 19 per cent larger than thoss of the somtrols. -
e 'rhu part of the mﬁmm ngmu& with the nhﬁmﬂm ar

¥ise. Eis wmoked mice wers mush mere proliffe then the sentrols.

vor, their mumy wa s mich less. Herein the present experiment
Pors somewhat from m, - Of the 1465 young bemn in the econtrel
Mﬂ, thirteen were sither ﬂd}.}.ﬁhﬂm or m&ﬂwd but s short time;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE II
NUMBER OF YOUNG BORW AND VIABILITY OF THE (Y GROUP

S

Set 1 Set 2|Set 3| Set 4[Set §(Set 8 [Total |Mean

7 10 9 10 3 4 43 7.8

i TABLE ITI
- WOMBER OF YOUNG BORN AND VIABILITY OF THE OIY GROUP

orbmagsece sz

PO .

| 8ot 1|8et {8t 3 Set 4(Set B|Set 6 [Total {Mean

‘9|10 9 8 | 8 | 8 | BB |87

| TABLE IV
_ WOMBZR OF YOUNG BORW AND VIABILITY OF THE QITb GROUP

s s v s

Mean

10
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TABLE V

. NUMBER OF YOUNG BORN AND VIABILITY OF THE EI1 GROUP

oot 3

bﬁt 4

et B

Total

Hean

1

10

1

10

TABLE

vi

_ WOMBER OF YOUNG BORN AND VIABILITY OF THE EIII GROUP

Fean

1u

o

o  TABLE VII
_ WOMBER OF YOUNG BORN AND VIABILITY OF THE RIIIb GROUP

-

0% 1|S%et 2 |Set 3 |Set 4

Set &

Set 6

Total

| Moun

10

10

33

13

8.5
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TABLE VIIX

~ WOMBER OF YOUNG BORN AND VIABILITY OF PHE EIV GROUP

lsumu twelve out of 116 in the two experimental groups mentioned

an the whole thers wes muoh hn mortality ameng the omvm:mu of
«m groups than of the normals,

But the records for the EXITD and the EIV mm “hell "
A1fferent story, (Ses Tables VII and VIII.) Here the sxperimental
faotor of tobasso smoke proved to be disastrous. The EIITH group was
;ch of the siblings of the BIII group, and they represented the
t‘maa 1itbers of the EII group breeders. The RIII group wprumted
“ﬁw highest degree of prolifiocsey of all the groups; on the basis of
ml relative sizo for fsrﬂs and second litters, the EIIIb growp

8 have been larger., As & matter of fast therve were only thirty-
;ﬁm young born in six litters, averspging 8.5 per litker. OF these
*&hirmu wore not visdle., The average litter sise of this group is,

41

;mﬁ net viable. Of the twelve whioh died, ten hxmod to one litber,

*mnfam, seen to be 80 per mﬁ Jess than that of m&r m nt‘hum,

,mﬂ 35 per mmk less than the nermsl litters.
The EIV group, mm wore the offapring of the seleoted

yrosders from the EIIY group and representsd the fourth generstion of
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muperimentals, showed the most marked effeots of the smoking process.

M seventesn young were bam in five litters, and of tkna amiy
‘;m survived.

Effect on Weight and Groewth

The effect of tobuooo smoke upon growth of young animals has
M studled by several experimenters. The faot is ﬁﬁ‘bﬂl'y"dﬁﬂuﬁhly
ﬂﬂuhhﬂ that tolmoco smoke does have a retarding effect upon rate

: Mh. The present experiment is in sgreement with this finding,
f“it‘ adds further data in,khw&ng some horeditary oﬁ‘wh as well,
; This effect upon weight and growth may dest be seen in a com-
;ﬂrﬁtm of several groups representing thres generations of experi.
- tal rats and a mtrolm,. Ses figure 6 below. All were spring

x suumsy vats. The oentrel group snd the first and third generation
"“’mra nearly the same age) they were raised under identical son-
ﬁﬁm, growing in adjeining ocages.

The sontrol group (CII) and the first genoration of fumed rats
(xi) were litter-mates frem six litters. These litters, totaling

«nine young, were divided iai:g two equal groups, ons of whish was
ked end the other uged ag o mutral. The division was made when

f?e!u young were ten days old and at that tims the smoking prosess was
Mm‘ It was impoasible in every case to determine the sex at that
nﬂy age, n it happened that the division was m quite soourats so
h«ru gex was ooncerned, In the :wkrﬂ group there were ten wales
mml fm-tm m&n; in m mﬂmﬁuk gmg mmm were mm mlﬂ
Je ‘!Mm ﬂ‘!‘ . giickt m: aduung. to the
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Yeoks

Pigs 8. Comparison of the growth curves of the first, second and
generations of the sxperimental line with & oontrol group

g the effects of smeking, ’

- Gemtrol group
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mﬁﬁm group, for the larger proportion of males in this group
yimiﬁ tend to raise their average weight by so mwh.

‘ m osurves indloate thet there was & slight but stesady retar-
dation of growth on the part of the experimentsls. Tables IX and X
gimr ila woekly average weights of the two groups. At the time of

ﬁu division, the two groups wigm almost the pawe. After two weesks
of smoking the experimental group awraw T+35 per oent ughﬁar in
‘weight then the controls, emd after four weeks of smoking they were
8¢15 per cent lighter.

' In like manner ccmpering this control group and the second

- generation of amri@ntais, the controls were 1l per cent heavier at
fiu weeks of age and 15 per sent heavier at nins weeks. Perhaps

%ki: difference is given greater significenve by the fact ﬂmﬁ this
',n@md goneration of experimentals was made up of the second litbers
'-#i‘, the original stock. Donaldson's tables, as well ss ymatim
&-gemtim,’ indioate that the sesond litter rats nﬁ on the average ’
4he largest snd hardiest of all. On that besis this group should have
bean superior to the sontrols. It would seem, then, that the smoke
might have been respensibvle for the loss of & larger perecentage of
g;'mh and weight than appesars from the comparison.

The #hird generation was the offapring of the sscond. Whereas
their forbesrs wers only slightly inferior %o the vontrole, these were
«&a&dn&iy smaller. At five wesks the contrel group averaged 31 per
m& heavier; at nine weeks they had incressed their gain to 37 per
m% The significanse of this difference is inoreased by the faot

gtwk there was sn averags differense in the sges of the Wwo groups of
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TABLE IX
,mumm: WEEKLY GROWTN OF THE YOUNG OF THE EI AND Y1 anoups

mew A AR A S SN

Set | week of sets

waek

wesk

weok

41

9

180

41

. err

5

2|2

36

£11

48

180

IS I -
| i 1

T

se

aIx

100

104

18 | wmemeee
| BT

- oerr

13

B2

38

o

58

EX

58

"™

_ TABLE X
~ GOMPARTSON OF THE AVERAGE WERKLY GROWTH OF THE BY AND otx

'OROUPS APTER THE SMOKING PROUESS BROAW

Voights are in grems,
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enly thres or four weeks, They grew in adjoining cages, and all

;;,im\iihima wers egual for the two groups save the one fsctor of
 Cemparing this third generation ef experimentals with their |
wagm&ton and the litter-mates of these, the second gemeration

perimentals, the dsleterious effects of tobueoo emoke on weight
}m growth are further seen. It is s significant fact bhat the 1itter-
;;ain of this gensration averaged unusually large, but some died and

\""‘"ﬁm were divided around so that no female suckled mere than the

m; number, um i&, about ima, The ourves show that us thres woeks
‘M m this wy awmgu 15,8 per sent ihn 1:: woight m their
?i'ﬁmam; at five weeks ﬁmy aversged 27.5 per sent less and at nine
:mm they wers 28 pw aent lighter,

" ' the recerds elearly show that tobaoao smoke has o tmﬂng
'¢mw upen growth, end the tﬂﬁumw from the later groups immua
i’mt this stunted comdition {s transmitted to offspring. The selested
;mm:-n fron the third generation = efght femnles and three mles «
f‘mm deoidedly a!maml with respsot to the miter of ﬁ-vﬁiu&y a8
7;mh£ma in the previous sestion, Only thres surviving young from
rm» aontributed any svidense for effeots upon the fourth gamwbim.
mm” were not subjseted to the smoking proeess, and, presumsbly,
m; held & matural advantage in thet enly two in ome case and but one
m the other wers suokled by & female. The o were dinearded at

m;u t! m, at shiah time they aversged nim%y grans in weight
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‘?lxmk 25 per sent lighter than the controls.

o Purther informatien on the effects of tobascs emoks upen growth
,&a derived from & mmy of the seleotsd bresders !‘mu the different
grevps that wers kept for several momtha., Pigurs 7 shows the effects

fm&wyé smoking on the ultimete body w&gm of adult rats.

:  The Pirst generation sontrol eroup (01) was uet inoluded in the
;‘f‘,;gnﬂm disoussion based upon figure 7. These wore born in late winter
were somwewhet inferior in sise %o thoss that were born in the

y‘iag or susmer, Tahle XI gives the cemplete record of their growth,
o EXT group wre their own siblings. The fact that they were whnter

,/ ‘ﬁ%a and thn EII group were ssoond litter rets as mu b spring rats
{j‘;mhhly would make for o oonsidernble &ifferense in the general sine
aim rate of growth of the two groups. Tt is only ressemable to supposs,
Wm. mt the smoking prosess did eut the weight #f the BIX

b gfm g0 that ¢l two surves representing the growth of the twe greups

sre very olose together. Table XIT gives the record of the growth of
| TABLE X1

WEEKLY GROVTR OF THE YOUNG OF THE CI arovP

bh | 10¢h 1m Sist
] ‘l‘kw wic. ﬂkw
!1& 298 |
170 | 214
| 3‘?!9‘ 485 ) 288
38 |3 -;ﬂ,m 208 )|
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, Weoks
24 28

S RO

7. &m ourves showing effest of prolonged smokch upen
] M Males wors not included after the 18th m?ﬁ Possible
m cmmw amoking sy be sesn in the sise of the off.

: 0 4o mm stook (CIX te ﬂm or m, and BIIX

Egﬁ)
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TABLE XIY

WERELY GROWIH OF THE YOUNG OF THE BXI QROUP

Bt |

1 | 12| 28 | 46| 8¢ | 88 |133 (113 168 |108 (230 |
2 | 12) 20| 82 | 80 | 81 (130 |126 |155 [187 |180 |1

8 | 11| 2 |85 | 85| 86 100 (120 (138 168

4 | 12| 23 | 38 | BY | 70 |308 |127 (183 (147 (187 |

Ave | 12| 22 | 37 | 56 | 80 [107 [122 [149 (186 (14 |22

| ~ The upper end of the curves shows & signifisant trend that is
n m& by the growth record of the x:tx%:: EroNp. ’ ﬁic fm““m,

49

Ahat the Dorml rets tended to make s longer snd larger growth develop~

ment than those that were smoked, After the sixteenth week the males
mm fnoluded in the weight averages for they were diu?u.rmg 0
*ﬂw fim’.‘; records were made by the females. Of thess therse were five
:mh in the U1 and the BII groups snd seven in the EIIY group.
 The EIII group, whose completes growth resords may be studied
~‘in hm X111, shows olearly the stunting effeots of smoking., At
)M&m weeks of age, sight females and thres mles sveraged 21 per
:m% 1ighter in weight than their own progeniters, the BII group, did
:ﬂ et age, T4 should be stated that this represented a slight gain
,w the ywt of the EIIY grmy. for it ma seen that st nine weeks of

‘tw ﬁwy wors zs per esnt lighter than thﬁir Porbesrs, This golin was,
irently, hw&r mde _hy m mw of *m grovp, fu;- u:b mwum
m m; mum heut ta w oant less Sen the five
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TABLE XIIT

WEERLY GROWTH OF THE YOUNG OF THE FIXI QROUP

{186 [sra |stn |stn [7en otn |11en |16en | 23ne
! wRe wks whe whe wky i, e, wire

20 |81 |60 |88 [r08 iw; )
52 | es |88 |108 es) | .

25 | &5 | 75 | o8 ) 180 § mn
29 | 86 | g0 t‘a‘; o] | s8] »

28 (68 |76 |01 |90 |1s1 [180 | 1n

Buggestive date on the hereditary sffects of the moﬁ&ug

; 1865 WAy be seen hx amuriag @ho w0 groups of mxtw, - the
e o1 m BIl groups « with their osm #!‘tp!‘inga m »rogmy of the
l;fra; group, hich ws the C1I group, are shonn b0 be definitely awr;iw
‘mgm to their forbears) the BIIX group ie deeldedly inferier b0

mur prmnﬁwﬂ, the BII group, Thess radioal differemoes are not |
;;‘;mimﬁ‘ to any known fastor other than that of tobasso smoke.

\ Mo dafinite physieal effects that wers shssrvable resulted
ineressed amounts of smoking, The BIIb group was a single

Sttor which was fumed with smoke from ben grams of tobasss from

_thetr sixth to the ninth week. No tangible effests resulted frow

| ds, 90 the group resord was inoluded with that of the EII group as
i::’ a0t number four,

The BIITh group was made up of the ssoond litters of the EII

 brosders and were the siblings of the BIIE group. The smoking

}wmn was not sommenced with them until they were two and three weeks
#1d. This together with the fact that they were sesand-litter rets
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gy have been ruymw.v for the fuct that they averaged slightly
:?highx» in m;klj weights then did the EIII group. (See Tabls XIV,)

T FABLE XIV

 ~  WEEELY OROWTH (P THE YOUNG OF THE EIIIb GROUP
L |sea  |tn Ten lm X“h

- Bet  |wesk wesk week mk mk-
gk 40 7% 117 138 tau

. 53 70 107 | 118

¥
]

108 b5 178

Summary

s 1 Rats that wers fumed with muoke from fiw grams of
obasce for s period of seventy-five to ninety days were found to
"im 10 per cent mors prolifis then the nermal rats.

2. Prolenged smoking of those sumw rats resulted in redus-

3 Sﬂ '&m average sise of their second litters 80 gur oent, This
mmgq was 35 per gent less than that of the wml rn‘bu
o 3. The viebility of the third generation was greatly
;de, especially among the seeond-litter rats.
4+ The fertility of the third generstion deam was 80
m muk loss than that of the econtrels, snd 87.6 per cent less than
miz of previous experimental rats. Noreever, there wore thres sut
. olgnt fomales tut fatled b reprotuce. |
e The ﬂmmy of the fourth generation was gmtxy

o4, only 17,6 por eont of them surviving. ‘
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6. Tobudoo wmoke retarded the growth ef the rats. The first
Wmﬁm sxperimentals averaged 8,18 'pw cont lighter then thelr
sontrols after four weeks of smoking.

7. The sesond mmtim experimentals averaged 11 per cent
ughior than their comtrols st five wesks of age and 18 per oent
»Mghur st nine weeks.

: 8. The third generation experimentals sveraged 51 per sent
;?iﬂ.ghﬁw than ﬂu oontrels at five weeks of age and 37 per sent lighter
;w nine wesks . : ‘
| 9. The stunting effests of tobaceo mmoke were tramsmitted bo
Wrzy. The throe swrviving young of the fourth gemeration were
ﬁﬂr ‘mka&, Wt at faﬂy dnys of age two of them aversged 21.7 per
'M lsas in weight than the oontrols, Another was 23 por eent
imhm ‘than the sontrols at thirty-three days of age. |

| 10. Nerml rats tended to make o more prolonged and larger
grm development then those that were smoked.
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@Mk Iv
mw OF TOBACCO SWOKE mx RATE OF msvm

Mﬂdﬂﬁ#hﬁ

L m nutwre of the .tm of the notive agents in tam« smolke
€he nM processes hu not besn «muma, ! ‘mmmx
&ﬁnwt upen the wbmt h largely mmm, and the smt
m « w»mm pnwmx mam and muw rtgw&iag the sffoots
" s osntradiotory as 1t 1s wnselontifie, If tobasco emoke serves |

a wauﬂm, wm\ . Wﬂng unaaw to h;mu, i&s ﬁgm be umm
jﬁ‘m retard learning; if it asts as & stimulant, or exeitant, it night
» m«m to scoelerste !mm!.n; vy immo&mg the variety uml
'g"rkimy ef sotivities available for seleotion mﬂ rmtiﬂma .

| omm m;u betwesn these two apwm nmxm,tm. The
:mwm M’ the m&ln must sertaisly be sought in rigidly sentrolled
‘iwmmsm which 1s adequately designed to elininate all extrame-
“m M‘l‘t, thuﬁ insuring results that ynmisteksbly register thuc

ets. Such hus besn the purpose of this experiment.  The desire
:jmuwiun hami“gc regarding the effests of smeking is rn.ud in
Tu}.ﬁ% of ways, and the interest u‘h&uh sttashes to the gemeral
mguﬁ is far from being purely soademis,

 The methed of study, invelving She use of rats instesd of
Wumse, reseives fts sanesion from wellenigh wniversel selentifis

: tiee, Thers 1s ne aeatemtion that the vesults cbtained from thess
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apimnl swbjests will hold for humans, yet the practics of animal

 wxperimentation has probably demonstrated the faot that such results
my be ’wgarM' 88 ab least indicative and suggestive for a pr@u&l
 study of human beings. |

i The animals used in this experiment were sll litter-mtes,
Miﬁg&, and the direot offspring of these. The original progenitors

“""”’V clossly relsted, their lines having been indred for goner-
,_vﬁ“mm, So for uniforsity of sll hereditary fastors, nothing spproache
m m.: in humen family relationships oould possibly be found. freat

‘“mn has been plesed upon the m!m:hmc of the warious srmpl
for yvalidating the results of the exporiment, ¥hatever may have beon
'ffi!jl‘ defocts in the methoed of control employed, the various groups
mwmius osomparison wers, at least, ns nearly equivelent as oould

wumv be obtained,

m comparative &«qmay of this study may be mrlwls;d in the
tﬂw that the mumber of subjects used te test esch phase of mfwﬂ‘:ln
m; pﬁcmﬁn muoh larger than those used in emy similar study thet
hu some o the attention of the writer. The advantege of the larger
mn in the varieus groups is seen in the faet that the prependers
m w&gkt whioh exceptionul onges bear in small groups has besn

miy neutralised, and the differences recorded sy, to a very high
“w e, bo regarded as resulting from the experimental variations aloms.

The Problem Restabed

The objestives of this expsriment, together with the sxperie
a1 setwup and the gensral methed employed, have deen set forth in
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hapters 1and IT. Tt will suffies, therefore, to state here that
m:'wmiml aim was to diseover (1) what effests, Af any, smoking
_has upen the learning behavier of rats; (2) what differential effects

',uy result from waried amuts of swoking; and (5) what m-.mrm
f,;mu my be produced by it.

Tt final enswers to these problems have not been diseovered
osrtainly go without saying, The many menths of painstaking eare
!:n the hrming out of the research have, hmn ‘ﬂ»lhd some date
m the tobaceo problem that are new. How signifioant 'bhoy«my e
_ipkié» the point here. A mers fragwent of truth may insrenss by
”mis the body of iafermation thet will ultimtely givs »immn to

mmuy vexing questions invelved iz that probdlem,
Synopsis of the Experiment

| It was net oomvenient to maintain :triﬁ uniformity in the
7~'~mwmi prosedure throughout the experiment. Sush vartations as
m nesessary, together with the possible effects, will be noted in
f-ﬁn disoussion which follows., Table XV glves a synopais of the
§Wrmm, showing the different groups, the amount snd durstion of
?’tin Mm, the a«tml variations, and the ages of the groups st the
*k!m of training, It will be cbserved that three gromps (0X, BII, w&
gx:b) wore reared in the laborstory; ell later groups wers reared ina
vagant apartmen :zumumwmcmvmmxxuu
k1] Mk m mss-m tt o shorter mpmm regiven then the
u». Such effects s were elearly the result of the environmental

‘, ﬁmmm ag well &8 those resulting from waried amounts of fuming
with Gebasso smoke will be somsldered in the follewing pages.
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TABLE XV

SYNOPSIS OF THE EXPERIMENT SHOWING
DIFFERENT PHASES AND GROUPS

}
i

~ Fusber Agﬁ in mm
58 |of Rats |at Begluning
Palled |eof Tuition

o Tuttion Perieds, April - July

a: - 36 1 | 4Teer
m |80 mine| 8 g, | 30 2 43 - 80
BT | Lhew| 0gm. | @& | 9 o

o ‘Puition Perdods, September - Ostober
err | 2 47 - 60
Y |80 min.] B gms. 3780 | 25 2 47 - 80

i Tuition Perieds, Ootober - Desember
BRI (0 min.| Sgms. | 48 n 3 49
BIITH| 3 hrs.| 20 gua. (41 - 8T | 20 2 &t -n

Group Differences Resulting from the Smoking

A summry of the lesrning records of the three msjor groups in-
ﬂu experiment, showing the effect of tobacso smoke w the rete it
learning, 1s given in Table XVI below. This shows that thres groups
of rats (EI, EIT, and BIII) which were fumed with smoke from five grams
wme“ ware superior te ﬂw two groups of controls (CI and CII) n
i«tmq eriteria of learning, They learnsd with an average of 12,9
Qwhlm trials than taﬁr mtﬂla. their learning time sveraged
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(B Por eemt las, and Ahelr srrers averaged 4.4 por oont loss. On

* other hand, thows that wers fumed with smoke from ten and. Swenty
W {BITb and BYITS) are shewn to be inferior to the am”h mm
ﬁ‘ m ‘ariteria: While they htma with sn average of & por et 1ess
Hha -;m mmm msr verage time was 34,8 por oomt nsg\w and they
gm u.:. ;m' ﬂmﬁ nere srrers.

ABLE m
&mr« M 97 LEARNING REGORDS OF THE mmx., ms em, B

 AND THE &HWM&!MR&”

R mm e T — ﬁ?aﬁé"“
o froups  |Trials | Nean |Tims  Brrors | Nean

(se)cxanters | 20,1 |t .eer | ey | 116 [tees

‘81, m
B v :
Uraus’ 17.8 | t 027 | 88T | 111 4.0

9} BITb snd
CBIIIL (Ten and| |
: mmy m} 18.9 [ Y19 | m2 | 132 |[te.08

I 15 thus seen that the trend of the effects of tobasoo tneks
L 1 $he learning of rats was 1a sonfornity with the tremd of effests
Pertility as observed in Chapter III, The results shewed that the
#ats that wore smoked for & perfod of thirty minutes s day with fumes
five grams of tebacoo were ascelerated in their learning; thoss

e |
 abls reads as Pollows: Piftyesix fires and sosond goneration
,m liﬁh an mmg« of Wal wm, the mm orrar ﬂ‘
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Ahat weve fused for longer periods wers retarded materially

 fhe relfability of the differonces betwsen the obtained means,
ms aomputed by mssns of the so-salled shors formula, does not in seme
Qf ﬁhc 'uum indioate any aign:tﬂamt éifference. m:m»vér, the
m&w& of geleotion in ¥he experiment was such that the groups would
w in any sense represent a randem sample. To find the am&aﬂ
m of the difference between relabed or omﬁcd groups, it h
m&ury to une the long formals and that oumnot be used where it 4o
A ssidle to correlate the groups.

" 'The shorter formula has been used whers thers is no warrant
m iﬁ, with the result that the reliability of the difference as
“peporved, is dncorrects s « + It makes the standard error sppesr
%00 large and therefore makes the differences sppesr less reliedle
than they sotumlly are o o+ + « Thensver a differanse must be found
_between two related groups where the value of the sorrelation is
druly inaccessible, ths writer should eall stbtention to the faot that
$e stenderd errer as found by the shorter formuls s not a resl '
ve of the atandard error but merely an upper limit. - (27:83,60)

ﬁomidwm then that the usual statisticsl precedurs for
*Mminﬁng the mumiey of the difference vannot give a trus value
'{j»‘is.u tm oase, the following indiees must be regarded as only spprexi-

‘mations.

| Comparing the different groups in trials and errors as given
&u Teble XVI, the following relationships are seen, The obtained
ﬁﬂ‘amm; in the meun trials of the control grows (CY and 011} end
%ﬁ five gran experimentals (BI, BIX, end EIIY) is 2.6; the standerd
’ Sace the obtained differense fs

r o &h ohances are
e , &irramo ic m).- h nigmm .
ente "~ MN M ne u};&husﬁi%mia meen srrora. Comparing

orrar of the differemes is 1.09..
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m ten and twemty gram (EITb and EITTb) group with the other 4we
W: no reliable differences in mean trials appear. An insig-
mmm differense appears in comparing their mean errors with those
_of the controls. Oouparing them with the five gram rats, however,

ﬁ Ahe sbtained difference in errers (21) 1s twice the tumr& devietion
ﬁ‘m differense (10.3), whioh ‘grahnbxy indioates khnt ‘tm difference
hj‘n real eme. |

It 4s to be obeerved that the greatest wariatiens oseur in
m time fastor, But mo ssoepted method of determining the stenderd
_evrer of the harmonts mean exists, and therefors it 18 tnpossidle to
doternine an index of reliebility,

Turning new to a detailed study ef the differsnt group resurds,
" :,:ﬁ-ﬂm will be made touching ell thres eriteria of the mass

arning §n en endeaver to estimate more in detsil the effects of the
:;’,lutm of tobsooo smeke and other fastors upon lutnim a8 these

fm. reflsoted in the mup variations. Table XVII gives the leerning
mar&a of the mﬂm groups.

X% may B tmt ths omrinm registorsd the influence of other

mma in uuzm to the one sxperimental facter of tobasco smoke,
}*&mm is o nvhuw in hmming a\aili&y attributable to sensonal

gos, @m» this was reflected here, for tha learning perieds were
imm»ma frem April 18 to Desember 23,

It envirommental variations,
,.@ﬂug um‘!u in legatien «M hmiag and u’hﬂu s more stimu~

Mzm 1ite situation, :tuﬂwm lenrning sbility, then this faecter
, yod o part, If there was an inorease of skill on the part of the

erimenter in hendling the rats, this might be reflected in generally
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TABLE XVIX

‘?,ﬁm OF TEE LEARRING RECORDS OF THR YARIOUS GROUPS SROWING
Am&m mmm IN TRIALS, TIMR AND ERRORS

e AN A

- ih-om ) Trials Seconds | Rrrors
21 | 708 17
18,8 7 130
160 803 o
1.8 &1 | 18

k8 18.6 590 : 1s
) Erx 17.2 450 89
BIIDS 20.7 1088 | 151

- 7" p mw&c on the part of the later groups. The evidense seonvern-
m offects of these faotors, as well as that of the experimental

mm, is to be noted, The synopsis of the various phases of the
Wmm afforded in Table XV above Will serve te make some of the
yariadle cenditions and facters olear.

| The experiment might well be divided inte two major divisions
)ma on ‘thc factor of environmental ohange and consequent variation
: %w mimr of miug‘md osre. It hes deen indiscated in Bhnwr
 page 12, that the steok was transforred to a room in s veemnt

ﬁw during the tmr nmun and lm't ﬁl mhmm gmw |
mn reared, It m nnr t&m the new looation Orhuﬂ & much mere

m s mmc bty the mzmm of the

The experimental growps desigmated as EII and BITb with thelr
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a

};f‘:nmrau the CI group were h\m'wm rats and nmsmﬁ the first
mu of the experiment. Their greaster degres of timidity together
ﬂ*kh their mere pronounced a.wﬁ&ing resctions, especially in the first
wﬂ: of the lsarning series, undoudbtedly scoounted for a considerable
wﬁ of thelr inoreased learning m in comparison with the later
ywu Then, too, thé experizmental gmwn wore traimed in the masze
#wing one of the hottest periods of the summer. The intense mw,
u oscasional msing fly, snd the whipping of the wind tshmgh m»
hmmery were mmmdly disturbing facters that influenced aﬁwruly
the racords of the BI and EITh groups.

: ’: ~On the ahah, the results ashisved in the sesond part of the

','iomrmw are wnmbly tu be regarded as representing more nesrly the
mm learning effort of the different groups under seasomal e~

ﬂﬁw that wers umh more nearly uniform. While the records of the
;}Wgemg groups are by ne msans to be ignorsd, yet it is the mm;
!,ur the writer that the reserds of the EI, EIIX and EIITb groups in
;&wrﬂm with their eontrols the CII group give & more assurate
mﬁm of the group varistions that were prodused by sxperivental
t'uw of totacso smoke alene.

. mn seoond phase of the experlment slso marked a slight mmm»
in khﬁ mehod of proosdure, In the case of tlm groups reprssenting
m t‘imt phase, the rats were smoked at the olese of the hr':

¥ “,,;zm. But the experimenter was oonoerned with such effects of

dng as mn h * measure permanent and met with any Ww
. ?&n. &0 1t was dniim to discontinue the :wk!ng shortly before
mmm precess began. This was doms four days befors in the asse
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H!' the BI group, and two days before for both the BIIY and the EIIXd
th It was, of course, impossible to tsll hew mush the mere
f«vmmuttm effscts may hwn influsnced their behavier. It is olesr,
; [MN:-, that the rats were not wnder ﬁho Mﬁaa influense af the
mm ingredients of the tobesco smoke. No data are available %o
nm how permanent the apparent stimulating effecte of tahew smoke
ngy bn s but 1t is awﬂnﬁ that the rate were affected at loast for a
Mw of days after the oessation of the smoking prosess.

o  There was aleo & varistion in the methed of preparation in the
M of the EIIT and the EIIIb groups. All other groups were given a

E s - day pnpumtim for their lesraing, involving sharp m«m«m in
;é‘ﬂmiv vsusl amound of food and offering deily epportunity for erien
\M&&@u with respest to the mese, but thege groups seemsd so m and

nm& their preperstory regimen was redused to two days instesd,
o The group vearistions resulting from the experimental prossdure
may be mere graphicslly portrayed in the Prequeney pelygens repre-
Ming the verious group performances. (See figures 8, 9, and 10.)
{[m“ shew not only the reletive position of the meens of the growps
h %riau. time and errors but also thelr nmm!.

f; e lm Analyses and Euyhmﬂm of the Group mfﬂnuu

It was, of sourse,impossible to sccount for the group &iffer-
mﬁ obtained in any full er uthﬂauw‘mmm However, thers

‘\‘m@ m b some 'm-y definite mm why the five gram exporisental
panss ) eontrols in twe of the scoepted ‘ortteris of learn-
-y w ’h mdzur p.m Oﬁ‘h m umr meanisg of these
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ts for gmm htmm situations, and for an th thm
tm differont W. is by no means so appuﬂm. ‘

. 1. mh%uitg in muﬁuﬁ !mré novementes A nagntfs.wat

&Wm resulting frem the smoking process !su ulmﬁy beei w&mo&

m, and the analysis $n Qm‘? IX tegethor with the figure on page 29

;a?ﬁma to make 1t olear. That amalysis shows that the emoked rate

:-5mma persistency in the matter of conaistent forward mevemsnt whioch

mﬁ to sharsoterise %&u m&m There wes o gmhr ﬁﬁmy for
m t6 retrase and return ‘w the point of entrance during the esarly

als. The curves shov that inereassd amounts of smoking slso in-
',;mum this tendency to retracs. The ocntrols tended to push forward
;;M thw sml with comparatively less hesitation and flustuation of
‘imnt amn; ishc nrzy trials than was ahumahrhuo of ﬁh‘ smperi-
8. The net result was thm ‘the experimentals, by many Mnﬁuga

ﬂr wtim of the maze, ma-a to mass thelr lsarning mé thus out
M somswhat the average of the mumber of trials necessary to ccmplete
learning. The larger signifioance of this procodure for ifﬁﬁhmy

_relative ability in learning is not slear.
The best representation of this retracing tendency may be sesn

m mmbsr of Botyps errors that were amsssed, The srrors that wers

‘;gma.a were of twe types: (1) the ordinary cul de sac srrers
ﬂg\ﬂmigmha a8 A-type wran, and (2) straight retracings of the trus
paty Z_y, designated a8 Betype, a3 errer being sewnted whenever the rat
7 a & sorner while mwtag towards the point of mtnm‘ A U=turn
tﬂl}« z“ Lo m ntm& as ome mﬂ'. The total of the Betype

mart for a rat or a grwy gives u falrly relisble index of the nusber
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_ #f times the mase, or portions of it, was traversed in exsess of the
mhw of times indiested in the musber of recorded trisls. It is to

;h mmhm that ench wmmg implies an squal distance to be.
'ﬂymr«& by the rat. Q‘Mth‘ the number of thess errers should be

lul in whv 0 estimate the average nusber of times the wass was
Mnrud both ferwards and dackwardu. There was, of acurse, 1o way
wm:m what ymm of the straight segment was retraced, but it
is probable that the frequent retraoings of segments which wers not
unted as errors would more tham jJustify the proosdure of reskening |

error as s full retracing for compsrative purposes. A tobal of
W&n such srrers would be made in making  somplete oiroui: of the
mﬂ from the feod-bex back to the point of entranes,

s Taking ell the Betype errors for the 01 group omlmin of
‘ffw amsnod durisg She initisl trial, the hireyerive made o total
am or an average of thirtyenine. This ma, nulwunh to 4.3
mwmu of the mane in addition to thase indioated in the Awenty-

 4rials which wes the sverage of the greup. (See table XVII .) The
" }j}‘ﬂiﬁt wembers of the EXII group amassed & total of 1680 such
srrors for an sversge of sixty., This was squivalent to about seven
mwuh of the mase in addition to those indioated in ﬁ!m 18,6

lt whioch was the average of the group, Thus it iz sosn that th»

1T group, by making 38 per cent more B-type errors than their sontrols,
fested & waving in average trials of 11.4 por semt. The NI growp

18 to 16.9.
M same tondenoy %o retrsse and mss their learning wss seen
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“4n the case of the EI group in comparisen with their comtroels the CIX
groups A comparisen of the Betyps srrors for all trials exelusive of
w first showed but a slight differencs between the groups. But when
'%mrw the initial trisls wore Aﬂﬁﬁ&g the CII group wers found %
Avorage fiftyotwo such errors while their litter-mates, the EI group,
‘averaged sixty~oms, a differense in favor of the OII group of 14.75
purmm‘ On the other hand, the EI group learned with an aversge of
lmawr wﬁ lesn trinh then the CII groups |
 The sbove wwtnm sre suffisient to indicate & m&ldmmé
::mﬁmy produoed by «m «mnmm fuﬁ%t af‘ mua m&n They
aleo reveal the faot that the mumber of wu n not & very accurate
m of the mamz' of ﬁm a rat mmud the me. ‘t!w yecords
show that some rats which took as many ae Wtﬁw trisls to complete
their learning were M, by moving steadily forward in each trial, to
:'.;mp their learning time and mumber of errors proportionstely low,
Others loarned in ten or twelve trials, but by repestedly retraciug
they sonsumsd meh tims sud smessed & relatively large mumber of errors,
A study of the original dats sheots reveals the fact that the retracings
“ sharsoterised the first part of the learning series rather than the
last, Figure 11 shows that the experimental groups twmod higher
tkm the soentrals in errors for the flrst ﬁm of the lesrning; figure

12 shows the ssme situstion but for the gulded rune instesds A lerge
‘propertion of thess errors were of the Btype,

o It aoems olesr that there was s signifiesnt element in the
 procedure which indfested somsthing 85 %o the relatiwe learming ability
of the gmw» Those that spent ammch time in the mase hmz the sarly
m mﬁ mey retraced thereby tended to mss their learning.

a
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nwu manner they mﬁorh}iy reduced the number of practice periods
nesessary for their learning. But if thers is a potent tims element
1n learning as expressed in Jost's Law (281251), which implies a

wam fization of new funotional nervous oonmections, then the

iiftamn« becomes apparent, If the process of fixation (s gradual,
mn%ho adveantage was definitely with those thet took the qugor

*m of mm.. Therefore, those rats whioh learned with a lesser
sumber of trials but with equal time and errors should, in the light

this law, bs regarded se definitely supsrior to the others.

2. Yeriability in exploratery movements. - As the lack of
éﬂmiwqm forward movement tended to reduce the average number of
i%‘ill! necessary for completion of learning by the experimentals, so
 sorresponding lack of exploratory movements tended to reduse their

;ﬁ lesrning time, Norml rats éﬂdam& groat ouriosity in their
behaviors They must be desperately hungry to be thwarted from their
;mtuul mamy to investigete ocempletely every new sitmation. When

& mntrol rats were first placed in the food box of the mase to
‘,gin their period of preparation for their maze learning, they spent
“m most of their time in rasing sbout on tep of the mage in purely

:i@lwmery movements. They ran to the food box Mmianally for a

'.::b:l%u of food, but soon they were out again vigéramly investipmting
'mm;;

v !’Mm e Mn«my was strong when thty ssxs to run the mase.
my were Qme;r nry hungry and their main msmﬂ.w was to get

:%hn :m box, yet it was phmxy svident that the other incentive
%mlwo was playing e powerful rele. During thiﬂrut six or eight
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ﬁt, ﬁhcﬁwimw hed to be very guiek in slipping the pmel
m«pm behind the rat after he entered the food box, otherwise he
would dark back into the maze end remew his exploratioms. It was
yé&rné‘teriﬂ;ia of them, after they had taken = bite or two at the
asmfs of & run, to lesp out of the food box snd explore the top of
m mss wnew. This m‘fmﬂyy@mﬁmﬁ, for it was aamichm‘a that
m insentive to essaps from the narrow confines of the mage alley~
w might greatly sugment the other incentive to reach food, thus
wnmring a grester degree of cffart on the part of the rat to get |
ngh' o '
: & It was plainly different with the experimental rats, 'i?ixéy were
'ﬁvimsly h&ing to a considerable degres in these exploratory move-
,uéﬁﬁa.“ Their major incentive seemed to be to reach the food box and
‘they were not swerved from this to the degres that was characteristie of
‘Eiw mmtrola‘ It m*M&y necessary to use the pansl to block their
_return into the mase and seldom did any leave the food box to explore
' This apparent singleness of purpose, together with a more highly
,#?him}kteé physieal condition which seemed te result from the smoking,
‘vesulted in better time and trisl averages for the five gram rats. Perhaps
’im‘u increased effioiensy in learning may have been due to (3.‘) a loss of
1nmﬁw to nommal exploratory movements thus making possible very
ﬁgthadiul and highly direcsted efforts to rsmch the goali or (2) the faot
that the effects of tobacco smoke may be correlated in some way with

& reduotion of synsptic resistance and increased esse of spresd of
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hley ey (18) in aosounting for the mpermuy of his &erwhutaiud
M in a hm&m situation,

8 Wﬁ%ﬁaw,l effoots resulting from veried mml of

" m e A signifioant rimh of the experiment mmé« that
;ﬁﬁr& differentisl effects ,ﬁmltﬂiug from varied amounts of
ng, The EIIb and the BIIIb groups were smoked with fumes from
 and wenty grams of tobacoo for perieds of ems hour amd three
o respeotively, Their behavier end the rw#é& ﬁMéh #}wr mde
;'-m,m that bhe mm of maximm stimulation had been passed and
: hnsr muatu of mba soted as a depuaunh Vsahmn o
2; XVI shows the extent of the retardation. o
A comparison of two groups of third gemeration tmmn’w‘.s
the bost representation of the signifisant vartations frox
:hamimg behavior resulting from nicetinism. Two srmp: of
iﬁ{m:, the BIII and the BIIIb, wprumtad very extrems rn.at&m

the tobases smeke. The EITI group, whish was camposed of the

#% litters of the BII group breeders and fumed with smoks frem

grams of tobuece, prodebly shewed maxismum effeots of stimu-

“m‘ While they were much the smallest of all in body size and

MQM. their movement in the maze aversged thr fastest (sse page 79§,

: ‘&wy far surpsssed sll others in mean learning time and in average

s amassed, By far the best individusl records were made by

w of this group, One male, fer instancs, mde only twslve errors

: hsmpa ia 1&1 twmam (&u‘ the appendix fﬁ" {ndividunl records.)
’ b grovp was compesed of the sseond 1itters of the BII

f mnrs* mtr mgwmx show m oppmms tﬂ'mt wl." the ue&iu;
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wemn, They were fumed with mwko from twonty grams ar tahuw,
‘bﬂng left in the smoker about éight hours each day. ’!’hﬂ smoke
Wmtlly u#;pad from the nmqu,. but the total time in which they
were subaauﬂd to heavy inhalations aggregated about three hours |
1'3 m tobsocoo was wb all burned at once ‘but %hroo periaﬁ: ar

; were interspersed throughout the day. The aypannt arfwh
Tnf'tha inoreased cmking was to make them dull and lhthu. mn

iﬂm' were firet placed in the food boz of the mase they went stelidly
ﬁ; thir feeding and than sll except one mio surled up arem the

k ﬁmmr and went to slesp, This ome male aid explore the tep
the maze in rather gﬁrmi fashion. But the behavior o? the group
m&t ﬁheh throughout the entire loaming period was cimiiarly 1:;#
mﬂm and 1istless,

Peot of Tobasoo Smoke Upon Sex Differsnces in Learning

An Mamﬂsing disclosure of the experiment was seen in the
?ﬁ% that the males were gensrally more eewsunt and uniform 4n
%Mr mse performange than the females. It sesmed to be mere
?ihv.rwﬁwiwm of the females to retrase frequently., The fnmlt was
%&w their errors end mean learning time were higher. Their mmm ‘
sbably tended te mess thelr learning Vvhiah regulted in ea%ing

'M'””me the average number of trisls. Table XVIII gives a

?k"mrasm m‘* the malea and females in the veriows grww.

The Mmur vf the sex differences tu um 1nm£uz my e
‘ af,ia 3 Whm ﬂ' grwm a mﬁ B &n the table. Ehnc wers the
3 m‘lu and ;E’M“ wwiumm m mn&m& of rats. I
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TABLE XVIII

A GOMPARISON OF MALES AND FEMALES IN THE VARIOUS GROUPS,
_ SHOWING THE EFFECTS OF SMOKTNG UPON SEX DIFPERENORS

e

s Mean |  |Mean | Monn

g Group Trials | M.D, |Time M.Ps  |Brrors | M.D,
A. O and OII Males | 20.4 | 6.5 | 636 | 207 | 207 | 34
B @raemdozx | f b
' remsles {188 | 42 | 750 | 285 | 123 | a7
¥ - BI, BII, and BXIX - e |
0 Nales 17.6 | 4.2 | 566 | 208 | 104 26

£1, BII, and BIII e
 Femles 17.4 | 4.6 | 672 | 314 | 118 45
B. BIIb and EIIT® | | |
T Nales 21 4.5 |87 | 208 | 159.5 | 84
P. EITb and BIITb

 Females |18 5.5 |40 |402 |127 | s

‘was generally essier to predioct what the males would do for they were
mﬁ consistent and constant in their setion than the femsles. They
m‘&d uimlly be sounted on o press mnduy forward t¢ the goal,

A,!hi toulu wers more u&ﬂl&ting in their behavier s 88 may be seen
ia e comparison of the mean learning time and the wean errers for the

0 groupe. The males with an average learning time of 636 sesonds

| mmnd thy females by 12.9 per cent. !’Ey wore 13 per cent superior

?kﬁ' ﬁu li‘ouln in average oi!' errors. The mean varisbility of the

‘}ﬂ with respest o their average time was 27.2 per oent grester

. t}nt for the males; for hﬁ'ﬁ!’l they were 2 per cent more variable.
. w:rsmu may be re;ardud o8 indieating tmmtﬁug and sig-
cent trenis for all the groups that were tested,
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A comperisen of the vesords of groups C and D with groups A
snd B sheds light om the gquestion of the effwet of tobaoso smoks upen
Sox differencess Thess groups represent the three generations of rate
lm@ wore fumed with smoke from five W ‘a?i‘%mm ~ Heys again
‘;Wﬂ is & very slight ﬁmﬁmp x'ar the females in the average number
;ﬂf trialse But for meen learning time, the normal mmﬂmm betwesn
ma and females as sstablished by two groups of normal rats was
deotdedly sltered, Instesd of there being & difference of mearly 35
per emt, it has dropped to slightly more then 1 per gent) the sverage
“of the srrors for the femele groups was 9.6 per cent higher then for
&;tm males instead of 13 per cent as for the sontrel groupss In the
,vmﬂknr of ~msmaw, these sxperimental females wm 35«? mr'om
kw‘ wmh then the wales with respect 60 aversge ﬂu, and 40.7
fgm et move veriable with respect to memn errorm.

To get st these sex differences fyom s different sagle and
‘further show the differentisl effests of tobacso smoks upon males and
ﬁm&m, some inter-group relationships snd comperisons m'wry
suggestives (See table XIX.)

2 Comparing group A with group C, which means s comparison of nﬁ
mormal males with all sxperimental males fumed with smoke from five
{; grm of tohasco, the experimental mzm are seen o be superior to
w; sontrol males in all three oriteris of lesrnings They meeded
13,7 per cent fewsr trisls to camplete their learning, their sverage
time was n xm* sent lose, md tmy nede an aversge of ms fawer
errors, In oomparing the varisbility of the two graups, the experi-

are ssen to be more oonsistent in thair group pumamu then
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TABLE XIX

| mxnﬁmw GOMPARISONS OF MALES WITH MALES AND FEMALES WITE
a8 10 SHOW EFFECTS OF wu\zw SWOKE ON LEARNING.

v | Jwm | |mea |
Trials | ¥.D. |Time MM.D, |Brrors |M.D.

»z&) 0X and €11

20.4 | €.5 | ese | 2or | 107 | 34
17.8 | 4.2 | s68 | 208 | 104 | 28

19.8 | 4.2 | 750 | 288 | 125 | 37

174 | 4.8 | 672 | 314 | 116 | 45

m aﬂmﬂlu lzu two of the orit&ra.

" likﬁ mmr, somparing t!m B and D groups, which were 311
_,'muz females and the experimental femsles that were smoked with
“Ma from five grams of tobacco, the differenses are most intersst-
;ma mwa%&w‘ It 1s thus seen that the experimsntal females
quired 12 per cent less trials, they learned in 21,6 per sent less
ﬁu. end they made 8.5 per cent less errors. Their degree of

ability, however, was greatly inoreased. The experimental femsles
s 9.2 ‘por cont more varisble than the ocontrols in time, and in

am they were 15,7 per sent more variabdle,

k~ Z‘h» evidense trm tlwm comparisons Minﬁu m# tehmea smoke
reasived in dsily inhaletioms affected Jearaing
';!n hﬁrﬂlﬁ apd that femles were mere muma by it than
‘;::ms. Both groups showed m&d&rx‘b&q improvement in the differ-
m:rthrh, partioularly in that of learning time., This may
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Tﬁ:l:lr"‘iyguhr an inerease in spsed prs.urily, resulting frem purely
;masml stimulation, While the varifebility a!‘ the male groups wes
ot fnoreased by the inhalations of tebasco mmoks, that of the

mm wes materially inereased.
Msatn of ‘Mum»ya’uku Upon Rade of xﬁuunt in the m.

Ome of the obvicus sffects of the m&iug prosess was to
'wmun rather significant variability in gross physical setivity.
VEMM it was net the prmrs.n« of the experiment yr&mrny to study
s aspect of the problen; yot the follewing waatisal observations

j’ﬁy bear some significance.
W , The sffect of the rmu from the standard amount of toua“
(ﬂm grens) seomsd to be to producs an inorease of mtﬁvity. This

 disesrnible in sasually abmrviug the two groups in thdr normal
{Mh&ﬂw in their cages. The muoked rets seemed o be more restless
m aotive, This wmﬂcd »um‘tim is confirmed by Nioe in his
. raznn*k with white mice {ms 1), His smoked mive measured much

“whr aotivity in their nwmﬂm cage than did the normels.
| The effect of this stimulstion was clearly seen in the mge
M*Lng. he smeked ra{s_x wore notiseably mere sggressive and they

#W of precision, By taking the errorless runs M sach group,

- msi%h ﬁ ammn rother sscurately the rate d‘ mum of
i diﬂtﬂﬂ groups 1 this respect. )

The mm-m m for %m errorless rws of two groups of
m’ayﬁa umm fiftye-six rats was fourteen seconde. Three groups
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ot experinmtal rats totaling eighty~tws which were fumed with emcke
from five grems of tobacco averaged 12.7 seconds for their lest error-
im runs. Thie average was 9.3 per oent better them that of the
mktaixs; Of the three groups of experimentals, thome representing
t!w third gemeration {BII1) made mmoh the best average. Thirty-one
}'aﬂ* these aversged eleven seconds fm' their runs, which represented an
mnga speed 21 per oemt greater »thm that of the controls.

o But the stimulating affm, seompd to obtein for only s limited
mmtﬁi‘mm. Beyond that amount the smoke ssted as a gamm}
k&pmmt. Those that were fumed for lomger perlods of time and with
Iax'gerr smounts were rather listless and somewhat szuggiak in their
movements. Two groups, the EIIb and the EIITb, were fumed with smoke

frm e anﬁ twenty grems of tobasco respectively and for longer
_periods of time. Their average time for the four runs wes 16.4
mmﬁaﬁ which was sn average 14.6 per cent higher then that of the
‘fﬁfwmis and 22.6 per semnt higher then that of the five gram rats,

| 1+« Rats that were fumed with smoke from five grame of tobasoo
mlhé both kthc rats that were not fumed st all and rats that wers
M :iéh larger smounts, in all three oriteris of the mase learning.
| 2. These that were fumed with smcke from ten and twenty grems
of tobaceo were inferior to their controls in two of the oriteria of

lewming, i.e., learaing time and errors.

3. Fumed rats tended to retrace ths maze pathway more often
’Em the comtrols.

4. The smoking procsss sffected a lessening of exploratory

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



mevements on the part of the experimental rate.

: ’5; !m}. male rats wn found to be gomrally superier to
f&!m narml females in learning ability.

~@s. Differenses in learning ability between males and females
;ﬁnﬁnﬁ to disappear after fuming.
7. The female greu@s were found to be mro wariable than the
- 8. Tobnooo emcke inoreased the wrhbﬂﬂy of the hu}a groups

&km& ttfut&u izm uales proportionately,
8. Rats fumed with smoks from five grems of tebacco tanded 4o
m faster in the mase than the others.

o 8. The movement in tix maze of those that were rumd with
li'mlm frem ten and Mnisy grams of tobscoo was slower ‘then tar the
ﬁ?mw groups.
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CHAPTER V
SUMMARY AND GONCLUSIONS

~ Ome of the perplexing questions that has been awaiting an answer

or & long time is comcerned with the effects of fobecco smoke upon the

m‘ tt}. processes. It is olear that the mase experiment cennot be mmde

fln tell an that might. becoms Imown concerninmg this problem. Mase
hming 1: primarily af the type designated as motor learning. As

Imh, iiw masures are too erude and unrefined to throw mach ‘light upen

m of thn subtler processes that are invelved in learning and which
;m;m te be meusured. To be sure, there are unmistekable evidences of

ﬁratv%ml and ideational harning involved in mze lurna!.ng; the latter

sypes embracing such important factors as insight, pemory, imagination,
. 'ipﬁm, Judgment and reasoning. It ig with thess _elements 'that
f}wpalar apinim: is most cemomad but the maze has so many purely
miaui mﬂ mohenioal elemsnts in 1t thas it s very unsertain to

‘t. Msr» 1t measures these higher mental processes.

, ﬂu wage in enimsl experimentation oan de 1ittle mere i-.hsn giﬂ ‘
1 mmx- in a very general way regerding the problem ef the relative
,nriﬁ.ag ability of m or more groups. The signifiocanse of sush

vﬂts way be much or little; the degree of that aigniriumw my not
«ﬂmimé until psyahulogistt have selved some of the prodlems

mm ﬁthﬁn khe id experiment itself. Huwever, any experimental
ltn hat tond to M that todbasco amk‘ doos affeat the n’&o of
rarning amm ﬁiivww be of tntnﬂsﬁ and to pessess sclentifio value.

81
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‘ The major results of this exporimsmt are emoerned with two. |
'jnpma of the tobacso problem: (1) the effest of tobacso smoke upen
mymxm organism, and (2) the effect of tobacce smoke upen the

‘rate f learning. A recepitulation of the swmarfes of thoes results

A+ Seme physical effects of tobusoo smoke,~
1. Rets that were fumed with smoke from five grans of tobasos

f#&r L r&rio& of seventy-Pive 4o ninety days were found w be 18 per
;m more prolifie than the mrm:i rats.
8. Prolonged smoking of those same rats resulted in redusing

f?%hs average size of their segond litters 50 per cent. This average
fwu 35 per eent less than that of the normal rats.
3. The wiability of the third generation was grntly wa,

. mxg smong the seocond-litter rate,
4, The fertility of the third generation breeders was 60 per

m less then that of the centrels, and 67,6 per cent less than that
of the provious experimental groups. Nersover, there were three out
igh% third generation females that failed to reproduse,

B+ The viability of the fourth gcmrmmn was greatly reduced,
m'w 17.6 per vent of them surviving,
‘Tobaseo smoke retarded the growth of the rats. The Plrst
g 'ﬂi.ﬁtimiwoﬁmn&h averasged B.13 per esnt lighter than their

trele after four weoks of smoking.
| - 7. The sssond R‘m“nmx experimentals averaged 11 per sent
ghter than thelr somtrels at five weeks of age and 15 per eent lighter
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o 8¢ The tiivd generation experimsntale aversged 51 per ednt
:;‘e;;gm thaa the samtrols st five weoks of age and 57 per sent Mghter
w,a!e nine weeks,

B« The stuniing. armw of tubsoco smoks wors trensmitbed w

y+ The three mw;ng ym of the fourth generstion ww mw#
mma, but at forty days of age two of them avoraged 21,7 per oent less

&w m&ghﬁ then the controls. Another was 23 per sent lightw ﬂma ish»
«w&wb t thirty~thres days of m« , |
‘ }m Homeal rets tended ta make & more prolenged and mw
h m&w than those %hm wore smokeds |

- :&. mmmmwammrmgrmummm
Muﬁ both the rate that were not fumed st all sud rate that were

2 with larger smomts, in sll thres eriteria of the mase Yoarning.
| B Thwtmkrmwwﬁhmmmmm'kyﬁm
;af Wbma were inferior to their controls in two of the oriteris of

ag, 184, loarning time and errore.
8 mm&:m%w@mtmmwm”mm
‘m ﬂh ‘tontrols.
&« 'The emokting process sffected s lsssening of w&wmuw
mwmnm on the part of the experimental rate. :
b« HNovmal mals rets were found to be generally superior to the
mmi fonnles in lewrning muw,
| 6 Differenses iz lesrning ability between nales end Mﬂ |
ta ‘dinappenr afer fw&m;
| 7« The femals groups were found 60 be more variable than the
males. Tobasee mmcke ineressed the variability of the femele groups
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without affesting the mles preportiomiely.

B Rats fumed nm swoke from five grams of tdmma w«x to
;m mm in m mage than t&u others.

Y 'm mowment in the mase of those mz wore mm wseh smoke

m km and twenty grams of *&o‘n&saa wag nlmr 'blmx Mr ﬁu wtm-

ﬁmng of the Results

s Nedioal ap!nlw seeme to have nubluhut the ho’k mt u&w&im
;gmm very &oi‘hﬁ.ﬂiy the mt;nmia nervous uyum. Ir thw it the
‘#ase, the norma) funetiening of the duetless glands would prodably be
;ﬁin‘&wbmh

The behavier of the rﬂa under the 1&1‘1&:&& of numm m the

sgent experiment was very similar to that wmztiug from the fesding
w Moiﬁ extraot ss noted by Shippen. She fm tshat m thymid
wskmt materially reduced the weight of the rats M asoelerated the ir

. m&ns. Her explanation of the results is os fallnn:

, Thyreid-fed rets have been found by other vworﬂma«n to
“nquzlu more food than normel rats, as their inoreased metadolimm
plus greater astivity, consuws more nourishment, Thus the tendensy
of the thyroid-fed rats to be superier to the omtrols can be ex-
ned by hyperasotivity plus stronger metivetion, rather then by

¥ okange in the physicel mukeup of the neyvous system, (24172.78)

" She found that small amounts of thyrold served to &:ﬁzilunﬂw

f%“ﬁ’a thus umtg their lsarning, whereas larger emounts cewsed siok-
}m#i whish urhmiy interfered with their learning ability. This &s
mbmmth}. agresment with the results of the present npuraunh
_mavm of the smoked rats seemed to slearly point te s cendition
lar to hyperthyrodism, |
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Q& ma txha‘b G'h&tw ﬁu%lou glmdl may hs.w Non uw:&wa is
fuf aw“ ywhhmﬁnnl‘ m ﬂ?i&’&iéﬂi in fertility rnulting r:m
m mck:m prossss my, ‘hww, peint to some ortew upon 'bha
‘i%uiﬂry baﬁy nmt the gamds. It geems mwm’b.h ta supwa thak

ahtmima mml’e: wore ntbrimhu to some &&nwmt tnwlvia;
: wtawidnpndwmg glmdaa.

 The odusational implicatiems of this atuly are tndtrect and
Mdmﬁnla In tha firat place, mm :tx ne mmu&y ﬁmt ’ao‘buno

; » ut‘fmta hmu and r:.t; alike, On the a!:har !uné, Q:h-m seems
hingikuwwﬁ tuling mng ¢dmawrt that i:abmeu udﬁicﬁm m
;‘pﬁ: of grwing ohildren doss affest their learning u.hmor.' 1t
,“ rasmbla te mppun that the more highly urmiu& nerveus mhm
o kmm would net be less susoeptible to the offegts of maroeties

' ‘%an of animals.

At 33.1 ewntn, udueaém-n sannot be indifferent to anything whish
"Mt & threat of ﬂehn«n sg&imt t.ha m@ki‘u or lumiug mmﬁw o«

#Mlémn. I niwtm;m thks the m'&wmia nervous tytm, then
3 mwum of the normal fmatuaing of the mdmri,m glmén my
-?mam %0 have pronounced Npornmd@m in tho mtin m;um«
‘M»i#m* It may be that the irreguhr wm!m@ whioh 1s so M‘&m
”hwl with the use of tobsooo on the part Gi'kgrwing hm is in
,fgn part dinﬂly %raooakla to the irrqgulur tumuoning of the |
tmmtie et

It h wahuy tm that umwm« twim%utm hn Ademon-
&d%ﬁﬂt&t%%&«%&uﬁ%%hcwm&&niu
68 with the use of mﬂiﬂ or other m«ﬂmﬁ’ Bub researsh
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