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0HAPTIH I  

HAfTOI m  THK P10 BUM

Th® tobacco pr®bl®» |«  ® aobJ®et t f  w ry  gsaerai In terest 

upon which many distinguished persons hold widely dtwergent rlowa. 

S®»» of the lite ra tu re  appearing upon th* s u b le t  g ire# w ry  

damaging eridenee concerning thee® of foots* Sow® of th® medical
% §  i l l  ■> W  ̂  i  1 1 M *  ^ M U k ' f t o M  M c C  f e t a  f e b t W  W O W S f c M i 0 0 * 0  t > 1 f W  S M p  Ml ■*-■ ■**■ - f e w  a  d i i»  f e t f c W  J L  J L  f e .J Sii^ffrtbWv a*aixng wixn m  prooxwra purports* w w*«* ti*  #inr*ww 

of niootinlaa in tho pathology of nearly every organ and process of . 

the body* In view of tbo widespread popularisation ©f tho fad of
■...

amoving, ospoolally among the younger generation o f both sox*®, th a t 

fa«t may bold consequences approaching tho dl mens lens of a major 

catastrophe for aooisty, I f  many of th® allegations are sustained.

A®-potential arauw of tbs situation has been elearly  

reaognited by medieal »an, cduoators, industrial leaders, and social 

and religious workers throaghout th® world. 4 groat sots of o lia tea l 

and sc ien tific  data is  available dealing with many phases of the 

-$Afc£o«t sod sure is  being produced steadily* Much of it*  however, 

is  iaaonelualre and oftentioes sharply eontradietoryi but such a 

oondition is  net strange |m f i s t  of the many d ifficu ltie s  Iwrolved 

in an adefuat# study of the problem.

Especially is  th is true with regard to those studios and 

jasywriaeikb* Which .dial with human subjects. The conditions for 

sc ien tific  experimentation are os d if f ic u lt sad the WRfeaova factors

I
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' involved t« t  operating ftp# •« complex th a t thsy mil# aany Of the 

eonelusioae uncertain and the peaibiem# »»sw«« valnerabi*. f t  t». 

g v n tr iil j  rtfoplft^m »fii» WBOn paXlvBT* •xpirawiliil15X Wu iH  VltiHflSfi

lnreatigation w ill yet b# needed before final answer# mm be given 

to  mmy e f  the v ita l questions involved In th# whole tebaeee problem*

Previous Investigation*

Th# Omaitte# te  Study th# Tobaoeo Problem he# «femtttfei ft 

great deal of work dealing with the. problem in r#e«mt year*, ft# 

renter eemtftims an imposing l i s t  of names of fifty-tw© eminent 

physieians, oollege presidents, university professors* physioa1 

directors * religious leaders , eharaoter building organisation 

executives, industrial leaders, eeesoalats* and editor## Seme #f 

th# leading Investigation# hair# been tarried  out under i t s  ample##*

One of th# eweellent volumes published under i t s  direetien 

is  a sueoinot summary of th# lite ra tu re  whieh ha# appeared upon th# 

•afefeot la  may sowntries ami languages (33). f t  eontftins also an 

ftmnotat#d bibliography of praetleally  a l l  the experimental and 

o lin ieal data predeeed b#fer# l i f t*  Thor# are ever tf8  t i t le #  In 

th is  bibliography th# seat of whioh are probably of a medioal and 

o lin ieal nature*

The mo# of ©nperiaental lite ra tu re  dealing with the subjeot 

my b# oloooftfiod aeeording to  thto# wafer types, ( l)  phyiiolegiaal, 

(*) y*yeholegi#al and (3) # ta tis i ie a l. fh# physielegieal H o t 

e#8#rl#e# by far the largest part of a l l  tho studies* This Inelede* 

a l l  th# olinieal and medies1 data and th* various studi## tha t haw#
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beam carried oat la  the f ie ld  of animal experimentation#

Th* psychological group is t t i y  1 to tted  to  i t s  aeope * fa 

nearly s f l  eases th« subjects teas been college wen, and the a in has 

bean to dissever tbs tonediato effeots of smoking upon various 

nental processes# Bepreseatative of th is group ere the studies bp 

Buff (12), Bates (2), Beunbergor and Martin (S), sad Server (6).

%  far 'toe aost elaborate of these stodies^ to the one carried 

to t by S ail, assisted by seven s ta f f  so rte rs  to  toe d iv e rs i ty  of 

Wisconsin. 'tot the d ifficu lty  of getting positive, defin itely  

assured results fro* eOOh studies is  evidenced by the feet tha t he 

states a t  toe elose of his Monograph th a t i t  would be very' risky to  

draw any e and us lens whatsoever regarding toe o ltto a te  effects ef 

wwafeiw ffoo th e ir  exoertoent*

the s ta tis t ic a l sethod atteapts to  te s t  toe effeots of long 

continued aneking upon toe nental processes. tepresentatlv* ef. to ts  

group are the studies by Hoyles (It) and Karp (#)* A favorite nsthod 

here has bean to coop*** toe college narks of a group of sectors with 

those ef aon-ssokers over a period of years* to t  th* d ifficu lty  to 

into studies is on* id1 control, to l l  shoes t i n t  by paftta lltog  out. 

to* fosters of ath letics and fra te rn itie s  the differene# indicated 

to  Heylam*# study oould he reduced by half* th a t ether factors night 

have been playing a potent part In producing toe difference* is  o f 

Impossible of detemisatiw*. I t  is. clearly  topes si bis to 

control a store of estreneeus factors to' suto studies, any of which 

night be su ffie toa t to prod we* sigaifieamt variations»

toe avidonea concerning the psychological effec ts  of tobaoeo
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•melee as indieated in th* experimental lite r* tare  i« by ®0 means 

eeaelosiva. Sow# ef th* lito ra tu re mark* th* harmful offsets' upon 

scholarship* je t  mash of i t  point# to negative, and seme to 

beneficial, results e f snaking fe r  saholarahip* f t  i t  eery doubtful, 

notwithstanding • rattier prodigious mas ef se ien tifie  data, i f  very 

mush mere ie known today about ths psychological effeote e f  smoking 

than wag known twenty-fir* yeara age*

la  the physielogioal f ie ld  antah ef the date hat tie  merit e f  

being a t  l e a s t  ta n g ib le -  Medical and olinieal data aheeg eery 

definite deleterious effeete e f  aioetiniem on ths various organs and 

functions, -let e f  eeurse i t  deals with only pathologleal, and perhaps 

th a t means exceptional, ease*. 1on universally thes* maladies - 

aseempaay tobaooo addiction ic wholly unknown, Stash studies ee have 

attempted te  get a t  the mere universal effeete e f  smoking eyes t l m ' 

purely physical fuaetion# have lees subjeebed te  the game d lff  len ities 

'• f  control th a t the psyoholagists hate encountered.

I t  i t  unquestionably is  the fie ld  e f  animal experimentation 

that mny eent rover ted points must he largely decided. Bven then i t  

.easset he maintained th a t the niootine affaots humans end animals . 

alike s la  fact there is jrao tloa l oertainty th a t i t  dees set* Bet ea 

the heals of th* gros*er treads established ly  i t ,  a strong hype* 

th e tlea i ease aay he. pesittsd for humans. At least i t  may indicate 

ee rta ls  areas tha t ought te  be investigated, and perhaps i t  may 

determine valid  methods bo b* wed la #uoh isvestlgatieaa •

Oensiderable eerk has already been dene to  th is  field* A survey 

of the t i t l e s  is  the an n o ta ted  bibliography by Sehrewpf-Pierron
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aemtleaed abets reveals ths fa s t th a t esrperlasnts hare been o endue tsd  

with rabbits* r a ts ,  guinea pigs, stlee, frogs, dogs, bird*, insects 

and plants as subjeets. Among those the following may be tingled out 

a* ef neat in te rest te r  the present •%»#* i le p u  predeeed asut* 

nicotine poisoning ef the Inner ear In pigeons and guinea pigs i 

Ssbrowski found t i n t ’ animals Inhaling smoke matalnsd Injury be the 

kidney® * Deplerri# noted lessening of generative eapaelty e f  * oook 

aad rabbit wider tebaoe© smokes Wright noted sclerosis ef testlo lee  

lo th *  gain©* pigs end f ire  Frenohmen, flehen, ferrim , f le lg ,

Ottilia© end <*y noticed retardation of growth e f yOWg animals reawlt- 

Isg free tshseoe. teetot  *

Of more l»y©rtftnoe f o r  thl# researeh are th* studies e f  Vise 

(20) and Field (•)• flee etedled the oesgeratlve effeete e f alcohol, 

©lectins* tebaeee aweke,. aad oafftin# on the growth e f  white aloe, 

and la te r  th* effeete ef nicotine on th e ir  ao tie ity . the reeulte fo r 

nleetlne, whieh was glean te  the* in  the ir drinking water, mire 

frae tlea lly  negative, -whereas thee® that were fumed had ear* young 

then the ethere hat a much larger percent ef the* died* H® alee 

reports th* work ef Flieg, a Frenchman, who ob jected  guinea p ip  te  

heavy inhalations of tehaeee smoke, t© injections e f  sw kt or ttlostia* 

aad obtained abortions, e t i l l  birth*, weak aad stunted young*

Field attempted t  e stimulate human snaking condition® by 

eeatriring  a revolving eag* fa te  which smoke mi* Introduced la  puffs* 

tike fbuad th a t tobacco seek* served as a deelded stimulant and that 

the effeete mere apparent fer a period varying from f if te e n  minute* 

t e  sue and ene«half beers a f te r ' smoking •
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1% 1i netwwerthy th a t, in  th* f ie ld  of mixml experlwenbatien, - 

apparently a* on* It** studied th* tebaee© problem fro* the wantage 

fa in t *f th# psythelogi-Sb# gxperissemter* hare diseorered with son* 

degree of g ittlaltgr tha t tobeoQ© smoke and niootio* variously 

administered te  prodw®* ©ertain physiological effeot*, t a t  mi previews 

researeh I** attempted to- determine the effeete upon th* in te lligen t 

behavior Of animals* heIther ha* there been anything like an extended 

•tody of.th* hereditary «ff#ot# of tobaoeo smoke* Towards th*** major 

problem* ths present r***aroh ha# been directed. lueldentsl to them 

bat# been m rlotti other ©losely related problems some of whleh hsve 

feoetved rather detailed treatment la  the body of th* paper*

The present* indefinite shat* of th* problem for a l l  interested 

ageneie* Is eerreetly  summarised la  the word* of a aedieal authority.

Th* general ©onoluslon of medleal knowledge regarding th* 
o ffse t of tobaoeo open th* animal organism le th a t data 1* s t i l l  
tftoosnplet* for a sc ien tific  poiat of view#

Further eon tro lled  o lin ieal and laboratory studies m m  deslr- 
able 1» order to  a tta in  were preelse knowledge regarding ths ultimate 
•ffeo t of tobaea© *-»»» (35*54,56).

the Aljs of tho Inrestigation

I t  was the porpoa* of the reaearoh to  dotermla* eertain 

phys lologioal and psyohologieal effeots of b-Ohaoe® smoke upon white 

ra te . On the phys leal side- th is  included the following* (1) what 

offeot th* Inhalation of tohaooo snot* has- men t ie  f e r t i l i ty  ef th* 

parent ©took and tho © lability o f th e ir  yoowgt (2) what o ffse t i t  ha* 

upon the ra te  if . growth of young rat# sod hew th is effects the ultimate 

body olsoi ami ( f ) what hereditary offset# are produoed by it*  0»
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the learning eld* 1% seaght answers to the following problem*i ( l)  

whet effeete seeking he* open ths la am leg bshevier of ra ts j (2) what 

d iffe ren tia l effeete any resu lt fro* varied «mowrt* e f saoklng* (5) 

whet sex-differsnoes ere prod me d by It* and (4) te whet extent these 

effeete. eve transmitted te  ffttgsny*
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EXPKRIME1TAL PROCEDURE 

S e le c t io n  and Groupings

The experim ent m s  conducted on th e  b a s is  o f  e q u iv a le n t 

groupings o f  anim al s u b je c ts ,  fh# foundation  s to e k , W tsta r I n s t i t u t e  

r a t s  o f e x c e lle n t  q u a lity *  was secured  from Uie Department o f  Zoology 

Of th e  U n iv e rs ity  o f C ln e in n a ti .  This c o n s is te d  o f s ix  fem ales and 

two males re p re se n tin g  th re e  l i t t e r s *  and th e se  were used  t o  s t a r t  

bo th  th e  c o n tro l and th e  experim en tal l i n e s .  Th# r a t s  which 

c o n s t i tu te d  th e  o r ig in a l  s to ck  were v e ry  c lo s e ly  r e l a t e d ,  t h e i r  l in e s  

having been  c lo s e ly  inb red  fo r  g e n e ra tio n s . The h e re d i ta r y  f a c to r s  

were th e re fo re  a s  n e a r ly  id e n t ic a l  f o r  a l l  groups as  eould  be w e ll 

ach iev ed . The v a r ia b le  f a e to r s  sueh as fe e d in g , housing , t r a in in g ,  

a t e . ,  were r i g i d ly  c o n tro lle d  to  make them as n e a r ly  e q u iv a le n t fo r  

th e  v a rio u s  groups as p o s s ib le . I t  can be s a id  th a t  a l l  th in g s  were 

equal to  a v e ry  h igh  degree fo r  the  v a rio u s  groups ex cep t th e  

experim en tal f a c to r  o f tobacco  smoke.

The experim ent was begun e a r ly  in  1932» in  f a e t ,  a p re lim in a ry  

experim ent in c id e n t to  i t  was begun December 24, 1931. But from 

early in  F ebruary  t o  January  2 3 ,  1933, th e  experim en tal s to ck  was 

under the daily care and observation of the experimenter.
The f i r s t  l i t t e r s  o f  th e  foundation  s to e k , c o n s is t in g  o f  

t h i r t y - s i x  su rv iv in g  young, were d e s ig n a te d  a s  th e  f i r s t  g e n e ra tio n

8
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controls o r  th #  C l group* Six fem ales and one m l# were kept *• 

b reed ers  and observed t o r  n e a r ly  eight month#. Tho## with learning 

records nearest th# average of learning time for th# #ntlr# group 

w#r» selected.

After th# weaning «f these f i r s t  U tte rs ,  th# original shook 

' was subjected to tho smoking proeeaa daily for a period of fourteen 

days. At th# and of th a t tin# th#y  n»r# pot into tho breeding pan.

Tho smoking #a# continued through th# gestation period and during ths 

tis#  of suckling* fa© Of tho females war# d##troyod beeauae of iim#r 

•ar iafeetlea and #th#r onuses, hut ths young of th# others, sens 1st* 

lag of thirty-##### survivors, nor# used t# s ta r t  th# experimental 

line* Sine* ths parent steak had been fumed for a period of six  or 

sight weeks before those war# weaned, thl# grasp was labelled ths 

seeond generation experimental# or th# SIX group. Six females and 

.two males with learning reoords nearest th# »#an learning Mm of 

tho entire group wore solootod as breeders* Thos# wore kept and 

observed for six months*

the f i r s t  l i t te r#  of ths control group mustered forty-nine 

surviving yeuag* These six l i t te r s  wore divided as nearly a# 

possible into two equal groups, eaeh l i t t e r  being divided equally on 

the basis ef sex and weight* Cue of .these groups was fumed in Mo 

regular way and the Other served as controls. Those too groups were 

designated respectively as the f i r s t  generation experimental# (IX 

group) and the seeond generation controls (CXI group). Xt was not 

doomed necessary to  re ta in  any o f those as breeders, sines the reoords 

.fSr subsequent generations wore being established by ether groups of
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th* m m  Hood • tra in , So* figuro I  for a sehanatio representation 

«f tho gonafal brooding flan ,

Th* f lro t  lit to ro  of th* experimental ( i l l )  group to ta l lad 

sixty-six  young horn la  olx l i t t o r s *  On# l i t t a r  of ton itr r fa r ti  only 

a day or too* A wild ra t sueeaeded in getting iat* th* room where 

they ware kept and undar th* w ire  ro tting  bottom of eago la  whioh may 

young woro plaoed, About fifteen  Of th*io w*r* oo jsaimod by i t  tha t 

I t  mo neaaosary to destroy them. Othars diad ao th a t tho group whioh 

eemposed tho th ird  generation ■ of experimental* ( f f i t  group) w*s 

roduood to th irty -four, Bi*d»t females and thro* males, ioloeted from 

th is group a t random, wore rotainod a* breeder*, In addition to th* 

t h i r t y  four was a group t f  tw elve aolootod a t  raadoa f ro n  tha •oooad 

l i t te r s  of th* paroat etook of thi« th ird  goaoratloa of oxparimontals. 

Thaao war* fuaad for a mash iongor period of tin* oaoh day and nor* 

designated a« th ird  generation experimental* B (SXIIb group).

tho aolootod hroodora frm  the f i l l  group war* plaood la the 

brooding pan a t  olowen or twelve weeks of ago as woo tho os*tom with 

a l l  tho groups. Fit* of tho t ig h t  females littered# hoartag a to ta l 

Of oovoatooa young, All of those except thro* woro either still-horn  

or aurriwsd hut a day or two. Tho smoking was than diseoatinuad and  ̂

tho fomloo woro roplaood in tho brooding pm . They war* kept thus 

u n til h'tey war* twoaty-two uooho of ago, hut ao noro littoro woro 

bom, tho group wao thoa dlasardod and tho experiment brought to  a 

olos*.

smd dor*

All rate woro fod a speelally prepared oaoh. thoJhm tla for
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A p ril O rig in a l s to c k  fumed 
befo re^p rodneing  the  
E l i  and B ilb  groups

July

September October

(46) G lib

(36) 
C.I Group

Foundation Stock

EIV (3 s u rv iv o rs )

(12) E H Ib  
Fumed 41-57 days 3 hours 
p e r day w ith  smoke from 20 
__________grams_____________

(34) E III  
Fumed 45 days 30 m inutes 
p e r  day w ith  smoke from 

5 grams

(24)C II (25) E l Fumed 37-59 days 
30 m inutes p e r day w ith  

smoke from 5 grams

( 2 8 )  E l i

Fumed 30 days 30 
m inutes p e r  day 
w ith  smok 

grams
from 5

(9 ) E llb

Fumed 30 days 1 
hour p e r day w ith  
smoke from 10 

grains *

* Fumed 60 days in  a l l ,  du rin g  f i r s t  30 days 30 
m inutes p e r day w ith  m oke from 5 gram s.

F ig .  1 . Schem atic re p re s e n ta t io n  o f th e  b reed ing  p lan  showing 
l i n e  development and group r e la t io n s h ip s .  Months in d ic a te  th e  
tim e o f  t r a in in g .
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which mis provided by th® Bep&rtiwint of Zoology,* This with fresh 

water was kept before the* ah a i l  times, Occasionally they were given 

lettuce loaves t#  eat#

th# young vote weighed weekly or bi-weekly • •  near th# saw# 

how ef ths day as possible. f ittire  l i t t e r  group were weighed 

simultaneously os ordinary d ia l scales. I t  m i impossible, on. account 

• f  the great ac tiv ity  of swob p t f i ,  to determine tho oerroot might, 

within less than one-third or one-fourth of an ounce, hut auoh orrora 

beaded to  ho eoapsaaatlng, 411 weighta woro soaputed and reseeded 

In to n o  o f grams.

The rata woro kept in a llm ire  sage* which woro sainisiaed in 

a sanitary condition a t a l l  times* The f i r s t  throe grope woro roared 

la  the laboratory, but with the onset of the hot weather ef the owner, 

the breeding •took mo rewowed to a room la  a waeaat apartm ent shore 

i t  woo cooler, This m m  was adequately heated, and here the la te r  

group (ell# II* I t t l ,  f l t lb  end II? ) were reared. In both plates 

t ie  steak was maintained in a wary th r if ty  condition. In mere than 

eyear*» tine no opidenie or nalady of any eort dowel oped.

Four days before the tu ition  began the ra te  were taken to the 

laboratory. The question should fee raised as to the effeete of th is  

change upon their learning e ffo rts , Might not th is  introduce a 

disturbing factor that would greatly influence the learning records? 

Tryon's (261318) experiments Pud to show th a t environmental 

interpolations sueh as seasonal changes, war la bis breeding e seditions,

■ *
The MUMPS included own sea l, relied se ta , P o le  wheat 

flou r, powdered P e l#  n ilh , dried neat s c ra p , a lfa lfa  ueal, s a l t ,  
end CaCOj.
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removal to  i n  fiartmyt* oto#i I tw  but l i t t l e  effeot i f  any upon 

learning ability# That aoaalusion, in th® main, m y ba substantiated 

%y this s tu d y .

There -were* however, ether fa®tor# la  th* situation tha t AM 

seem te  materially affse t th® reoords, The rat# whisk voro reared In 

th® laboratory were rarely disturbed exeept by the dally  v is i ts  of 

the experimenter la  looking a f te r  th e ir  earn* ■ The re m it was th a t 

they tended «• be samewheb timid and easily  frightened* Avoiding 

reaetiena and ether emotional dlatufbaneee net Infrequently eharaeter* 

toed th e ir behavior in  the mate learning situation with the re m it 

tha t th e ir learning reeerde were correspondingly affooted*

On the ether bind* thee® that were reared in the m eant apart* 

sent rmm were eubjeated te  a varie ty  ef experienoes. Fer one thing 

the experimenter aad member* t f  hi* family spent mush mere time 

working with them and studying them than . mm the ease with the 

laboratory group#. These were frequently handled and petted and the 

resu lt wa# that they basest® as gentle as kittens* The esperleme* ef 

being pat Into hoses and transported by automobile he the laboratory 

apparently provided them with no very novel or disturbing situation* 

And in the ir mace learning they were wholly unafraid and leaking in 

timidity* The resu lt was that both controls and experimental* seored 

uniformly higher reoords than did these reared in the laboratory* he 

doubt i t  would be wrong to  aver that the varied eaperienees mad* 

these brighter than tbs others* .yet I t  certainly to true tha t they 

0 r m 4  te  break down the natural hindraimes to  maximum performs®* in 

th* mass learning situation* Th* «ea*lu#ion 1* ir re s is tib le  tha t say

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



group 0owpai*i*©»« fe r re ts  la stteh a situation aliiSh are not based m  

equality with resp ite  te this one faster ef domesticity am  u*t~ 

.■fsdieble te  seme ftp*##*

Apparatus fer. Administering the Smoke

flie smoker (fig* S) m i e tig h t 1>ex 31 x 21 x 26 inches with 

;:♦ glass door ia  the front* ' the mar was wea t  he r~e tripped making t he

be* bight enough be held the tobaoeo fames ter several minutes afte r
: ■ ■ ■ ■ ■ • ■  ■ . '

glib- tobacco had burned out* fresh a ir  entered th* hex with the • melee ■ 

through the bottom only. Hie re su lt m e  tha t the inberier ef the he* 

r:#«teiiied •  eery heavily smoke saturated relume ef eir* All-wire 

eagea 1? x 20 x f§ teh ee  held the subjects end these could "be placed

is  the smoker a t  various levels. The usaal procedure wee be plaoe .
.

gibem- i»  t e  upper half ef t e  box where t e  smoke wee the meet dense* ■ 

A popular brand ef smoking tobaoeo was used* 1% was burned 

in  s  small burner whioh m s placed inside s six  inch pipe bos te h e s  

long* fastened in to  t e  ’sester of t e  bottom of t e  box* the standard 

amount ef bebases burned was five gram, end tbs subjsebs were fumed 

■;';t*f.:a period of th ir ty  minutes per day six dope a week*

from former analyses of tobaeeo smoke that have been made 

(23*iOf), tbs- to ta l eontent of poisonous substances eontained in t e  

\190mm ef smoke prodaosd from five grams of tebaeoe and inhaled eaoh 

day by the sub,loots was as fellows t

1# Pyridine, fhiotetrapyridlne, and Isodipyridine, 4*6 to  « 

SgjBS*
2* Hlcotine, 10 to  12 mgms*
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. a . The mno]»r
Ik* Th* burner 
b. Th* oag*
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S. dafbon monoxide, 410 e .e . fht* gas 1* ew of the west 

harmful element* of tobaoeo smoko.
A A k^ m is* s i ei%a — 4n ■■ m a a  W w i  sii *  .w e< Ah Am  M il m r t  im i i  a w & M M 4 a  «  TlhMeaaa m  A *a 1 1 * 1 4\r»Rif #w881!h&I3©wB JwT88#»w *H vm3ry*«8 *8I€mW88 81*# Jrl”wP81»9 »8*8f

Ammonia, Fersialdohyde, Pyrelin, *»4 Collidine,

Tho Base

 ̂Ths mate pattern was designed solely with a view to  making 

i t  long end d iff ic u lt . A ehelee presented i ts e lf  between a simple 

mot# in whteh tho ti»® and errors in tho in it ia l  tr ia l*  mooli ho «*t~ 

controlled, or a bard mass with o measure of eontrol during tho 

f i r s t  'trial** 'Bo la tto r  am* seleeted as being * swob more effeetlee 

method of bringing oat any significant difference* ^ le h  ml?iit ho

preduoed 1m th* rat*  by th* experimental factor of tohaooo smoke,
..

vŝ /Ottt o f 'I t  appears la figmre S holow.

Bo an** pattorn decided upon oa« readily oot up la  a ' '■ 

laboratory mate whlob had hooa Ingeniously derised to make i t  roailly  

«>d*ft*bl#_ to  « great sa tie ty  of aft** patterns, fhla consisted of a 

hex fo rty-o i^ it inahes square by f ire  inches deep and eross-growed 

a t Imtorrala of four inches, Tho hex Itao lf  waa wade of i j  tsueh 

oak stock, stained without and painted black inside. Panels made of 

hoary galranlaod Iron of various length* oould bein serted  Into tho 

freer** to  make nearly any desirable pattorn, fho pool* mm  also  

painted blank*

The kftkO path-way was Oil Inches in total length. There war* 

sixteen eel do seas, fourteen of whlok opened d irectly  m  tho true 

pth-way, Tho m l do aaos to ta lled  an additional 190 ineheo.
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the feed H * «*# eight imh&B *qa«r* looatad In th* **»t#r 

Of th# M i*, . A *!*§• .fr#»# ooror#d with on«-h*lf l»*h smsh

wir* s it in g  «f*M 4 th* ***** A trap door In the netting *t *•* 

«*r**d *• th# pi*#* of degree*. A tigged door ooold h* oloaod i«m  

ever tho feed hex# but thl* mm *lmp left opan. A flow l»ah p*n*l 

eee o ilfp d  tote the. peeve ot th# ethf*»ee te  the feed he* efter 

th* r a t  hid entered#

fig* 3* Th# Mas*
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The wase was placed la  m  aleere whieh wa§ lessted in the 

northeast comer «f the ooramodieuB laboratory, This aleere was 

about It* x 14* with a large northern window expo*are. the shade 

to thlc window m* heft dram , e a t a selling lig h t ©entered abont 

tea fhet abet* 'the asse m e always turned on (taring the praetlee 

periods* Shades a t  the windows on the ioath elite of the larger room 

were adjusted aooording to the ©OBditlen* of the .day* fh«s the hate 

m e  kept free fmm shadows, and the intensity ©f the . llltM lnatlea 

was kept fa ir ly  constant. ' the swse me se t on the f le e r , and' the 

experimenter eat in a ©hair d ireetly  in front of the point of 

'entrance# these conditions were oonetant for a l l  groups of ra t* .

taken into aeeem t In ooKparlng the war!one groups* the computation 

of the individual aeores m* baaed upon a l l  the tr ia ls  exclusive of 

the f i r s t  and the la s t  fear errorless ©nee.

Th* learning m s considered to have been eewpleted when the 

rats mi do fbsr e«t of f ire  raas w i t h s u t  erro r. All deviations twm 

the true pathway were aounted as errors* I t  seensd su fficien t fs r  

the purpose to take aooount of two kinds of errors only, namely, 

entrance late o il do sees which were designated as A type, and re* 

tracings which were designated as B type errors* A retracing m s  net

Oriteria of Learning

aThe three factors of learning time, tr ia ls  and errors were

e
Average tine fer the  yariea* groups Is represented by the 

harmonic wean, th* fhrsola: fo r  which l i
1 •
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eeuahsd aa m  error unless th* re t turned a ee'puer* This usually 

consisted i» making a V turn around a partition . Pr*qtt«ntly th#** 

tarns were Wftd* around e eel d* see instead of a p artitio n , t e l  saoh 

term  were eeuntad a* only one error, sine* there me a potential 

error In tit*, eel de »**• A eel da see error wa* o©anted when th* 

animal entered eaffle len tly  far te  include more than ©ne-half of It* 

body length In the a lley , V# attempt we* made to  d iffe ren tia te  ha tween 

thl* Minimal error wad one In whioh the whole length «f the blind - 

a lley  wo* traversed tim e  the oriterlon of tin* regletered ;thl* 

dlfferom s with eon* degree of preeltion#

The las* Learning

I t  is elear th a t the valid ity  ef the results Per any Method 

of eguivalent grouping for ©omfaratlv* purposes must he oontlngent 

upon the degree to Whioh the learning is  properly motivated, highly 

pttrpesefel, and performed with Maximum e ffo rt by the various subjeot**

In order to a thieve suoh a situation  th* purely random, exeat* 

nativ ity  should he redueed to the mlnlsum. To aeeomplish th is  is  

th* present study the rat* were given three guided rum in the mao, 1 

the f i r s t  me of whleh was net counted In the to ta l seere. The . 

guidance ©oasisted in  ©losing up a l l  m l do ones*

The f i r s t  free run over the hr us path-way enabled the r a t  to 

dl'eoever th a t th* was* was wet merely a new hind e f mg* into whtah 

I t  had teen plaeed tu t  th a t i t  led to  feed, After th a t disoovery was 

rad© th* subsequent runs were generally highly purposeful and vigoron*ly 

|lr**b*4# Th# ether two guided run#, whleh were eounted, served to
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fixate the general sens# of diraotion ef th* way to th* goal * 0  tha t 

the guides war* withdrawn thara m i lata eonfusloa with it#  

attendant piling up of errors an# less of time*

Th* uaaal proeedure in preparing th# sub jests  for th a ir  learn­

ing wa# to rsmov* them to th# sages naar th» ©at*. THia wa# don* 

tour day* befer# th* tu ition  began. During th ia  tin* thay war# fed 

I t  tha feed-bex of the mas# i t s e l f ,  Thay war# allowed to food and to 

play around <m the top of the aaso for thro# goarter# ef an hour the 

f i r  a t day, After tha t th»y wore allowed to feed fifteen minute# per 

day un til th# laa t before the tu ition  began. During the twenty-four
■: r  • ■ ..

hours inwdlately preceding their tu ition they were given only tea 

minutes in th# food-box and that wa# usually a t the beginning of that 

twenty-four hour period.

I t  we# euatemery to rua tea  or twelve rata during a tu ition  

period* On th# f i r s t  day they mire given three guided rune and one 

unguided run each, Th* second day they were given ten runs, awl on 

the third and each auoeeedlng day thereafter necessary to  oonplete the 

learning they were given twelve rung,

After the f i r s t  five or s i*  tria ls they wore able to  run the 

esse is  less than a minute with hut few errors. Then they were each 

given two runs In sueoessioe In eaeh ef the practice periods* Th* 

praetiee periods were divided equally between th# morning and the 

afternoon with three in eaeh* heughly speaking, eaeh ra t  was given 

on# turn of two oonseeutivo t r ia ls  in th# mate in eaeh six ty  or ninety 

minute#,

A few* hits* of food wore allowed as a reword a t the end o f eaeh
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rm . fkm  a t the el©*# of t b  day* a praetiee they wore allowed to 

food for' ten minutes. The f i r s t  three groups (@1* BIX and tXXb) 

were fed In the was#, hut a l l  la te r  group* were fed in th e ir  ©ages*

. The to ta l feeding tine for any one day would not aggregate wore than 

twelwe or fourteen minutes* This woe node to wary, howewer, in 

eertain  eases, aeoording to the general apparent ©audition of the rat* 

$es» would lose weight rapidly wad appear to he exeeselvely hungry* 

They wore given war# to oat* whereas these tha t eeoaed to  he lose 

affeeted by the e©Bparative fa s t and eomaequenbly lee* eager to  rum 

were rigorously denied.

f t  wis generally aonewhai mere d if f ic u lt to sesur© the p ro p r 

motivation ef the eontrol groups. They appeared to he semi what loss 

aetlwe and fa tte r  than th* smoked rats* they seened to require less 

to  wit during the tu ition  p r ie d ,  they were less eager to run, wad 

th e ir  lose ef weight appeared to he less*

The experimental* were obwiously less surleas and less tin id  . 

than the eontrels. The ordeal of being bundled into eantainers,

- worried out of the town, and put into the smoker eaeh day served to 

proviila them with a varied experlenee th a t was probably in  th e ir  

Paver* All ether things being equal, the dally handling, ohange, 

eta*, probably provided a stimulation end an ea^eriense th a t  made fo r 

better learning rewords on the part ef the' experimental groups.

Hunger was th* deninant motive relied  upon i s  the experiment, 

Hewavsr, this was powerfully augmented by sther strong Ineenttves, 

sueh as the natural ouriesity  «hiah oharaeterises th* r a t  and leads

to  entessive ©splsraisry iwiuamewb* and the vigorous eaeey® novemmts
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■ifcat usually -result whm  a » i  1* oenfiaed In a new or strung* plaoe*

A ra t  th a t 1« net hungry #111 usually run the mas® in fa ir ly  teed tiao . 

I t  has been Shew* th a t ra ta  w ill erem learn a am** without th* in- 

eostlws ef food, but whan thia ineenile* to added th* learning fregreaa 

la greatly  aesel*rated (26),

I t  eoeasiesslly ttaff*xt*d tha t a rat would net ran. In eoeeral 

d ifferent tria l*  th*y would wonfesyo only a few turn* away from th* 

•atraaoe* then they would return pretEfily and spoad many alnutea 

aerely s ittin g  or working aiatleasly a t th* eowaring «r the side* o f the 

aUsy-wuy* fh««* -were ne©ee**rily ellsdm tod. fh* ©©edition was 

apparently due to earl©us ©an***, euoh a* an ©eoational oaee of 

•snuffle**, or eon* indisposition ioperiitdueod by the preparatory and 

training regimen, the failure* eertainly did net in ewory ease 

indicate inab ility  to learn . In a few one** vdwr* i t  wa* eoenrenient 

to do so , inactive and indisposed ra ts  wore p it  orer and started  again 

with a la te r  group. In every auoh ease the subjeot aohlefod a fa ir  

average rooerd. In the whole experiment there wore fa ir  m rm l and 

oaten experiuaahal rata tha t fa ile d  out ef a to ta l of l# i  employed.

User* were several, however, that plainly were too stupid to 

learn th* m se, there was on* m U t for Instance, th a t did suooeed 

in  getting around twenty-two times. But i t s  Method o f  procedure was 

«# haltingly Interspersed with s ta rts  and s to p  that i t  eeold haw* 

gained m  possible Mm ef th* oonseoutir* nature ef th* n*so. I ts  

behavior on the t**aty-**oend t r i a l  was eharaet*rl«*d by praeiiealiy  

OS amah uneortaiaty as that of a sorstal ra t  in I ts  early t r ia l s .  I ts  

praetiee p ried*  were, moreover, distributed orer a period, of f i r s
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days, but evsa though i t  spent several thousand seemids'in tha a ii*

I t  made hat l l t t . l t  progress In eliminating errors. Others simply

refused to e*art themselves. sufflelenily  to  find th e ir  «ny ©at*.

Control by (Juidanoe

Th® Oeshalt viewpoint tha t "learning la a repeated goal- . 

aatlaitF* waa baa Jo to thia experiment. Thia Hold® th a t tha foal 

must ha perceived, and whan I t  -la. tha body moves. towards I t  under

'■ stsrssi a , s@r . Imsjis loo ,  hy tha la* ®f least action.

I t  m§ the function of tha f i r s t  ran to  establish auoh a goal 

and sa t up a tension towards I t .  As gush i t  'mm not aerated in. tha 

final summation .of tha rata performs®®. tosh a procedure seemed 

justified  In tIi * of tha faot tha t the eondeet of the great severity  

In that f lra t  t r i a l  alanrly indtoated th a t thalr movement# were 

purely random. The nor# a great tea, bolder rata would praaa steadily 

forward and arrive in  tha food-bex In •  rela tively  short tlao# ehtle 

the other 1 vacillated basic and forth la  tha lr movement#, .flaally 

♦wiving afte r varied lapses of time.

Some failed a t f l r a t  to note sufficiently  fa r  to  arrive . I t  

mu1 eloarly demonstrated In a number of inatanoea tha t rata w ill 

hardly ana tain  th a lr  exploratory or estops movements la  way vigorous 

aasner for sore than fir#  or ten nlnntea a t a tin e . Those th a t 

failed  to diaeerer the feed-beac nenally earn to  root near the entrants 

a t  the end ef th a t time, and may minutes eenld thus be spent la  

com parative i»a#iivlty+ f t  mi# fonad to  bo better to  resore the* 

from tha mao as aeon as they sensed the ir aggressive effort* and to
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' replace the* In the nese for a second attenpt to  osnplete the run 

a f te r  as hour or so. As a general ru lt  they attacked th e ir  problem 

with stoeh Tiger* la  a few oases i t  m i  necessary to  allow thrao or 

fear near s ta rts  before the run wee finally  e maple ted.

Theoretically i t  mm14 appear th a t these rate whiSh spent 

asueh tin s  in  the state in completing the f i r s t  t r i a l  would here a 

dlstinet  advantage orer thee# tha t took bet a tmr seconds* bet praeti** 

ea lly  the advantage was ©a t ie  side e f  the la tte r*  Xt was m nifeaily  

a d ietinet advantage when see happened to  diseerer th a t the way to  the 

feod-box sad freedsw was by storing forward steadily* Those that 

arrived by a large series e f " ©so illa tions were apparently e oaf used*

The tendency was to repeat the «ms» wavering stovoaents upon the next 

tr ia l*  So I t  appeared that what was leaned  daring the f i r s t  excessive 

period ©f t i n  had largely t© be unlearned*

The next two tr ia ls  wen else guided, and t ie  rewords wake i t  

oloar tha t th is  was net unwise. The principal thing that-was learned 

during the in it ia l  t r ia l  was that the was© offered a way to food and 

freedom* - Many tha t made the discovery by naans of a large number of 

vetraeiags certainly had no elear idea as to how 'that disease ry was 

s»da. Their behavior in the second, and sometimes the th ird , t r ia l  

elearly  demonstrated th is  fa s t , the ir movements were swob more eager 

and 'purposeful than the f i r s t  had been, but there was very frequently 

that sans tendency to retraoe the path* Xt is p raetieally  certain 

that sueh ra ts  would hare- been hopelessly confuted and lost* i f  they 

had boon plaeed in the open ease without guidance for the second 

t r i a l .  Sens epewt as awe* as tee ninutes and anassed as naay as fifty *  

two errors «s the eeeeud. t r i a l  even though they had gene around ones
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before* If  th* guides h*4 been out* I t  t* d ifficu lt t* believe th a t 

they would have found th e ir way around under an hour, end perhaps much 

more tine then that would have been required • Sen* experiment* re 

report tine for in i t ia l  tr ia l*  varying from three* fifteen* Or even 

twenty-five hour* and tha t in rela tively  simple a****# in a mas* a* 

long and d iffieu lt as the on* here used* i t  is  evident th a t In many 

instance* the time required would have been enormous.

I t  was to eliminate th is excessive adding up e f  time with the 

consequent Massing of errors tha t th is  method of eentrol was used. 

Considerable argument has been offered against the valid ity  e f  the 

mass experiment, and th is  has largely been heeause of th is  factor of 

uncontrolled tiwe and errors with the extreme spread which usually 

resu lts . because e f  th is  i t  is  ehsrged tha t i t  is  Impossible to 

dupUoate results (14). A Mrs conciliatory a ttitude than the one 

whleh would eliminate the was* experiweat en tire ly  is one whleh seeks 

mere refined netted* and more rig id  control. Suoh must of necessity 

be dene* i f  the was* experiment is to represent mere than a Mare 

approximation to  tru th , or* a t best, a fa ir  dtp*** ef probability*

the present researeh probably aehievsd resu lts  tha t were wore 

uniform than is ordinarily the ease. I t  is  elear th a t the results 

aehieved by this method ef control represent were nearly the maximum 

learning effo rt and a b ility  of the s u b le ts  them the standard method 

would possibly accomplish. This 1* by virtue of the fa s t  th a t the 

purely random* exeess nativ ity  was sharply redwood. And wales* 

conditions are so controlled tha t the groups to be compared perform 

a t th e ir  highest level of ability* quantitative measurement* for group
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Otoifartseas smat be open In many respects to  serious question .

Bat what did guidance do to tho Immimgt Figure 4 below, 

wfciah eompaj*** too learning omrvo for two It* su b le t*  trained by 

standard Bothods 'to t  »&*« somewhat similar to  th* ©no mod to th is  

oxporliaont with * group of ih lrty -ftoe  eentrels, Show* th a t th* 

f i r  a t and prinaipal of foot wo* to  out down th* in it ia l  random aotiwity, 

This **rT*d to  launch th* subJests *arly to th *  **rl*» open a T*ry 

purposeful aid hishly dir««t*d learning astir  itgr* Th* desirab ility  

i f  doing this to* clearly sensed hy Peeheteto more than fifteen  y*ars 

ago and forsibly stated by him ia  the following trsnahani paragraph!

I t  appear* almost esnelusty* too® present data tha t th* ***»' 
tracing and entering toto blind alloys, wad* possible by th ia row 
treeing are praotioally tooless item*. draph* fo r th* rat* learning 
Has* A ahow that retracing to a negligible footer long before to* . 
f i r s t  half *f to* number of retained tr ia l*  ha* toon todot to o t to* 
return onl d* sacs seas* to play any port a fte r th* f i r s t  too f if th  
0  to* tr ia l*  #***» tha t'to*  forward dirootod ran* ar* almost 
identloal in  nujtoer and in d istribution throughout too en tire  learn­
ing period »od tou t th*y and th*y a lass t solely determine to* I n n *  
ing onrrs for th* la s t half of th* tu ition  period# fhi* *••«* to 
iadioato that toe beginning tr ia l*  ar* fory wasteful when west* i* 
permitted* tha t to* a*«* 1* sorer mastered u n til to* ra t fin a lly  
oottl** down to tin  d ifficu lt task of forward elimination of erro rs» 
-tout too early tr ia l*  do not measure learning bat primarily tho 
•ntrawagant and useless ewpendlbur* of energy# Thia would argue 
that to* retracing 1* mainly of no effielenay to learning and hen** 
•Mould b* disregarded {it» lt)«

A roferenee to to *  figure w ill show that to la  to eaaotly what 

hao been aooowpltohod in offset by to* present method. The gulden** 

•erred to  bring to* ra ts  in th* present *3#srtoent to  to* saw* point 

to  toe learn tog eerlee a t stage too th a t to* other* had rcashed In 

toe ir to lrd  stag** and that wito only a were fr&atien o f the lo s t 

notion toa t toto* had suffered, 9rm  toot point on toe two ourres 

are strikingly eisdlarj to foot i f  toe 0m  wore s*r*d ;or*r only on*
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71g. 4* A comparison of one of the original ourva* with a-stia ia rd  
ourva to show tha e ffe o t .of guiding th# f i r s t  th raa  runs, fha 
Standard Ourva la  from Poohatoin raprasasttiag 'tha performance o f 
twolvo rats) tha original ourva is  fo r contro l group I roprasanting 
thirty*fiv» r a ts «

------------ Standard ourva
: t t t t t , Original ourva
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' s ta g e  the two would p r a c t i c a l ly  co in c id e  itemghewb th e ir e n t i r e  

lengths* The rec o rd s  w i l l  shear in eeeh ease tha t tgr s tag #  t we and 

stage three respectively th e  ra ts  had "finally  se ttled  down to th e . 

d iff icu lt task ef forward elimination o f errors."

Figure fi shoes in detail the offsets Of guidance os refleeted 

in the f i r s t  eight t r ia l s  • The f i r s t  t r ia l  is  the one minted one*

Xt appears from the graphs that the rela tive positions of the three 

major groups would he unchanged hy I ts  inclusion in  the results*

This holds true for comparatively large groupsi hut for fin er seaport» 

sens with smaller groups the inclusion of th is  run would he disastrous* 

For instance, one control -rat took about fo rty  minutes to complete the 

f i r s t  run* that onsetsIve amount i f  time tends to he neutralised 

when i t  is averaged in with the records ef several doses otherst hot 

i t  would completely offset the record of the l i t t e r  e f which th is  one 

was a member, wad praetleally  destroy i t s  value fo r comparative 

purposes*

The records shew that there were seas differences between the 

groups In th e ir  behavior daring the f i r s t  rune* (See Table X) The 

Control groups grasped the essential Idea of the mace somewhat mere 

readily than the experimental# did* •. For iashaaee, of the f i r s t  . 

generation of th irty -five  controls (01 group), nineteen cede perfect 

runs during ifce second t r i a l ,  and twenty-nine of the th irty -five  wide 

perfect runs on the third t r i a l .  This resord was net approached by 

any experimental group*

The experimental groups rather uniformly evidenced sligh tly  

wore eenfusion and uncertainty during the f i r s t  few rocs* A probable
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ftf*  •* Ottrtt* of ®rr«r« chevi«§ th» ©f piiano® ©a th®
it r n t  * i p t  trials*

------------ Control groups (Cl» Gil)
, , ----------- Fit® graa «f*pod*®at*i pt«$ti (II, *11, f i l l )

i—.—i—.—f Tan and twanty p»» #xp»rl»o»tala (B lit, SHIb)
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Group Trials

1st 2nd 3rd dth ' 6th m 7th 8th

01 18 6 3 18 13 m i i 8
on 8 d 8 18 is i i  - i® 9
V id i 8 18. 18 it i® 8

SI 18 i i d SO 11 id 18 7
111 ir 7 7 if 88 ii- 8 9
ttf id t 8 l i ­ 8 i® 8 7
M id 10 « lt- 18 i i • 7

MX* 7 10 8 88 18 11 10 7 ■Sim 17 id 1$ 16 17 18 f 8
1 it ...18 11 • 13 i i  .. 8 3

resu lt was that tfcoy tended to  m ss th e ir  learning dmrtiig tho f lra t  

part of th* preeeee. fholr repeated trews rsiag# of section# of th* 

mum apparently sorrod to «ta»p in th* knowledge of the true path­

way to tb o lr  -fetor advantage. On th* ether head, tho control# t*«tod 

to d lftrllM tf thoir learning with tho r#«ult that' tho aseossary 

number of t r ia ls  «a« increased so woll a* tho tiso*'

Tho offoeto Of- tho relative amounts of ■ooood offort In  tho. 

In itia l  tr ia l#  will' ho studied we»m in de ta il in  Chapter IF, and tho 

offooto or tho outtro learning m r m  w ill ho noted, I t  would ho 

•tatoroottaf. to  1mm what tho result# raight haw# boon I f  a l l  retraoing# 

during th* guided run# had boon prorontod. It i# a plousibl* goes# 

that the ORfoifiiWHStal group# would liar# hood handicapped #on»what« 

iowovor, there tonde to  'ho a striking sim ilarity  in th# oorvoo as '
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Indicated in Figure *, and th is  seems to be indleailve of th# foot 

that o il groups attacked th# problem la  wmh th# cams way and tha t 

a l l  profited mush th l saw by th# method o f  guidance employed, Tim 

off to loot eauses which •ff«ot#d any significant differences la  th# 

various groups art probably farther to  seek than oan be ascertains#  

la  th is  part of th e ir  learning ac tiv ity .

Distribution o f Fraebi#© Periods

III# method o f distributing th# praetl oo differed from th# usual 

procedure* Hhereas the standard method distributes the practice so 

th a t tho rat .mhos hut on# or ior® runs In sash twenty-four hours, . 

tho present method provided for six  praetiee periods' in eaeh twenty- 

four hours. Thro# of these were given in  th# morning sad thro# in 

th© afternoon, sad they wars sp&eed approximately from sixty to  ninety ■ 

minutes apart.

there seems to ho general agreement that distrih«t#d praetiee 

Is M rs s ff ie isn t than es otioentrated praetiee. .la#hl©y»# experiment 

Xsd him to th# ocmeluslon that w ithin lim its as yst undetermined 

eeneontrated practice is  loss effieian t than d istributed . - Unfortunately, 

hcwevsr, the animals which ho used wore not accustomed to  being handled, 

ami ho obssrv## th a t mush of tho retardation, was due to  H»© avoiding 

reaction* o f thos® used In the. ooneentrated praetl##* One o f h is  major 

conclusions regarding th# differenee between the two types of praetiee 

Is as followst "This is  due- to  factors whleh arise  from tho particula r  

methods of training used, peculiar to the mate problem, and not to tho • 

litfXiMm## of time relations upon th# proeess of fixation e f war
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fuaotleaal nrfWH s p H s tim ii*  ( If if f? )  la  thi* la t te r  position 

he la undenbtedly a t varianee with amah aoeepted opinion*

Wheeler** poaitioa la typical ©f another viewpoint whieli 

place* much emphasis on th# tin® element in l i t  f ©notion of fixation. 

Si amphaaiae# maturation as one of th* major condition* o f learning, 

ami ©troaaaa the essential nature o f reeeea period*. Th# following 

summary serves to  *how the relation o f A la  fa tte r  to  a l l  th# other 

•looostta in tho learning proeea® according to  hie theeretleal formula-•

Sian*

fin a lly , the learning prooess prove# to  ho a far* o f ■
In telligen t behavior tha t inevitably take* plate when the organlam 
fataa fuioblem situation# repeated a t intervale o f time* I t  i* a 
function of (a) maturation, <h) tho repetition of stim uli, (o) the 
tin# intervale hetween repetition* of stimuli* (d) the relation o f 
the problem to the learner** level of maturation, (e) th# ©ompleteness 
with which the atlattlna-pattem  la repeated amid | f ) th# 'degree, of 
teaaioa under which th* learning la behaving# (24*326)

fh ia question of the tin* in terval between praetiee parleda 1* 

an Intriguing ©so* lew many prattle# period© ahenld there be in  

twenty-four heurat la  only one adequate for off to len t learning, or 

would five or t in  be too many? la two minute* of actual running tin e  

In tweaty-feur hour* adequate, and i i  ten  or fifteen  minntea too  

motiT

¥1® method need in  th ia reaearoh waa a eeooentrated one • the 

guldaaee aerved to

f lr a t  few m oo, tfeua making a l l  tr ia la  from f lr a t  to lo o t ro la tivo iy  

uniform. I t  had the ferae .of largely shunting the lea n in g  around 

the preliminary stage of aaae. le a n in g  which Peehatein call* the a tag* 

Of elimination, with Ita  emormou* time expenditure, and introdueed th* 

.ftibjeeta very early in the prooeaa to  the stag# of mechanisation.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



ftS

.■ denser ulag the slgnifie&nee <rtP th is  la t te r  stag# for hussm wsase 

learning Its glees the following opt eharaeteriaatieni

Tandenoles to  enter oul 4# «M lt to retraee, e te . ,  are  s t i l l  
present t i t  thsse or* swaaped to  tho rapid feymi^g#!*® aeitolby. 
the function of thi« period i t  to  render defin ite tho elimination 
Sf these error# aid to teereas# the speed of th# run* txploraiien 

- lft|MI'. IMNf -W& place* the activ ity  is  well o» tho pood to the habitual 
level* It# momentum is  i t s  wajor guarantee of suoeess* ' This I t  tha 
bisa* for massed effort* %  repetitions of tho astoeeaaful runs, th# 
tendenolee to erro r besswe loo# and less llahi# to  filiation, as the 
fixation proceed# rapidly aid surely. " In a s t r ic t ly  psychological 
Sense, tho Otttjoot who he s ite  tea 1# loo t, i s  oan now drive o«t of 
tho series tho d**sg#r»glvitig element# and so render th a lr elimination 
permanent, In distributing his e ffo rt, suoh prtnuxiat elimination is  
•ortninly  loos slow in attainment. Iffiolonoy demands massing of tho 
learning, (M*0S,«5

Of oourso o tr io tly  massed learning* would bo impossible for  

ro ts , but I t  was fo l t  that a fregueisey ante** greater than one or two 

tr ia l*  a day would make for greater effiolonoy. the plan of firing  

throe guided end one unguiied runs th* f i r s t  dayy ten  rone the •eeond 

day, twslre m s  Hie th ird  day, and twelve ron# ©a eaeh succeeding 

day neoesaary for th# completion of tho learning preeess was therefor# 

adopted*

the wanner of distributing the roes was as fellowst In the 

aasmixtg of the f ir s t  day, eaeh subject m s given two runs, separated 

by an hour or were, to the was# with a l l  the so l do sees blocked, 

the rat# were taken to turn, and eaeh earns in th a t order for subsequent 

turns, to the afternoon eaeh m s fir m  a guided run and one unfolded 

run. On the follow ing day and tor eaeh succeeding day three praetiee  

periods la  the warning and three to th# afternoon were given eaeh

* "Hissed learning" as here used implies eoatinoons applica­
tion to the problem u n til i t  to  learned*
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subject. On th# second day In th#: f i r  a t period in  th# forenoon and 

in  th# f lra t  In the afternoon single runswere given. hut in  th# other

tasmtlMl rtf̂ st wabewaffi 'In #itii#n##t rave varw# v*m «**4BSe^  mssasssawsdKsi Âmevek AnsadtetpH'̂p tl̂Wp 0isesame imS& aPli#0'̂ P̂P̂aw«lvp!liB ŵwPin̂p !̂#Wwl■’(P wsawP nUn sPw—SWWB BSBP
d t e ^ S #  * # * • - ■ *  d f i t #  ** fin M  A r  m I  a » t f e 4 *  ' l k A « a a ,  t i  r t  tttfm1 111 Hi i i> 4 'i  *  i a  d . * t k  I k A k f t  U k A M y k .  MU ~MM lift •■—■#■■# —-■-«■2.Xk12»fit®fc%dp *#S8k <5 *n̂5 w3>jpfl(<p B̂B̂Ww OwPtttn 9v«#wW# BB ®s®tiRp fl̂nCX I»*B«*B JyJi BBwip*BB
■ y .- -  —— #  J j t  JBl tL-o..--- l i n t ,  - -  ■liiAi II iM S  — A - . ^  - —-■■—■*■-■ #» — %■ ,, . ]ku —■-■*■- a t  -y-^i -  -1-y #  —  *t> A . . k..-ptFlOu# Mpara.B#a (p BlWrwr iBi^rimii lu i  i l i a  H iy  BBB Hi® IB %am

period Inatead o f l i e  two for th«r« was a rather uniform tendency for 

th# seoond ran of n praotloe p i le d  to  b# sligh tly  higher In tin# 'Shd' 

•rror* then th# f l r a t .  *
# M L i . a K  AjJL^JS M a d b  w a w u a M a d h d  ^ a O sv ^ n ^ n .^ #  w i 4  g ^ a .  t a a k  a a a a H a ^ a i ^ a s a M k d aiil&o wUiw BMpBBw O* P*BBB*BB l i t  S fl B8PBBB-B3. wB VtH OB mp]pmTBUB

when I t  1# considered tha t before th# end of th# second morning th# 

rata w#r# abl# to m a the nee# In lea# than a minute. That mesne th a t 

afte r th® f l r a t  day they were spending leee than ten minutes a day la
d b t ih j ik  v i i  — _  .u. .. .. ,j.: |hi -i- Og. #  g .  *#'- a  -afĉa.- „  A -  d ik t ik ^ . ' Ma-Mt 4 k  #*  a a 4  ^ aone mass* . a« seen# entirely  oertaia tn a t tit# rat# reprosentea ut

mas# is  about a

minute by a ta p  three or four* They were getting two runs a day, so 

for the la s t  eight day# of th e ir learning they were probably spending 

less then two ml twit## a  B r  la  the mas#*

the superiority o f a more eoneoatrated program of learning may 

be refleoted in the fe e t that the group representing th is  reeeareh

' j A S a a M W a a 4 n 9 S A < S  #W '* # . ^ k ^ e e M * # # m  * *  # m 4 I B a b *  ^ a a a  a ' s m w a m #  O a d t  <d*w #ft w k l l s s  e aM & k j^ # S '# M ^ a^ ewwnpABBBB wtfB* * ABBjritl W<awli Bps *Vw* B̂ B B3T liWfliBBBB Bw *BjM# wfsB'FBBB

*
A serious e ffo rt wa# mad# to  tltd a  a l l  groups uader eon-

tated an oeeaslenal variation in  Hie method of preeedure. Group*
B ill and SUIb seemed to  be so small sad puny th a t th e ir preparatory 
regimen was redueed to two days instead # f four* I f  a rat became - 
frightened or diverted from i t s  goal*»eeklag by ai^ unusual dlsturb- 
snoe, I t  was teiien out of the warn m i the retard for th a t p a rtia l 
t r ia l was ignored* I t  oaoasionally happened th a t a rat' or a group 
Showed c le a r ly  that they were not hungry enough to  make a  determined 
• f fo r t  to get through. In suoh eases the learning was promptly post­
poned for several hours in  order to secure the satiafaetory motivation*
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t i n  #hi»r gr©to took t*r»nty»a©vea trial* with th* tin* m m  h*lng 

p ra c tic a lly  o fH lw lan t, Th#r* m f  haw  h#sm aea* **wtog to tin *  *1*© 

thr©t*gh«wfc th* *tag* of mechanisation.

Sanwary

Th* animal pthjw to to th* experiment «*r* ©hit* rat* whioh 

w»r* w ry  ®lf**ly related . fhi* to ft  tog*to*r w ith to* rig id  control 

'*f w rtohto ewlronmeatal factor* **rw*t to *«eure group* tha t 

repreaentad a w ry  high togf** of"©qniralance. to* method ©f tra in ­

ing employ*** towlwtog guidance and oonoentrated praotiaa, 'rwmltog 

la  a material aarlng «f time and * ff* rt on th* part ©f a l l  tu itio n

gr©to**
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80MB PITSICAL EFFECTS OF TOBACCO SM0®

There is  no evidence f tm  th is  experiment to indicate tha t 

tebaeoo smoke affseta rats and nan alike* In io  fa r a t  sc ien tific  

opinion has ventured « statement, it  a t least voice# a preponderant 

doufet concerning tapposed parallel offsets* Such doubt# ore valid 

a* tounhing tha #uperflel&l e ffec ts , at least* ' tovever, I f  there

I t  an insidious poison In tobaeee moke that deteriorates nervous
■

tissue and senses functional and organic lesions, then i t  would appear 

v t in t  SOUS Of these off so ts would he produced in the rat sub jests*  Xt 

V lf'the purpose of th is  chapter to indicate a #0w of the wire obvious 

offsets of tehaeeo snobs on tbs purely physical functions th a t were
I . " . " . - . - - -

jjlliofisi.*

The typical rsastisns of the ra ts  to the tobaeee seeks were 
in teresting. In only a few instanees did i t  appear to mbs them 

■:?ilsk« In these eases the rats wanifested bodily symptoms of wild 
poisoning sueh as writhing and squealing, But th is  a©edition seeasd - 

to  ex is t fir m  wire than tea or fifteen  oisutes a fte r they were 

removed from the smoker. After mat th e ir  behavior in the aages 

seemed to be per fa s ti y nsraal* In no ease aesld it  be detested that 

they had in any degree for mad a tobaeee habit.

The smoko treatment was obviously eery severe* At 'the f i r s t  

i#*Od,©f the moke in the box the ra ts  invariably sods frefttis effo rts

86
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' to  escape# Then as the fmaea became heavier and thicker# they became 

fttieseeat# lying with th e ir  eyes closed, th e ir  mouths open and the ir 

noses thrust as far a*, possible la ta  the corners e f  the cages* The 

breathing m s labored, end there was every sign of greet bodily die* 

comfort# Salivation was greatly  increased, targe drop* ef saliva . 

dripped from th e ir  half-open mouths# thoroughly w etting th e ir  en tire  

front quarters, end' ran m  the fleer e f  the smoker*

I t  might he expected th a t ' in due time the rate would become 

habituated to the smoking conditions so that the peculiar bodily 

symptoms- ef disturbance would disappear# Sot sueh was net- the ease# 

la fa s t, tom  females that were smoked almost dally for several months 

seemed to  evince 'these poonllor r ese tions in  increasing measure# A 

slag!* P«ff ef smoke blown into' their feeea suffioed to  s ta r t the 

abnormal flow of saliva and to  s a il out the apparent fear reactions*

I f fe e t  m  tepredwetten and V iability

There has been only a very limited study made o f th is  phase e f  

the tobaeee problem. Chapter 1 lis t*  the'major studies that have been 

•ado. Sueh evidence as there is  appears to be contradictory. The 

studies by Sepierri# and Wright# referred to in  Chapter I#;-indicate 

tha t tobaeee smoke lessens the generative eapeelty# whereas -lies*#

Study shews c lea rly  an increased f e r t i l i t y  resulting from exposure to 

tebaeoo fumes*

Strangely enough, tbs present experiment confirms both positions 

This research shows tha t tobaeee smoke s e ts  as a stimulant to the 

reproductive process®* up to  a esrtain  pointi a fter  th a t 'point has been
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.passed It# offsets «r« destructive*

The aeeosipanying table# n  to VIII git* th* group reoord# on 

thia point# 71m row "number died" refera to  those tha t were

s till-b o rn  or th a t died from natural e&uses within « few day*.

Two of tho experimental groups, i l l  sad f i l l ,  showed «#- 

roistakoably tho stimulating of foots of th# tebaeoo fonts# Tho f i l l  

group 1« a atoeh more remarkable and oloar-out ease, however, than tho 

former* Those wore f i r s t  l it t e r  r o ts , whereas the i l l  group repre­

sented seeead l i t t e r  rataj end there i t  normally a n eter le l inereaso . 

in  l i t t e r  t ls e  with the seeosd l i t t e r s .  loneld#©***# table* show that 

eeaeluslvely ( f i t s ) .

The t i l l  group represented the f ir s t  l it t e r s  o f the 111 group, 

sad they averaged eleven to the l i t t e r  with the range free eight to 

fourteen. These were somewhat stunted, h ot, exeept for one whole 

l i t t e r  of ten that died within, a day or two, they seesed t«  be. rather 

rigorous. This group with th eir own progenitors, the I I I  group, 

ateraged 10*1 per l i t t e r ,  or H i young In eleven litte r s# ' Th* effeots 

■ OR f e r t i l i ty  are ehoem by eomparing these group# with th* controls.

In seventeen noroal libbers hero there were Id* young, o r .an average 

'of t*S young per l i t t e r .  The l it t e r s  o f the experimental# thus 

averagedlP per eeut larger than those of the eontrols.

This part of the experiment abroad with the observation* of 

Hie*. His smoked mie# were esxeh saw* pro llfie  than the esn tre ls. 

However, the ir v iab ility  was much less. Herein the present experiment 

M ffers somewhat from his* - Of the 148 young boro In th* control 

groups, thirteen were either s till-b o rn  or survived but a short t ix e i
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H its Till
Xmas! m  m m  n m r k m  tiabilxtt of m t  ix? m o w

Set l Set S Set i Set. 4 Set S fital

bom • 1 f s 1 IT 8*4
Foster

died 1' 1 . ® s 1 ■ 14

■Aa^rnn.%'**^. * | | i l  A  41 *4 t |  A  jS-** 4 llL  ib«M k » « —«■ a. ̂  A, — *1 ■“ ■“— AVBvrMI tW IIfi w  f "  4I@ I i  W  w H | m p  i l i f l l i i i

:<mte .n e t  r l * b l e * Of th e  tw elve whleh <31*4, te n  belonged to  ext# l i t t e r .  

Or th e  whole th e re  wee much l e t*  i r e r t a l i t y  among th*  experim ental*  e f

• drti m — m  iiitlittitin ■ dblhefcwk eitOH dhtwaik ®feJ®baMMMWfc * mt%mi# group# i m  #r m v

But the records fer th® SXXXb and the « lf  g ro u p s 'te l le . 

d ifferent story. (See Tables TIT and T ill,}  Sen* the. experimental 

footer of tdbasoo smoke prowed to h* disastrous. The lllXb group m e  

composed e f  the siblings of the 11X1 group, and «i#y represented th® 

second litter®  of th# SIX group breeders. The SIXI group represented 

th* highest degree of prolificacy of a ll. the groups* on th® basis i f  

mmm% relative alt*  for f i r s t  and second l i t t e r s ,  the llX Ib group

should hare bee* larger. As a matter of fa s t there were only thirty*

.three young ber» is  s i*  l i t t e r s ,  sw a g in g  8*8 per l i t t e r ,  #  these 

th ir t ie s  were, sot viable* Th* average l i t t e r  sis*  of th is  group is* 

therefo r# , eeen to be SO .per e#«b lea* than th a t of th e ir own siblings, 

Mid 86 per cent .less than the normal l i t te r* .

The SIT group, whleh were the offspring ef th e . selected
m b i— * * , ■ » -•• *  • M j g *  d h w a w a a i a  d t l a s t  J & P ’ t f t f  m  ii*  a > *  * >  o t w a J K  i a  i e  a n  M i iO  M l a  w  J L  o  A  i f c 'O i  e r n e  f t  *l> ... — a smrmmmfw wwwm mw  n # i  group i i i i  w priiM iiw ii ~?Mt n w m  g i i i r i i i ^ i  « f
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showed tbs wmt narked effeoia of tha smoking proses** 

0aly a«“*raat<MHi young w w  bow in fir® l i t te r s ,  an! of these only

'tltfee.. eurtlved*

tf fo e t ©a Weight m i  (Jrewth

The offset i f  tobaeee smoke open growth of young amlaals has 

boos studied by several exf^rinentars, - the fa s t to probably in fin ite ly  

•atabliahad that tobaoeo saoke does have a retarding offset upon rata ' 

of growth. ' tha present experiment 1» in  agreement with th ia finding, 

bat i t  a ii§  further data la showing sows hereditary affaota aa v a i l .

Ihio o ffa o t upon weight and growth any boot bo aaen in' a eon* 

pari*on of several groups representing  th rae  generations i f  expert* 

aan ta l '.-rots and a e o n tro l ' group, goo figure  I  below. All ware spring 

and m wm t ro ts#  ■ fbo oantrol group and tbo f i r s t  and th ird  genaratlon 

r a ts  wars nearly  tbo  saao agei they  wars raised undar ld sn tio a l son- 

d i t la n s , growing in  ad-joining oagss.

tho eeatrol group (CIX) and the f ir s t  generation of fumed ra ts  

( f t )  wars .littor-ontos fr©» six  lit te r s*  these l i t t e r s ,  to ta ling  

fOrty-aina young* were divided into two ogual groups , on* o f whiob was 

smoked and tbs other used as a oontrol. Th* division was nado.whon 

tbs young wore ton days old and a t that tin s  tho seeking proosss woo 

begun, i t  m s impossible in  ovary ease to  determine tho sax a t th a t 

early age* s* i t  happened that tha ' ito ie is n  van not fa it*  aeourab* so 

t*r no so* was oonearaed. In tb s eoatrel group there ware tan males 

and fourtoaa fonalosi In tbs experimental group there wore tw i te  aaloo 

and thirteen females. This goto « sligh t natural advantage to  tbs
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experimsaial group* fo r the larger proportion o f males i s  th is  group 

would toad to  rale# th e ir  aw  rage weight by to  muoh.

the eurvee indicate that there was & sligh t hut steady re ta r­

dation of growth, on the part o f the expsriwentals. Tables IX and X. 

glee the weekly average weights of the two groups. At the time of 

the division* the two groups weighed almost the easts. After two weeks 

of the mvpcy* laart-feftl group averaged 7.35 per ©eat l i f t e r  in

weight thaii the controls, and a fte r  four weeks of smoking they were 

8.13 per cent lighter*.

' In like manner comparing th is  control group and the second 

generation o f experiment a le , the c o n tro ls  were 11 per cent heavier at 

five weeks o f age and .15 per cent heavier a t nine weeks. Perhaps 

th is  difference la  given greater significance by 'the fact tha t th is 

second generation of experimental* was made up o f the seeoad U tte r s  , 

of the original stock. Donaldson *s tables, as w ell sue praotioal 

observation, indicate that the seeoad l i t t e r  ra ts are on the average 

the la rg est sad hardiest of' a ll*  On t h a t  basis th is  group should have 

bees superior to the controls* I t  would seen*, then, that the smoke 

might haws been responsible fo r  iti« loss of a larger percentage of 

growth and weight than appears from the comparison*

the third generation was the offspring o f the second* Whereas 

the ir forbears were only sligh tly: in ferio r to the controls, these were 

decidedly smaller* At .five weeks the oontrol group averaged SI per 
cent heavier#, a t nine weeks they had increased th eir  gain to  37 per 

cent* The signifiea&oe of th is  difference i s  increased by the' fa s t 

tha t there was m  average dlffsrenee in  the ages of the two groups of
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only three or four weeks • They grew In adjoining wages, and a ll 

•auditions sere « p l  te r  the two groups sum the ms footer of 

teheeee aioek#.

Coaf*ring th is th ird  generation of eaperimntals with the ir 

flam progenitor* and the litter-mate# *f the*#, the aaoond generation 

experimental*, th* d«l«tarlett* offset# a t tehaooo amok* on m ight 

and growth ara farther eee**, I t  ie a #i$Ufiea**fe feet th a t th* l i t to r ­

al*# of th ia gem ration averaged tm w a lly  large, feat eerae di*d and 

other* were divided around a* th a t no female euekled more than the

rfpPW*. |  Wkftv %m§ HwwlJ US* fnl #BBFWHi ®H<9®T tHII ,M» Wtirff# w##£B

of age tdiie group averaged IS*S per eent lee* i s  weight them the ir 

fertemraj a t  five weeks they averaged 27,8 per feat lea* and at nine 

•eeke they m m  28 per eent ligh ter.

the reeerde elearly  show th a t tekaeao *»eke hae a etunting 

o ffse t spin growth, and the evldeeee fro© the la te r  group* indieate* 

th a t th is stunted condition i t  trenemttted to offaprlag. the  se lasted 

breeder* fro® the th ird  generation -  eigh t feaales and three walee •  

•ere deeidedly abnormal with reepeet to the natter of f e r t i l i ty  •« 

explained i» the previous seotion. daly three surviving young fro® 

thee* contributed any evldenee for effeete upon the fourth generation, 

fheae were net auhjeeted to the smoking process, and, presumably, 

they held a nataral advantage in th a t only tee in one ea*e and to t on# 

is  idie ether were suckled hy a female, the two were discarded a t 

***** *W  •*  age, a t  whleh til** they averaged ninety gram is  weight 

which was about tt«¥  per •*«% ligh ter them the centrals* the other
■ :-M & runm an* J t  ■ a  A   ̂ J ts t'fttU U  W s l a A M  I #  i l l  - ^  p A i  m  J tmmm m* WPiLflMlil mw m̂msf ellejjw WBBW* wPdgBwP
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#p about f t  j i r  light*? than the ooatrole # ^
'V h M M e d b & f c  a f e M k ' J » 4  j f e M  J # « f e  m d ®  S I ' ^  # 0  “**•F«T®f" PI »«» fITwllS. <pT topsHUMTO towBMt Hf'Pi gr«P«ii

is derived frm  m st«dy «f toft seleeted breeders f m  the different 

groups tata# *Wf *spt far sevftraj, moire ris • rlgaPi I snow* toe arrests 

4# prolonged (M fto i ©a the ttltlast*  body toighfc of ( M i  ra ts .

The f i r s t  generation oontrol oroup ($1) was 

previous dissuasion based upon figure f ,  fhase were bom to la te  winter 

Mid were 8 0vNfeto SafftfUr to sis# to these th a t were tom  to to*

Spring ®r stumer# f*bi* I I  gives toe eewplete reee rd e f th e ir  growth, 

fhe H I  group to to  the ir own sib lings, fh» toot toot they m m  winter 

rata and to# i l l  group war# seeoad l i t t e r  r a t i  as wall 4# - spring rsto  

. probably would stow fo r 4  oensiderable differense to  the general sis# 

4w< rate of growth of to* to# groups. I t  to only reasonable to suppose, 

tosrefere. that the sisoking prooess did out to# weight of toft 1X1 

group •# to s t tbs toft s w e ll  representing toft growth of the 'to# groups 

■ are eery ole** together. Table XXI glees tto  reoord of toft.growto o f 

' toft III grftNfe

ta b le  h

■WliKLT OROITH OP ?HS YOtfS® 0P f if  SX StOtJP

1st tftt Srd 4to Sth 6th fib 6th tto 10th t m Slit
Sftb to* to* to# to# to* «lr.Wfafew to# to . to* to* to* to*
1 si m St f« t o t o 168 its it® tto
t 11 i t s« to f t 101 111 is® to f t if® tto )
i » t o to to to ito l i t it® it® its sts 1 t i t
4 t o «s is t o n 101 lie to t it? its tto  }
» t o t o t o t o t o to® its tot
AW. > t o t o t o t o fp to® u s m itv 1ft tot ts t
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'WSSSLT M B  OP fW TOOT® OP fS» l i t  OSOW1

lo t
le t
wk.

2nd
wk«

9rd
wk*

4th
wk.

I
I

I 8th
wk*

fth
wk#

ith
wk*

9th
wk#

10th
wk#

18th
wk*

2Sth
#

I H 28 49 94 89 111 111 199 199 m i
» 12 20 I t SO 91 110 188 188 189 160 i n : ta«a
9 n ' 21 19 98 88 100 120 119 198 819 reap
4 12 21 38 «t TO 109 I l f 181 149 199 t i t  j 1
At# 12 »1 I f 99 90 I0f .122 149 189 194 229 918

Th* upper and «f the »««9 » | shave a sign i f  leant trawl tha t If  

aanfimed by the growth reoerd of tha B ill group* Thie tod loatot 

th a t th* w a e l  fata tended to make a laager and larger growth develop- 

awat %aa thee* that wart •waked# After tha tixtaenth weak th« wale* 

ware net Ineludad i t  th t weight avaragaa for they wara dieaarded# to 

tha fin a l raoarde waro wade by tha females* Of thata thara wara f ira  

aaah in tha 01 and tha 1X1 group# and aaewm in tha SXXX group*

tha S l i t  grotty, wheee aawpleta growth reeerds m y ha studied 

is  fahla XIII, shave elaarly the stunti»g affaota of awaking# At 

•Ixfceaa weeks of age, eight female* and three walee averaged II  per 

oant ligh ter in weight than th a ir  own progenitor*# th* 121 group# did 

a t  tha t age# 'I t  »h©eld to stated that th is represented a a ligh t gain 

on the part of tha 1IXX group# f a r  i t  ana aeon tha t a t  nine waaiea i f  

age they war* 19 par aant ligh ter than th a ir  ferheare * fhia gain waa# 

apparently, largely made Ip  the males of the group# fa r  a t twenty-two

INHNRi IMrrMfc fiillll ItflRrSJWI »®GH® £9 JPV #9p» *9M mlH CTflNI ■
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TABLE T U T

mat* mmrn w ms t® m ®  or tm  * m  mtm

lo t 9rd 8th 8th fth 8th 11th 16th SSnS
Sot wk. wit* wk* Wk* wk* wk* wk* wk* wk*

I 11 99 81 i f 98 191 ISO) ■)
1
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11
11

i f
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m
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98
n

10S
86)

H

1««)
» § j

199 I i n
* S St M m 5
Aw* 19 IS St T« #1 ;t s l i l 180" m

SUgg»«tlw® data ©n th® h#r®M%ary tffWok* of th® smoking . 

yrooooo nay b« im » in oonpariRg th® t#o group at sibling*, -  th® 

f f  and I I I  groups * with tfcolr mm offspring. Th® progway of th®

SI group* whioh was th® Ctl 'gr#«p* ar® shown to h# d*finltoly ®wp®rt®r 

In oolfht to  th a ir  forboaraj lit® 1111 group I® 4*®ia#dly inforior to  

th o lr proganiter®* th® I I I  group, fhooo radloal diffor®*®## ®r® not 

•ooipohio to any known faster gtfctr than th a t of tohaooo smek®.

i»  doftftito physleal th a t nor® ©bg«nrabl® rtsu lted  '

Iron increased amounts of saoking. Th® SUfc group was ft ftlngio 

X ittar whioh mo fonoft with smoko fro® ton gras® of tofcaeoe from 

th* ir sixth to th® ninth w®«k* No tangihl® #ff®ots r#sult#4 from 

th is , to  th# group rooori oft* iwsl»4#<t with that of th® SIX group m 

OOt M kor four.

Th® Sixth group woo ao4o up of th# ««o«nst l l t to r s  of th® l i t  

group br«®d®r# and m m  th® sibllnga of th® Biff group* Th® sasking 

proooo® «»• not #®sw#n##d w ith th®» u n til th*y nor® two and thro® «#®ks 

old. Thii togothor with th® foot Ifeat th#y nor® #®««ad*litt®r rot®
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m f  have keen reajHjaiaible tm  the fhet Shut they averaged • lightly  

higher in weekly weight# than did the H Sf fffap* (See Table XTW.)

yyy

m n a r  s tow s cs tro  tow§ op* ora t n i b  stoop

fa t

s
i Sth
weak

i
t 8th

waak
13th
weak

1 10 IS l i t 188 205
t is 56 Si 94 154
8 88 70 i©f ■ US
At* 30 m 102 1U If*

l* «•%* th a t were faaad with smoke fr*» f l a t  gr&m «f 

tebaeea fa r  ft .J tv ls t of aavaRty-flva ta  ninety day# were fomid te - 

.he IS jwr ea»t were p re lif le  than the nensal ra ts .

S« Prolonged awaking «f thaa® mum rata resulted in radoe- 

ing the average §!•• of th a ir  seooad l i t te r*  8® far. #e»t* ' This 

mmn.pt waa 88 fa r  aant laaa than th a t af tha normal rata*

3* The v iab ility  af tha third generation vac graatly 

redaeed, #apeel«lly among tha aeeond*Htt*r rati#

4* tha f o r tu i ty  ef the th ird  generation breeder*, waa 80 

gar aant laaa than tha t of tha control®, and 87*8 per eant laaa than 

t in t  a# prev ious experim en ta l r a t s *  Moreeaer, there were three ant 

of eight M m  that fa iled  to repredttoe.

$« The *1 ab ility  of Mia fourth generation waa greatly

fVRtlWa* mi* 1m PP» WwP P» W P  ®rerv$ŵ q|w
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6. Tehaeeo e»ok• retarded the frowth of the rata* The f i r a t  

generation #s$»rifftent«la averaged 8*13 fa r  a ant lig h ter than 'thatr 

eentrela a f te r  four weeks ©f awaking.

7* The eeooad generation experimental* averaged 11 fa r  oent 

lig h ter than th a ir  ooBtrol* a t  five weals af age and 18 par sent 

lighter a t Wtae week**

8* fha- third generation axparlaaatala averaged 31 par a ant 

lighter tha* the aantrola a t  five weeke af age a»i 87 fa r  tau t lighter 

a t  nine weeks*

8* The stunting affaata af tehnaae eoefce vara treasaltted ha 

progeny* ft*' throe tvn ivtag young of tha fourth generation *ere 

never smoked, t a t  a t  'forty days ef age two of then average* t l« f  per 

eant laaa la  weight than tha aantrola* Another was i f  fa r  oent 

ligh ter than the eoatrole a t  t h i r t y  throe daya id1 age*

10* Versa! rate tended to ante a more prolonged and larger 

growth development than those that were smoked.
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mmen or tobacco §mm wow mm m m m m

fh# s#t«r# i f  th* offeote i f  the i t t i t t  agouti in tobeeeo aaok# 

WB9B the «#ntal or#####*# hat M t h##» d#h«rni«#d* Th* #xd#rln*nta 1 

lit*p*t»r* ajM»n th# t ib j t ih  is  largely inoenoluair*, and th* groat 

M l  i f  publiabad poraona1 opinion Mid toatiwroy regarding th# i f f i i t i  

I t  t* aontradiotory i t  I t  I t  w s tiliB tlf lt* ' If, tobaaco math* to rv tt 

i t  i  M te tlw , with « ttr ta g  titidtaey to doprott, I t  sight to  #xp«ob#d 

to  rotard XoomlBfi i f  I t  o t t t  a t  a  *tiiwila»t# or «xeitant* I t  night 

b# oxp*#t*d to aaovlorot# learning by In®rooting tit# ra rio ty  and 

|»t#n»ity of «o tlritl*«  aoaiiablo for eolootion and repetition*

Opinion range# botaoon that# two opposing poeslb llttlea . the 

•©lotIon of tilt problo* oust a#rtaialy  bo Bought. la  rig id ly  eontrolled 

exper l»#nfcatien niiloh I t  adequately designed to elIninato i l l  oxtran#- 

t i t  footer*# tb i t  insuring result* tb i t  unaiatafcably r# ilf t# r  th**# 

MhPtitt* Snob b it  boon th# purpose of till# experiment. . fh# do«ir« 

f i r  p i t i t lw  knowledge regardlug the t f f o t t i  i f  aneklng I t  roteed 1» 

i  rwltitudo | f  ways* #nd th# In terest whloh attaahea to th* general 

subleet I t  f i r  from being purely ioadtile*

Th# mbhtd i f  study, larilrlag th# us* i f  rata Instead i f  

fcpmat* t##el**s Itt tonotitn from w#U*nigh w iirtrtal tei#n tifia  

fra#tie*. there.'Is no oeaheatlon that tht r t t ilt t  obtained from th#a#

SS
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animal euhjeets w ill held for humane, yet th# p mo tie#  o f animal 

OXforimentatien'h&a probably demonstrated th# fao t th a t such result# 

my ha regarded #• a t least indie&tlve and iWtgpeiiv# for * parallel 

etuiy #f t a a n  tofaigft*

Th# animal* used Is  thi* expmtmnt war# a l l  litter-m ata# , 

sibling*, and tha direet offspring of the##. fh# original progenitor# 

more very oloaaly ra in e d , th a ir Haas having Wan inbred fa r  gener­

ations* «e f#r uniformity of a l l  hereditary feetore, n o th in  approaeh- 

lag thi# la  human family relationship# eoold poaeibly be found. dreat 

depandanoe ha* bean placed upon tha eq«ival*ne# of th i various group* 

for Validating th*. result# of tha experiment. Whatever way lav# been 

tha dafaota la  tha method of control employed, th® varlaua group® 

undergoing atMparlaott wore, a t  le a s t, a* nearly equivalent a* oould 

poasibly h* obtained.

Th# oewparfttlv* adequacy of th is  eiudy stay ha refloated in tha 

foot th a t the wadier of eubjeet* uaed to  t**t oaoh phas# o f the problem 

waa, generally, much larger than the## used in any sim ilar study that 

ha# oooa to tha attention of th# writer* The advantage of th® larger 

maker# i« th# varioiw group# is  mm  la  the foot th a t tha pr«poad#n» 

a»t weight which axeaptional oases hoar in so# 11 group# ha* been 

largely neutralised, and the differenaes reoorded may, to  a vary high ' 

degree, ha regarded ao ra ta ltin g  fro® th# experimental variation* alone*

Th# Problem Restated

The objaetlve# of th i i  experiment, together with th# expert- 

mental e*t-«p and th# general method employed, hare h*«a eet forth la
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Chapter* I  and IX. I t  w ill awffiee, therefore, t#  s ta te  here tha t 

the frtaaipal a te  wa® to  diseerer ( l)  teak o ffse ts , I f  any* smoking 

tee upon tha learning teharler ©f rate* ft.) what d iffe ren tia l effeets 

aay re su lt from war tad answta ©f mssoklagi and (8) what ssx-diffar-
-mnj*te» wnn-ir lam fft*>itifrttseasif tec© 44* *ffliw  mm# *#w #tirW9mQ#fm- w#

tha t final answers t© these problem* haw* nat teen dissevered 

nay oertalnly g© without a ay lag. The many aenths of painstaking ©art 

te  tea oarrying oat of tea reaearoh have, however, yielded same date 

' Upon tha tobaooo froblere tha t are new. loar sigttifieeah thoy my ha
'Sm haas'Mdj j| j |  enaadl wadk Iwiawsm & - a^k*|j| <dteae iMonate mdk dhwMytdkSa ^  khivwup wviQv ana yassn ao.ro* m. swrw tr«gwub o* vr«wi way iootoss* ay

a© anoh the hady of la ferm tlan  th a t © ill ultimately give ©newer© te  

may vexing fw stioaa Involved te  te a t  problem.

Synapsis of tha Xxperimsfc

I t  waa not ooBveaiettt te  maintain sterlet uniformity in tea 

technical pr©*©dure te te tt^ M t tea exper laont. Swh variations a© 

war© necessary, together w ith tea possible affaate* w ill te  noted te  

tea discussion white follows. Table X? .give© a synapsis, ©f tha 

experiment, ©bmtag tea different groups, tea amount and duration a f  

tha fussing, tea seasonal variations, and tea ages af tha grotps a t  tha 

tin s  a f train ing, f t  w ill te  observed tha t three group* (®I, iff*  and 

ff lb )  ware reared in te® laboratoryi a l l  la te r  groups war® reared In a 

room i s  a meant apsyrtptnt* I t  w ill elaa te  noted te a t tea K ill and 

EtIXb group* ware subjected to  a shorter preparatory regimen teas tea 

d tte rs . fa te  offsets as were elearly  the resu lt af tea aawirMmntal 

interpolations as wall so teaaa resulting fra* varied amounts of fuming 

Wlte tateaaa smoke w ill te  eonsldered in  the following pages.
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fAJBS I f

stwopsis of wa . n m a n t  f iw n #  
osvnxmr m m  a® mmm

droop
Sally
fuming

*mount of 
Tohaooo

I* . Says 
Fuming  ̂
bafora 
Tuition

Of Bats 
frateod

of Bata
Waited

Ago te Saya 
a t  B«ginning 
of Tuition

M t t a 'V o r tm * ’April » te ly

01 s i 1 4f •  «?

BIX 80 a te . § gnu*. 80 SI 48 •  80

s i te 1 how 10 fW* H 9 84

1££ Pfowgi wMFywWflHPwjr ** iiHtl W0*.

0X1 t i 4F * 80

XX 80 mte* I  pm* 8? •  m 18 i 4f * 80

Tuition Farlods, Ootobar Sooos&or

XXXX 10 a te . 8 pm* #8 81 s 49

XXXte 8 tea* id  pm* 41 - «f i t 8 81 * f l

 ̂ Sroup Dlfforonooo Xoiultteg from th* Smoking

a MM* dn̂l lirliiA 0̂ anAUOMk4&'OaM aM>jaOtAUOJ0On Jt08 &Wa 'JSAaiUUtfana M dlouM 4tiMt -*& swMPRijry w  *w»î uU3g Fppvnw w* Wmw w h  w jw  pvBfi as

th* ooporteoat, showing tho affso t of totaooo anoka upon th* rata of 

learning, te gtpo» te  fahlo IFI holt*. Hit* ohoio tha t thro* groups 

of ro ts (XI, XXI, and EIII) whioh w o  fuawd with smoko fr©» fir*  grama 

Of toihaooo wars ouporior 0# tha two groups of oontroli (CX and 0X1) te  

o il throo o rlto ria  Of loom lag . fhay tearnod with mi atorago of .11 .9 

por eoat loos tr ia ls  ths* tholr oontrols, th a i r ' teaming tin s  avaragad
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17,5 fa r  aeah Uuu^ utd t in t?  error* aeeragel 4*4 for o*nt i*««. Ob

the ether ha ltd, those tha t war# fumed wittt-- woofa* M m  tea ea§ twenty.■ 5^0®f|W. -" -S|r W* ™*Wp>W,e'# * y  -W?WW"P*W*WT ■ 0* *Vr .lip, ^ * 0 0  OWWMWOOIOW ®* *E'WWie* ®PW*WW ^ FpW w * w W W * l8

gnasi* (H I*  amI XXXIfc) are iSMMMt to be la fe rie r te  the eentrele la  hare 

Of the e r lte r t* » Will® they leemael with, Mi awereg* #f 4 p*r eewt leee 

than the eoatnele^ th e ir evorege tiwe we# 24*4 fo r eoat higher aa l they 

aweragel l t d  ger eoat mow orrere*

fOUl XIX

staasm i f  tm litxKim tieosus of mi sesfstiL, f in  axai* 
H® fBS 188 ASP fWBIff milt S4¥B *

. Ireape
Mesa

Trial*
8*8.
Noes

Mens
He*

Mean
ir re rs

8 .8 .
Mean

(M) 01 aa l 011 20.1 687 118 + 6.66

(IK) *Z* SIX* and 
*111 W m

Xf#S ,*■> if 4W6' 8 88f 111 ±4.ft '

(19) Kllh aa l
BIZZt (tm  and 
treaty ttraae) 18*9 ±1.18 812 ’ XSf ±•#•8 ' '

I t  It thee ***a that the tre a l of tho effeet* e f tobaeeo mhMh» 

upon tho learning of note woo ta  eeaferalty with tho tre a t of effeet*  

upon f o r tu i ty  a* ob»*rr®d la  Ohaptsr XXI* Tie reeelt* showed that tho 

fate th a t wore **et»d for a period of th ir ty  sAnute* a lay with fame 

fro* f ir#  grama of tebeeee war® aeeeleratel la  th e ir learning! theee

. . a
MU* read* a* felloe*» fifty -* ix  flro t aa l second gene ratios 

controls learned with aa aw«ra,g* e f  104  trial*, the otanleri error « f  
theaeaa being #®ffi the h*r*ws»te wean af th e#  learstag tie*  wa* « if  
oeeeaSst Huitf wean errer* 'were m  with a standard error a# s*ii»^fm gm B SB Pw s-w ppair W "  ™ ■ ” •■ w w o  w  ...w w ea * ^ ' . ^ « w - t i w -  'W  ■ i w w w i o w e M i  w * :. *RW 'W ;. w ee *  - • w p ew  .■. wpygM sejeTS*-
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tha t were fumed for longer period# were retarded m aterially.

fh* re lia b il i ty  ef the differences between the obtained mean#, 

m  computed hy means of tha ao-ealled short formula, doe* not in  bom 

Sf the case* indieat* any significant difference. M§mwr0 the ' 

method of aeleotion in the experiment wee suah tha t th e ' groups would 

se t In any sen*© represent a random sample* fe find the standard : 

error of the difference between related or i t  is

necessary to  uae the long fenatla and th a t oannot he used ehoro i t  is  

impossible to  correlate tho groups.

the shorter formula has been need whore there is  no warrant 
for i t ,  with the resu lt th a t tho re lia b ili ty  of the different# as ■ 
reported, is  iao erro e t# * * * I t  mhos tho s tsndsrd error appear 
toe largo aal therefore mbs* the differ#®®** appear less reliab le 

. than they aotm lly  are * • , . iheasfer a iiffsra®## w e t he fe ta l 
between two related greaps where the rain# ef the oerrelation is  
tvnly iaaeeeeeihle, the wrltor should s e l l  attention to  the fa s t tha t 
the standard error as fsmtd hy the shorter formula is  net * real ’ .
te lle  ef the standard error t i t  merely an upper lim it. ■ (2TiSS,80)

Cone'tiering then t in t  the usual s ta t is t ic a l  procedure for 

determining the re lia b ili ty  ef the d iff  arena* sennet glee a tm # ralue

in th is  ease# the following felloes m e t be regarded as only approxi­

mations.

Coapuffeg the different groups In t r ia ls  and error* as given 

In fable Xfl, the following relationship# are seen* The obtained 

.liflbreaoe In the mesa tr ia ls  of the control grasps (01 and i l l )  and 

#ie f i r e  grass experinentals (El, f i t ,  and l i f t )  is  t . l i  the standard 

enrer of th* difforesee is  1*99* Since the obtained differene* is  

were than twice the Standard error «f the diff#r#»e*, lit* ehanees are 

mere than twenty to mm that th# difference Is real* i s  might be , 

expected, there is  no reliable:: differemse in  moan errors. Comparing
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;G;ihe tea ea t twenty g«m  (ftfXb and S lllb ) group with to* other too 

groups, no reliable dlfferen### In mum tr ia l#  appear. An toelg- 

>; ntfttoito different# appears in eempariag to e ir mean error# with th### 

ef th# eontrel#. 0#*pariag tha® with th# fir*  graa ra ts , however, 

to# Obtained differ#*#* la  error# (21) |#  tori## to# standard deviation 

dlfferene* (10.3), whleh probably todloate# tha t tto  differ#®#* 

i# a raal one.

I t  to to  to observed th a t tto  greatest variations ooour to 

th# ti»« faator* But n® aeoepted Method of determining to# standard 

*rr#r of tto  haraoai® n»a» ex is ts , and therefor# I t  to impossible to  

totomin* an index #f re lia b ili ty .

Turning; new t#  a d*tail#d study ef tha d ifferen t group reeorda, 

eoTOparlaona w ill ha sad* touehtog a l l  tor## e r tte r ia  of tha waa#

‘ learning to  an endeavor to estimate war# to  deta il tto  effeot# of toe 

Inhalation of tohaoe# twoh# and ©t to r  faator# upon learning as tto a# 

war# r#fl##tod to  t to  gr##p toftottons* fahl# x n t  gives toe learning 

records #f tto  larious group#*

I t  ffl&y to  th a t tto  experiment registered tto  influ*ae# e f other 

faster# to  add it.tan to  tha on* experimental feetss* Of tobaeao smoke.

If than# to * variation to  learning a b ility  a ttr lto ta h le  te  seasonal 

Otoagea, then to la was re fleeted here, for to* learning periods were 

distributed fro® April 18 t#  Oeoeator 83. I f  oBviroBwonial variations, 

ImrolTleg ofwmge* In location and housing and offering a war* stton* 

lating l ife  situation , toflueaee learning ability* then thto fa s te r 

flayed •  pa r t .  I f  tto r#  wa# an increase of s h il l  to  to# par* *f to* 

•xpertoeBter to hand ily  the rat#* thto night he roflootM  in generally
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Mwmm m  m  m m tm  m m m  of tm  r m m  iw w rsw m ® . 
kvm m  rm m m m m  i t  iiials, time aw m sm s

droop# . tr ia l#  " Seconds frror*

<98} 01 11' 709 117

(»•) 1X1 l«#i 717 180

(9) I llb 18*9 108 184

(1 1 ) o n !»•« 981 118

(88) IX 10.6 890 118

<ii) IXXX 17.2 450 91

<10) S ltlb 20,7 1088 181

better r###rd« ©» th# part #f th# later group#* fh# evidence ©«##?«** 

$M$ th# offset# of the## footers, at well as that of tho eaperiraental 

footer, is to b# noted* fh# synopsis #f tho various phases of th# 

#isperi»#nt offer### la Table i f  abate w ill serve to sake some o f tho  ̂

variable c sedition# and footer# elear.

fh# experiaent sight noli bo divided into toe m.Jer <iviil«M  

ba»ed on th# faetor of e»vir©a»ental change and consequent variation 

l a  th# natter of housing and ear#. I t  has boom indloated la  Chapter 

I I ,  page 12* th a t th# a took was transferred t#  a room la  a vaeaat 

apartment daring th# summer season and here a l l  subsequent groups ' 

ver# reared# It was clear th a t th# new looatien offered a auoh sore 

•tlaulatiBg enviroaMnt than was afforded b§r the se«lttsion of th#

fh# experimental groups designated'a# i l l  and l i l t  with the ir
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controls the Cl greup were laboratory rate and represent the f i r s t  

'Phase ef tli* experiment. Their greater degree of tim idity together 

with th e ir  Mhi pronounsei avoiding reaetleas* especially in  tha f i r s t  

pari *f the learning n r l « | |  undoubtedly aocouniod ̂ for a considerable 

. part of th e ir increased learning time In comparison with the la te r 

, groups* Then, too, .the experimental group* were trained in the ease 

during one ef the hottest period* of.the summer* fh* Intense heat* 

an occasional busting fly , and the whipping of the wind through the 

laboratory were undoubtedly disturbing footers tha t influeuood adversely 

t ie  ftoordt 0f  th* 8X1 and i l l b  groups*

On tbs whole, the results aehieved in  the second part of th# 

experiment are probably i#  be regarded a* representing more nearly the 

aaxjjaaat learning e ffo rt of the different group* wider seasonal eon- 

dltion* th a t wo** much mere nearly uniform* While th* record* o f -the. 

foregoing groups are I f  no means to be ignored, yet i t  Is the feeling 

of th* w riter th a t the rooords of the t l ,  l i t !  and I l l l b  groups in 

comparison with tb s lr  oontrols the CXI group give a wore aooorate 

pioture of the group variations tha t wore produoed by experimental 

faste r of tobaooo smoke alone*

TH* second phase of the experiment also marked a sligh t thong* 

in the method of prooedure. In tbs ease of th* groups representing 

the f i r s t  phase, the ra ts  wore smoked a t  th* oloso of the day** 

p ractise , But the experimenter nos eewasrned with snob offsets of 

smoking as were in a measure peraaasst and met with any temporary 

effec ts, g# i t  was deolded 'be disoontiau# the smoking shortly before 

tbs learning process began* This was done four days before In the ease
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of t to  I I  group, and tw© iaye tofere fer both ill* iS II and tto  * ltlb  

group* * I t  w**, of ©ours*, impoaoibl* to bell hear mmh tto ''tor*  

deprivation effeet* may hare influenced their behavior. I t  i* e leer, 

heweeer, tha t the rat* ware net under th* immediate influence of th* 

aotlfe ingredients *f the hetoseo smoke. I* data *r# available te  

•hoe h*«r permanent the apparent stimulating effeet* «f tobaeoo **ek* 

may to , hat i t  i t  apparent tha t the wit* mere effected a t  le as t fe r  a 

m otor ef day* a fte r  the eessatien ef the smoking free*** *

There mg ale© a variation I* the method ef preparation In the 

eaie *f th* S il t  and the t t l l b  groups# Ail ether groups wore given a 

f*«r day preparatiea fe r the ir learning, Involving sharp reduction* in 

th e ir usual mmM  e f  food and offering daily  opportunity for- orien­

ta tion  with reepeet te  th* mas*, l e t  these group* seemed «o puny and 

th in  th a t th a ir preparatory regimen was reduced te  too days instead.

The group variations resulting from the experimental procedure 

nay he mere graphieally portrayed in  the frequency polygons repre­

senting the various group performance*. lie* figures t # 9, and 10.) 

The** show net only the relative position ef the neons of the grasps 

In t r ia l s ,  tine and error* hat else th e ir  spread,

. Seme Analyses and Explanation* ef the group Difference*

I t  was, of eourse, Impossible te  account fe r the group dfffer- 

*«##* obtained in  any f a l l  or satisfaetory manner. lewsver, Hiere 

sessted te  he sen* eery definite reason* why th* flee  gram experimental

in  two ef t to  aeeepted e r ite r ia  e f learn­

ing* fheae may to  readily pointed mat. The larger waning ef these
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OX group

SIX group
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OXX group
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Froqwmay polygons for ooapariag tho aaafcor of tr io l*  
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facts fer general learning situations, and for an adequate oe*pari#en 

-If tha different grewps, i# ^  no *»aa* #© apparent. . •

1* V ariability la  oonslatent feroard aayewent.-  A significant 

diff»reno« resulting trm  th* soaking prMMi ha* already been pointed 

ea t, and tha analysis la  Chapter II  together with tha figure on page 29 

servos to oaks 1% olaar. That analyst* she** th a t tha emolced rata 

Xackad poraietancy la  tha n a tte r of oensi*t#at forward aerensnt which 

seeaed -to eharaeterlse tha eontrels. There was a greater taadattay .fir  

than to retrsso and return to tha point ef entrane# daring tho early 

tria l**  The warm* shew th a t Inereased amount* of smoking alee la* 

er*a##d thi» tendency te  retreat* fh* controls tended te  posh forward 

to the goal with eoaparatirely la ta  hesitation and fleetuatiea ef

dwring the early 'trial*  time waa eharaeterietie *f th# enperi-

ussdiHxt * net resu lt wa« that the experimental*, by smny re t  rating# 

of portions of the ease* tended te  sates th e ir learning and thus eat 

down somewhat th# ’ are rage of the sna&er of tr ia l*  necessary to complete 

tin  learning* the larger tignifieaiie* e f  thl* preeednre fe r effleleaey 

aid rela tive ab ility  la  learning 1* s e t  e lear.
t t a  *!<■ «* 'int l i a i m  I* A  i»  An *  *> M  jm lJH  A i k i  « * J k  A a k i k  A *  Ml . —. M  -  —— -— ^L. .  — ifr »  m  «TM -Mot r tp r t l iS i t f l0*1 0F tSnS.® r9 tr l9 I i | tilslllQ f ffifty M MW

vi|ft;the nosier e f B-type error*, th a t were amassed. The error* that were 

;'*S#erd*d were of two type** C l )  the Ordinary eul de see error* 

designated a* A-typ* errors* and Cl) straigh t retraeiag* ef th# tree  

pathway, designated a* B*type» an error being oounted whenever the ra t  

terned a earner while moving towards the point of ontranee* A 3-turn 

around a eel de *ae was reeorded a* one e rro r. Th# to ta l e f t i e  l-typ#

;«yyiBr* fo r ■* r a t  or a group gives a fa ir ly  reliab le  index e f the masher
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Of Unas th* naao, «r portions' of i t ,  was tr*r*r**d in  excess of th* 

UMMtar of tine# Indieated la  Ah* tranter of reoorded tr ia ls*  I t  I*, to  

ta  i'im Aoi’oI th a t oaoh rotraeisg implies an ogttal diatanoo to  to. 

foooftroi by tto 'ro t*  therefore, th* nt»sber of tho«* orror« should to 

doubled in ardor to estimate tho awera®# number of tlnos th* goto mo 

traworaod toth forward* and baokward# * Star* was, of sours*. no way 

Of ta ilin g  what portion of tho stra igh t aogaont waa retraced, to t  i t  

I* probabl* that tho frequent retraelngs of aognonts whieh war* not 

oouutad a* orror# would m m  than ju s tify  tho prooodura of rookoniag 

each orror as a fo il  rebraoiiaf for eowpa ratio* purposes. A to ta l of 

#t$*ta#n auoil errors would ho wads In making a complete o ireu it of tho 

was* from tho food-hex tool; to the point of entrant*#

Talcing a l l  tho *»tpp# orror* for f t a " | l  greupexsluslo* of 

those awaaood during tha In itia l  t r i a l ,  tha th ir ty -f ire  »ade a ’to ta l 

#f H i t  or an ftf*f*i* of thlrty-nlno, th is  waa oquiraloat to. 4*8 

trfttarsals fif tho a*«o In addition to  theao indicated In th* twenty- 

Ode t r ia l s  whioh was tho awe rag* of tho group. . (See tahl* XVII .} Tho 

twenty-eight weakens of tho I I I  group amassed .a to ta l of 1380 euoh 

orrora for an awerago of six ty . This was equivalent to  ahowt seven 

traversal* of tho nas* la  addition to  thoa* indioatod in tho 16*3 ' : 

tr ia l*  whioh was th* aworago of th* group. Thus i t  is  soon tha t tho 

911 group, hy waking 88 per o*»t store 8~typ* errors tana th e ir  oontrols, 

effeetad a oaring in aworago tr ia l#  .of 11.4'fo r oont. The 9119 group 

also averaged fifty-nine sueh orrora, ta t they rodnood th e ir  «evwrago 

tr ia l*  to l l* t .

Thifi sans tondoaoy to roiraoo and nass th o ir  learning was soon
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In  tbs m m  *f the IX group In. eesfftfisea with th e ir  controls the 0X1 

group* A oei^partaoa of the B-typ« «rror* for o il  t r i a l s  exclusive of 

the f i r s t  Shewed but ft alight difference between the group** Bat when 

those fo r H* InitiA t t r ia l s  ***• sided* i&e i l l  group were found to 

average fiftp*twe «»oh a rre ts  while th e ir  U fltfo M ttt#  H it I I  group* 

outrage* a  d lfiifeae# In favor of the i l l  group o f I4*fl

. per eeat, On the ether head, the IX group learned with an average of 

10*8 per oent less t r ia ls  thaa the i l l  group*

the above Goaparlsoua are suffioient to  indicate a well-marked

I v«> n̂swnaasiHi ££& <4Sfli^MSSA jfllAV®eMBntawBonaawpjpra 'vs*̂ wewp*̂ *ws *ejp vŵ *nssw,w *ntn®ewsieŵ n*n& f̂t-awwe wsee*̂ * waft* ww***p*s weea .̂ ŵ p̂wr̂ wwr. *e

also reveal the f la t  t i n t  the number o f ir tn lir iA J ie i a  veiy neenfnie 

' index of the answer of i i w i t  ra t  traversed the mate. The fooefii

M$tdfefeV AfMSm •'IWft’ifett' nW MWE wgittistf Aft VBI JUygjgt%ai| fvfWtwwi*!-sh4»*nt̂ eassiww sesâ wk*r '̂ êsmssB* s*̂ âft?so ^̂ saeaevests’ vswrsn̂ P̂e ^̂ swe sŝ usnSiSr wâ *̂ ô̂ oâ *eâ *̂ r̂ or e*w? v*ŝ f ôwo

thteif learning veto lU i*  I f  moving steadily forward in  ansi t r i a l ,  to 

Snap th e ir  learning tine and feat/hep of errors proportionately low*
. .*».*•-•*,. .-- — ,- . <ft  ̂ jft ft M JL. -—-— ItaMalaHM jk^A ftktfe ee Pfteftdfee litr  ^*»rM| ftrft ifcft* it̂ S «ift4itMft jftll -mi-mQuaere ieeraec m  wen or 0 *0 *1 * win*** out ejr repeauesuy resraoaag
JL'li ̂  - „ lift 11 aini>m fP *wtw Atjtwift SftMrl ŵmSI is ffrtfr if m- Wlst'%ftb dH wsâ k w  "% .OftVCiftfta *ftftSMM%eefe*i *ftSslM  Wtih * a  '.wwamWamw shMw'X» ®Jfcip|sP ®9S1k . ’WeilWissvI®® As lr™ee®ftî i'*®eeJF . «s®AT4§hW Ufiiis>sSPwn IP* * 0  f * # * #

A studv of the original date eheete reveals the f&ot t i n t  the retraeinre 

ohar&oterised the f i r s t  wart of the learning: series rather than the 

'last* fieure 11 «>»«*«« that  the jjaMawi***««*»*>% erouws averaeed htwhfte■ *******•**: e* a .e*.̂ ĝ  ea* we ar̂ * esweew *f w*aaa* *e*esww*aa sŵ ân* gn̂ a Wftftjjgfte *̂ a w Wr̂a aaasgipft ******

thaa the eontrola la. mtmm for the f i r s t  stage of the learning* figure

12 ehowe the sane situation h i t  fo r  the guided runs Instead* A large

waaft*hftftftwesdL>4l *uim eadP -diila ̂ aaesh saasaSifteeei ftMsaesieh' jajP dhaaen IX̂ ^̂ hteeaek.
®A ®i»wvMp ® J T e  IW *w  ®A ®WmP P P P

I t  seexaa c le a r  th a t there was a  elgxii.fleaat elemeat la  the 

preeedure «h<e*» indieated eons thing a t to the rela tive learning a h l l l^  

of the groups* - Those th a t spent wuah tine  in  the w**e during the early 

t r ia ls  **»* repeatedly retraoed therehy tended to  snss th e ir  learning*

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



69

20

E rro rs

10

2 43 6

Stages

Suns f i g .  11 . Learning cu rves showing group perform ances
in  th e  f i r s t  phase o f  th e  experim en t.

Cl Group
 __________  E l i  Group
____________ E llb  Group

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



70

E rro rs

15

10

S tag es

Guided ?L 
Huns

I T
P ig . 12, L earning cu rves showing group perform ances 
in  th e  seeond phase o f th e  experim ent.

.C II Group 
BI Group B i l l  Group 

EIITb Group

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



n

la  th is aanner they materially reduced the master of praetiee periods 

necessary for th e ir learning. But i f  there i t  a potent time element : 

in  learning a t expressed in dost1a Law (28«291), whloh implies a 

gradual fixation of mm fm otionai serroar oonneetions, then the 

differenee becomes apparent. I f  the process of fixation I t  gradual, 

then the advantage was defin itely  with these that took the larger 

somber of tr ia l* . Therefore, those rate which learned with a leaser 

amber of tr ia ls  bat with ofsal tine  and errors should, in the ligh t 

Of th is law, he regarded as defin itely  superior to the others.

8* V ariability In. exploratory movegents. * As the look of 

consistent forward movement tended to reduce the average number of 

t r ia l s  necessary fo r completion of learning by the experim ntals, so 

a corresponding lack of exploratory movements .tended to reduce th e ir  

average learning time. Jem al rats evidenoe great curiosity  in  the ir 

behavior. They amst he desperately hungry to he.thearted from the ir 

natural tendency to investigate completely every new situation . When 

the eontrol rats were f i r s t  placed in the food hex of the aase to 

begin the ir period of preparation for th e ir aase learning, they spent 

the aost of their tine in rasing about on top of the aase in purely 

exploratory movements. They ran to the food box ooeaslonally for a 

few bites of food, but soon they were out again vigorously investigitlng 

everything.

This earn tendonoy was strong when they earns to run the aase.

They were obviously very hungry and th e ir  m ix  incentive was to get

t t  the food hex, yet I t  was p lainly  evident tha t the other Incentive 

to explore was playing a powerful ro le , iurlag the f i r s t  six  or eight
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t r i a l s ,  the experimenter had to be very guiok in  slipping the panel 

into place behind the re t  a fte r he entered th# food box, otherwise h# 

would dark beak into the m z e  and renew his explorations. ' I t  wee 

characteristic of them* afte r they had taken a  b ite  or two a t the 

close of a run* to leap out of the food box and explore' 'the top of 

the m e  anew. This was' freely permitted* for i t  wee considered th a t 

the incentive to escape from the narrow confines of the aase alley­

way might greatly augment the other incentive to  reach food, thus• ■1. 

assuring a greater degree # f e f fo rt on the part of the ra t to  get 

through.

I t  was plainly different with the experimental ra ts* '' they were 

obviously laoking to  a considerable degree in  these exploratory move­

ments. Their major Incentive seemed to be to reaoh the food box and 

they were not swerved from th is  to  the degree th a t was characteristic of 

the controls. I t  was rarely necessary to  use the panel to  blook the ir 

return into the mace and seldom did any leave the food hex to  explore 

the top.

This apparent singleness o f purpose, together with a more highly 

stimulated physical condition which eeensd to  resu lt fro® the smoking* 

resulted in better time and t r i a l  averages for' ike five gram rats:* Perhaps 

th is increased efficiency in learning may have bean doe to  ( l)  a lose of 

incentive to  aoraal exploratory movements thus staking possible very 

methodical and highly directed e ffo rts  to  reaoh the goal} or (2) the fact 

th a t the effects of tobacco smoke any be correlated la  some way with

« eeMb>ee*% m m  a e d t  deeememiaa^fc^E''*a eaumas'41 *aA heksaeaw a s e w a e t 'w a n ^ m a ^ a e a a a ^ a jS : eeeesK *ik mad® ssmawe^eaLSS a > fr V u l l u b l O S I  © 1  I w i 3*g w pflaig ©  O&IU 9 m 9 U  9 1 0 V  w i  V p U H M I  f l

nerve impulses thus ' fac ilita tin g  learning, *» auggeeted by
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leohley (1$) In accounting fo r the superiority of Mo' stryohaialsod 

rat* In a learning situation .

Si S ifferen tlal offsets resulting from 'Varied amounts of 

Qaeklng.* A sign i f  leant resu lt of th* experiment indicated tha t 

there wore d ifferen tia l effects resulting from varied amounts of 

smoking. The EUb and the l l l l b  group* irora smoked with f«a»» from 

tom end twenty grams of iobaeo© for' periods of on* hour ami throe 

hours respectively. Their behavior end th# roe or do which they mad# 

indicated th a t th# point of maximum stimulation had boon passed auil 

th* larger amounts of smoko aeted as a depressant* Reference to 

fdbl# XfX shoos th* extent of the retardation.

k oewgarisoa of two group*: -Of th ird  gen#ration experimental* 

Jlfw s th* host representation of the s ig a lfleant variations from . 

Wipfmal learning behavior resulting .from nieetinism. Two group* Of 

sib lings, the K ill and the l l l l b ,  rapresented very extreme raaotions 

to  the tehees* ssadee* The K ill group, vhteh m s composed of the 

f i r s t  l i t te r s  of th* I I I  group breeders and fumed with amoks from 

ftps grams of tobaooe, probably showed mximaa off sot* of stimu­

la tion , While they were much the smallest of a l l  in body sis* and 

weight, their movement in  the mass averaged th* fas te s t (see page 79), 

and they far surpassed a l l  others in mean learning time and in average 

errors amassed* By far the best individual reeords were made by 

sswibsrs of th is ' group* toe male, for fastens** made only twelve errors 

and learned in 151 seeonds, (See the appendix for individual records.)

Th» &OIb group was composed of the sseead l i t t e r s  Of the BIX 

group breeders* th e ir  reeerls show an opposite o ffse t of th# smoking
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proses*. They wore famed with smoke from twenty grams of tebaee©, 

being lo f t  in th« smoker about eight hours eaoh day. The smoke 

gradually • soaped fro* the smoker* but the to ta l tin s In which they 

mere, subjsotsd to beery inhalations aggregated about three bows ■ 

dally* The tobaooe was net a l l  burned a t  ©ace but'three periods of 

faming were interspersed throughout the day*. The apparent offsets 

o f the lnoreesed smoking ms to make them dull and lis tle ss*  When 

they were f i r s t  placed in the feed be* of t ie  mass they went sto lid ly  

a t  th s lr  feeding and then a l l  except one male ourled up around the 

food container and went to sleep* This sue male did explore the top 

of the aase in rather normal fashion. But the behavior of the group 

as a whole throughout the entire learning period was sim ilarly in­

different and lis tle ss*

Iffe e t of Tobaeeo Smoke Upon Sex Differences in Learning

An interesting disclosure of the experiment was seen in the 

fa s t tha t the males were generally more consistent and uniform In 

the ir maxe performance than the females. I t  seemed to be mure 

characteristie Of the females to retrace frequently. The resu lt was 

that the ir errors and mean learning time were higher. Their notions 

probably tended to mass th e ir  learning which resulted in cutting 

down somewhat the average number of tria ls*  Table 17111 gives a 

comparison of the males and females in the various groups*

the character of the sex differences is  mass learning may be 

Seen is  a comparison of groups A and X Am the table* These were the 

normal males and females representlug two generatione of ra ts . I t
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TABLE m i l

A COMPARISOI QP MALES AID FEMALES I I  fSS TA1IO® 0KOTPS, 
SHWIIS m  EFFECTS OF SMOKIES DPOT SIX DIFF1S1HC18

Group
Mean

t r ia l s M*0*
Mean
Time M.D. Errors M.D,

A* Cl and CXI Males 20,4 6.6 636 20T m 84

B. Cl and CXI 
Females .. 4*2 no 285 ' 128 IT

0 . EX* E li, and B ill 
Males I f . ! 4.2 566 208 104 2!

»* E l, EH, and B ill 
Females IT .4 4.6 8ft 114 118 45

S . Ellb and E H Ib  
Males 21 4*2 88T 208 139.8 84

f* Bllh and BlXIb 
Females l« 3 .9 940 402 l i t 84

wit* generally s a ile r  t© prediot what the males would do for they war© 

more consistent end eonstant In the ir action than the females. They 

could usually he aouated ©a t© pres* steadily forward t© the .goal, 

the females were more vacillating la  th e ir  behavior, as may he seen 

in a comparison ©f th© mean learning tin© and the mean errors fo r the 

two groups. The male* with an average learning tine of 818 seconds 

surpassed the females by 12*8 per eeat, They were IS per ©eat superior 

to  the females in average ©f errors. The swan variability of the 

Jtm eles with respeet to  th e ir average Mae was 2f ,2 par sent greater 

than th a t far the malesj f«p errors they were 9 per ©ent more variable. 

these differences. any he regarded as indicating interesting and *%• 

M fioant treads fo r a l l  the groups th a t were tested*
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' A comparison of the records of group# § end D with group# 4 

tod » #h*<t# ligh t to  th* question of th# #ff*#t of tobaooo took* upon 

#e* 4&fftto«MM# fh##e group* re pro sent the three generation* of rat#  

th a t w n  I M  with smoke from f ire  gram# of h#b**«f*'' Sif* again 

thor# is  a vary *light advantage for th# ftaMO** in th# average number 

-of t r ia l* • But tW  mm learning time, th* normal relationship between 

aalas tod famalos as established by two groups o f atonal rati wa# 

decidedly altertd*  Inatead of tb*r* balag a- differ#®#* of nearly IS 

par aaat# i t  to* dropped to sligh tly  more than 1 per oent* the average 

to* th* arrors for th* fetol# group# «M 9*6 par o#nt higher th*® for 

th* males instead of 18 par ©ant as for th« nontrol groups# In th# 

matter of variab ility , these experlramtal fatoles tor* S5#t par o*nt 

more uari&bl# than th# males with reepeot to  average time, tod 40*T -

par Otot m m  variahl* with reapeot to raeaa errors .  -

To f i t  a t  than# sex different®  fro® a d ifferent angle and 

further show th# d iffe ren tia l effects of teboooo smoke upon male* tod 

tw m lm *  son* inber-greap reX&tlonehipa and ooaparifoas are very 

suggestive* (S## table XIX#)

Comparing group A w ith group C, which wea!** a comparison o f  a l l  

normal mal#» with a l l  to p to lM M l male# fumed w ith *■«•» from five 

gl"9@d w ip M I I i  m v v  «r® mwrn w  s i  si^ffiQ r w

the oontrel males In a l l  thro* c r ite r ia  of learning. They needed 

S3*? per eff#  fewer t r i a l s ' to  complete the ir Iiffim llict th e ir  average 

time was 11 .per cent .!**•* «a i th e f  tod* m  atotof# fewer

errors* In comparing the v a r lto ili% ' o f th# two group## the eiperl** 

mentals a re  seen to  be more o one la ten t in  th e ir  g0®,p '*er forman ce than
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TABLE m .

IfT B t-aim fP  COMPAR2SOH8 OP MALES WITH MALES ARID FEMALES WITH 
FEMALES TO SHOW EFFECTS OP TOBACCO SMOKE OH LBARWIHS

frenp
Mean

Trials 1,0*
Mean'''
Time M.D.

Kean
Errors M.S.

A. (24) Cl and CXI 
Males 20.4 6.5 636 20f 10T 34

0. (42) E l, SIX, EIII 
Males lf .6 4.2 666 206 104 26

B. (32) Cl and CXI 
Females If,® 4.2 f i i 285 "■123"' 8?

»* (40) I I , III , 1121 
Female* I f  A 4*6 572 314 118 45

th* controls la two of th* c r ite r ia .

In like manner, comparing the * and 0 groups, which were a l l  

the normal females an# the experimental females tha t were smoked with 

fuses from flee gran* of tobacco, the differences are. nest in te rest­

ing and suggestive. I t  Is ihns seen tha t the experimental females 

refttlred IS fa r sente Me** t r i a l s ,  they learned In 21.6 per seat less 

t in s , and they made 6,5 per seat less error*. Their degree of 

variab ility , however, was greatly lnereaeed. The experimental females 

l i r e  6,2 'per cent nor® variable thaa the oontrels is  time, and In 

e r ro r s  they, were lf*.f per eenfc more variable.

The evldsaee trmm thee* oemparieeas ladi o&tes tha t tebaeoo a moke 

.la limited amount* resolved la  daily inhalations affssted learning 

a c tiv itie s  favorably* apd tha t females were mare affected by i t  thaa 

the males. Both groups showed considerable improvement in the d iffe r­

ent e r l te r ia ,  particu larly  in  th a t of learning time. This may
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register an increase to speed primarily, resulting from purely 

physical stimulation. While th* v ariab ility  Of th® wale groups was 

not increased by the inhalations of tohaooo smoke, that of tho 

females m s materially increased.

Effects of Tehaeoo Smoko tfpen Sate of Xorosoat in the Mase

One of the obvious effects of the smoking process was to 
produee rather significant war la b ili ty  in gross physical ac tiv ity . 

While i t  was not the province of th* experiment primarily to study 

th is aspect of the problem, yet the following prattles! observations 

may bear sen* significance. .

The offset of the fume* from th* standard amount of tobase© 

(five grams) seamed to bo to produce am inereas* of aotivity r Ibis 
was discernible in oasually observing tie .two groups in tholr normal 

behavior in th e ir sages* The smoked rats teomsd hi be nor# restless 

and motive*' fhis  praotloal observation Is senfirmed by l ie s  in  his 

experiment with White mieo (20*11). Bis smoked aloe measured much 

greater aotivity  in  th e ir  revolving eage than did  th# normals*

The effect of ibis stimulation was clearly  seen in  the mate 

running. The smoked ra ts  were noticeably mere aggressive and they 

ran fas te r. I t  has been possible to measure tha t difference with some 

degree of precision. By taking the errorless runs of eaeh group, 

Shiah oeastituted the c rite rio n  of learning* th a t is* the la s t  four, . 

i t  was possible to c o m p a r e  rather accurately the ra te  of movement of 

'the different groups In th is  respect.

The average time for the errorless rwM of two groups of 
controls totaling f if ty -s ix  ra ts  was fourteen seconds. Three groups
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of experimental ra te  totaling eighty-two whisk ware fumed wi th ssiofee 

from five grass of tobacco averaged 12.7 seconds for th e ir  lo s t error­

less runs, th is  average was 9.3 par cent bat ta r  than th a t of Mia 

controls* Of Mia three groups of erimentals,  these representing 

Mia th ird  generation (SI II)  made much tha boat average*. Thirty-one 

of these averaged eleven seconds fo r th e ir  m as, which represented an 

average spaed t l  par seat greater than th a t of the controls*

■ But the stimulating effects seemed to  obtain for only a limited 

amount of smoke. Beyond th a t amount the smoke aeted aa a physical 

depressant*' those i t  a t ware fumed for longer periods of Maw fluid with 

larger amounts ware rather l is t le s s  and somewhat sluggish in the ir 

movements* two groups, the Bilb and the S lllb , were fumed with smoke 

from ten and twenty grams of tobaece respec tive ly  and. fo r longer 

periods of time* Their average time fo r .the four runs was 16*4 

seconds, which was m  average 14*6 par cant higher then th a t of the 

controls and 22.6 per eeat higher than th a t of the five gram r a ts .

Susaaary ^

1. ' Rats M at were fumed with smoics from five grams of tobacco *

excelled both the ra ts  M at were not fumed a t a ll and ra te  th a t were

fumed with larger amounts, in  .all three c r ite r ia  of the aase learning.

. 2. ' Those tha t were fumed with sack* from, ten and twenty grams 

of tobacco were, in ferio r to the ir controls In 'two of the c r i te r ia  of

learning, i . e . ,  learning time and erro rs.

3* Fumed ra ts tended to  -.nstrace the aase pathway more often 

than the controls,

4* The smoking process effected a lessening of exploratory
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movement* on the part of the experimental ra ts .

5* lormal ml* rate wore found to be genarallysuperlor to 

tho Borml females la learning a b ility .

8, Biffereoeea In learning ab ility  between males and females 

tented to dieappear.a fte r  fuming.

?* The female groups m m  found to be mor® .variable than the' 

nalee. Tobaeoo smoke increased tie  variab ility  of the female groups 

without affksttng the wiles proportionately.

8* Kate fasted with smoke from five gram of tsbaoeo tended to 

ran fas te r in  the aase than the ©then.

9« The movement in the mas# of these th a t wire fumed with 

smoke from ten and twenty grams of tobacco was slower .than for the 

other groups*
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One of th# perplexing question# tha t has been awaiting an answer 

for a long time Is eoneerned with ths offsets of tobseoo smoke upon the 

mental processes* I t  is  clear that the m ss experiment sonnet he sods 

h« h s ll a l l  tha t wight become known eenoerning th is  problem. Mas® 

looming is  primarily of the type designated os motor learning* As 

such* i ts  measures are tee erode and unrefined to  threw mush ligh t upon 

sobs of th e ,subtler processes that are involved in learning and which 

ought to be Measured* To be sure* there are unmistakable evldenses of 

perceptual and ideational learning involved in moss learning; the la t te r  

types embracing such important factors as insight* memory, imagination* 

oeneeption* judgment and reasoning. I t  is with these elements tha t 

popular opinion Is most concerned* but the mass has so many purely 

physical and neohanieal elements in i t  tha t i t  is  very uncertain to 

what degree i t  measures these higher mental processes.

the mas# in animal experimentation ea» do l i t t l e  more thaa give 

an answer in a very general way regarding ths problem of the re la tive  

learning a b ility  of. two or sere groups, the significance of such 

resu lts may be muoh or l l t t l e i  the degree of th a t signifloanee may not 

be determined un til psychologists have solved some of th# problems 

inhsreab within the mass experiment itse lf*  However* any experimental 

resu lts th a t tend to shew that tobaooe smoke does offset th# rate of 

learning cannot f a i l  to be of in terest end to  possess sc ien tific  value.

m
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the major results of th is  expert*****? ar« 8 « w rt« 4  with two. 

u p w t i  »f th* tebaeeo problemi ( l)  th® offoot of tebaoe© smoke upon 

th* phys leal organism, and (2) th* eff*ot of tobacco s»ok* upon th* 

rate o f learning. A recapitulation of th* summaries of tho** results 

follows,

A* 8©m* physical effects of tebaoe© smoko,*

1, Rets th a t ware fussed with smoke from five grams of tobaooe 

f©r o period of 8#v*ahjp*five t© ninety days were found to he .it per 

©oat were p ro lifle  than th» normal rat* .

2. Prolonged smoking of those same ra ts  resulted in reducing 

the average sis* Of the ir second l i t te r s  SO per font* This average 

was 85 per oent loss than th a t of the normal rats*

5. Th* v iab ility  of th# th ird  generation was greatly redueed, 

ooyoolaily among th* seeond-litter rats*

4. The f o r tu i ty  of the th ird  generation breeders was SO per

©out loss thaa tha t .of the controls, and 87.6 per sent less than that

of the previous experimental groups. Moreover, there were thro*, oat 

ISP eight th ird  generation female* tha t fe lled  to  repredaee.

6. The v iab ility  of th# fourth generation was greatly, redaeed,

only 17.6 per east of the® surviving.

8. Tobaoeo smoke retarded tho growth of th* ra ts ,  fh* f i r s t  

generation experimental* averaged 8.13 per esnt ligh ter thaa th e ir 

eeetrol* after four weeks «f

7. Th* second generation experimental* averaged 11 per sent 

ligh ter than the ir aentrols a t  fly* weeks of age and 16 per eent lighter 

a t  alas weeks .
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■ 8. Ik* th ird  ftMft&lon averaged S( por e*nt

ligh ter %hap th« ©omtrols a t  f ire  wao-ks of are and i f  oer oawt lieh ta r* flWape *gp'S*'̂WPS"*F. VŴPUp* «p* * -WF.̂FF 9 W1Ww*V ŴPPattê  ̂F7*F Pf

a t nine weeks.

f« TH* 3W HI| W k  ■ W m m m  1tw W m  wwliltlfwa w

pm&mp* fha tiifoo 'metwt^Mg yoaag of th* fourth &m**blm m m  mm$ 

smoked, but a t forty days of ago tiro of them averaged II*? per waft lsee 

l a  weight titan the Another wa* 28 per ©fat ligh ter thaa tit®

ooatrola a t  titiftqpftiuNw days of ago*

10* io w al ra ts  tended to  make a warn pruloagod wad larger  ̂

growth dorelepoa®t thaa tiles* tha t wore oiMlNMfts 

1* I ffa e t o f tobaooo amok* upon ra ta  of I»argiag»*»

X* Rat* that war* fumed with attic* from fir«  gram* of tehee©© 

excelled both the ra ts  tha t vara not fumed a t a l l  and ra ts  th a t ware
« a .ia a ^ ^ ‘«a «tia* « ht*-h* ijlt'nw &«* 2  - al*— -  .■»*. —. «fcriJ6 JL-jeaaS ^  •■»- A  a t  ,..-■*> .»■• — - % . ^ a  - . ^ _i_IpSPPSI 1o* *11 JHTgwX mmwWHm# $21 §** Wi #* wMp yRRMPI-

M  IsS ashife ;̂ asaaM ^a HPhewt^fejl - -mrO Ay In  osoneaSxi^d. ^P^sshim* Imam o a w s j I  4k^nwa<ae>>8*«w M O a t a a®-88 Jf**aww.^P 4Pae*^*^o oWwsTOw i l a ^ H d H  Wf J*2S H  ^R^RIPpKIw 'S»*we5» "SaRBI .HjRfi* s a W 9 E a C ^ jy o » iw W w P ■

of tobaooo were in ferio r to  th e ir  oontrola in 'two of the c r i te r ia  of'

learning, i . e , ,  learning tia»  and errors*

8# Fused rato- tended to  retrace the nase pathway wore of tea 

aanua tha controls*. eseasoia s*a» swap***** *w ■aso s*

4* the swking process effected a lessening «rif ea^loratosy 

ffifirrements on the part of the e^perloasital. .rate*

. 0* VcHwal ŝ sale ra te  were found to  b® goaerally superior .to', the 

normal tmmlm in  loamiag ah lli% ,

6. Diflhraaoos in loarning ab ility  between males end females 

tended to  d isa^oar after fuming*

?• She feaale ^rmios smre found ho be 'Mira miriable tiKan ib a '.*  ‘W. *e w ™ *w* wjW' w p ^ ^ e w w ^ w w ^  w* ^  ew***SiwF1W' *e*w we^r *•*!** ww tjpFweewpemS' *ew?eppias*

walos* Yobaooo im̂ tee inoreaeed "the variab ility  Of the groups
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without affecting the wales preport ienate ly .

8* Rota fo « d  with smoko from f iw  grans of toiboooo tended to 

ran foator in tho most thaa the others,

9* The movement in the aofo of theao thot ware fumed with amok* 

from ton and twenty grama of tohoooo wot slower than for tho other

mm * ,

Meaning of tha Results ■ •

, Medical opinion teems to  hove established tho foot th a t niootine 

offeota wary definitely  the autonomic nervous system. If  th a t i t  tho 

ease, the normal functioning of the dnetloss glands would probably 'ho 

disturbed.

The behavior of tho, r a t i  under the influence of nicotine in  the 

present experiment was very similar to th a t resultlag from the feeding 

of thyroid extract os noted by Shippen. She found th a t the thyroid 

extraot m aterially rodeoed the weight f f  the  ra ta  and aeoelerated the ir 

looming. 8sr explanation of the resu lts is  a t fellows<

Thyroid-fed rata have teen found by other experimenters to 
require mere feed thaa normal r a ts ,  as the ir inoreused metabolism 
plus greater ao tiv ity , consume more nourishment, Thus the tendeaoy 
I f  the thyreld*fed ra ts  to  be superior to the controls eon bo ex* 
plained by hyperactivity plus stronger motivation, rather than by 
way change in the physical makeup of the nervous system,. (24tT2*TS)

She found th a t small amounts of thyroid served to exhtlarative 

ra ts , thus aiding th e ir learning, whereas larger, amounts caused sick­

ness which seriously in terfered1 with the ir learning ab ility* ' This is 

'in substantial agreement with the resu lts Of the present experiment*, 

the behavior of the smoked rats seemed t© clearly  point to a condition 

similar to hyperthyroidism.
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To what extent other ductless gland* nay have been involved i* 

Of eourse problematical. Dm variation* la  f e r t i l i ty  revolting from 

the smoking process aayf however, point to  a on* effeot upon th* 

p itu itary  body and the gonad* * 1% toon* reasonable to  suppose tha t

tho Obtained results vert attributable to seme disturbance involving 

the autoooid-produeing glands.

The odaoatieaal implications of th is study .are indirect and 

in feren tia l. In tho f i r s t  place, there is  no certainty  tha t tobaeeo 

smoke o ffse ts  humans and ra ts  a lik e . On the other hand, there seems 

to he a widespread feeling among edueators th a t tcfeaoco addiction on 

the part of growing children does o ffse t the ir learning behavior. I t  

I t  reasonable to  suppose th a t the mere highly organised nervous systems 

ef humans would net be less suscep tib le  t* the -effects of naroetlos 

t in s  these  of animals •

At a l l  even ts, edueators cannot be in d iffe re n t to  anything which 

held* a  th re a t o f violence against the emotive or learn ing  behavior #  

Children. If nieotinlsm  attacks the autonomic nervous system, then 

l td  disturbance o f the  normal f  m otioning of the endocrine glands may 

be expected to have pronounced repercussion* in  th* emotive behavior 

Of Children. I t  may be th a t  the  ir re g u la r  conduct vdiieh la  so often 

associated  w ith the use of tobaooe on the p a rt of growing boys Is  In  

large p a rt d ire c tly  traceable to  the irreg u la r functioning  o f the  

*feftaetio drive,*

I t  Is probably true th a t «et*stifl«  experimentation has demon- 

strated th* fact th a t the use of tobacco is  not to be compared In i t s  

o ffsets with the use of alcohol or other narcotics, tu t  research
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