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CHAPTER I 

INTRODUCT I ON 

Problem Ar ea 

In the vas t ma j or i ty of l ea rning experiments w i thin 

the la bora tory , the reinforc ing s timulus is very carefully 

c ontrol led a nd i s  therefor e ,  ra rely manipula ted from tr ial 

to tr ia l to s ee i ts effec ts upon learning and extinc tion. 

Parameters of r e i nforc ement suc h  as qua nt i ty , qua l i ty ,  d e lay , 

rate and the like have a l l  been inves t iga ted but are gener­

a lly kept c ons ta nt throughout the learning s itua t ion. Mc ­

C lelland ( 1951) points out tha t this may well be the r ea s on 

for the a ppar ent imperma nenc e of labora tory learning as op­

pos ed to lear ning in na ture . Outs ide of the la borato ry the 

r e i nforc ing s timuli , and , ind eed mos t s timul i ,  vary fr om 

tr ia l to tr i a l  e i ther by vir tue of subtl e differenc e  in the 

r einforc ing a g ent or becaus e the organism is r e inforc ed in a 

d iffer ent s e tting . The r es pons e i s  learned to many differ ent 

s timulus c omplexe s . One s imply ha s to c onsider how a c h i ld 

l earns a s imple habi t. Onc e a res pons e is made , i t  i s  r e ­

i nforc ed o r  puni s hed by wha t the pa rent does. The next time 

the behavior oc curs , it may ha ppen in a different room w i th 

the par ent abs ent or perhaps the other pa r ent pres ent . The 

r einforc ement or punishment on this oc cas i on w i l l  be c on• 
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siderably d ifferent than in the first instanc e . On no two 

occasions w i ll the r einforc eme nt be exactly or even nearly 

the same . I t  is therefore sug gested tha t lea rning in th e 

pr esenc e of a w ide  var iety of cues and r e i nforc ements w ould 

influenc e c ond itioning and extinc tion. This pa per w i ll d ea l  

w i th a n  investigation i n  the systema tic ma ni pula tion of the 

r e inforc ing st imulus . 

Backg r ound 

Li ttle researc h has been repor ted consider ing the 

impor tanc e of the genera l ar ea of var ie d  reinforc ement dur ing 

learning and i ts effec t upon ext inc tion . The ear liest re­

por ts are by Tolman and Honz ik (1930) who have shown tha t 

s imple remova l of reward dur ing ma ze c ond i ti oning led to an 

inc rease in time and error sc or es . In i ts simplest form this 

is extinc tion. A nother gr oup which had never been rein­

forc ed show ed a rapid dec rease in time and error sc or es when 

r einforc ement was pr esented . El liot (1928 ) tra ined ra ts to 

run a four teen c hoic e T-ma ze . On the f irst nine days they 

r ec e ived w e t  food for th is and on the tenth , sunf lower se ed 

was subst ituted in the goal box. An immed iate increase in 

t ime and error sc ores was a ppa rent . On the tenth exper imenta l  

day , the c hanged reinforc ement day , the exper imenta l anima ls 

d id less ea ting a nd considerably mor e explor i ng . Elliot 

(1929) has shown a similar effec t when dr ive was chang ed 



from thirst to hunger and the inc entive was not s imila r ly 

chang ed . 

3 

C r espi  (1942 )  has done some impor tant work in the area 

of amount of r e inforc eme nt and in  cha ng es of amount dur ing 

c ond i t i oning . Twenty-two hour depr ived r a ts were d ivid ed 

into five gr oups reinforc ed by d ifferent inc ent ive amounts . 

S ignific a nt differenc es in  level of performa nc e  were shown 

in  the runway si tua t i on w i th the anima l rece iving the larg er 

i nc ent ive running fast er . These f ind ings ar e substant ia t ed 

c onsist en t ly in  o ther research (Carpenter , 1953; C r espi , 

1944; Faz , Miller & Harlow , 1953; Fle tcher , 1940; Gr ind ley , 

1929; Hut t , 1954; Jenkins , 1943; Leonhard t ,  1953; Maher & 

W ickens ,  1954; N issen & Elder , 1935; Reyno lds , 1950a & 195Gb; 

Wolfe & Ka plan , 1941; and Young & Shuford , 1955 ) .  There a r e  

only a few c ontradic tory stud i es (Furchtgo t t  & Rubin , 1953; 

Furchtg o t t  & Sa l zber g , 1959; and Reynolds , 1949 ) .  Jenkins 

a nd C layton (1949 )  present a good summary of th is general 

a r ea . Crespi also found tha t the lar g er the amount of in­

c ent ive , the less var iable is th e group's performanc e .  Sub­

j ec ts r ec e iving no inc ent ive, however , ran faster than d id 

S s  r ec e iving a very sma ll inc ent ive. Behaviora lly the sma l• 

ler inc ent ive groups show " frus tra t ed "  behavior or extrane­

ous ac t iv i t i es .  In a sec ond exper iment Crespi re ported tha t 

as inc ent ive is i ncreased the sha pe of the acquisi t ion curve 

c hang es prog ressively from be ing posi t ively acc elera t ed , to 
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linear , t o  neg a t ively acc elerated . The la rger the inc entive 

the ear l i er in l earning does performanc e s tabili ze . In a 

third exper iment C respi  s howed tha t  inc reased inc ent ives 

dur ing lea rn ing r esult in  " e lat ion" effec ts , or , in o ther 

words a s i gnifica ntly super ior level of performanc e is found . 

How ever , the e la t ion effec t was not c ons is tent ly d ifferent 

whe ther the inc r eas ed inc ent ive was s omewha t greater or 

muc h  grea ter than the or i g i na l  r einforc ement . When a de­

c r eas e  in  inc ent ive oc curred dur ing learning , "depr es s ion" 

effec ts r esulted . Thes e anima ls s howed a s ignific ant ly i n­

fer ior level of p erforma nc e  c ompared to  g r oups only rec e iving 

this les s er inc ent ive . There was no c ons i stent pa t tern of 

depr es s ion . "Frustrated " behavior ac c ompanied the dr op in 

the amount of r e i nforc ement . 

Dufor t a nd Kimble (1956 ) tra ined for ty rats  to run a n  

a lley to  s ecur e  a 1 0  per c ent s o lut ion o f  suc r os e . O n  the 

twenty-f ir s t  trial , they were d ivided into groups rec e iv ing 

e i ther a 5, 10, or 20 per c ent s olut ion , or nothing . An in­

c reas e  led to an inc r eas e in running speed whi l e  a dec r ea s e  

r esulted in  a propor t i ona l dec r eas e .  The i nc r eas e  fr om 1 0  t o  

2 0  per c ent show ed a n  inc reas e  tha t was pr opor t i ona tely great­

er than wha t was  predic table from an � pr ior i  Hull ian hy-

po thes is . The s e  find ings are  s imilar to  Gut tman's (1954 ) .  

Four very exper i e nc ed and four modera tely exper ienc ed ra t s  

w e r e  g iven one f ifty minute tes t on each o f  s even suc r os e  a nd 

s even g luc os e conc entr a t ions in add i t ion to  tes ts w i th wa t er 
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r e inforc emen t . Ra t e  of pressing a bar seemed t o  have been 

an inc reasing func t ion of c onc ent ra t ion of e i ther the g lu­

c ose or suc r ose w ith the r a t e  of performanc e for the suc r ose 

solution always above tha t for gluc ose a t  any g iven conc en­

trat ion . This is inc onsist ent w i th a dr ive-reduc t i on posi­

t ion (Hull ,  1943 ) . 

The a bove find ings a r e  questioned by Furchtgot t and 

Rubin (1953 )  and Furcht go t t  and Salzberg (1959 )  in  the ir 

s imi lar experiments . Pr inc ipa lly , the only d ifferences they 

d emonstra te is be tween a bove a nd below threshold conc entra­

t ions . 

Loga n , Be i er , and E l l is (1955 )  a t t empted to find ou t 

if  r e inforc ement var ied be tween two e qually likely values 

wha t effec t this change would have upon l ea r ni ng? They var ied 

the d imensions of delay and magni tude of the r e i nforcer in 

two d ifferent groups respec t ively . The 2s were ra ts in  a 

runway s i tua t ion .  The f irst group was r e inforc ed w i th nine 

pellets and this was c onsidered the pr eferred mag ni tude. 

One group was r e inforc ed w i th f ive pelle ts (known as the 

mean group ) . The last group , on a random ha lf of each b lock 

of t en tr i a ls , r ec e ived e i ther a nine p ell et r eward or a one 

pellet  r eward . T ime d elay was var ied sim i larly in the othe r  

g roup o f  a nima ls . Bo th the pr eferred magnitud e  and d e lay 

groups ran faster while the var ied ma gni tude a nd delay (w i th 

c onsiderable subjec t var ia b i l ity) , performed more l ike the 
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average  group c onfirming the author's Hul l ian pred ic t i on on 

the basis of average dr ive-reduc t i on and c er tain o ther ma the­

ma t ical  c o nc ep ts .  

A c onsiderable li tera ture is develop ing in the area of 

par t ia l ly d e layed re infor c eme nt . Here rewarq is delayed on 

some of the tr ia ls and is immed ia te on the others . Crum , 

Brown , and B i t t erman (1951) have c learly shown tha t delay 

on 50 per c ent of the ini t ial  tra ining l eads to  greater ex­

t i nc t ion r es istanc e in a runway si tua t ion. This has been 

c onf irmed by Peterson (1956) .  Logan , Beier , and Kinka id 

(1956) have d emonstra ted tha t resistanc e to  extinc tion is 

inc r eased only if the tw o delays are grea t  ex tr emes , i . e . , 

var i a t i on be tween zero and thir ty sec ond de lay , whe reas , 

var ia tion betw e en zero and nine sec ond and be tween one a nd 

nine sec ond d id no t resist ext inc tion as long . In an ex­

p er iment tha t was essent ia l ly a replic a t ion of Logan , Be i er , 

a nd Kinc a id's exper iment , S c o t t  and Wike (1956 ) r e por ted 

substant ia lly similar r esults . Kintsch and Wike (1957) 

t ra ined r a ts to run a T-ma ze for d ifferent degr ees of par ­

t ia lly delayed r eward . After sixteen days of ac quisi t i on 

tra ini ng the sub j ec ts were re inforc ed in the opposite a rm 

of the T-ma ze immedia t e ly upon entry. The gr eater the c hange 

in  par t ia l  d e lay , the slow er the rate of lear ning. The less 

extreme the par t ial  delay , the more read i ly d id the sub j ec ts 

r everse their posit ion when r e inforc ement was moved to the 

opposit e arm . 
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In an effort to  det ermine whether par t ia l ly delayed 

r e inforc ement was exper imenta l ly similar to  par t ial  r e in­

forc ement , W ike a nd McNamara (1957 ) ran t hr e e  ma tc hed gr oups 

of rats in  a runway situa t i on w i th the subjec ts r ec eiving 

e it her 25 , 50 ,  or 75 per c ent par t ially delayed reinfor c e­

ment. They found tha t  the lower the perc entag e of par t ial 

d e lay, the faster was runni ng at  the end of tra ining but 

tha t ext i nc t ion progr essed mor e quickly . Fur ther the 50 

a nd 75 per c ent d elay gr oups were  not sig nif icantly d iffer ent 

from eac h  o ther. 

Think ing in t erms of r eward irregula r i ty, one must 

a lso c onsider the area of par t ia l  r einforc ement r esearc h .  

A thorough summary of the per t inent r esearch is found in 

J enkins a nd S tanl ey (1950 ) . The more the or ganism is r e ­

inforc ed dur ing c ond i t ioning , t h e  hi gher the result ing 

l evel of performanc e dur ing c ond i t i oning, but the mor e 

quic kly the behavior de t e r i ora t es under ex t inc ti on c ond i­

t ions. The f i nd i ngs are  so regular and so cons istent tha t  

par t ia l  r e i nforc ement can b e  thought of as a law of be ­

havior . How ever, different invest iga tors ac c ount for the 

phenomenon by different theor e t ica l arguments. 

Reinforc ement can be thought of as one s t imulus of 

the total c omplex in the l ea rning situa t i on. If i t  is just 

" a nother " st imulus , var i a t ion of the r e inforc ement  parame t er 

should show behaviora l c hange simi lar t o  tha t after a ny 

st imulus var ia t i on in the lea rning situa ti on. An incomplet e  
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r e vi e w  of the effec t of s t i mulus var ia t ion dur ing c ond i t ion­

i ng follo w s . 

In  a rec ently repor t ed s tudy , Br o w n  a nd Bas s  (1958) 

t es ted the d ifferent ial effec t of cons tant a nd var iable 

s t i mulus c ondi tions dur ing instrument a l  learning . They 

us e d  thre e  s trai ght runways of e xac tly the s a me l eng th w i th 

s imi lar g oa l  and end bo xes . The a l leys d i ff ered in w i dth,  

c o lor , f loor t e xture and pres enc e and type of barriers . 

S i xty ra t s  w ere  d i vided equa lly into t w o  ma jor gr oups a nd 

w ere food de pr i ved . One ma jor group of ani mals learned 

under c ons tant c ond i tions , i . e . ,  a l l  their learning tr ials 

oc curred i n  the s a me runway a nd the ani ma l s  were d i vid ed 

equal ly o ver the three runways . After training one -ha lf 

of this g r ou p  was ext inguished in the s a me run way whi l e  the 

r e ma i ni ng subjec t s  were r otat ed in c ount er-balanc ed or der t o  

r ec e i ve f our ext inc t ion trials i n  eac h of the three runways . 

The s ec ond ma jor group were t ra ined i n  a l l  thr e e  runways 

r ec e i ving eight t r ia ls in eac h runway . Ha lf were then e x­

t inguis hed und er cons tant c ondi t ions while the rema i ning ha lf 

were extinguis hed under c ha ng i ng a lley cond i t i ons . I t  i s  

int er es ti ng t o  note tha t  l earning was es s ent ially t he s a me 

whether the c ondi t ions were varied or c ons ta nt . There i s  

a sug ges t ion, how e ver , tha t the cons tant group led to  s l ight • 

ly "bet t e r" perf or ma nc e .  Res is tanc e  to ext inc tion was un­

a ffec t ed by c hange or no c hange during lear ning . Fur ther ­

more , c ons tant g r oups e xt inguished fas te r  than d i d  the 
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groups und er var i ed c ond i tions . 

Wolfle (1935, 1936) ha s tr ied to a ns w er the ques t ion 

"I s var i ed s t imula tion dur i ng learning as eff ec t i ve as  c on­

s tant s t imula t ion?" He s ug g es ted t ha t  l ea rning can take p lac e 

w i t h  varia bi l i ty in the s timulus cond i t ions as s oc ia ted w i th 

lear ning as  long as a cons id erable por t ion of the s timulus 

c omplex r ema ins intac t or c ons tant . Wolfle us ed vari e t ies 

of a penc i l ma ze . S e venty s ub jec t s  lea r ned the ma ze under 

c ons tant cond i t ions , i . e . , the same form on each tria l . 

There wer e f i ve forms ; a l l  forms were shown t o  be of a p ­

proxi ma t ely equal d ifficulty . A group of s e vent y-s ix sub• 

jec ts  learned all f i ve ma zes i n  random or der but had the 

s ame total amount of ma ze e xperi enc e as  d id the first  group . 

The c ons tant group was cons is tently s uperior to  the var ied 

group . In  a replic a t ion w i th a s ec ond group of ma zes , the 

s ame trend was cons is tent ly s how n .  In  the s ec ond ex per iment 

a d i fferent element of the ma ze was sys t ema tica lly manipu­

la ted and showed greater d i fferenc e s  than d i d  the fir s t  e x• 

per iment . Wolfle conc ludes from this tha t c ont inua l mani pu ­

la t ion of differe nt s t imu li lead to d ifferent magnitudes  of 

r es pons e hand ic a p . The find i ng s  were the same when Wo lfle 

us e d  a finger ma ze als o a nd whe n  replic a t ed a t  a lat er da t e  

(Wolfle , 1936). Es s entially , t h e  grea ter  the degree of 

s timulus var ia t ion , the l es s  eff ic ient was learning . Grether 

a nd Wolfle (1936) performed a s imilar exper iment w ith ra ts 
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and c onc lude tha t  a sma ll amount of va r ia t ion does not r e -

tard learning bu t grea ter amounts of var ia t i on lead to pr o-

por t iona l decr ements in lea rning. 

Young (1959) has a very thor ough and rec ent review on 

the effec t of s t imulus var i a t i on dur ing learning . In  h is 

own work he d emonstra t es learning al though h is Ss rec e ived 

no a pparent dr ive-reduc t ion for their efforts . His Ss ran 

from one c ompar tment w i th a d isc r iminably d ifferent s t imulus 

c omp lex than the former . The larger the st imulus cha ng e  

fr om c ompar tment t o  compar tment the faster the rats ran . 

There was a great  d eal  of var iabi l i ty ,  however . His find­

i ngs seem c onsistent w i th a Guthr ian theory of r e i nforce­

ment . I t  should be i nd ica t ed tha t the effec t was mor e  a p-

parent i n  depr ived as opposed t o  sa t ia t ed �s. 

McC lelland and McGown (1953) argue tha t extinc t ion 

is a func t ion of the spec ific i ty of c ond i t i oning . 

The mor e g eneral the assoc ia t i on formed dur ing o­
r i g ina l  l earning , i . e . , the mor e var iable the c ond i ­
t i ons under whic h i t  is formed , or the mor e cues 
bui l t  into the assoc iat ion , the harder i t  should be 
to  establ ish c ond i t i ons which should lead to  ex­
t i nc t i on of the or igina l assoc ia t i on thr ough non­
r e i nforc ement . (1953 , P.80) 

They c ont inue by arguing that this is a chara c t e r istic 

fea ture of l earning in na tur e . As a resul t of the above 

thinking , the authors d ivid ed their anima ls int o  four gr oups. 

One g r oup ( the spec ific r e i nforc ed gr oup) was a lways r e ­

inforc ed in the same spo t  of a c ircular ma ze . The sec ond 
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group , c ontrol led for this above group , was never fed i n  the 

ma ze although t i me i n  the ma ze was car efully cont rol led . 

The third group of ani ma ls ( the g eneral re inforc e me nt group ) 

was reinforced in a c i rcular ma ze but had to  ma ke one or the 

o ther of t w o  vary i ng res pons es to obta in r e i nforc e ment , i . e . , 

s topping , or running . The four th group , c ontr ol l ed for the 

third , was not reinforc ed . The regular r e i nforced gr oup ex ­

t inguis hed as  a 100 per c e nt r einforc ed group w ould wh i le 

the var iable group res is t ed ext inc ti on , i ndeed , sho w ed no 

s ignificant s ig ns of ext i nc t ion a f t er t w enty-fi ve trials . 

"Thes e f i nd ings are i nterpreted as  show ing tha t extinc t ion 

is a func t ion of the eas e  of disc r i mi na t ion bet w een the cue 

pa t tern duri ng re inforc e ment a nd the cue pa t tern dur ing ex­

t i nc t ion . "  ( 1953 , P. 86) Th e explana t i o n  is s imilar to  tha t 

of the par t ial  r e i nforc ement effec t .  The i nteres t ed read er 

is referred to Jenki ns and S ta nley ( 1950) for tha t expla na­

t ion . 

Mor e recent ly Hul ic ka (1955) a c cumu la ted  da ta to  s up ­

p or t  Wo lfle•s ,  and Gre ther and Wolfle 1s c o nc lus ions . She 

s ta t es tha t the more irr egula r  the cond i tions of a c quis i ­

t ion , the more res i s tant i s  the res pons e t o  ext inc tion . I t  

i s  interes t i ng to no te tha t s he found that irregularity i n  

dr i ve-reduc t ion c ond i t i ons did not affec t r es is tanc e  to  

ext inc t i on . Mc Namara and Wi ke ( 1958 ) ha ve a ls o  sho wn t ha t  

var i ed tra ining c onditions r e tard learning but e nhanc e ex• 

t inc t ion . 
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S ta tement of the Pr obl em 

A great  d ea l  of r es earch has been d one in the g ener­

al area of manipula t ing reinforc ement pa rameters. However , 

r e i nforc ement per s e  has rarely been va r i ed s ys tema tic a l ly 

from tr ia l t o  tr ial . The r es earch exc e p t i ons have been i n• 

d ica ted . In  thes e exp er iment s , the nutr i t ive va lue , the 

d elay , or the uni ts of r e inforc ement hav e  been s ys tema t ic a l­

ly var i ed and the r esults are not a lways conc lus ive a s  r e ­

gards t h e  exper iment a l  var iable its elf. The pre s ent s tudy 

a t t empts to c ontrol f or the s e  fac t ors and yet  vary sys t ema­

t ic a lly propert i es of the r e i nf orc ing a g ent a lone . Pigeons 

were the exper imental subjec ts a nd they worked f or f ood 

whi le they wer e at a c ontrolled dr ive l eve l .  Sinc e  the 

c a loric va lue in the f ood reward was kept  c ons tant from 

tr ia l  t o  tr ia l, a Hullian pr ed i c t i on would be tha t the gr oups 

would s how no d i fferenc e  in e i ther c ond i t i oning or ext i nc ­

t i on a s  a l l  g r oups would be dr ive-reduc ed s imila r ly (Hu ll, 

1943). On the bas is of mos t of the s t imulus varia t ion ex­

per iments i t  is pos s ible t o  pr edic t tha t the mor e the cue 

change in r e inforcement , the s lower the rate of acquis i t i on 

a nd the lower the s ubjec ts'  p erforma nc e leve l .  I t  is  pos ­

s ible t o  pr ed ic t fur ther tha t the groups with mor e ex­

t e ns ive reinforc ement var i a t i on s hould r es is t ext inc t ion 

long er much the s ame as is shown in the s t imulus change a nd 

a ls o  in t he part ially-delayed r e inforc ement expe r iments. I n  
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o ther words, they have been c ondit ioned to chang ing cues a nd 

ext inc t ion c a n  be  viewed a s  a nother c ue change. Ther e is  of 

c ours e  a third pos s ib i l i ty . The more reinforc ement var ia t i on, 

the higher the level of performanc e  due t o  a s or t  of " grab­

ba g "  mot iva t ing effec t. Thi s  third a lt erna t ive would f i t  

i n  wi th the amount o:r "bi ts " r es earch and the nove l s t imu­

la t ion res earc h .  The mor e  s timulus c ha ng e  gr oups s hould be 

s imilar to g e t t ing mor e uni t s  for their effor ts in terms of 

more cue-change . S pec ific d ir ec ti ona l predic t i ons were not 

made a lth ough on the bas is of previous p i l o t  s tudy work ( s ee 

C hapter II) a trend c ould be  predic ted . 



C HA PTER I I  

THE EFFECT OF VARYING REINFORC ING ST IMULI ON THE 

HUNTER-PASCAL C ONCEPT FORMAT I ON TEST 

As a pre l iminary inves t igat ion into the a r ea of re­

inforc ement var ia ti on, a n  a t t empt was made to d e t ermine the 

effec t of reinf orc ement c ha nge on human s ubjec t s . The Hun• 

ter-Pas ca l C onc ept Forma t ion Tes t (Pa s c a l  a nd J enkins, 1957) 

was the a p para tus us ed t o  t es t the effec t of varying t he re­

inforc ing s t imul i  dur ing the c ours e of l earning . This  t e s t 

was chosen par t ly bec aus e of the r eady a va i la b i l i ty of 

norma tive da ta and par t ly bec a us e it involves a c omplex task 

whic h would s e em more c lo s ely r e la ted t o  ord i na ry c ond i t i ons 

of learning than to the "s impler" lea rning tha t us ua l ly i s  

a tt empted in  the labora t ory. Als o, there i s  a fairly ex­

tens ive l i t era ture on this tes t making i t  eas ie r t o  c ompa r e  

human a nd a nima l learning on the s ame or s imi lar t e s t s . 

Method 

Th ir t een Ss wer e t es ted on the Hunter-Pa s c a l  C onc ept 

F orma tion Tes t .  

a dminis tra t i on. 

One § was elimina ted due to a n  error in t e s t  

The twelve rema ining § s  were d ivided equa lly 

into four gr oups; each group rece iving a d ifferent exper i ­

mental trea tment . The §s wer e drawn from a n  introduc t ory 

psyc hology c ours e a nd a junior s oc iology c la s s  at the Univer-
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s ity of T ennes s ee. There i s  no r eas on t o  a s s ume tha t  thes e 

2s w er e  from any but the same s ourc e  popula t ion on the ba s is 

of previous r e s ea rch evidenc e. All §s w er e  tes t ed in t he 

s ame room in the South C ollege Bui lding a t  the Univers ity 

of Tennes s e e. 

Each S in Group I t ook the Hunt er-Pas ca l  t e s t  in the 
� 

pres c r ibed manner and thi s  gr oup s erved a s  c ontr ol s . The 

S s  in Group II were g iven t he Hunt er-Pas c a l  tes t but w ere 

r e inforc ed w ith nine d iffer ent s timul i  eac h  of w hic h was  

pr es ent ed rand omly befor e a ny one was  r e pea t ed. Group III 

was g iven a new re inforc ement a t  the ons e t  of each new Hun-

ter-Pa s c a l problem a nd the reinf orc ement cont inued thr ough­

out tha t pr obl em . Group IV had as  ma ny r e inf or c ements a s  

there w er e  pres enta tions in ea c h  problem. Thes e w er e  c on-

t inua l ly randomized but the S had to find each s t imulus 

before a ny one was r epea ted (s e e  Table I ) . Exc ept  for the 

r e inforc ement var ia t i on the tes t was adminis tered acc ord ing 

to  the directions in the Hunt er-Pascal ma nua l . The di-

mens i ons s ugg e s t ed in the manua l were f o llow ed c los ely in 

the c ons t ruc t i on of the Hunter-Pa s c a l  a ppara tus. The re­

i nforc ing s t imul i  us ed w er e  a poker c hip (the s ta ndard r e­

w a r d  for c ol le g e  s tude nt s ) , a miniatur e s c r ewdriver , a rub­

ber s topper , a washer , a na i l , a packa g e  of s a f e ty matche s , 

a sma l l  p enc i l ,  a bent safety p i n , and a large  knot t ed rub­

ber band. A lthough not s pec ifica l ly eva lua t ed , there was no 

� pr ior i  a s s umpt i on tha t a ny o f  thes e objec t s  w ould have a ny 



Group 

I 

I I  

I I I  

IV 

16 

TABLE I 

DES IGN OF THE HUNTER-PAS CAL EXPER IMENT 

Subject s 

3 

3 

3 

3 

C ond i t i ons 

Hunter-Pa s ca l  a dmini s tered in the 
usua l manner 

Nine d iffer ent reinf orcing s t i mu­
li pr es ent e d  rand omly but no t r e ­
peated unt i l  a l l  nine w e r e  pre­
s ented 

A new r einf orcement for each new 
problem. (F ive reinforcing s t imu­
li) 

As many differ ent r e inforcement s  
p e r  trial  a s  pr e s enta t ions 
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g r ea t er or les s er s t imulus va lue than any o ther one. I t  is  

pos s ible tha t f or any g iven � an i t em m i ght  have had mor e 

s t imulus value but i t  i s  a ls o  like ly tha t the effec t m i ght 

c anc el out betw e en £s . The examiner ma de a grea t  effor t to 

insur e  tha t  adequa te ra ppor t was e s tablish ed pr i or to 

t es t i ng. 

Each r ec ord wa s s c or ed according to the proc edure 

g iven in the Hunter-Pa s c a l  ma nua l .  I t  is pos s ibl e t o  eva lu­

a t e  learning on this tes t by both an error sc or e  a nd a pr e• 

s enta t i on s c or e  and both w ere us ed. 

Results 

For eac h� a pr es e ntation and error s c or e  was ava il­

a bl e. Ta ble II  s hows the pres enta t ion s c ores  on  each  prob­

lem . Bec aus e of the over la p fr om group t o  group and the us e 

of s mall g roups of �s, c la s s ical s ta t is t ic s wou ld s how un­

acc e ptable c onfidenc e levels . However, by us ing their 

means, the gr oups would be ranked by performa nc e from bes t  

t o  wors t I, I V ,  I I I, I I ,  a nd the medians would rank IV , I ,  

I I I , I I. I t  w ould s eem tha t  s ome trend s  a r e  indic a ted a l ­

though the s ubjec t to s ubjec t var iability would c onfound 

the c onf idenc e l evel . Nonetheles s on both the mea n  and 

median s c ores, gr oups I I  and I I I  d id mor e poorly than e i ther 

the c ontr o l  group or group IV . Gr oup IV performed bet t er 

than d id group I as  ind ica t ed by the media n pres enta tions . 



18 
TABLE II 

HUNTER-PASCAL PRESENTATION SC ORES 

Problems 
IV v VI VII VIII Tota l 

Group I ( c on tr o l )  1 4 4 10 24 80 122 2 8 8 10 48 48 122 
J 12 4 10 12 �3�� zo 

Mean s.o 2·� 10 .0 2§.0 l�.z 
Median 8 10 21+ I+ 122 
Group II ( c ont inua l var iat i on) 1 12 4 1 5  60 80 171 2 18 16 40 60 80 214 

3 2Z 4 10 18 8 
120�� Mean 12. 0 810 21 .7 J:tE).o 2�.0 

Median 18 I+ 1� bO So 1Z1 
Grou p  III ( new r e inforc ement - new problems) 

1 16 8 10 6 40 80 2 4 24 1 5 60 80 183 
3 30 16 10 18 80 124_ 

Mean 1bi� 1b.O 11 . z 28.0 bb.z 1,32.0 
Median lb 10 18 So 154 
Group IV ( number of r einf or c ement - number of pr es enta t i ons ) 1 16 4 10 54 80 164 2 24 8 10 24 8 74  
- 3 6 8 10 JO 24 z8 
M ean 12ig b .� 10.0 32·3 3Z2d 1057� 
M edian 10 30 
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The da ta i s  s omewha t mor e co ns i s t e nt on the error s cores 

(s ee Ta ble I I I ). Her e the groups are ra nke d IV, I, I I I ,  II 

on  both the mea ns and me dia ns for the tot a l  s cor e .  I t  is 

i nt eres t i ng to not e  tha t ther e is  no over la p in the error 

s cor es betw e e n  the subje cts  of g roups I a nd I I .  Thes e da ta 

s how the s ame tr end tha t was sugge s t e d  by the pr es entat i o n  

s cores . This fi ndi ng is t o  b e  expe ct e d  s i nce the error 

s cor e a nd pr es e nt a t ion s core correlat e  h ig hly (Pas ca l  a nd 

Je nki ns , 1957). I t  shou l d  be obs e r ve d  tha t  the s ame g e nera l 

fi ndi ng s  s how thems e lves on mos t of the i ndi vi dua l pr oblems . 

Al though the author ha s dis cus s e d  the results as i n­

di ca t i ng tre nds , i t  s hou l d  be me nt ione d  tha t w it h  two s ub­

je ct s in ea ch group pe rforming a lmost th e same a nd the thir d 

subje ct r e vers i ng ,  the results could ea s i ly be cha nce r esu lt s 

a nd not r e pr es e nt a ny t r e nd .  I n  a ny cas e ,  the exper ime nt 

w i l l  nee d  to  be repea ted to  s ee whether or not thes e a r e  but 

cha nce tre nds . 

Dis cuss ion 

Al though no ne of the fi ndi ng s show s ta tis t i ca l  s ig ­

ni fi ca nce s ome tr ends ar e pos s ibly i ndi ca t e d  o n  the ba s is o f  

thes e results . The mo s t  s tr i ki ng o f  thes e are  tha t  groups 

I I  a nd I I I  do mor e poor ly tha n do g roups I a nd IV a nd group 

II is cons is t e nt ly the poor es t .  This coul d  be  i nt er pr e t e d  

as a dras t i c  s timulus cha nge which impa irs the 2s per forma nce 
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TABLE I I I  

HUNTER-PASCAL ERROR SCORES 

Problems 
I V  v V I  VI I V I I I  Total 

Group I (c ontr ol )  
1 8 3 5 11 37 64 
2 13 10 6 19 1 5  63 
3 21  8 

b.� 3 
l:i� 

48 
Mean 1I+.o 

:·� 
11.0 

58gj-Median 13 11 

Group I I  (continual var iation) 
1 18 7 8 28 3 5 96 2 19 11 14 28 2 9  101 
3 43 4 16 10 4 6z 

Mean 2b2� 
Z·3 12

i� 
22.0 22.2 88.0 

Median z 28 22 96 

Grou p  I I I  (new r einf orc ement - new probl em )  
1 24 5 5 2 17 53 
2 8 21 5 29 . 28 91 
3 21 z 3 2 41 101 

Mean 21+2� 
11 .0 I+.� 12.0 282� 

81.2 
Median z 5 21_ 
G r ou p  I V  (number of r einforc ement - number of pres entations ) 

1 27 4 6 23 2 5 8 5  
2 39 4 3 6 2 54 
3 12 8 2 10 6 ,38 

Mean 2b.O 5-a 3·Z 13;o 11 .0 �z.o 
Median 27 3 10 b 51+ 
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i n  group I I . The author or igina lly b e l i eved tha t thi s  g r ou p  

would per form bet ter s inc e h e  hoped to inc r ea s e  the .§.'s " a t­

tend ing" t o  the task a s  a r esult  of the fac t tha t he w ould 

c ontinua lly be  " s urpr i s ed "  by wha t he found beh ind the a p­

propr iate door. It would now s e em tha t becaus e of the com­

p lexi ty of the task, the £s in  group I I  ha d to a t t end t o  

tw o things s imultaneous ly; h e  ha d t o  a t t end t o  the problem 

and t o  the c ont inua l c hange in  r e inforc ement, one i nterfer­

i ng w i th the o ther a s  ind ic a t ed by both error s c ore  and pr e­

s enta t i on s c or e. The .§.s i n  group III performed bet ter than 

d id thos e in group I I  s inc e the s t imulus c ha nge for the 

f ormer was  no t as gr eat. The ir p erformanc e is mor e  l ike 

tha t of  the c ontrol group than i s  tha t of  the members of 

group I I, s i nc e  throug hout a ny problem they had only one 

r einforc er. Group IV t e nded to perform s omewha t bet ter tha n  

d id the c ontrol  group. By having only the s ame number of 

r ei nforc ements a s  ther e were pr es entations thes e £s got 

s ome addi tional information. They were in es s enc e  informed 

as to the end of a tria l as w e l l  as the end of the problem 

as were a ll the s ubjec t s . This  f i nding is  und er s tandable 

i n  l ight of previous res earch at the Univers i t y  of Tennes s ee 

on the Hunt er-Pasca l  Tes t ( Pa s c a l  and Jenkins , 1957) . Sub­

jec t s  who were g iven both end -of�tr ia l  and end-of-problem 

i nforma t i on s how ed s ome tendenc y  to learn mor e quic kly. 

I n  the l i ght of the above f inding s ,  mor e  res earch i s  

i ndica ted . To c a nc e l  out the effec t of the complexity of the 
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problem , t h e  exper iment s hould be re pea t ed us i ng a s impler 

learning tas k . It als o s e ems es s ent ial to r un a s tudy on 

s ub -human s ubjec t s  to s e e how t hey reac t t o  c on t i nual c hang e 

in r e i nforc eme nt . The nex t r e s earch s t e p , then , is to d e ­

s ig n  a paral l e l  exper iment us i ng animal s a s  S s . This d e ­

s i gn w i l l  be pr es ented i n  Cha p t e r  IV . 

S ummary 

Th r e e  Ss w e r e  t e s ted in each of four g r oups on t he 

Hun t e r-Pas c a l  C onc e p t  Formati on T e s t und e r  four d iff e r e nt 

c ond i t i o ns o f  r e i nfor c eme nt . A s i d e  from t he c o ntr ol group 

t he r e  was a gr oup subjec t e d  t o  c ond i t i ons of c o n t i nua l ly 

c hang i ng r e i nforc ement , a g r oup that had a d i ffere nt r e i n­

forc i ng s t imulus for eac h  o f  t h e  f ive Hunt er -Pas c a l  prob­

l ems , and a g r oup that w as r e i nfor c ed wit h  as many obje c t s  

a s  t her e wer e  pre s e nt ations duri ng a tr ial . 

Al thoug h  not subjec t ed to s tat is t ic a l  tr eatme nt the 

data may pos s i b ly s how s ome t r e nd s .  On b o th error and pr e­

s e ntat i o n  s c or e  the c ont i nual ly c hang ing r e inforc eme nt led 

t o  the poore s t performanc e f o l low ed c los e ly by the group 

t hat had a n ew r e i nforc e r  with eac h n ew problem . The g r oup 

r e i nforc ed with the same numb e r  of r e i nfor c ements as t her e 

w ere pr es e n tati ons t e nded t o  have low er s c or e s  than the 

c ontr o ls s inc e they got i nf orma t i o n  on both t r ial and problem 

t ermi na t i on . 



C HAPTER I II 

DIS CR IM INAT I ON EXPERIMENT 

Before beg inning the major exper iment out l i ned in  

Cha pter IV it  was es s ent ial to demons tra t e  tha t pigeons 

d i s c r imina t e  betw een c olored breads . I t  i s  known tha t 

pigeons have exc ellent c olor vis ion . Jones (1954) ha s 

demo ns tra t ed tha t  pigeons are  c a pable of d is c rimina t ing 

betw een c olors in a s imple d i s c r imina ti on s e tt i ng . A lthough 

we know pigeons w ill d i s c r imina t e  c olors , i t  was  impera t i ve 

tha t a s imilar d i s c r imina t i on c ould be es tablis hed t o  c ol ­

ored br ea d , the re inforc i ng a gent i n  the pres ent res earc h . 

Pr oc edure 

F our birds were us ed in  this p i lo t  s tudy. One w a s  

r e i nforc ed b y  r ec eiving yellow bread for p ec k i ng a t  a w in­

dow in a Sk i nner Box , a s ec ond for blue br ead , a third f or 

r ed br ead , a nd the las t f or random re inf orc ements of r ed , 

yellow , a nd blue on a thre e  minute aper iod ic (A. . P . R . ) 

s c hedule. (Se e  Cha pter IV for a d es c r iption of the a ppara­

tus , c ond it ioning method s , and f e ed i ng pr oc edur es . )  When 

the 2s' r es ponding s ta b i l ized they were sw i tc hed t o  a d i f• 

ferent ly c olored reinforc er t o  s ee if they w ould s how a 

c hange i n  res pond ing ind ic a t i ng tha t a d i s c r imina t ion oc ­

curred . All a nima ls var ied betwe e n  70 t o  7 5  per c ent of 
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their twenty-four hour d e pr ived w e ight a nd w er e  twenty-three 

hours hungry at the t ime of the exper iment a l  s es s ions . Eac h  

S was fed his  own c o lor o f  br ead in his  home cage  after a 

few days of ea t ing s ta le whi t e  bread. It s hould be  i nd ica­

ted tha t  the four §s w er e  hi ghly s ophis t i c a t ed experimenta l­

ly in that they had a ll been c ondi t ioned to a " pr eferred " 

food {s ta ndard p igeon g ra in) previous ly, but were never 

ext inguis hed . A l l  Ss had s ome ea t i ng experi enc e w i th the 

new f ood dur i ng the ear ly days of depr iva t i on .  The s e s s ions 

w er e  init ia l ly one hour lo ng but were c ha ng ed t o  one ha lf 

hour s es s ions . 

R esults  and Dis cus s ion 

The mos t s tart ling and drama t ic f indi ng i s  tha t  tw o 

2s, a lthough they orig ina l ly a t e  the c o lor ed bread, s ta rved 

t hems elves to dea th in the pr es enc e of food of d i ff erent 

c olor tha t had e nough of the es s entia l ing r ed i ents to s us­

ta in life . Fur ther they r es ponded well  init ial ly in the 

S kinner Box but c ea s ed upon not find ing the old, " fami liar"  

r eward. Table IV s hows the total res pons e s  for each of the 

S s  for the f irs t three  days . If g did not res pond in a 

three m inut e  per iod a hand reinforc ement was  d e livered . If 

he d idn't r e s pond in the next three minut es , he was r emoved 

from the a p pa ra tus . 

As can  be s een i n  Ta ble IV S s  c lear ly discr imina t ed 



s 

18 

19 

20  

21  

TABLE IV 

TOTAL RES PONSES FOR FIRS T THREE EXPER IMENTAL 
DAYS WITH C OLORED BREAD 

AS THE RE INFORCER 

C olor F irs t Hour S econd Hour Third Hour 

var i ed 187 238 0 

blue 978 7 0 

yellow 1517 3 52 2 22 

r ed 971 0 1 

2 5  
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betw een the  f ormer preferr ed food and the  c o lored food and 

s eem to be ext inguis hing . Rec ond i t i oning was begun to the 

a s s i gned food c olor. Subjec t s  18 and 21 d ie d  without ever 

s how ing s igns of r ec ond i t i oning . The only f ood they r e• 

c e ived i n  the Skinner Box or in  their home c a g e  was  the 

c olored br ead. This  s eems t o  ind ic a t e  tha t  S s  who d ied had 

a very s trong g ra in-ea t i ng hab i t  and were  una ble t o  g en­

era l ize the ea t ing habit  in  a s i tua t i on involving marked 

c ue c hange . L evi (1945) , a pig eon exper t ,  says tha t s ta le 

bread is a g ood bas ic food s o  tha t ma lnutr it ion a lone c a n­

not account for the r esults . The two r ema ining Ss w e r e  

c ont inua l ly fed s tale  bread for three months after  the ex­

p eriment unt i l  one d ie d . Ne i ther of the two r ema ining S s  

s howed s i g ns o f  nutr i t i onal inad equacy dur i ng t h e  exper i ­

ment . 

I n  the ear ly days of r ec o nd i tioning §s 19  and 20 

s how c ons iderable var ia b i l i ty . When bo th §s s ta b i l ized , 

a pproxima t ely a t  the same time , their re inforcing a gent s 

w ere sw i tched . Thes e f i nd i ng s  are summar ized in  Ta ble V .  

Both �s s how ed a marked inc rement in res pond ing on the 

f irs t day of reinforc eme nt change. On th e s ec ond day both 

s how ed a very marked d ec r eme nt . On the third day both 

s howed s ome rec overy . Unf or tuna t e ly the exper iment was 

t ermina ted a t  this point so tha t we c a nnot tell if the r e ­

c overy w ould have been c omplet e . However , i t  s e ems c lear 

tha t  S s  w er e  able to d is c r imina t e  between the two food 



TABLE V 

RATE O F  RESPONDI NG I N  THIRTY MI NUTE SESS I O NS 
FOR THREE DAYS JUS T PRI OR TO AND 

FOLLOWI NG RE I NFORCE MENT CHA NGE 

B !=fore Cha nge 
1 

After C ha nge 
s C o lor 2 

19 Blue 628 815' 

20 Ye llow 242 343 

3 

914 

337 

C hange t o  

Ye llow 

B lue 

1 2 

980 5'23 

35'1 193 

27  

3 

602 

286 



28 

c olors used i n  this exper iment . S imilar find ings  have been 

re ported by E ll iot (1928) a nd Tolman and Honzik (1930) who 

have s hown tha t  re inforc eme nt c ha ng e  leads to an immed iat e  

a nd obvious c ha ng e  in  performa nc e dur i ng l earning . 

Summary 

F our experimenta l ly s ophi s t ica ted p i geons w ere c on­

d i t i oned t o  res pond t o  c o lor ed bread i n  a Skinner Box. 

Ini t ia l ly a l l  §s showed s ig ns of ext inc t ion . Recond i t i on i ng 

was  a t t empted but tw o S s  d ied. The r ema i ning two S s  were 

r ec ond i t i oned a nd afte r  they s tabi lized in  the ir r es pond ing 

were s w i tched to a s ec ond c o lor bread . Both s how ed a n  

ini t ia l  i ncrement , follow ed by a marked dec rement , fol low ed 

by a r ec overy of res pond ing on suc c e s s ive days. This s e ems 

t o  i nd ic a t e  tha t pigeons c a n  read i ly d i s c r imina te betw ee n  

dyed breads of d ifferent c olors. The d ea th o f  the other �s 

is expla ined on the bas i s  of dras t ic cue-c ha ng e  fr om the i r  

previous  food . 



C HAPTER IV 

EXPERIMENTAL PROC EDURES: MAJOR EXPER IMENTS 

S ubjec t s  

The �s us ed i n  thi s  exper iment w er e  e i ghteen pig eons 

of the Lemberger s tra ins c ons is t ing of homers, tumblers a nd 

rollers of unknow n  s ex, a nd rang ing in a g e  from s ix months 

t o  one yea r . All 2s w er e  depr ived of f ood f or a pprox ima t e ly 

tw enty-one to tw enty-tw o hour s pr ior to each exper imenta l  

s es s ion a nd w er e  a t  a p prox ima t e ly 80 per c ent plus or minus 

3 per c en t  of the ir tw enty-four hour de prived w eight dur i ng 

the exper imenta l s es s ions . As can  be s een, d r ive was care­

fully c ontrolled and a ll £s c a n  be c ons id ered und er c ond i­

t i ons of very high dr ive . Subjec ts were f ed nothing but 

c rus hed s ta le whi te br ead from the t ime of the ir arriva l a t  

the labora t ory unt i l  the ons et  of the exper iment a l  condi­

t ions . The t ime var ied betw ee n  one to thr ee months . At 

this t ime they were f ed only s ta le whit e br ead in  their horne 

c ages . S everal a nima ls died dur ing depr iva t io n  a s  w e l l  a s  

over the c ours e of the exper iment . A par t ia l  expla na t i o n  

w il l  follow la ter i n  this cha pter . 

Appara tus 

The a ppara tus c ons i s ted of a uni t  of thr ee Skinner 
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Boxe s . Eac h  box was s emi-s ound-pr oof ed , a nd was  d ivid ed 

into tw o c ompa r tments. One box hous ed 2 a nd had a c ircular 

w indow a t  head he ight to which 2 was to pec k. The other 

c ompa rtme nt c onta ined th e f ood mechanism whic h c ould be 

ac t iva t ed on a 100 p er c e nt re inforc ement s c hedule or an 

a periodic  (A. P . R . )  s c hedul e , or by a ha nd sw i tc h  c ontr olled 

by E. The w indow , when pres s ed ,  act iva t ed a c ounter r e­

c ord ing t he number of pecks . The food c ompartme nt c onta ined 

a s even a nd one-ha lf watt bulb enabling the trans luc ent w in­

dow t o  be c l early vis ible in  the darkened box c onta ining 2· 

Pr e l iminary Training 

All  Ss were plac ed i n  the exper imenta l  par t of the 

Sk inner box after having been dropped to 80 p er c ent plus or 

minus 3 per c ent of their tw enty-four hour depr ived body 

w e ight and s us ta ined a t  that level for thr ee days. They 

w ere then tra ined to e a t  c rushed s tale w h i t e  br ead from t he 

f ood magazine w i th the tray open . Whi l e  they a t e  from the 

magazine they were ha b i tua t ed to the s ound of opening a nd 

c los ing the tray . By the me thod of suc c e s s ive a p prox ima ­

t ions S s  were  tra ined t o  pec k  unt i l  they r ec eived tw enty r e­

i nforc ement s f or s uc c e s s ful w indow pecks. The exper iment er 

held a hand microsw i tch s o  tha t the ac t of " g e t t i ng c los e r "  

t o  the key c ould b e  re i nf orc ed. On a t  l ea s t three more ex­

per imenta l  days , S s  made tw enty r e inf orc ed res pons es  in  the 



S kinner boxes unt i l  they were  able t o  make thes e r e s pons es  

in les s  tha n  f ive minut es . On  the next day §s r ec e ived 

tw enty r e i nforc ed res p ons es  w ith the s ound -proofed l id 

c los ed. 

Exper iment a l  Me thod 

On the day f ollowing the preliminary tra i ni ng, £s 
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were  s imultane ous ly shif t ed t o  a three minut e A . P.R. s c hed ­

ule a nd reinf orc ed w ith c olored br ead . Each experimental 

s es s ion la s ted e ighteen minut es. If S s  didn't r es pond they 

r ec e ived hand r e inforc ement s as ind ic a t ed above. If they 

s how ed no s igns of learning, the fina l  s tage of pr e-tra ining 

was repea t ed but they r ec ei ved c olored bread i ns t ead of whit e 

bread. Afte r  this  s ec ond pr e- tra ining, i f  learning w a s  not 

a ppar ent, S w a s  f ed the c o lored br ead i n  his home c ag e  a nd 

a n  a t t em p t  was  made t o  c ond it ion him a f t er the c olored bread 

obtained r e i nforc ement va lue . 

Exper iment I 

The subjec t s  were d ivided i nt o  thr ee groups w ith an N 

of s ix each . Gr oup I §s w ere r e i nforc ed only w i th one c ol or 

of bread . This  gr oup s erved es s ent ia l ly a s  the c ontrol group 

a nd w a s  s ub-d ivid ed into gr oups of two .  S ubjec t s  I - 1  a nd 

I-2 w er e  r e i nf orc ed w ith yellow bread; I -3 and I -4 obta i ne d  

r e d  bread; a nd I - 5  a nd I -6 blue br ead. Group I I  £ s  were 
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reinforced randomly by two colors of bread. Group II was 

also sub-divided into three groups. Subjects II-1 and II"2 

were reinforced with yellow and blue breads; II-3 and II-4, 

red and yellow; and II-5 and II-6 received blue and red. 

Group III was reinforced on random orders of red, yellow, 

and blue breads • .All Ss were run until on three successive 
..,.. 

days each S did not vary more than 10 per cent of his median 

level of responding in those three days, with the provision 

that conditioning lasted at least twelve days. After the 

criteria of conditioning were met, extinction was begun. 

Extinction sessions lasted eighteen minutes and sessions were 

run daily until on two successive days Ss responded at 10 per 

cent or less of the median level of responding in the last 

three days of conditioning. All Ss were fed in their home 

cages one-half to two hours after the experimental session. 

If an � successfully completed experiment I he was used in 

the statistical analyses. The only Ss that did not success-

fully complete experiment I died during experiment I. 

Experiment II 

After the criterion of extinction was met in experi­

ment I, Ss were assigned to another group randomly and the 

experiment was repeated (see Table VI). The same criterion 

of conditioning and extinction held. Similarly if an S died 

during the course of this experimental round, that S was not 



TABLE VI 

ASSIGNMENT OF BIRDS TO GROUPS IN 
THE THREE EXPERIMENTS 
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Exper iment I Exper iment II Exper iment III 
Grou12 Food s Leg Number Leg Number Leg Number 

y I-1 42 29* 
y I-2 31 32 

I R I-a 47 50* 
R I· 34 40 
B I•5 64 56 
B I-6 36 53 

YB II-1 50 36 
YB II•2 43 47* 

II RY II-3 41 66 
RY II-4 56 38* 
BR II-5 53 42 
BR II-6 39 26 

RYB III•l 40 31 
RYB III-2 29 34* 

III RYB III•3 32 41 
RYB III-4 26 39* 
RYB III-5 38 64 
RYB III-6 66 43 

Y - Yellow 

R • Red 

B - Blue 

* Anima l d i ed before completion of Experiment II. 

** Anima l d i ed before complet i on o f  Exper iment III. 

38* 
26 
39* 
43 
41 
66 

34* 
40 
29* 
31 
64 
32** 

36** 
50* 
42 
53 
56 
47* 
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us ed in the s ta tis ti ca l  a na lyses . 

Exper iment I I I  

Af ter the cr iterion of ex tinction wa s me t i n  ex per i ­

ment I I , £ s  were  a ss igned t o  t h e  gr oup they had not yet been 

in . Thi s  exper iment wa s r e peated as was exper iment I I  (s e e  

Table VI ). 

Pr epara t i on of the Food 

The s ta l e  white br ead was pr e pa r ed da i ly . One to 

f our day old white bread was pla ced a p pr ox ima t e ly t wo fee t  

over a hea t ing uni t for t we l ve t o  t wenty-f our hour s . Es ­

s e nt ial ly this made a lar ge toas ter  except  that the bread 

ke pt  its na tural wh ite  co lor . Af ter  the bread was dr ied so 

tha t  it was fully hard to t ouch a nd br i t t le , it wa s place d  in 

gla s s  conta i ners  and crushed w ith a plunge r -type d e vi ce 

until the bread wa s bro ken up into fairly uniform crumb con ­

s is te ncy . 

Th e color ed bread was pre pa r ed as  needed in  exa ct ly 

the same ma nner as was the s ta le white bread . One day prior 

t o  the dry ing pr ocedur e ,  the br ead was dyed either r ed , yel­

lo w or blue with McC ormi ck food dye ,  a tas t e less  a nd non­

calor i c  subs tance . The dye was p laced in a glas s  co nta iner 

a nd tap wa ter  was add ed unt i l  the color s a t i s f i ed E .  Whi t e  

bread Was then d i p ped i n  the conta ine r . Then the bread was 



hand-s que e zed to remo ve the exces s water a nd dye . T w e l ve 

hour s la ter the drying proces s bega n  in e xa ct ly the same 

ma nner as was  the white br ead . 

V i tamin Suppleme nt 
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Dur ing the cours e of the exper iment i t  beca me a p­

par ent tha t s omething in £s ' d i e t  a ccounted for the unusua l ­

ly hi gh dea th ra te bes ide the long-term hi gh depr i va tion and 

the food cha nge . Many of the Ss who died  sho wed s ymptoms of 

a vi ta min A b l i ndnes s .  I t  a ppeared tha t they beca me blind 

due to an a vitaminos is A,  couldn't see  the food a nd ther e ­

for e  s ta r ved to dea th s ince they co uld not find i t  to ea t 

i t. Only one S s eemed to d i e  of any other type disorder and 

tha t was a res pira tory a i lment.  Cod -l i ver oi l conta ins a 

grea t dea l of vitamin A. Once e very tw o weeks all of the £s 

r e ce i ved an ora l  dosage of f i ve to s i x drops of cod -l i ver 

oil  a fter an e xper i menta l  s es s ion . No o ther § d i ed after the 

vitamin supplement. I t  was decid ed tha t gi vi ng the cod ­

l i ver o i l  o n  w ide ly s epa ra ted days would no t l ea d  to a 

change in perfor ma nce due to "feeding "  S .  



CHAPTER V 

RESULTS 

Exper iment I 

The d es ign of the exper iment pr es ent ed in C hapter IV 

is  bas ically s u i t ed t o  analys is  of var ianc e. However , as a 

r esult of the smal l number of �s in eac h group , c las s ic al 

s ta t is t ic s  are not appl icable . In  add i t ion , the data i s  

marked ly s kewed i n  par t icular ins tanc es . Non-paramet r i c  

analyses  o f  var ianc e a s  developed by Krus kal and Wallis  

(1957) w er e  appli ed to all  the  data s inc e parametric as ­

s umpt ions do not apply . 

Table V I I  summar izes all the data f or every third day 

during the original c ond i ti oning round . This was c arr ied out 

unt i l  the twe lfth day . On the twe lfth day , s ome �s met the 

c ond i t ioni ng c r i t er ion s o  that af t er tha t day the number in 

eac h c ell var ies . The only other c omparis ons where N would 

be equal ar e at the med ian of the c r i terion of c ond itioning 

and on the number of days to c ond i t ion . Table V I I I  pr es ent s  

s imi lar data for eac h � on the fir s t  round o f  extinc t ion . A 

g lanc e at the means and med ians on eac h c r i tical day for each 

group r eveals the above-ment ioned skew c ontra-ind icat i ng the 

us e of c las s ical s tat i s t ical me thods . The results of 
2 

Krus kal-Wallis rank analys es of varianc e (XH t e s t s )  are f ound 

i n  Table IX. 



TABLE VII  

NUMBER OF RESPO NSES O N  CRITICAL C O NDITIONI NG DAYS 
I N  EXPER I ME NT I A.ND DAYS T O  C O NDIT I O N  

C ond i-
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Days to  
C ond i• t ioning C ond i -

Grou:e S t ions Da:£ 1 Da:£ 3 Da:£ 6 

1 y 4 51 278 756 
2 y 102 136 247 
3 R 481 6o4 3 91 

I 4 R 70  4�7 460 

g B 109 2 8 688 
B 16 2 211 zo� 

Mean 2 2 9 . 7  325'. 7 541 . 
Median 137 283 574 
R a nge 411 468 50� 

1 YB 308 838 78 
2 YB 3 00 336 514 
3 RY 24 5 526 828 

I I  4 RY 423 143 9 3 542 
5 BR 140 227 379 
6 BR 2 28 183 244 

Mean 279 . 0  591. 5 1049 .2  
Med ian 273 431 6 51 
R a nge 28� 12 26 32�8 

1 RYB 10 3 76 5 8 
2 RYB 86 198 614 
3 RYB 411 131 121 

I I I 4 RYB 344 688 533 
5 RYB 190 191 380 
6 RYB 20 2 6 

Mea n . 3 3 0  . 7  
Med ian 199 227 
Range 32 5 557 

Da:£ 2 Da:£ 12 Med ian 

559 533 
558 710 
42 5 632 �2 0  

1 73 
233 

1904 
6z6 1008 

668 . 5  836 . 7  
559 571 

11�3 16Z1 
7 9 63 9 
700 979 
3 59 920 

2913 383 0  
370 706 
2z8 z41 

951. 5 1302 . 5  
639  831 

2 22!!: 31�1 
507 4 1 
557 340 
3 55 134 
726 38 5 
512 504 

1087 802 
2 . o  7 . 3 

53 5 493 
732 640 

533 
710 
619 
6 96 

1854 
282 

832 . 3  
6 58 

1321 
1020 
1176 

890 
2396 

706 
264 

1192 . 0  
992 

1620 
558 
731 
760 
828 

1000 
1 2 

. 7 
794 
76 5 

tion 

12 
14 
13 
20 
12 
12 

14 . 3  
13 . 5  

8 
22  
17 
13 
17 
12 
16 

1b.2 
15 . 5  

10 
15 
15 
2 2  
17 
19 
1 

17 • 

16 
7 



Group 

I 

Mean 
Med ian 
Ran e 

I I  

Mea n  
Median 
Range 

I I I  

Mean 
Median 
Rang e 

TABLE V I I I  

NUMBER O F  RESPONSES ON CRITIC AL D�YS DURING 
EXTINCT I ON IN EXPER IMENT I 

C ondi - Ext i nc t ion Avera ge Re- Days to 

38 

s t ions Day 1 C r i t er ion sponse Ra t e  Ext i nguish 

1 y 502 37 7 
2 y 1229 11  9 
3 R 565 30 4 
4 R 364 1 3 
5 B 1563 1 5 
6 B �02. 46 

z8-. o 21.0 
�32 21 

11 

1 YB 1233 63 575 .7 6 
2 YB 912 47 318 . 0  4 
3 RY 1060 57 4 03 . 6 5 
4 RY 2322 12 959 . 6 5 
5 BR 344 1 139 . 6 5 
6 BR 2:±Z 10 2�� · 2 � l0b2 ·� 

31�B 28 �9--- i.O 1278 2 12. 
1 RYB 51 13 82 . 6 5 
2 RYB 737 0 256 .5 6 
3 RYB 835 25 403 . 8  5 
4 RYB 729 37 301 . 4  5 
5 RYB 840 20 42 0 . 4 5 
6 RYB 1840 

2q.-� z2z . o  6 83�8� iU:i �:5 2
3 1789 5'3 1 



TABLE IX 

SUMMARY OF RANK A NALYSES OF VARIANC E  FOR 
DATA I N  TABLES VI I AND VII I  

Gr ou;ES 
xn I I I  I I I  d . f .  

Mean 229 .7 279 . 0  234 .3 
Day 1 Med ian 137 273 199 2 1 . 16 

Ra nge 411 28� ot22 
Mea n  325. 7  591. 3 . ?  

Day 3 Med ian 283 431 227 2 1. 72 
Ra nge 468 1226 �2Z 
Mean 541 .8 1049 . 2  50 .0 

Day 6 Med ian 574 651 561 2 .46 
Ra nge 

66��g �228 6ZJ Mea n  9 1 . 5 624 . 0  
Day 9 Med ia n  559 639 535 2 .43 

Range 1123 22� ¢32 
Mean 836 . 7 1032 :  47 . 3  

Day 12 Med ian 571 831 493 2 10 . 4 5  
Range 16Z1 3121 640 

C ond i tion- Mean 832 : ) · 1192 . o  866 . 7  
i ng Med ia n Med ian 658 992 7 94 2 3 . 95 

Ra nge 1�21 1620 Z62 
Days t o  Mean 1 .3 16 . 2  17 . 5  
C ondi t ion Median 13 . 5  15 . 5  16 . 0  2 3 . 71 

Ra nge 8 10 z 
Day 1 Mean 788 . 0  1069 . 7  838 . 7 
Extinc t i on Med ian 53 5 986 786 2 1 . 06 

Range 1122 12Z8 1�82 
Average re- Mean 247 . 9  449.2  36 .3 
s pons es in  Median 201 361 

64�:� 2 1.82 
Ext i nc t ion Range J24 . o 812 . 6  
Ext inc t i on Mean 21 . 0  31 . 7  24 . 7  
C r i t erion Med i a n  21 30 23 2 . 71 

Range 42 62 23 
Days to Mean 5 . 3  5 .0 5.3  
Ext inguis h Med ia n 4 . 5  5 . 0  5 . 0  2 .74 

Ra nge 6 2 1 

3 9 

p 

. 60 

.44 

. 80 

.81 

. 01 

.15  

. 17 

. 59 

. 42 

. 71 

. 62 
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O n  t h e  f ir s t  day o f  c ondit i oning there i s  l i t tle  if 

any real d iffer enc e betw een the experimenta l gr oups; this i s  

par t ic ular ly true between groups I and I I I . C ompar ing the . 

means and medians on each c r i tic a l  d�y it is  a pparent tha t  

a l l  groups s howed learning over the c ours e of the exper i ­

ment . I t  is int eres t ing t o  not e  the extr eme gr oup a nd s ub­

jec t  va riability . On the twe lf th exper iment a l  day, th e la s t  

day of c ondit i oning on whic h the number of S s  in each group 

is c ons tant , there is an a p pr eciable d ifferenc e  among groups. 

Group I I I  is performing a t  the low es t  ra t e  a nd Group I I  per­

f orming a t  the highes t leve l . A t  the media n of c onditioning, 

however, Group I I I  r eplac es Gr oup I a s  the s ec ond highes t 

group . I ndeed, Group I I I  s howed the mos t ma rked inc r eas e 

betw e en the twe lf th day and the media n  a t  conditi oning . 

There i s  a fair ly s ignifica nt d ifferenc e  betw een groups i n  

terms o f  days to c ond i t i on .  Group I c ond i t ioned fas ter tha n  

did Groups I I  a n d  I I I, a nd G roup I I I  took the longes t t o  c on­

dition . Extinc tion mea sur e s  s how ins ignif ic ant differ enc es 

betw een gr oups a l though s ome trend s  s eem to  be pr es ent . On 

every extinc t ion m ea s ur e  Group I was below G r oups I I  and I I I. 

G r oups I I  and I I I  do no t s eem to differ on thes e measures  

a nd henc e the  low c onf idenc e levels on the X� tes t s .  

Mann-Whi tney-Wilc oxon T tes ts  w e r e  a pp lied t o  the 

above da ta to  s ee wha t groups ge nera ted the d iffer enc es on 

s ome of the mor e s ignifica nt mea s ures on the bas i s  of the xfi 
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tes t s . On the tw elf th day a p of . 20  w a s  f ound betw een 

Groups I a nd I I I . The d iffer enc e betw ee n  Groups I I  a nd I I I  

was s ignif ic ant a t  the 5 per c ent leve l of c onfidenc e . N o  

s ignificant d iffer enc e  a pp eared be tween Groups I and I I . I n  

terms o f  days to c ondit i on a c onf idenc e  l evel o f  better than 

10 per c ent i s  shown between Groups I a nd II  but not  betw een 

the other groups . A s ignif ic ant d ifferenc e  a t  the 10 per 

c ent leve l a ppea rs betw een Groups I a nd I I I  on the days  t o  

c ond i t i on meas ur e. 

I t  i s  pos s ibl e to c ombine Groups I I  a nd I I I  and c om­

par e  them t o  Group I .  In o ther words, it  i s  poss ible t o  

c ompare t h e  groups w it h  a ny d egr e e  o f  r e inforc ement va r ia ­

t ion t o  the c ons tant reinf orc ement group . I ns p ec t ion of 

Table IX ind ica tes tha t , for the mos t pa rt , there would be 

no s ignif icant d ifferenc e  s inc e Group I I I  would average out 

the effec t of Group I I . Ther efore this a ppr opr ia t e  s t a t i s ­

t ic was not us ed in this exper ime ntal round . 

Another type of a nalys is was pos s ible but was  not 

performed . The d iffer ent ia l effec t of the c olored food c ould 

have be en t es ted . The r ead er is r eferred t o  the data of 

Group I pres ent e d  in Table V I I .  W i th one exc e pt ion , no S 

s eems extremely deviant from the gr oup med ia n  a t  the c on­

d it i oning c r it er i on .  Therefor e, i t  was  c onc luded tha t a ny 

part icular c olor d id not have mor e  or les s r e i nf orc ement 

va lue to the S s  than any othe r  c olor . 
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Exper iment II 

Eac h  group in expe r iment I I  was l imi ted to Ns of 

four due to dea ths follow ing the firs t expe rime nt or dur i ng 

the sec ond exper ime nt . I f  an S d i ed dur ing the c ours e of 

exper ime nt I I ,  it was c omplet ely elimina t ed from the s ta ­

t i s t ical  ana lys is . 

Table X pres ents the da ta for the c r i t ic a l  days in  

exper iment II.  Aga in a p prec iab le var ia b i l i t y ac ros s g r oups 

and ac r o ss �s appears . The ext inc t ion data is shown in 

Table XI  a nd a summary of t he XH t es ts i s  in  Ta ble X I I . 

L earning i s  a ppar ent for a l l  groups . On the ba s i s o f  c on­

fidenc e levels d i ffer ent i a l  learning does not s eem ind i ­

c a t ed . How ever , dur i ng c ondi t i oning , Group I I I  t ends t o  b e  

hig her tha n  both Group s I and I I . Gr oup I I  beg ins on day 1 

at a low er leve l tha n does Gr oup I but a t  the c ond i t i oning 

c ri t er ion i s  res pond i ng a t  a higher le ve l . In t erms o f  the 

days t o  c ondi t ion measur e , a reversal s e ems a ppa rent fro m  

t h e  fir s t  roun d. Group I takes long er to c ond i t i on than d o  

Groups I I  and I I ,  a lthough n o t  s i gni fic an t ly s o .  Aga in in  

ext i nc tion , the groups show s tr ong tren ds but th ey do not 

a pproach acc eptable c on fidenc e  levels . Group I I I per forms 

at a hig her le vel than does Group II and th e la t t er in turn 

per forms at a h i gher level t han does Group I .  I t  should be  

ment ioned how ever tha t w i th ns of only four i n  ea ch group , 

ther e w ould have t o  be a lmos t no overla p  betw e en groups t o  



TABLE X 

NUMBER OF RES PO NS ES ON  CRITICAL CO NDIT IONI NG DAYS 
I N  EXPER I ME NT I I  AND DAYS TO C O NDITION 

C ondi •  Days to  
C ond i- t ioni ng C ond i-

Group S t ions Day 1 Day 3 Day 6 Day 9 Day 12 Med ia n  t i on 

I 

1 
2 

a 
g 

y 
y 
R 
R 
B 
B 

Mean 
Med ian 
Range 

1 YB 
2 YB 

I I  3 RY 
4 RY 
5 BR 
6 BR 

Mean 
Med ian 
Range 

1 RYE 
2 RYB 

I I I 3 RYB 
4 RYB 

Mean 
M ed ia n  
Rang e  

6
5 RYB 

RYB 

* Anima l d i ed . 

* 

547 
* 

768 
320 
653 

572 .0  
600 
448 
529 

* 

795 
* 

351 
4 51 

556 . 5  
490 
444 568 

* 

738 

* * 

770 1360 
* * 

447 399 
1154 2323 

498 74� 

95 1170 
* * 

* 

123 7 
* 

646 
1627 

432 
985 . 5  

942 
1195 
1297 

* 

908 1333 1217 
* 

556 
982 

851 . 0  
933 
426 
979 

* * 

557 924 
720 914 

945 . 0  1088 . 0  
94 5  1071 
776 �8� 

* * * 

871 1076 157 5 

* 

1278 
* 

96 . 8  
1017 �4 5  

33 
* 

1476 
* 

542 ¢26 

* * * * * 

1253 1467 1175 1358 1501 278 1021 1121 1195 1446 
78 .3  108� . 5  11�6 . 0  1239 .0-i367 . 5  

658 1000 1148 1277 1361 
685 596 136 747 2 54 

* 

1249 
* 

604 
1244 

67� 

1013 
* 

1501 
* 

590 
926 

1247 
* 

1186 
* 

1460 
1590 

* 

14 
* 

16 
17 

it 
15 

* 

12 
* 

14 
12 

13 .3 
13 

1� 
* 

14 
* 

14 
14 

13 . 5  
14 

2 



Group 

I 

Mean 
Med ian 
Range 

II 

Mean 
Med ian 
Range 

I I I  

Mean 
Med ian 
Range _ 
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TABLE XI 

NUMBER OF RESPONSES ON CRITICAL DAYS DUR ING 
EXTINCT I ON IN E XPER IMENT I I  AND 

C ond i -
s t i ons 

1 y 2 y 3 R 
4 R 
5 B 6 B 

1 YB 2 YB 3 RY 4 RY 5 BR 6 BR 

1 RYE 
2 RYB 3 RYB 4 RYB 
5 RYB 6 RYB 

DAYS TO EXTINGUISH 

Dax 1 
* 

214 
* 

298 
2217 ;oo 

soz.3 
322 

2003 

469 
* 

1271 
* 

932 soi 8��t; 
02 

763 
* 

1320 

Ext i nct ion 
C r i t er ion 

* 

16 
* 

16 
91 18 

3�-3 

=B 
0 
* 

23 
* 

51 
3�� 

zo 
21 

* 

50 

Avera g e  Re-
s pons e Ra t e  

* 

248 . 6  
* 

1 51 . 5 657 . 5  2o4.o 
31�.� 

lz"S 
5o6 . o  
148 . 5  

* 

505 .6 
* 

3 51.2 
��6 .2 o .� 

_35,�1 
361 .4 

* 

526 . 8 
* 

617 .4 
��� 

[jijij: 2 .7 

Days to  
Ext ing_ui s h  

* 

8 
* 

6 
6 4 

6 . 0 
t;.o 

2 

4 
* 

5 
* 

10 
. b . 6  
y;:-o -

b 

5 
* 

6 
* 

5 6 
_ _2.E 

2·  1 

* Anima l d i ed . 



Day 1 

Day 3 

Day 6 

Day 9 

Day 12 

C ond i t ion-
i ng Med ian 

Days to  
C ond i t ion 

Day 1 
Extinc tion 

TABLE X I I  

SUMMARY O F  RANK ANALYSES O F  VAR IANCE 
FOR DATA IN TABLES X AND X I  

Gr ou:2s 
I I I  I I I  d . f .  

Mean 572 . 0  556 . 5  784 . 3  
Median 600 490 6 58 2 
Range 448 444 

108e�� Mean 7 17 . 3  851 . 0  
Median 634  933 1000 2 
Range 428 426 �26 
Mean 1207 .8 945. 0  1 14 . o  
Median 1055 945 1 148 2 
Ra nge 1224 �z6 136 
Mea n  995 . 5 lOB . o  123 9 . 0  
Media n 942 107 1  1277 2 
Range 1 12� a83 z4� Mean 966. 94 . 3  1367 . 
Med ian 1017 880 1361 2 
Ra nge z4� 234 

137�?5 Mean 943 .  1001 . 5  
Med ian 960 970 13 54 2 
Ra nge 642 21 1  404 
Mean 16 . 0  13 . 3  13 . 5 
Med ian 16 . 5 13 . 0  14 .0  2 
Ra nge 3 

868 .� 2 
Mea n 807 . 3  93 1 . 5  
Media n 3 99 868 1042 2 
Ra n e 2 00 802 1 0  1 

Average Re- Mean 3 1 5 .  o .  • 

178 374 444 s pons es in Med ian 2 
Ext i nc t ion Ra nge 206 . o  3� · 1 2�6 .z 
Ext inc t ion Mea n  3 5 . 3 3 . o  7 . 5  
C r i terion Med ian 17 3 7  52 2 

Range 22 zo 44 
Days to  Mean 6 . 0  6 . 0  5 . 5  
Ext inguish  Med ian 6 . 0 5 . 0  5 . 5  2 

Range 2 6 1 

45 

x2 
H p 

2 . 00 . 3 9  

2 .8 1  . 25  

.46 . 80 

. 50 .77 

2 . 3 5  . 3 3  

2 . 8 9  . 24 

1 .43 .49 

. 58 · 7 5  

1 . 89 .42 

. 96 . 63 

.47 . 79  
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generate  acc eptable c onf idenc e  levels . 

As was i nd ic a t ed in the r es ult s of exper ime nt I ,  i t  

is  a j us t if iable pr ocedur e t o  c ombine G r ou ps I I  and I I I  a �  

t o  c ompare  them t o  Gr oup I on the X� t e s ts . Ta b le X I I I  r e -

por ts the summa ry o f  thes e der ived da ta . Ag a in the c onf i ­

denc e  levels are not s i gnif ic ant b y  t h e  usual s tandard s . 

However , in  terms of mea ns a nd med ians t here s eems to be a 

r ea l  and c ons i stent d ifferenc e  be tween the c ons tant a nd 

var i ed r e i nf orc eme nt groups . The c ombi ned va r i ed r einfor c e­

ment group performs on a higher level tha n  does the c o ns t a nt 

group . Only the days to  c o nd i t i on mea s ure is highly s i g ­

nificant . Nonetheles s  a s mal l effec t does a ppear . 

Al l t he anima ls us ed i n  experiment I I  had been pr e­

vious ly used i n  exper iment I .  It  is  qui t e  pos s ible t ha t  ef­

fec ts d o  not s e em a pparent i n  t he sec ond round due t o  the d if• 

fer ent ial c ontaminat ion of results by t he perf orma nc e in t he 

f ir s t exper iment . If ea ch £' s perfor ma nc e on the s ec ond 

r ound c ould ha ve been pr ed ic t ed by the level of performanc e 

in the f i rs t , the results might be c ontamina t ed . A S pea rma n 

rank_ c or r e la t i on of .75 and a Kenda ll c orrela t i on of . 64 

w er e  obta ined . I t  s eems j us t if ia ble to  conclude tha t  ex ­

per iment I I  is contamina ted t o  s ome degree by the effec ts  of 

exper iment I .  

To  r emove the effec t of the high c or r e la tion , c hange 

s c or es fr om the med ian of t he f i r s t  r ound to the media n of 

the s ec ond r ound wer e c omput ed . Table XIV inc ludes a l l  thes e 



TABLE X I I I  

SUMMARY OF RANK ANALYSES OF VARIANCE C OMPARING 
GR OUP I TO THE C OMBINED DATA OF GROUPS 

I I  AND I I I  IN EXPER IMENT I I  

Grou ps I I  
x2 Gr oup I and I I I  d . f .  H 

Mean 572 . o 670 .4 
Day 1 Med ian 600 573 1 . 15 

Range 448 902 
Mean 717 . 3  967 . 8  

Day 3 Med ian 634 96 9 1 1 . 8 5  
Range � 211 
Mea n  12  7 - 1045 . 5' 

Day 6 Median 1055  1146 1 .42 
Range 1�24 

116��� Mean 98 • 5 
Day 9 Med ian 942 1206 1 . 26 

Range 1 19� 747 
Mean 966 . 1 1 5 5 . 9  

Day 12 Me d ia n  1017 1262 1 .46 
RangE! 74}- t52 C ond i t i on- Mea n 943 .  118 . 0  

i ng Med ian Med ia n 980 1217 1 . 72 
Range 642 1000 

Days to  Mean 16 . 0  13 .4 

4 7 

p 

. 72 

. 19 

. 52 

.64 
• 50 

.42 

C ond i t i on Med ian 16 . 5  14 . 0  1 10 . 67 . 001 
Range 3 

Day 1 Mean 807 . 3  900 . 1  
Extinc ti on Med ian 3 99 868 1 . 72 .42 

Average Re-
Range 200� 1021 
Mean 315. 468 . 5 

s pons es  in Med ian 178 379  1 .72 .42 
Ext inc t ion Range 2o6 . o 468 .� 
Ext inc tion Mean 3 5 . 2 41 . 

C r i ter ion Median 17 51 1 . 72 . 42 
RaQge Z2 zo 

Days to  Mean 6 . 0  5'.8 
Ext i ngui s h  Med ian 6 . 0 5 . 0  1 .66 . 46 

Range 2 6 



Mean 

Med ian 

Rang e 

TABLE XIV 

SUMMARY OF RANK ANALYS IS OF VAR IANCE ON CHANGE 
S C ORE FROM EXPER IMENT I TO EXPER IMENT 

I I  AT MEDIAN LEVEL OF RES PONDING 

Group I 

-47 . 66 

-4 . 11 

8 . 24 

6 3 . 05 

4 . 88 

2 . 07 

110 . 71 

2 
XH equa ls 

Change S c or e s  
Group I I  

10 . 6 9  

11 . 84 

13 .45 

74 . 05 

2 7 . 51 

12 . 6 5  

84 . 74 

1 . 8 9 p .41  

Group I I I  

-21 . 2 5 

33 . 26 

3 5 .2 0  

7 5 . 63 

3 0 . 71 

34 . 23 

96 . 88 

48 
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data . The c ha ng e  scor e  was der ived by s ub t rac t ing the medi ­

a n  of eac h  £ 1 s performa nc e  i n  the firs t exper iment from 2 ' s 

performance i n  the s ec ond r ound . Thi s  was d ivided by £' s 

f irs t round p er formanc e  and then mult i p l i ed by one hundr ed . 

A p va lue of .41  is obtaine d . Aga in a sma ll but i ns i g ni f i •  

cant trend a ppear s  but t h e  d i r e c t ion of t h e  effec t is c on-

s is t ent w i th the previ ous r epor t ed result s . 

Exper ime nt I I I  

Only ten Ss  s urvived thr ough exper ime nt I I I . This 

makes it pra c t ica lly impos s ible to  g ener a t e  s i g ni ficanc e  on 
2 

XH tes t s  unles s there is  l i t t le overla p  b e tw e e n  groups . 

Nonetheles s the da ta w il l  be  r e por ted t o  s ee if  tr end s  a p ­

pear . Fur ther ther e is t h e  very r ea l  pos s ib i lity o f  c on­

tamina t i on of behavior by the t ime Ss r each the third ex­

p er iment . 

The hypothes i zed extreme c ontamina t i on d oes  no t a p­

pear . A S pearman c orrela t i on of .40 and a Kenda ll c or r e la ­

t ion of .40 res ults b e tw e en t h e  t e n  r ema ining S s  i n  expe r i ­

ment I I I  and the ir  performa nc e  in exper imen t I .  S imila r ly 

a S p earma n c oeffic ient of . 36 a nd a Kendall c oeff ic ient of 

.49 result from a c ompar ison of performa nc e in exper ime nt s 

I I  a nd I I I . 

Da ta s imi lar t o  the previous find i ngs  on the pr ec ed i ng 

experiments a r e  found in Ta bles XV , XVI , a nd XVI I . Although 



Group S 

1 
2 

I 3 
4 
5 
6 

M ea n  
M ed ian 
Range 

1 
2 

I I  3 
4 
5 
6 

Mean 
Median 
Ra nge 

1 
2 

I I I  3 
4 
5 
6 

Mea n 
Median 
Range 

TABLE XV 

NUMBER OF RESPONSES ON CRIT ICAL C ONDI TION ING DAYS 
IN  EXPER IMENT I I I  AND DAYS TO C ONDIT ION 

Condi-

50 

Da ys to 
C ondi - t ioning C ond i• 

Day 6 tions 

y 
y 
R 
R 
B 
B 

YB 
YB 
RY 
RY 
BR 
BR 

RYB 
RY B 
RYB 
RYB 
RYB 
RYB 

Day 1 Day 3 Day 9 Day 12 Median 

* * * * * * 

1179 962 1 596 1713 7 51 994 
* * * * * 

1 527 1 544 2 087 2 087 
877 1 128 948 948 

12 1184 11  
0 . o  12 .3 1307 . 0 
1342 1066 1074 

282 l:JJ6 1132 
* * * 

769 229  3 96 1137 
* * * * * 

1247 1449 1148 1166  1046 
1176 1811 1440 1644 196 5  196 5 

* * * * * * 

1009 . 0  1343 . 0  1092 . 6  1007 . 0  1175 . 7  13 92 . 7  
1176 1449 1346 1148 1166 1 137  

64 J lo42 �8 1412 1262 212 
* * * * * * 

* * * * * * 

1417 1800 734 1 56 9  1 586 128 1 
4 56 1072 1328 14 50 1523 1 523 
6 54 1246 1387 1149 1789 2030 

.. * * * * * 

842 . 3  1378 . 7  1149 . 7  1389 . 3  1632 . 7  1611 . 3  
6 54  1264 1328 14 50 1 586 1 523  
96 1 728 6 53 420 266 749 

t ion 

* 

22 

* 

2 0  
* 

1 9  
13 

* 

17 . 3  
19 

Z. 
* 

* 

1 5  
16 
16 

* 

1 5 . 7  
16 

1 

* Animal d i ed . 
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I 

Mean 
Med ian 
Ra nge 

I I  

Mean 
Med ian 
Range 

I I I 

Mean 
Med i a n  
R a n g e  
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TABLE XVI 

NUMBER OF RES PONS ES ON C R I T IC �L DAYS DUR ING 
EXTINC T I ON IN EXPER IMEN T I I I  �ND 

C o nd i -
s t i ons 

1 y 
2 y 
3 R 
4 R 
5 B 
6 B 

1 YB 
2 YB 
3 RY 
4 RY 
5 ER 
6 BR 

1 RYB 
2 RYB 
3 RYB 
4 RYB 
5 RYB 
6 RYB 

DAYS TO EXTINGU ISH 

Day 1 

* 
607 

* 
17 56 

588 
�24 

22- -� z6 
1168 

* 
6 58 

* 
1360 
1377 

* 1131 .z 1360 
Zl2_ 

* 
* 

1302 
1281  
1534 

* 13z2 .3 
1302 

2 53 

Extinc tion 
C r i t er ion 

* 
2 1  

* 
67 
24 
42 3� · �  
�� 

* 
26 

* 
2 7  

117 
* 

Ave ra g e  R e -
s pons e Ra t e  

* 
24 1 .6 

* 
6 00 . 0  
234 . 3  �o4 .z 
=�� . 2  

2z� 365 . 

* 
241 . 0  

* 
368 . 1  
7 51 . 8 

* 

Days t o  
Ext ingu ish 

* 
8 
* 
8 
4 

6 .� -z� 
* 
8 
* 

10 
4 
* 

5:6 .z 423 ·6 ------- � -3 2z 368 . o  
.21_ _ _ ....510 .  8 6 

* * * 
* * * 
4 416 .6  7 

1 13 477 . 7  3 
198 483 . 4  8 

* * * 
1 05 . 0  45� . 2  b.� 11� z8 z .o 

19 ) "bb .8 5' 

* Anima l d i e d . 



Day 1 

Day 3 

Day 6 
Day 9 

Day 12 

C ond i t ion-
ing Medi a n  

Da ys t o  
C ond i tion 

Da y 1 
Ext inc t ion 

TABLE XVI I  

SUMMARY OF RANK ANALYS ES OF VAR I ANCE FOR 
DATA IN TABLES XV AND XVI 

Mean 
Med ian 
R a nge 
Mean 
Median 
Ra nge 
Mea n 
Med i a n  
Range 
Mean 
Med i a n  
Ra nge 
Mea n  
Me dian 
Range 
Mean 
Med ia n  
Ra nge 
Mean 
Med ia n  
Ra ng e  
M e a n  
M e d i a n  
Rang e  

Gr ou12s 
I I I  

126 5 . 8  1009 . 0  
133 0  1176 620 643 

1201 .8 1343 . 0  
1246 1449 
,386 1042 

1232 .8 1092 . 7  
1140 1346 t4o 948 

140 . o  1007 . 0 
1342 1148 

282 1412 
1242 . 3  1 17 5 . 7 

1066 1166 1336 1�62 
1307 . o  138 . 7  

1074 1 137 
113� 212 
16 . 17 . 3  

12 19  
10  z 

968 .8 1 13 1 . 7  
766 1360 

1 168 

I I I  d . f .  

842 . 3  6 54 2 �61 
137 . 7  

1264 2 
z28 

1 149 . 7  
1328 2 623 

1389 . 3  
1450 420 2 

1632 . 7  1 586 2 266 
1611 . 3  

1 523 2 

1� 16 2 
1 

1372 . 3  
1302 2 

Avera g e  R e - Mea n  345 . 2  
z1t 

453 . 
22� 

459 . 
s pons e s  in Median 273 368 478 2 
Ext inc t i on Ran e 6 . 8  10 . 8  66 . 8  
Ext inc t ion Mea n  3 . 5  . 7  1 0  . o  
C r i t e r i on Med ia n  3 3  27 113 2 

Rang e  46 21 122 
Days to Mea n  6 . 8 7 . 3 6 . 0  
Ext i ngu i s h  Med ian 7 . 5 8 . 0 7 . 0 2 

Ra ng e 4 6 5 
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XH p 

2 .3 0  . 3 3  

.48 • 7 9  

. 02 . 99 

.36  . 84 
1 . 07 • 58 

1 .62 .47 

1 .67 .45 
1 . 2 1  . 55  

1 .43 .49  

. 7 5  . 69 

. 8 9  . 6 5  
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never approaching acc eptable c onf idenc e levels, s imilar d i ­

rec t iona l  effec t s  appear .  I t  s hould be ind ic a t ed tha t  one 

chanc e var ia t ion by a ny §. m igh t have "wa s he d  out " a mor e 

s ignificant effec t due t o  t he sma ll number of §.s .  None the­

les s at the c ond i t ioning med ian, the Gr oups I, I I , I I I , ra nk 

1 ,  2 ,  3 respec t ively from low to h igh i n  keeping w ith the 

previous ly r epor t ed data . The s ame overa ll t rend s  dur ing 

c ondi t ioning a nd ext inc t i on appear . The days to c ond i t ion 

effec t d i s appears  sugge s t ing tha t  the tw o pr evious and c on­

tra d ic tory f ind i ngs were but cha nc e  effec t s . 

Groups I I  and I I I  w er e  c ombined and aga i n  c ompa r ed t o  
2 

Group I on XH te s ts ( s e e  Table XVI I I ) .  In i t ia lly on day 1 ,  

s ignif icanc e  i s  a pproached i n  the oppos i t e  d ir ec t i on from 

the results a t  the  c ond i tioning c r iter ion . This adds fur ­

ther s upport t o  the c onc lus ion tha t  reinforc ement c ha nge 

l eads t o  a higher performa nc e  leve l .  The effec t appears on 

both the cond it i oning a nd ext inc tion mea s ur es .  

A cha nge s c or e  ana lys is  s imilar t o  t ha t  performed i n  

exper iment I I  c ould have been used on the above da ta . This 

was not d one s inc e by the third exper iment the der iva t ion of 

thes e data would have been muc h too c omplex . 

C ombi ned Da ta 

Although not technic a l ly j us t if ied, it is pos s ible t o  

c ombine a ll the data a nd trea t a l l  S s  in a l l exper iment s a s  



TABLE XVI I I  

SUMMARY OF RANK ANALY3ES OF VAR IANCE C OMPAR ING 
GROUP I TO C OMBINED DATA OF GROU PS I I  

AND I I I  AND EXPERIMENT I I I  

Groups I I  
x2 Group I a nd I I I  d . f .  H 

Mean 126 5 . 8  92 5 .7 
Day 1 Median 1330 915 1 2 . 23 

Range 620 813 
Mean l20l . 8  1360 . 3  

Day 3 Median 1246 13 57 1 .41 
Range 386 1042 
Mean 123 2 .8 1121 . 2  

Day 6 Median 1140 1337 1 . •  oo 
Range 

14ot!g 119t.� Mean 
Day 9 Med ian 1342 1300 1 . 18 

Range 282 1412 
Mean 1242 . 3 1404 . 2  

Day 12 Median 1066 1555 1 . 18 
Range 1336 1262 

C ond i t i on- Mean 1307 . o  1497 . 0 
i ng Median Median 1074 1402 1 1 . 00 

Range 1132 t84 
Days to Mea n  16 . 5  1 • 5 
C ondi tion Median 12 16 1 . 92 

Range 10 8 
Day 1 Mea n 968 .8  1252 . o  

Extinction Median 766 133 1  1 1 . 14 
Range 1168 8z6 

Averag e  R e- Mean 3 54 .2 456 . 5  
s pons es  i n  Med ian 273 447 1 1 . 14 
Ex tinction Range 36� . 8 210 . 8  
Ext i nct ion Mea n  3 . 5  8o .8  
C r iter ion Med ian 33 70 1 1 . 00 

Range 46 1� 
Days to Mean 6 .8 6 . 7  
Extinguish Med ian 7 . 5  7 · 5 1 . oo 

Rang e 4 4 

p 

. 15 

. 51 

. 99 

. 69 

. 69 

. 34 

. 36 

. 30  

. 30 

. 34 

. 99 
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ind ividua ls . Admit t ed ly , the data is c or r e la t e d  to  a degree  

and therefore a ny s ta t is t ic treat ing the  data as  ind epend ent 

is s omewha t i na ppropr ia t e . N onethele s s  the data w ill be r e ­

por t ed . 

Table X IX is  a s ummary of the c ombined ana lys es  on 

wha t  had pr evious ly s eemed to be  c ri t ic a l  meas ures . The raw 

data for thes e a nalys es  c an be f ound in Tables XX , XXI , 

XXI I ,  XXI I I , a nd XX IV in the a ppendix . Aga in effec t s  do  

s eem a pparent although they d o  not s eem to  be  highly s ig ­

nificant . On the twelfth day G roups I I  a nd I I I  perform 

h i gher than Group I on both th e mean and med ian but the 

g reat va r ia b i lity leads t o  no s ig nif ic a nc e .  However , Gr oups 

I ,  I I ,  a nd I I I  rank 1, 2 ,  and 3 res pec t ively from low to 

high . At the c ond i tioning media n ,  a p va lue of . 2 5  is  ob­

ta ined . When one cons id ers the a p pr ec iable var iabi l i ty , a 

highly c ons i s t ent trend has t o  ex is t in order t o  obta i n  s uc h  

a s ig nif ic ant c onf ide nc e  leve l .  The days to c ondi ti on mea s ur e  

s hows a s li ght tr end over the thr e e  exper ime nt s  a l though the 

c onfidenc e  level s ugg e s t s  a c ha nc e  effec t . In  terms of 

a verage r es p ons es  to ex t inguish , mode ra t el y  s ignif ic a nt d if­

ferenc e  occ ur s . This  may be a r esult o f  t he d i fferenc e s  tha t  

a r e  a p pa rent a t  the median of cond i t i oning . The days t o  ex­

t ingui s h  measure s hows no real  d ifferenc e  between the groups . 

Gr oups I I  a nd I I I  s how s om e  s light tendenc y t o  ext ingui s h  

fas t er than does  Group I .  

S inc e the data i s  obvi ous ly not independent , Fr i edma n  



Day 12 

C ond i tion-
ing Median 

Days to 
C ond i t ion 

TABLE X IX 

SUMMARY OF RANK ANALYSES OF VAR IANCE 
FOR C OMBINED DATA 

GrouEs 
I I I  I I I  d . f .  

Mean 98 9 . 8  1163 .0  1016 . 5  
Med ian 852 920 1247 2 
Ra nge 18�4 3434 1622 
Mean 999 . 7  117 9 . 2  1194 . 1  
Median 82 9 1020 1247 2 
Range 1��4 1806 14Z2 
Mea n 1 . 7 15 . 5  15 . 5  
Median 14 . 0  1 5  . o  1 5 . 0  2 
Range 10 10 10 

Avera ge Re- Mean 294 . 9  419 .8  418 . 1  
s pons es i n  Median 237 . 9  368 . 1  416 .6  2 
Ext inc ti on Rang e  �31 .  2 812 .6  644 . 4  

Mean 5 . 9  5 . 9 5 . 5 
Days t o  Med ia n 6 . 0 5 . 0  5 . 0  2 
Ext i ngu i s h  Range 6 6 5 
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x2 
H p 

.02 . 99 

2 . 79 . 2 5  

.76 . 69 

5 . 24 . 08 

.44 . 94  
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X� t e s t s  ( J e nk ins , 1956 ) w e r e  run on the data of Ss tha t 

w ent thr oug h a l l thr e e  exper iment s . The g r oups ha ve a n N of 

t en .  The mea s ur es on the tw e lfth day , a t  the m e d i a n  of c o n­

d i t i oning , a nd days t o  c o nd it i on a l l  re vea l  highly ins i g ­

nificant p va lue s a s  does days t o  ext ing u i s h .  The only va lue 

tha t  a p pr oac hed s igni f ic a nc e  was the ave ra g e  r a t e  of r e s pond ­

i ng in ex ti nc t ion y i e ld ing a p of . 17 .  

Ove r v i ew 

I t  s eems a ppropr i a t e  t o  s t o p  and s e e  wha t c ons i s t ent • 

ly a p pe a r e d  in a ll thr e e  exper imenta l r ound s . Throughout 

a l l  the exper iment s , the r e  is c o ns idera b l e  s ub j ec t  and group 

var ia b i l i ty . With one exc e pt i on , Group I I I  performed a t  a 

hi gher level t han d id Gr oup I I  while Gr oup I w a s  the low es t  

r es pond er a t  the tw e lfth day of c o nd i t i oning a nd a t  the c on­

d i t i on i ng c r i t er i on . Any d iff erenc e s i n  t he number of days 

to c ondi t i on meas ure s eem t o  be c ha nc e effec t s . Pr oba bly 

the s t rong e s t  exper iment a l  effec t is i n  t erms of avera g e  

r e s pons e s  i n  ex t i nc t i on .  I n  every c a s e Gr oup I w a s  low er 

than Gr oup I I  and Grou p  I I I  w a s  t he hi ghes t aver a g e  r e ­

s ponders in ex t i nc t ion . N o ne o f  the a b ov e  f i nd i ngs w e r e  

hi ghly s i gnific a nt and only s ug g e s t t r e nd s . Whi l e  the r e  i s  

a s u g g e s t i on of exper imenta l c ontamina t ion over t h e  t hr e e  ex­

per iment s due to prev i ous exper ime nta l p e rformanc e ,  it does 

not c omple t e ly "wash out " the t r e nds . 



CHAPTER VI 

DISCUS S I ON 

Although the results are not highly s ignificant , the 

f ind ings  are int eres t i ng and have to be account ed for be­

caus e of their c ons i s t enc y .  Ess ent ia lly th e same result s 

a r e  found in a l l  three exper iment s  in that  the groups w i th 

more re inforceme nt variat ion tend to perform a t  a higher 

level dur ing bo th condit ioning a nd ex t i nc t ion than does the 

group und er c ons tant re inforc ement . This immed ia t e ly sug­

g es ts tha t larger  exper imental groups would have led to mor e 

s ig nificant f ind ings . A fur t her find ing is tha t  ra te of re­

s ponding appears to be direc t ly rela ted to the  degree of re­

i nforcement va ria t i on .  

When one c ons iders the extent of th e total  s t imulus 

s i tua t i on tha t fac ed £s , a very sma ll pa r t  of the tota l s t im­

u lus complex was var i ed . ( This line of r eas oning is adm i t t ed ­

ly � Eos ter i or i ) . It  is  reas onable t o  a s s ume tha t be­

haviora l chang e  is pr opor t i ona l t o  the degree of " importanc e "  

o f  the s t imulus var i ed . A minor s t imulus dimens ion (c olor ) 

was var ied . 

The r e la t ively sma l l  d ifferenc es betw e en gr oups can 

be acc ount ed for in differ ent terms . Rec ently , Jenkins , 

Pas c a l , and Wa lker ( 1957 ) repor t ed tha t  differenc es between 

exper imental c ondi t i ons are more a pparent under low dr ive 

than under high dr ive . The da ta r epor ted in  the present 
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pa per per ta i ns to  2s und er high drive c ond i t ions . It  is 

s ug ges t ed therefore tha t  if the dr ive w er e  les s ened in t erms 

of less depr iva t i on , greater d ifferenc es m i ght have been 

appa rent . 

The f ind ings in this  exper iment s e em to ne ga te  a 

Hul lian pr ed ic t i o n .  S inc e dr ive was car efully control led in  

the s ens e of  d e pr iva t ion ,  and s inc e dr ive -r educ t i on was  c ar e ­

fully c ontro lled in t h e  s ens e of calor ic c ont ent , there 

s hould be no d ifferenc e  among gr oups . Diff erenc es do r e ­

s ult , how ever . 

A s t ra ight cue-c hange pr ed ic t ion does no t account for 

the data . On the bas is of the above , one w ould have to  pr e­

dic t tha t  mor e r e i nforc ement va r i a t ion would lead to  lower 

r es pons e levels . This was no t the  cas e although i t  s e emed 

to follow from the Hunter -Pascal pilot s tudy . In  tha t  r e ­

s earc h ,  inc r ea s ed cue-c hang e interfered w i th performanc e (s e e 

C ha pter I I . ) I t  is pos s ible tha t , ini t ia l ly ,  c ons tant r e ­

inf orc ement might lead t o  l e s s  var iab i l i ty and a h igher 

res pons e level . Fur ther , the g r ea t er the r e inforc ement 

var iat ion , t he longer i t  would take to perform at a h igher 

rate than the c ons tant group . 

The "amount " or " bi t s " hypothes is ma y acc ount for the 

f ina l r es ul t s . S imply s ta t ed , §s in the var ied r e inforc ement 

groups w e r e  g et t i ng mor e  for their effor t s  in terms of 

g reater s t imulus var ia t i on . I t  is a l s o  pos s ible to acc ount 

for thes e f ind ings on the ba s is of nove l s t imula t ion . As 
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Young ( 1959)  c l ea r ly demons tra t ed , inc r eas ed c ha n g e  in t e rms 

of the c ue p a t t e r n  upon r e i nforc ement may lead to " bet t e r "  

per forma nc e .  

I n  exper iment I ,  the gr oups under c ond i t i ons of r e in­

forc eme nt va r ia t i on t ook mor e days t o  s ta b i l i z e . However i n  

exper ime nt I I ,  they t ook s i g n if ic ant ly l e s s t ime t o  s ta b i l ­

i ze . Ther e wa s no real t r e nd in the la s t  exp e r iment . Thi s  

s tr ong ly s ug g es t s tha t t h e r e  w e r e  n o  r e a l  d iffer enc es in 

t e rms of rate of c o nd i t i o ni ng . On t he ba s i s o f  ex per iment 

I ,  one might ha ve c onc lud ed tha t g r ea t e r  r e infor c ement 

c hang e  leads t o  mor e va r i a b i l i ty and , henc e ,  mor e t ime t o  

r eac h the c o nd i t ioning c r i t e r i on . The d i f f e r ent i a l  effec t s  

c ould then b e  a t t r ibuted t o  t ime ra ther t ha n  r ei nf orc ement 

var ia t i o n . T ime does not a p pear t o  ha ve c onf ound ed t he s e  

da ta . I t  i s  pos s i ble tha t the exp er ime nt was not c a r r i e d 

far enoug h . P erha ps if the c r i t e r i on of c ond i t ioning t ook 

long er to reac h ,  a g r ea t e r , or even a d i f f e r e n t  effec t might 

have r es ult e d . 

The s t r onges t and mos t  c o ns is tent f i nd ing i s  t ha t  the 

var i ed g r oups p erformed a t  a c ons i s t ent ly h i g h er level in ex ­

t inc t ion tha n  d id the c ons tant g r oup , a nd p e r f or manc e w a s  

r oug hly inv ers e ly pred ic t e d  b y  the de g r ee o f  r e inforc ement 

var ia t i on .  Wh i l e  this e f fec t is pa r t ia l ly due to the d i f­

f e r enc es in g r oup performanc e dur ing c o ndi t i oning , i t s  

r e la t ive ly h i g h  leve l of s i gnif icanc e  imp lies tha t  gre a t e r  

r e inf orc em ent va r ia t i on dur i ng c ond i t i oning l eads t o  h i g her 
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res pons e levels in ext inc t ion . S peed of ext inc t ion does not 

s eem t o  be  r ela ted to degree of r einforc ement var ia t i on .  

This i s  par t ia l ly c ons is t ent w i th the f i nd ing s of McC lelland 

a nd McGow n  ( 19 53) . They w ould pr edic t the hi gher level of 

performa nc e but t hey proba bly w ould have pr edic t ed g r ea t er 

t ime to reach the ext inc t ion c r i ter ion a s  w e l l . 

Sugges t ions F or Further S tudy 

The results  are  cons is t ent enough to show the need 

for fur ther inves t ig a t ion in the g eneral  a r ea of r e inforc e­

me nt var ia t i on .  This res earch s hould b e  c ons idered hy­

pothes i s  g enerat i ng . The mos t obvious need is t o  repeat the 

exper iment w ith a larger number of Ss in eac h group . This 

w ou ld help dec r ea s e  var ia b i l i ty a nd w ould s how if a s ma ll 

but c ons i s t ent effec t truly a ppears . S ec ondly , i n  a replic a ­

t ion , the c r i t e r i on o f  c ond i t i oning s hould take long er t o  

r eac h and s h ould b e  t h e  s ame f or a ll S s . Thi s  w ould make 

a ny effec t more appar ent a nd would c ontrol f or t ime to c on­

d it ion which c ould , in it s e lf ,  l ead to d ifferenc es in ex­

t inc t ion a pa r t  from the exper imental trea t me nt . 

A s imilar exper iment s hould be performed under low er 

dr ive c ond i t i ons as has a lr eady been sugg e s t ed . Sand ler a t  

the Univers i ty o f  T ennes s e e  ha s run a p i lo t  s tudy us ing a 

hi ghly s imi la r  exper imenta l  d es ign t o  the one in the pr e s ent 

r es earc h .  He c ontrolled dr ive a t  90 p er c ent of the §s 
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tw enty-four hour d e pr ived w e ight . Fur thermor e ,  he c ont r o l l ed 

for the number of days t o  c ond i t ion a nd ex t i nguis h .  E s ­

s e nt ia l ly ,  h e  found highly s i g nifi cant d iffer enc es over t he 

f ir s t  few days i n  te rms of ra t e  of r e s pond ing w i th §s r e ­

c e iv i ng mor e r e i nforc ement va r ia t i on perform i ng a t  a hi gher 

leve l . T his effec t is no t a p par ent a f t e r  the f i r s t few da ys . 

Ther e s e ems a ls o  to be a r e a l  tendenc y  for this gr oup t o  ex­

t ingui s h  mor e quickly . S a nd l er us ed very f ew §s as t h i s  was 

a p i lot s t udy a nd he found gr ea t  2 va r ia b i l i t y . His r e s ult s 

c a n  only b e  c ons idered a s  be ing sugg e s t ive for fur ther r e ­

s ear c h .  

T h i s  r e s earc h s hould s ug g e s t  par a l l e l  s tud i e s  on 

o ther o r g a n i s ms . For exampl e , if r e inforc ement va r ia t i on 

l eads t o  an " e la t ion'' effec t ,  w hy not us e this proc edur e  t o  

c ond i t i on ps yc ho t ic huma n sub j ec t s who a r e  s o  ea s i ly d i s ­

t r ac t e d ? I nvar iably i nv e s t i ga t or s  c omplain of t h i s  d i f­

f ic u l ty . Ano ther pos s ib i l i ty is to us e a s im i la r  pr oc edur e  

w it h  c h i ld r e n  who are a l s o  highly d i s trac t a bl e .  

There is one p os s i b l e  hypo th es i s  t ha t  needs d is c u s ­

s i on . T h e  f i nd i ngs in the pres e nt exper ime nt s e em d eviant 

in l i g ht of the previous cue-c ha nge s tud i e s . I t  is pos s i b l e  

however tha t r e s pons e s t r eng th is not l i near ly r e lated t o  

the d e g r e e  o f  cue-c ha nge but c urvi l i near ly r e la t ed . I n  

o t h e r  w o rd s , m i ld cue-change ma y s l ight ly impa ir r e s pond i n g  

but a s l i gh t ly g r ea t er s t imulus c hang e  may enhanc e r e s pond ing . 
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More extr eme s t imulus c hange may s ever e ly int er fere w it h  

performanc e .  C e r ta inly this is  a tes table hypothes is . This 

hypothes is  has b e en sugges ted previ ous ly by He bb ( 1949 ,  

1955 ) . 



C HA PTER VII  

S UMMARY 

Thr e e  g r oups of exper iment a l ly na ive p i g e ons a t  80 

p lus o r  m i nus 3 per c ent o f  t h e i r  twe nt y-four hour depr ived 

body w e ight were c o nd i t ioned to d i ffer ent d e g r e e s  of va r ia ­

t ion i n  the r e inforc i ng s t imulus of food ( i . e . , one , two , or 

thr e e  c ha ng e s ) .  Al l § s  w e r e  tra i ned in the s t a ndard S k i nner 

box to peck a w i ndow f or food r ei nforc ement of c o n t r o l led 

nutr i t iona l va lue but of d i ffer e nt co l or s . S ub j ec t s w e r e 

r e i nforc ed on a thr e e minut e a p er iod ic s c h edule . Aft er a 

c r i t e r ion of c ond i t ioni ng w a s  met , gs w e r e  ex t inguish e d  to a 

pre-a r r a ng ed c r i t e r i on . Upon c omple t i on of ex t i nc t i o n , a 

s ec o nd c ond i t i o ning r ound was begun w i t h eac h S a pp ea r i ng i n  

a d i fferent ex per iment a l  c ond i t ion . Af t er a s ec ond ex t i nc ­

t ion , §s w e r e  c o nd i t i oned i n  the pres enc e of t he third d egr e e  

o f  r e inforc ement va r i a t ion and a g a i n ext inguis hed . Thr e e  

pos s ible t r e nd s  w e r e  s ug g e s t e d  for the data . 

The mos t co ns is t e n t  find i ng is tha t  the mor e r e i n­

forc eme nt va r ia t ion , t h e  h i gher the r es ult i ng l e v e l  of r e ­

s pond i ng . Thr e e  re infor c emen t cha ng e s  lead to a hi gher 

r es pons e l ev e l  t han tw o c ha ng es which , in t urn , pr oduc ed 

more r ea c t i ng than no c ha ng e . Differ enc es oc c ur r i ng i n  

ext i nc t i on par t ly ref lec t t he c o nd i t ioning effec t s . N o n e  of 

t he f i nd i ngs w er e  highly s i g nific ant . 
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The r es ults s eem mos t c ons is tent w i th the " bi ts " or 

amount of re inforc ement a nd the novel s t imula t ion hypothes es . 

A Hull ia n  or a cue•c ha nge pr ed ic t i on c ould not acc ount f or 

the f i nd i ngs . 

An exper iment involving r e i nforc ement var ia t ion on 

huma n §s us i ng the Hunter-Pa s c a l  C onc ept Forma t ion Tes t was 

a ls o  repor t ed . The results of this exper iment are  inc on­

s is tent w i th the other res earch r e por t ed her e in tha t  the 

more var i a t i on i n  re inforc ement , the mor e performa nc e  was 

impa ired . 

Sug ges t ions for fur t her r es earch have been ind ic a t ed . 

Pos s ible theor e t ica l implic a t i ons w er e  a ls o  sugge s t ed . 
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34 

36  

3 8  

3 9  

40 

4 1  

42 

43 

47 

50 

53 

56 

64 

66  

TABLE XX 

PERFORMANCE OF ALL AN IMALS IN ALL THREE EXPER IMENT AL 
C ONDIT I ONS ON TWELFTH DAY 

Grou,E I GrouE II Grou:Q I I I  

7 51 926 3 8 5  

* * 540 

710 1166 1247 

1278 * 134 

233 * * 

1008 833 * 

* * 5o4 
* 741 * 

544 3 96 48 1 

948 920 1276 

533 542 1 586 

2087  979 1446 

632 * * 

* 639 * 

7 56 706 1 523 

128 9  3830  178 9 

19o4 196 5  1501 

1184 1476 802 

* Anima l d ied . 
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s 

26 

2 9 

3 1  

32 

34 

36 

3 8  

3 9  

40 

41 

42 

43 

4? 

50 

53 

56 

64 

66 

TABLE XXI 

MEDIAN C ONDITION ING PERFORMANCE LEVEL 
OF ALL AN IMALS IN ALL THREE 

EXPER IMENTAL C ONDIT IONS 

Grou12 I GrOU}2 I I  

994 926 

* * 

710 1o46 

1249 * 

696 * 

582 1012 

* * 

* 964 

604 1137 

948 890 

533 590 

2087 11?6 

619  * 

* 1020 

6?? 706 

1244 2396 

1854 196 5  

1199 1501 

* Anima l d ied . 
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Grou:,e I I I  

828 

731 

1247 

766 

* 

* 

1000 

* 

558 

1186 

1281  

1590 

* 

* 

1 523 

2030  

1460 

1323 



s 

26 
29 
3 1  
32 
34 
36 
38 
3 9 
40 
41 
42 
43 
47 

50 
53 
56 
64 
66 

TABLE XXI I 

DAYS T O  CONDI T I ON F OR ALL AN IMALS IN A LL 
THREE EXPERIMENTAL C ONDIT I ONS 

Grou12 I Grou:E I I  

22 12 
* * 

14 19 
14 * 

20 * 

1 5 1 5 
* * 

* 16 
16 20 
12 13 
12 14 
12 17 
13 * 

* 22 
17 12 
17 17 
12 13 
12 12 

* Anima l d ied . 

7 5 

GrOUE I I I  

17 
15 
12 
22 

* 

* 

19 
* 

1 5 
14 
1 5  
14 

* 

* 

12 
16 
13 
17 



s 

26 

2 9  

31  

32  

34 

36 

38 

3 9  

40 

41 

42 

43 

47 

50 

53 

56 

64 

66  

TABLE XXI I I  

AVERAGE RES PONSES IN EXT INC T ION FOR ALL AN IMALS 
IN ALL THREE EXPER IMENTAL C ONDIT I ONS 

Gr ou12 I Gr OU!! I I  Grou!'! I I I  

241 .63 396 .20  301 .40 

* * 2 56 . 50 

347 .22 368 . 10 361 .40 

248 .63  * 403 . 80 

126 .00 * * 

194 . 2 5  148 . 50 * 

* * 420 .40 

* 299 .20  * 

151 . 50 241 . 00 82 .60  

234 .2 5 403 .60 526 . 83 

163 .43 3 51 .20 416 . 57 

600 .00 3 18 . 00 360 .67 

206 . 7 5  * * 

* 575 . 67 * 

2o4 . oo 13 9 . 60 477 .67 

6 57 . 50 959 .20 483 . 38  

4 50 . 00 7 51 . 7 5  6 17 .40 

304 . 71 505 .60 727 . 00 

* Anima l died . 
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TABLE XXIV 

DAYS TO EXT INGUISH FOR ALL ANIMALS IN ALL 
THREE EXPER IMENTAL CONDITI ONS 

s Grou:_Q I GrOU:Q I I  Grou:_Q 

26 8 5 5 

29 * * 6 

31 9 10 5 

32 8 * 5 

34 3 * * 

36 4 4 * 

38 * * 5 

39 * 5 * 

40 6 8 5 

41 4 5 6 

42 7 10 7 
43 8 4 6 

47 4 * * 

50 * 6 * 

53 4 5 3 

56 6 5 8 

64 5 4 5 

66 7 5 6 

*Animal d i ed . 
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I I I  



s c 

42 y 

3 1  y 

47 R 

34 R 

64 B 

3 6  B 

50 YB 

43 YB 

41 RY 

56 RY 

53 BR 

3 9  BR 

40 RYE 

2 9  RYE 

3 2  RYE 

26 RYE 

3 8  RYE 

66 RYE 

TABLE XXV 

T OTAL RES PONSES DUR ING C ONDITION ING FOR EACH 
SUBJEC T ON EACH DAY IN EXPERIMENT I 

1 2 3 4 

4 51 460 278 372 

102 228 136 111 

481 847 6o4 347 

70 86 437 116 

109 121 288 531 

16 5 237 211 3 56 

308 6 18 838 72 1 

300 265 336 577 

245 183 526 746 

423 1401 143 9 2126 

140 1 53 227 286 

2 58 497 183 340 

108 58 376 242 

86 21  198 72 

411 0 131 129 

344 431 688 426 

190 122 191 348 

207 3 10 2 56 512 

ays 
2 6 

22 9 756 

292 247 

528 3 91 

342 460 

541 688 

407 709 

780 788 

581 514 

6 54 828 

z 
534 

419 

402 

3 55 

902 

588 

626 

389  

338  

8 2 10 

562 559 536 

137 558 621 

461 42 5 443 

233 320 280 

113 1 1473 1751 

490 676 769 

671 789 623 

663 700 779 

492 3 59 672 

1438  3 542 1704 2251 2913 22 51 

33 1 379 410 3 10 370 649 

3 99 244 591 6 16 578 661 

303 588 686 964 507 796 

220 614 4 57 591 557 512 

424 121 595 284 3 55 151 

3 54 533 4 51 62 5 726 63 5 

292 380 385 434 512 417 

544 794 1014 1195 1087 1 579 

78 

11 

517 

603 

587 

105 

18 54 

833 

958 

738 

890 

2616 

728 

748 

841 

82 5 

540 

6 57 

633 

843 



s c 

42 y 

3 1  y 

47 R 

34 R 

64 B 

3 6  B 

50 YB 

43 YB 

41  RY 

56 RY 

53 BR 

3 9  BR 

40 RYB 

2 9  RYB 

3 2  RYB 

26 RYB 

3 8  RYB 

66 RYB 

TABLE XXV (cont inued ) 

TOTAL RES PONSES DUR ING C ONDITI ONING F OR EAC H  
SUBJECT ON EAC H DAY I N  EXPER IMENT I 

12 13 14 12 
Days 

16 12 18 12 20  

533 

710 718 6 51 

632 619  

233 775 164 506 838 541 696 761 663 

1904 

1008 570 643 582 

639 886 853 636 1172 677 838 777 1020 

979 1240 1577 1083 1177 1176 

920 856 

3830 2270 2 548 2233 2 552 2396 

706 

741 66 5 964 908 1005 

481 552 594 558 

540 749 728  731 

134 3 1  1 52 189 271 443 583 576 766 

385  673 683 881  828 778 

504 699 648 494 678 930 1000 1033  

802 970 1151 12 53 14 52 1323 

79 

2 1  22 

933 1069 

688 842 



s c 

42 y 

3 1  y 

47 R 

34 R 

64 B 

3 6  B 

50 YB 

43 YB 

41 RY 

56 RY 

53 BR 

3 9  BR 

4 0  RYB 

2 9  RYB 

3 2  RYB 

26 RYB 

3 8  RYB 

6 6  RYB 

T A BLE XXVI 

TOTAL RES PONSES DUR ING EXTINCT I ON FOR EACH 
SUBJEC T ON EACH DAY IN EXPER IMENT I 

1 2 3 Da4s 2 6 z 
502 168 174 124 127 12 3 7  

1229 686 596 218 123 1 5  183 

56 5 191 41 3 0  

364 13 1 

1 563 124 546 16 1 

505 203 23 46 

1233 672 1006 43 9 4 1  63 

912 208 105 47 

1060 603 2 94 4 57 

2322 171 5 511 236 12 

344 2 53 89 1 1  1 

587 562 2 6 5  72 10  

51 166 168 1 5  13 

737 523 123 127 2 9  0 

83 5 6 17 468 74 2 5  

72 9 4 51 2 17 73 37 

840 93 1 303 8 20  

1840 1 177 9 59 269  64 53 

80 

8 2 

64 1 1  



s c 

3 2  y 

2 9  y 

50 R 

4 0  R 

56 B 

53 B 

36 YB 

47 YB 

66  RY 

38 RY 

42 BR 

26 BR 

3 1  RYB 

3 4  RYB 

41  RYB 

3 9  RYB 

64 RYB 

43 RYB 

TABLE XXVI I 

TOTAL RESPONSES DURING C ONDI TION ING FOR EACH 
SUBJECT ON EACH DAY IN EXPER IMENT I I  

1 2 j 

547 401 770 

* * * 

* * * 

768 532 447 

320 1 14 5  1 1 54 

653 728  4 98 

52 9 909 958 

* * * 

795 823 908 

* * * 

3 51 716 556 

451 636 982 

568 1024 979 
* * * 

738 1197 871 

* * * 

12 53 1334 1467 

578 870 102 1  

Days 
4 2 

816 13 01 

* * 

* * 

545 418 

1090 8 70 

733 6 54 

817 765 
* * 

1 18 0  1403 

* * 

62 9 6 18 

287 735 

1303 103 0  

* * 

1 1 54 1307 

* * 

1844 9 56 

1338 1051 

6 z 8 

1360 132 5 1362 

* * * 

* * * 

3 99 432 598 

2323 2 3 01 1577 

749 484 492 

1 170 1078 1405 

* * * 

1333  1432 8 54 

* * * 

557 72 9 712 

720 700 943 

1212 1233 1253 
* * * 

1076 13 99 1 583 

* * * 

1 17 5  1418 1422 

112 1  968 1 182 

*Anima l died . 

8 1  

2 

1237 

* 

* 

646 

1627 

432 

1297 
* 

12 17 

* 

924 

914 

828 

* 

1 57 5  

* 

13 58 

1195 



82 

TABLE XXV I I  ( c ont inued ) 

TOTAL RES PONSES DUR ING C ONDITION ING FOR EACH 
SUBJECT ON EACH DAY IN EXPER IMENT I I  

12 
Da'J'S 

14 12 16 1Z _ 
s c 10 11 13 

32  y 1324 916 1278 1232 1249 

29  R 

50 R 

40 R 530 6 52 544 524 612 604 594 

56 B 2 196 1754 1289 13 55 112 5 1126 1271 1244 

53 B 498 572 7 56 6 53 52 5 630 712 677 

36 YB 1153 943 833 976 1013 1108 

47 YB 

66 RY 1 504 1 501 1476 

38  RY 

42 BR 790 688 542 590 63 1 

26 BR 959 849 926 

31  RYE 1222 1325 1247 

34 RYE 

41 RYE 1629 1417 1276 1155  1186 

3 9  RYE 

64 RYE 1673 1190 1 501 1414 1460 

43 RYE 1448 873 1446 1 590 1680 



s 

32  

29  

50 

40 

56 

53 

36 

47 

66 

3 8  

42 

26 

3 1 

34 

41  

3 9  

64 

43 

TABLE XXV I I I  

TOTAL RES PONSES DUR ING EXT INC T I ON FOR EAC H 
SUBJEC T ON EACH DAY IN EXPER IMENT I I  

c 1 2 3 4 
Days 

2 6 z 8 2 
y 214 288 606 148 4 54 164 99 16 

y * * * * * * * * 

R * * * * * * * * 

R 2 98 2 11 147 190 47 16 

B 2217 1207 144 268 18 91 

B 500 268 30  18  

YB 469 119 6 0 

YB * * * * * * * * 

RY 1271 770 43 5 29 23 

RY * * * * * * * * 

* 

* 

* 

* 

BR 932 691 417 434 33  556 187 1 53 58 

BR 803 545 470 93 70 

RYB 763 682 326 1 5  2 1  

RYB * * * * * * * * * 

RYB 1320 951 494 238 loB 50 

RYB * * * * * * * * * 

RYB 1367 522 1004 140 54 

RYB 276 205 13 52 174 92 6 5  

* Animal d i ed . 

83 

10 

* 

* 

* 

* 

51 

* 

* 



s 

26 

3 8  

3 9  

43 

41 

66 

40 

34 

3 1  

2 9  

32  

64  

42  

36  

53 

56 

50 

47  

TABLE XXIX 

T OTAL RES PONSES DURING C ONDITION ING F OR EACH 
SUBJEC T ON EACH DAY IN EXPER IMENT I I I  

c 1 2 J 4 
Days 

2 6 z 8 2 
y 1179 120 5  962 1227 1449 1 596 1720 1 53 1  1713 

y * * * * * * * * * 

R * * * * * * * * * 

R 1 527 1716 1154 1163 1009 1215  1034 1058 1 544 

B 877 1144 1348 1224 1394 1064 978 874 1128  

B 1480  1444 1343 1186 997 1056 1195 1001 123 9  

Y B  6o4 718 769 939 971 492 421 366 229 

YB * * * * * * * * * 

RY 1247 1366 1449 1787 1480 1346 1467 1489 1148 

RY * * * * * * * * * 

BR * * * * * * * * * 

BR 1176 1417 1811 1601 1515  1440 1 53 9  1 502 1644 

RY B 1223 1800 1842 2226 734 1813 1688 1 569  2084 

RYB * * * * * * * * * 

RYB 456 976 1072 1 510 1440 1328 1 562 1299 1450 

RYB 6 54 998 1264 1153 1115  1387 1171 647 1149  

RYB * * * * * * * * * 

RYB * * * * * * * * * 

10 

1562 

* 

* 

1968 

8 56 

1318 

593 

* 

1954 

* 

* 

1723 

2o44 

* 

1442 

1289 

* 

* 

* Anima l d i ed . 

84 

11 

1386 

* 

* 

2217 

96 5 

1199 

47 

* 

1 541  

* 

* 

2003 

1 586 

* 

16 58 

713 

* 

* 



s c 

26 y 

38 y 

39  R 

43 R 

41 B 

66 B 

40 YB 

34 YB 

3 1  RY 

2 9  RY 

32 BR 

64 BR 

42 RYB 

36 RYB 

53 RYB 

56 RYB 

50 RYB 

47 RYB 

TABLE XXIX (continued ) 

TOTAL RES PONSES DURING C ONDITIONING F OR EACH 
SUBJECT ON EACH DAY IN EXPERIMENT I II 

14 
Days 

12 1j 12 16 12 18 19 20 

751 1215  1248 1632 1180 815 1803 1331 1082 

2 087  

948 

1184 

396 672 605 849 1136 747 1137 1108 1208 

1166 1353 1442 827 1364 1080 1014 1046 

196 5  1844 

1190 1281  1368 

1 523 

1789 990 2243 2030 1853 

8 5  

2 1  22 

903 994 



s c 

26 y 

38 y 

3 9  R 

43 R 

4 1  B 

66  B 

40 YB 

34 YB 

3 1  RY 

2 9  RY 

3 2  BR 

64 BR 

42 RYE 

53 RYB 

36  RYB 

56 RYE 

50 RYB 

47 RYE 

TABLE XXX 

T OTAL RES PONSES DURING EXTINC T I ON FOR EACH 
SUBJECT ON EACH DAY IN EXPER IMENT I I I  

1 2 � 

607 233 1 5  

* * * 

* * * 

1756 1430 289  

588 305 20 

924 540 220  

6 58 302 314 

* * * 

1360 742 4 50 

* * * 

* * * 

1377 13 58 155  

1302 523 524 

128 1  39  113 
* * * 

1534 381  555  

* * * 

* * * 

Days 
4 2 

2 17 563 
* * 

* * 

588 225  

24  

130 260 

197 244 

* * 

3 14 227 

* * 

* * 

117 

262 194 

* * 

703 100 

* * 

* * 

6 z 8 

180 97 2 1  

* * * 

* * * 

33 1 114 67  

17 42 

126 61 26 

* * * 

31  238 191 

* * * 

* * * 

107 4 

* * * 

2 52 144 198 

* * * 

* * * 

* Anima l d ied . 

86 

2 10 

* * 

* * 

* * 

101 27  

* * 

* * 

* * 

* * 

* * 
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