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SCOPE AND CONTENTS, 

This thesis was concerned with the ef'tects of shock 
intensity on discriminative escape conditioning . At the lowest 

ock intensity the was binxldal distribution of nonresponding 
animals at one mode and responders at t..he obher mode . Opt:IJn'Wn 
perfonnanoe occurred t the lowest shoclt intensity at tiilich 100% 
of the animnls responded. t higher shock: intensities perfor­
mance deterie:rated. An ttempt to test the Yemes ... l):)dson Ia: 
failed to yield conclusive results . ina.lla', it s frund that 
shock intensity affected por.fomance rather than leaming . 
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IN'l'RWUCTION 

One of the important problems in operant conditioning is the 

analysis of escape ~esponding to pain.t\t.l or aversive stimuli. The experi­

ment on this problem can be divided into two clAsses; nondiscrlmina:t.ive 

escape conditioning, in 'lohich the subject can escape the aversive stimulus 

whenever it is presented, and disorim:inative escape conditioning, in 1Jihich 

the subject CfUl escape the aversive stimulus only if it discriminates 

between environmental eues and responds to the correct cue. The present 

thesis is cc;noel"l"l.&d with the latter type of conditioning - in particular, 

with the e!f ots of the intensity ot the aversive stimulus an the r te of 

conditioning . 

The aversive stimulus is u~ as8Ullled to have two properties 

in operant conditioning situations . Its occurrence is supposed to motivat 

behaviour, and its termination to reinforce behaviour. 'lhus, variations 

in the intensity of the aversive stimulus can a.rtect behaviour by changing 

th level of motivation and by changing the amount of reinforcement . l'bs t 

theories, hovever, have been concerned o~ with motivational effect • 

o (1959) bas, for example, postulated that the relationship betweett 

level of motivation and perfomance is shaped like an inverted U. That 

is, as the motivation increases, there is an improvement in conditioning; 

then as the motivation becomes too high, conditioning deteriorates. Yexkes 

and Dodson (1908) h ve concluded fran research on discriminative escape 

.. 

conditioning th t the form of this relationship depends en the difficulty 
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of the discr:iminaticn . They sa.ggested that the form of the relationship 

between shoc.tc intensity and discrilnin tive ccnditioning s monotonic 

increaSing men i t s easy t o diser1Jninate between the two stimuli, and 

inverted U Sha · d when the discrimination was dUticult • 

The ditferences between theoretical positions, such as the two 

entioncd above, are not resolved by the ~ri.mentaJ. data . lbere is no 

agreenent about the mlationship between the int ity of avo:rs1 ve st:i.m:ulation 

and discl"'iminative conditioni.ng and there is no satisfactory a:nn.lysi of the 

variables ich might be interacting with intensity of the versive stinnlus 

to produce dif.i"erenc~s in the :unction. 'lhe experiments described in this 

thesis re perfo od, therefore, in order to study the cmditions which 

cmtrol tha relationship bet en intensity of the aversive stinulus and 

diser:iJl:l:tno.tive escapo conditioning• 

•. 
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CHAPrER l 

HISTORICAL REVIE.ll 

In thies chapter a review will be presented of the literature on 

discriminative conditioning experiments 1n W:licb aversive stimUli are used 

to control behaviour. The main concem of early researeh in this area 

was to stuey the e.ffect . of punishment of the response to the wr<ttg cue, 

(the negative conditioned stimulus or cs...) . 'Ihe motivation and reinforce­

ment of the response to th correct cue, (the positive conditioned stimulus 

or CS+) was loosely controlled in these studies. later researchers, however, 

became soore concemed with the aversive sttmli which motivate and reinforce 

the response to the CS+. Thus the early research anal;reed the effects of 

intensity of punishment on discriminative escape conditioning, while sub­

sequent reE;Jearch analyzed the effects of intensity of otivation and amount 

ot reinforCEIIlent an discriin:i.native escape cot.~.dition.ing. The research des­

cribed in. this thesiS is similar to the modem studies in this area in both 

design and purpose . The early experiments will be described in detail, 

however, because ll'Wl.,'Y of' the conclusions which were discovered in these 

experiments wore assumed by the later experlme:nters to apply to their 

experimental situation as weU. 

Following this discussion or the experimental lite ature on discrt­

minative escape cohditioning and the intensity of the aversive stillnlus, 

a description of the theori s which have been proposed to account for the.­

l 
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data will be given. Since these theories are based not only on data fran 

sc:riminative scape conditioning experiments but also on data frCJl'l 

classical differential conditioning and non-discriminated operant escape 

conditioning experimezrt,s, brief reviews of relevant data rr these areas 

of research will be included. 

Ear:cy. research on discriln:inative eondit.ioni.ng uSing negative reinforcers. 

In 1908 Yerkes and I.Odson published the first experiment that was 

concemed vith diseri..rninative conditioning using averSive stimuli. Their 

pa er was entitled: 1'lhe relation or strength of stimulus to rapidity of 

habit fo:nnatio~n . Since this experiment set the pat.tern for much of the 

research in this area, it will be described in detail. Yerttes .and l:bdsc:m 
• 

trained mice to diecr.i.minate between two stilmlli, using escape fr<:m the~ 

experimental situation as t.he rei.nr-orcement for the response to the 

correct stimulus (CS+), and electric shock as punishment for the response 

to the tncorr ct stimulus (cs-}. The experir.lenters studied the effects 

of shock intensity and degree of difficulty of discrimination on the 

acquisition of th response . The shook was produced by an inducto,rl · , 

end the cunoent was divided into amitrary ••'Ul11ts of sti:m:ulationq, 

corresponding to distances 'between the primary and seeand.a.ry coils. 'lhe 

discriminative stimuli were determined by th amount of light talllng on 

the blaCk (CS• ) or white (05+) cardboard lin:l.J:igs of the apparatu,s . 'lhe 

difficulty o£ discr.tndnation was cmtrolled by the differences 1n ill.um.­

i.nation between the CS. and CS-. If the ditference between the stimuli 

was small, the discrim1nation was assumed to be cli.fficult; if the difference 

was large, the discrimination was ASSU111ed to be easy. 
.. 
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In order to stuey the acquisition of the disori.minative response, 

the author constructed wooden box which was divided into the forechamber 

calleQ th nest box, an ent ce cmunber, d t o further chambers, side by 

side, wi~uh grid floor- 1ich opened into the trance chamber. On aoh trial 

a mous· s p"'a.ced in the foreclla:rnber or the nest box, and permitted to enter 

the ent.ra.ne cha."l''h r .. · c expe::."'imentor then place4 a piece of cardboard be­

t een th animal and the f oroch er . 'lbe cardboard was oved f orw.rd slowl3, 

forcing the muse twoo.rd the t o discrimination ehners. entuall;r the 

an:i..rJnl cnt 01.. d ->ne of the tt-ro ch bers . try into the black ch er s 

pmlished by mock; entr.r into t.hJ white er led to escape into the nest 

b ax_ A correction procedU s used.; this eant that trial was tel.'Tilinated 

on]Jr by the entry or the ousc into the ite chamber and subsequent return to 

the nest box, Animals re run for ten trials day to a crl.ter!on ot three 

ccnsocutive day with no entries into the black chamber. 

Th· disc~tion in this first rirnent s judge t 0 be or "medium 

difficulty 1 by Ye es and Dodson. en this exper cnt s erformed, the 

inductoriwn had not yet been e lib~ d and three levels of shock judged "light" , 

''m diUl'll" 1 and ttstrong" re used, Four subjects wer-e used in each rcup. 

After 20 days the tra:t.n.:Lng of tho "light" shock intensity grcup was 

terminated . Since t o animals lC.a:n .d the di.'scrbnination betore the e'X;Periment 

s tenn!nated (200 trials) ,. 'While two did not, :the edien number of trl.al 

fell b · en the know values t_,f. sn:imals th t had learned, and the indeter. 

rdnate values of e.nimals th .t ran for 200 trials without leaming. 'ihe ·edian 

1number of trials run by this roup, theraf'ora, indeteminate. 

1 . Yertces end Dodson employed mean values in their evaluation of the 
dAta; in order to e their data more ccmpa.rable to ·he results of the pre• 
sent stuey, they re converli to medi valu s . 
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At the middle shock intensity, all mice reached the criterion with a median 

value of 80 trials . Tho s-Croog ehoclc intensity grcnp with e. median of 1$5 

trlala, to<k longer to acquire the response than the edi'Ulll intensity grrup. 

'lhe overall effect oi' this ~erilnent seEllned to be aU shaped effect relating 

shook intensity to rate of learning . These data are shown in Figuro(l}, 
. 1

fUnction I. 

In c:per:iment II the disc~tian was :made very easy, and instead 

of using only three shock intensities as be£ore1 tive diff.erent values were 

$.plo;yed. 'l'he inductorium had by now been calibrated, and the units of' 

stimulation, iu order of i,ucreasing intensity, were 135, 195, 255, 375, and 

420. Twenty anima.1 s were UBQd1 10 males and 10 females; tw ~r. each sex 

tor: each shock intensity. 'Ihe results of this experiment \rere di!ferent 

fran the first one. <.ate relationship between shock intensity and :r•te of 

learning was monoto.nio . 'Ihe higher the thock intensity the faa er the 

aequicdtion of the r esponse , (Figure J., :.tUnction II} . 

Ye%K sand l»dson concluded that they obtained ~his result because 

the diecr.iminatial was easy, and decided to·· t'IWl a thi:td .exper.bnent with. a 

very diff.ieult discrimination task in order to detennine whether this would 

produoo a U Shaped f\mct.ion s!mi.lar to that in Expel"!me.nt I ·~ Onq f ~r 

.shock intensities were employed this t~ (the highest value used in 

Ex:pe:ri21lent II wa.s ctdtted) , and there vere m~ two anir.Ials for each shock 

l . .Although the function shO'Wll 1.n Figure l is U shaped, an invert-ed 
U J.'unotion could be presented depending on the parliicular measure or ~r­
ronnanoe . If criterion llleasu.res are being used a U Pb.aped fUnction· obtain ; 
it the l"eQiprocal or criterion or f., correct respon$es are used an inverted 
U fita.pad i\l.nct1on is fal.nd 4 In both case.s the U and inverted tJ indicate 
that performance first improves..and then deteriorates as Shock intensity is 
increased. For convenience beth U shaped functions and inverted u shaped 
i'Uncti.ol'l$ in tlhich per.fQr.tnance fir.st improves and then deteriorates will be 
callid U maped functions in this thesis­

http:Expel"!me.nt
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intensity group, one e d one female. 'lhe results this time showed a. 

U shaped function as in Elq>e:rime.nt I . 'lh ost important .finding, however, 

s that the opt:Unum performance was t lower mock intensity than in 

F.Xperime::It I (Figure 1, function Ill). In other words, incr asing the 

difficulty of discrim:tnation reSillted in a diSplacement of th optimum 

point of th U shaped function towards lo r lev: l of shock . '!hie result 

led to the formulation of the Yerke · Dodson law: ttAn easily acqui d habit 

be rea.ciily fozmed under strmg at111'Allation; 'Wiberea.s a. difficult habit 

be acquired readil¥ under weak stimul tionlt· (l'ettes and Ik>dson, 1908, 

p . 481) • is Ia.w really involve tbr~ .separate cmolusions: 

1) 'lhe relationship between shock intensity and rate of discrimi­

native eoca.pe conditi-oning is determined 'b7 the difficulty of the discrimi­

nation. 'l'hus, in tbi experililent when diecl"im:1llation is easy, the relation­

ship is monotonic increasing (Figure 1, fUnction II) • When discrimination 

is difficult, the relationship is U shaped, (!unctions I and III in FigUre l) . 

2) For tJr13 given shock intensity the nwnber of t rials required to 

learn the discrimination increases as the discrimination becomes o 

difi'icult • 

3) The optilm.uli level of pertomance shifts to lower levels of 

shock intensit-y as the discr1m:f.ne.tion becomes more difficult . 

The third ccnelusion seems to have generated the greatest interest 

among subsequent "'orkers in this area. Unfortunately, a close examination 

ot the Yemes- D:>dson experiment a suggests that their data do not \rlarrant 

this conclusion. First or all, there is uncertainty about the optimum point 

1n Eltpe~nt I . In this experllllent , (Figure 1 , function I) , the optimum 

eboek intensity was at 300 units of stimulation, while in Experiment III the 

http:Elq>e:rime.nt
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s :t 195. However., since no grwps were run at 195 units of stimu­

lation in &cperiment I , one eruld not establish uith certainty wether the 

optimum in this experiment s realq at .300 units; it could have been t 195. 

S cond:cy" 1 Ye:rl<es and !Ddson did not submit their da to statistical analyses . 

Howcv r 1 sine they presented their raw dat it was possible to SUbmit each 
1

experiment to a Krus allis nonparametric rariced lysis of rl.ance . 

On~ in EKper!m.ent I were there st tist, caD¥ significmtt differences ct can 

sese :turth r drubt o the irdthe 1ock inten ty groups. 

conclusion of the Yeme dsan lew, since one U shaped function "'nd t o 

flat lines do not provide evidence for a cl:l ing optiittum point , 

bre exper:iJnents followed th YOlk s- IDdsan o uctr u.o:ing essent~ 

the ratus and proeedure . Cole (1911) in an pparatus almost iden• 

tical with the Yel'kes and nxison. discrimination box, trained chick in a 

brightness di$crlmination prcb1 • The chi s htld to escape over wire 

grld floor , into a box lirl.ch was maintained at the e temperature s the 

incubator. s beforo, wrong cboic s vere punished td.th electric shock . 

'lhe chicks in this experimc.mt .a.pparent.l¥ move of their ~m accord and no 

cardboard s used to propel them. The punishing sbo s pr<>duc d by an 

inwctori in cal.ibr. ted "tmits of stimula.tion11 wich were 220, 350, 480, and 

590. "lhe CS+ and cs... re produc ting opaqu screon using 

lamps placed o.t varying distances behind th screen. hot tric readings 

rare taken of th brlehtnoss difference between the two scro s . These 

1 . 'Jhe advantago of nonparametrie tests 1 that they dep d ranking 
the data aecor.d:in6 to relative .rnagnitudo, tmd do not manipulate the absolute 
numerical values obtained. 'r'h shock in sity grrupo in the irst Yerkes 
and Ibdson experiment did not, re ch criterion, and, theroforo, the number of 
trials to cri rion for s of these animals a indeterminate .. Since nonpara.. 

etri.c tests require onl;r t t the data be ed, the rosult of such open 
de groups can be o.nal;yzod despite this handicap . 

Th oos:ihllity of Type n arroro should also b ept 1n d since 
the nuxnber at animals in e&ch group s rrory small • .. 


http:experimc.mt


7 

readings were 0:8 .9 for the ea~ disor1m:ination, 1:13 .7 for the medium and 

1:5.1 for the difficul-t d1scr:1.m:i.natim. However, since the expe:ri.Inent was 

run in the daylight even the unlit screen reflected sane 1llu.minat1on and 

therefore the subjective difference estimated by the experimenter was 1:20 

for the asy, 1:4 for the d1 and 1:2 for the d;tfficult discrimination . 

Th results of the Cole eX,per:l.ment were quite diff ren ran the 

results d>tained by Yemes and n>dscn. 'lhe fUnction relating Ehoak intensity 

with discriminative conditionine w: s monotonic regardless or the difficulty 

ot di crimination. In other words, discrimination al s improved s shock 

intensity inc:rea ed. 1 e ~pe of the mock intensity f'Unotion bee · e 

steeper with increasing difficulty or di crimination ( igure 2:) • 

Cole did not submit hi.s data to sliatistiaal. analysis; Kru~al-

~1alli renk d analy'si or variance were., thereto~, perfo ed an each e:x:peri­

ent . 'lh d:;i..fference bet n ock intensity grUlps prove to be significant 

for each level of diff'iculty or dil;lcrimination. 

As can seen £rem Figure (2 )th m)3' !'\motion wich tibowed 

deviation rr linearity s the ~um difficulty function. 1bere was 

slight d terioration in performance at the highest shock intensity. The 

oek int sity group · anitted .fr th a.na.lysis in order to deter­

mine whether the last grcup s significant:cy different .fr(l'll; the seccnd and 

third grcups. Ulese 3 groups were sub tte to Kroakal allis analysis 

or vartanc • 'lhe results of this analysis Showed th t there s no difference 

between the th e hiel1~st dlock 1nten&ities. 1'bus, it would se that the 

ason the overall analysis fer the fcur shock int~sities had been signifi.. 

cant at this level of di.sorim:ination s the ma.Ike.d impr¢VCI:lent produced by 

the second and subsequont ock intensities over the first . 
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At the most. difficult discrilllination task scme animals in the two high 

shock intensity groups failed to leam the discrimination. Other ani:rnals in 

these mock intensity groups did learn the discrimination, and, fu.rthemore, 

learned it raster than animals at lower shock intensities . 'lhus, these groups 

bad bimodal distributions . However, since more animals learned than failed to 

leam, the medians of the shoc-k intensity groups showe a monotonic increasing 

relationship . 'lhe higher the shock intensity, the more rapid was the acqui.. 

sition process . 

The results of the Cole experiment provide no evidence for a U shaped 

tunction relating shock intensity and discriminative escape conditioning. It 

is not clear why Broadhurst in his 1959 review article states that the experl• 

ment provides evidence for conclusion n:umber three o! the Yerites and Ik>dson 

experiment , the shift in the optimum point to a lowr ahock intensity with a 

more difficult discrimination. 

It could be postulated, of course, that the three functions in Figure 

(2) represent only the lower half or th U shaped tunction, and that t higher 

shock intensities performance would have deteriorated again. Species differ­

ences might have produced such an eff ct . It nru.st be remembered that chickens 

are well protected against e~ectric shock by the trugh lrqers of skin on their 

feet . Although Cole did try to overcome this by forcing the anim ls to walk 

over wet pad before stepping on the grid, this procedure might not have been 

effective. 

Another hypothesis to acoountfbr the disc~cy betveen the original 

Yerkes- Ibdson experiment and the Cole stuey W?Uld be that there was a 

difference in the difficulty of the tasks in the two experiments. 'lhe 

.- Yel"kes- !Ddsan stuey showed th t for easy discrl.minations, th shock intensity 
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function tends to be monotonic rather than U shaped. If one is willing to 

postulate that all of Cole' s discrimination tasks were es.ey; this would 

expla:ill the shape ,of hi functions . On the ather hand, it wculd not explain 

the fact that Cole' s a.nimals performed as poorly as animals run by Ierltes 

and Ibdson on the difficult taSk ·~ 

'!he next attempt to replicate the Yext:es and lbds<n ~riment was 

published by lbdson in 191.5. He employed apparatus similar to that ?Which 

was employed in the previous experiments, but this time used kittens as 

subjects. 'lhe shock intensities were described ~ as "light" , "mediumn, 

and '1strongtt 1 and the discr1m1nation tallks as ''easy'' , ••medium" , and 

"c:ii.t!icult 1~ . Ibdsan used .tram two to tou.r $\lbjects for each moCk inten­

sity group . Instead or using the e rdboard pu.slrl.:og technique to propel the 

4U'dmals tQWS.rd the discrimination chaxnbel's, he relied an the "plq instinct*• 

or the cats to motivate than to enter one or the chambers. 

Ikl:d.Gon .round that an increase in shock intensity resulted in a 

deterioration in peri'om&l'loe tor the dif.flcul.t disc:riminatiQn graup . For 

the easy Gmd medium discriln.ination groups, an increase in ·mock intensity 

resulted in improved perfomance. ~re (3) shows the median number o£ 

trials to reach the cri.teclon of a~s:i,tion as a fUnction of the shook 

intensity . 'lhe opposite direction of the functions for the easy and 

difficult discr1minations seems to confi.m the first conclusion of the 

Yemes• U:>dson stuqy • tbat is, that the fo.nn of the !'Unetian depends on the 

d.it'ficulty of the discr'.imination. 

If more shook intensities bad been used~ it aeeJ?lS like]¥ that the 

easy discrimination function would have been monotonic and the diffieult .. 

discrimination i\lnet~on U shaped. 'lbue J one OfJUld hypothesise that for 
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o dif"fieult discrimination the shock intensities ~rere beyond the opt • 

level o£ motivation, while for the easy discr.i.mination the shock intensities 

were lower than the opt:i.Imun level. This would seem to provide evidence for 

the third conclusion of the Ye:rken- Ibdscn study, but o~ indireC'tly because 

not enough shock intensities were employed to aatualJ.y demonstrate the 

relationship . lbdson was well awaro of the difficulties in interpreting his 

result ss 11Poseib)3 no one realizes .more fully than the experilllenter certain 

crudities of method in this experiment [boweve if any conclusions be 

drawn those conclusions are in accord w.tth previous findings ••••" (191.5, 

p .. 3.3.5) . 

'llle last study in this seri s, by lbdson, was also concerned with 

the effects of varying shook intensity on th acquisition of a discrimi­

native escape respone$ (1918). There was ~ a single, easy discrimin­

ation ta and f0t1r shock intensities, ith more subjects in each grrup, 

(fran .3 to 9) , lbdson presented the data as confirmation of the U dlaped 

relationship obtained by Iel'kes and Ibdson. There was an indication that 

the two midd:Le shock intensity groups perfol"Slled better than the highest or 

lowest groups. Ho ver, when J»dson• s data were subntttted to a Kruskal­

Wallis ranked analyai of variance; th rcur dlock intensity grrups did not 

differ fran each other signif1cantq. The results of the statistical 

ana.lysis allllosti re ehed significance, and with more subjects the difference 

between sho<:k intensity groups might hav; become statistic~ $1gni.!ieant . 

Before proceeding further, a brief S'l1'lllmary of these early experi• 

ents will b given, 'lhe series or experiments outlined so rar do not 

present a unified picture about th . relationship between shock intensity 

and discriminative escape ocnditianing . 1he first conclusion of the Yerkes­

IOdson Btud;r stated that the shock intensity .fUnction has a di..f'ferent fol'Jll 
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with diff rent difficulti.es of discril:dnation. Fr the above rc-,-:I.e it se s 

tihnt thi conclusion supported o~ by the o inal Yerl es and .todson 

cxpeX"iment an the first Ik>dsc:n stuey. e sec d conclusion, that mo_ 

trials ould be r uired to reach a criterion of acquisition s the discri­

tion. b ca:rne :.or difficult , s supporlcd by all studies. Ql the other 

hand, th third conclusion, mich was not reaJ.J.y supported by th ori~inal 

data of Ye:rl<e an Ibdscn, recei d only indirect support f'raa th first 

lhdson experment in 'Which tho optimum of the $3' discrimination grcnp 

t 0 b different rr the opt ot the difficult group. 

Recent reooarch on discriminati cc;nditioni.ng using negative reinforcers. 

ith the last l'k>dscn experiment, in erest ceased in the effects or 

mock int ty on scrilninativc escape condi ioning , and h Y l'kes• IOdson 

1
la't1. In he 1950• s the prd:>l was pproached with renewed interest . lhree 

fUrther axperiment re perfo ed 'Which were similar to th orleinal Ierl.{es 

and Ibdso stuey · design purpose . 

In 1957 t Broadhurst, in an article en tled, n tionolity and the 

Yerlces...Ibd.son law , presented experiment web repeated he Ye:rites• 

IDdson tuctr in a new sett· • An und.e er Y loyed with a 

brightness discri.mina ·on ta • 'lh intensi :y of the versi-v< stimula ion ,. 

or MOtivation2 :n.a varied by restraining the animal undenmter for different 

1 . Sev~l investigators attempt d to ppJsr th Yerkes- lhdson law to 
th human oitua ion. ' senck (19.59), tor 1 , studied th perfo~c or 
diffet~ nt categories of m tal patients on t adifi'ering in diificu1ty as a 
fUnction of ".ety le 1 . Since the present survey of the literature 1 
limited to conditioning studies using no l rubjects, this line of r search 
uill not be reviewed . 

2. In the interval bet en 1917 and 1950, psychologists tende to 
replace specific terms such as aversive stirulation '5'd.th the more general 
cmcepts of motivation, drive and s.rwsal. 

http:la't1.In
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period of time, (0, 2, 4, and 8 seconds) before releasing them in the maze . 

Reinrorc :t occurred when the an:i.Jr.ala surfaced arter sw:i.mming through the 

maze under water. There er-e three level of difficulty, provided by 

differential illumination of the escape doors of the Y maze . 

Instead of' the trials to criterion · asure, used in earlier experi­

ment~, the measure of lea:r:rl.ng was the number of errors made by the rats 

in 100 trials. Broadhurst perfonned an .analysis of variance on the overall 

results for the thre levels of difficulty and f Ql.r levels of drive . The 

analysts mowed that the effects of b~h main variables, difficulty of 

discr:ilrdnation, and intensity of drive, were significant . 'lhe interaction 

between these wo variables was also significant . Broadhurst stated in a: 

subsequent article: ''Since it is clear fr . the graphs that the opt 

motivation decreases with increasing task difficulty, this means that the 

Yerl<:es- I»dson tav was con.tirmed at an acceptable level of signifioance'1 • 

(1959, p. 329) . The aphs describing these data are reproduced in 

.igure (4) . Although Broadhurst includes. very little raw dat$. in his 

article, an examination of igure (4) suggests that air deprivation t the 

easy and moderate levels does not produce · U m ped £'Unction but rather, 

a horizontal. line. This ecnclusion is supported by a fUrther ~sis ot 

Broadhurst • data.. vJhen the data were canbined for all levels of diffi· 

cult.y ot discriltd.na.tiont series of "t" test$ mowed that there was a 

signific :t difference between the 0 and 2 second del$y group and sig• 

nificant difference between the 2 secCild and the 8 second g~ps. Qn the 

ol:iher hand, if one analyses data for each difficulty of discrimination 

separately, on3¥ the difficult level shows a significant difference between 

.­
the different delay of release groups. 'lhis means that tll e and moderate 

http:lea:r:rl.ng
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FIGURE .4 * Number ot correct trl.als as a j;\mcti~ or dela;r of underwater 
rel$ase (intensity of motf."'&.tion) and discr:llWlat:l.on dtfticultT. 
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functions in Figure (4) do not deviate fr a flat line; oricy- th difficult 

on does. The significance of the overall analysis can be attributed to the 

results of the difficult discrimination. The interaction can be explained 

if two functions are linear and flat , and the third is cuni1ine • Since 

two of the three functions re flat over a wide part; of that. r range with 

no significant differences bet en groups, one caxmot establish specific 

opbir.n.un for each curve and therefore one cannot talk about shift~ in the 

optimum point with increasing difficulty of discrimination. Thus, the first 

t o conclusion of the Ierkes- lhdson experiment are calfirmed by the 

Broadhurst experiment, but the third is not . 

De.nnenberg and Karas (1960) in a replication of th tteasy'' discri­

mination group of the Broadhurst ·study; found no signi!'ica.nt relation 

between air deprivation and number of correct responses; that is, as in the 

Broadhurst study, a flat line. funetion 14S cbtained. Using a swimming tim 

meaSilre, however, these experimenters cbtained a U maped tunction relating 

air depriv tion and swimming times for ~s l-5, but thi · relationship 

became mnotonic by days 6• 10. Dannenberg and Karas reasoned that this cllange 

in the shape of the fUnction vas due to a change in the task difficulty over 

days. When the discrimination was acquired on days 6- 10 the t b e 

easy, and the U Ehaped relationship di~ppeared. 

Altho'llgh this line of reasoning seems to confirm the third Yerk s• 

todson conclusion, conclusive evidence about the optimum points could ~ 

be obtained if at least a:tr.)ther group of ~Ulimals were run at a different 

difficulty of discrimination . According to the Yetkes- D:>dson Iav, the 

optimum point or the curvilinear effect a1 days 1 .. 5 mould then be displaced 

http:signi!'ica.nt
http:opbir.n.un


· fi"am the position ~nnenberg and Karas had obtained previousl;y'. 

The last di$Criminative escape stuqy to be cc.nsidered was reported 

by Hammes (1956). Using a runway with two escape doors, somewhat similar 

to the terkes-tbdson apparatus, Hammes trained rats on a visual disorimi• 

nati()n tafk. There wei'$ tvo levels .or discrimination, easy and di.fficult, 

and three level·s of electric shOCk .. 'lhe shook intensities were . 2 ma, 

.3 ma, and .4 ma. All rats were tn,dned to run through the correct door 

at . 2 ma. . Rats which did not respond at this shook level, and those which 

did not meet a criterion of ru.nrU.ng tor 40 trials in succession were dis­

carded,. For these two :reasons 45 animals were discarded. Fifteen animals 

in each group were used in the axperlment. Analysis of th results showed 

that there was no ait:ference in the performance of the ~r:t.ous shock inten.. 

sity groups on ea.sy discr.iminat.:S.on tasks.. On the difficult discrimination 

tadt there \laS no significant difference between the light and medium shocks . 

The .diftenmces between light and high shook intensity grcnps and between 

medium and high dlock intensity gre11ps were significant . The high shock 

intensity groups made mo:re errors than the light and medium gl"oups. 'lhe 

resu.J:hs of the &u!Jrl.es .exper:J..ment:; Sl.owed that the mock intensity fUnction 

at an easy discrimination was flat , while at 4. dif'ficult discrimination 

the tunot1on became decreasing monotonic. 'fhul', these results provide 

evidence supporting the first and seccnd .conclusion or -the Yerkes and 

Dodsm uw, but not the third. 

A B'Wlnar.Y' of the exper:ime:n.t s considered so far in terms or the three 

omolusions of the Yerkes an~ Ibdson stu<t,r Ebov$ the following results: · 

regaro:i.ng the .first owclusion, all of these studies \thich employed several 

levels of difficulty or discrimination showed that the form of the function 

http:regaro:i.ng
http:u!Jrl.es
http:discr.iminat.:S.on
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varied at di.f'ferent levels of difficulty of discr:imination with the exception 

of the Cole exper:l.ment . It must be pointed out, hO\.~ver, that the Change 

in the shape of the aversive stimulation function was not the same for the 

different experiments . Both the Yerkes and tbdson and the Broadhurst studies 

mowed a change fran flat !unction at easy levels of discrimination to aU 

shaped function at difficult levels. The first Dodson experiment showed 

decreasing monotonic fUnction at the e~sy diser:i.r.rl.nation leV1 l an an 

incre siJ'lg monotonic function at the difficult level. 'lhe Hammes study 

Eh d a flat versus a decreasing monotonic function at the easy and diffi.. 

cult levels respective]¥ . 'lhe diff ranees in the r sults of these experi­

ments could be resolved, of course, if on acs ed that the degrees of diffi­

culty end the intensity o.f aversive stilllulation covered different ranges in 

each ,study. 

1he second conclusion regarding the l'll1Ili>er of incorrect responses at 

each level of difficulty, is supported by both the Broadhurst and the llrurmes 

studie as ·rell as the early experiments reviewed previously. All of these 

sttudies mow that as the difficulty o£ the diserl.Jnination is increased more 

errors are made at all levels of motivation. 

'!he only apparent canfimation of the third Ye~Xes and .lhd.son con• 

elusion amone recent experiments seems to be provided b;y the Iermenberg nd 

Karas exper:Unent . 'lhis experiment, ho ever, made camp risons vithin sub­

jects, and bad only one level o£ difficulty . Furtbennore, since the~ 

experimenters used n me sure not provided in the· previous studies, it is 

impossible to est lim the generality of their resulte . 'lhus neither the 

rzy nor the later experiments provide evidence ich lm.ambiguouszy supports 
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the third conclusion of the original Yerl<es and J):)dson experiment ccncerning 

the shirt in opt:i.mum shock intensity .. 

A further comparison of the odem studies with th Yetkes and 

Ibdoon experilllent reveal an ilnporlant difference in the experimental roce­

dures. In the Yerkes and Jl)dson exper· ent, animals were pushed with a 

cardb rd. until they entered one of the two discrimination ch ers . This 

procedure used the cardboard as the aversive stimulus to tivate the mice . 

The termination of the canboa.rd pushing cruld be reg rded as 1->einfo:rcing 

to th . mou 1 d th magnitude of the reinforcement would be proportional 

to the aversiv ess of the cardboard pushing . It cruld be argued, fu.rliher­

ore, that the aversiveness of the cardboard could be varied quite inad­

vertently by pushing tb mo reluctant animals harder than those re 

willing to en er the discrimination che.mb x-s . In order to scape the card• 

board pushine, the animals had to enter one of the discrimination ch ers . 

try into he black chamber s always punished by shock of various inten­
. 

sitieSJ ntcy into th \lhite chmnber 1 d to escape fr the cardboard push­

ing . 'lbus, in the Yexices Md nxison experiment, the intensity of the 

negative re:lntorcer for the escape l"espcnse "ltls uncontrolled, and the 

intensity of punishment for th wrcng respons was varied as the independent 

riable . 

'lhe dem studies, (Broadhurst , Hamm s, etc . ) loyod discr:U;d­

natiw escape procedure with no punishment . 'lhe intensity of th negative 

~e:inforcer for the eseap response was the. 01'l);r variable tilich was system• 

atica14r varie • rong responses simply delayed the term:l.nation of the 

aversive stimulation; the an.imals were not pwrl.shed by increasing the 
.. 


intensity of the aversive stimllus as in the Yerkes- Ihdson stuctr . As a 

http:canboa.rd
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result , in the modem studies cnly one source of aversive st1muJ.a:!;ion was 

used, th neg tive reinforcer for the escape response, and on4r this 

stimulu" was manipulated as an independent variable. It is clear that the 

proceclures employed in the original Yerkes·Ibdson seri s of studies were 

different from the more modei'n procedures . 

Theoretical Analysis 

A nwnber of theories have been suggested to account for the U 

shaped :f\m.cti 1 ~m:teh occurred in the experiments described in the revious 

section. One of the better known theories in this area was developed by 

Spence. Since this theory was origina.l.:cy" formulated for classical con­

ditioning situations, brief review of the releva&"'lt research in his are 

dll be given. 

Bartlett, (1961) studied the effects of shock intensity on differ• 

ential heart rate conditioning in curarised dogs. In this study, the 

positive conditioned stimulus (CS+) a 4000 cps tone, was always followed 

by ehock, while the negative ccnditionod stimulus (CS- ) a 400 cps tone s 

never followed by shock . 'lbe shock intensities used were 1.0, 2. 0, 4.0, 

and 8.o rna . The results indicated a onotonic .fUnction relating shock inten­

sity and differential conditioning . '.lb.e higher shock intensities, 4 .0 and 

8 .o w..a, led to better dit'ferential conditioning than the 1: r shock inten... 

sities. Since the difference in frequency between the t\>ro tones used in 

this experiment w s great, the discrimination could be regarded a.s easy 

and the results of this experiment are ccosistent with previous opere.nt 

conditioning data . 

http:opere.nt
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the effects of di.ffei-on levels of tho 

unconditioned stiwlus (US) intensity on 'fferont1 eyelid conditian.ing . 

The positive cs ~ 5oO cps tone and the negative CS vas a _5000 cps tcne . 

ch subject received 6o trials d.th both the positive and the negative CS in 

rondcc ordor . intensities of the unconditioned stimulus wre used. For 

Spence d Stub 

one group, the US 	 " r ~r to the eye , a.nd for the other 

inch . 'lhc resu.lto showed that tho conditionedcrroU.p it s o • .3 

espon..es to both tho positive an 0 neea.tive s• a s significantly g . ter 

for the high intensity US group. 1h discr:ilr"..J.nation ras also be-tter fw this 

group, but this s onJ¥ significant wen the laSt 2/3 of the trl s lorere 

cmsidered. This result is consistent tt.ith Bartlott •o . 

Hilgard, Kaplan and Jono {l95l) Dtudied tho effects of anxiety on 

differential ccnditionill3 1 usine high and low anxious human subjects . These 

GUbJOCtS fQ.CCd tu \f.indCJU:"'1 illw:u.H~.I.tOd at O,Cfl r.Jillilanbert.S . J\n increaSe 

in ill.WJ,l..ll.l.w.tion of tho rieht Iindow (CS+) 1 to 2.5 mi1 Ji)ru;berts was follo · d 

by an air puff {the co diti d st us US , to e sub eat ' s eye . 

incrca"' ;wr.IJI..UQ\tioo of the latt hand 'Windat~ (cs-) was never f ollo ~d b;y 

th US. .Altho'b.gh on the first ~ y of tra:i.ning there wore 110 d:i..!ferencos 

botwe subjects, on the second my he hi.zh .anxious subjects ec.ve ore 

responses to c negative CS .... an tho lo 1 anxious rubjects. !bus, higher 

level of ·~iv. ticn le to a det riorn.· i of p rfo ce . 

I t ro i'Urthor experiment 	 , the Spenc-e group used different lovols 

1 o a.nrloty, as ea.sur d by 	the 5 to provide th various levels of drive. 

1 .. e Mnni.fest Anxiety Scale developed by J . A. 'leylor is a self­
inv tozy test designed to easure the degree of ovort o:r manifest anxiety. 
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Spence and Farber (19.54) studied the relation of an:rlety to differential 

eyelid conditioning. In this case a single US intensity was use for the 

positive CS1 and the US was omitted for the negative cs. Both cs•s were 

presented .5o times 1n prearranged order. 'lhe on.ly significant differences 

were between responses to the positive and negative cs•s . High anxious 

subjects gave more conditioned responses to both cs•s than low anxious sub­

jects. 'lhe experiment by Spence and Beecroft (19.54) replic~ted these 

results . Wferences in discrimination between high and low anxiety grcups 

failed to reach significance . 

The theo17 proposed by Spence proved flexible enough to interpret 

both the sults of Hilgard, Kaplan and Jones~ (the high moti tion group 

perfo~ orse than the low motivation grcup) ,. and the results of Spence 

and Bartlett, (the high rootivation groups pertol'llling better than. the low 

rootivation groups) . Spence (l96o, p . 140) postulates th t since behaviour 

is lt1plicat1ve fUnction or habit strength and drive, arT3 increase in 

drive will increase the probability of a.ll responses th t have sane ten­

dency to occur in a given situation. In s!Jnple elassical conditioning, 

Spence predicts that rot inol'eaSe in drive will facilitate the correct 

response because the prc.bability of the eorreet response is li.kel,y to be 

the highest in the response hti.. rarclly. In a more canplex dtuation the 

probability of the correct response might not be the highest in this 

hierarchy. An increase of drive would increase the difference between the 

probabil:tty of incorrect and correct responses, and on.1;r after consist;ent 

reinf'ore ent of the correct response wruld its prcbabillty of occurrence 

rise to the top of the hierarchy. 'lhua, in a can.plex situation, the high 

drive groups should perform wo.rse than the low drive groups 1nitia.J.l31 but.. 
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later 'When the prob 1lity- of the correct response is made high by rein· 

forcement, they should perform better than the low drive groups. 

<llUd, (1954) and 1-1andler and Sa.rasm, (1952) have suggested 

theories Which are s1m11a.r to ch other but are different frcm Spence' s . 

These the.orists postulat that in a complex situation, the effect of high 

drive i to elicit il"relevant, competing responses ,. and these responses 

are assumed to heighten drive further 't>Y interfering with the correct 

response . They also point.ed c:ru:tt that Spence• s theory does not take into 

account such previousJ,y learned and unlearned responses which are elicited 

by drives tbemselves .1 Child suggests that ••• ttin a simple situation 

'Where a stable relationship is established between a single stimulus and a 

singl response, mat internal com:peti irrelevant responses the subject 

is making at the time do rwt; have any great effect; 'Whereas the presence 

of the high drive l evel does make for heightened per£omances but in 

complex situations, 'Where the subject is alreaqy~ in conflict between various 

response tendencies relevant to the t sk, the presence .of irrelevant responses 

made to WH£iet~ heightens the cczU'lict and interferes with perl'o:mance to 

a great r extent than the increa~ed drive improves :Lt" (1954, p . 154} . 

Although the diffeNnce between the theories of Spence on the one 

hand 9-nd Olild, dlor and Sarason. on the other, do not aoem to be very 

great (they all define task difficulty in terms of the nature of the 

reSpOnse) , they can lead to different predictions. For oxam;ple, Spence 

predicts that. higb anxious ~j ats in a c~plex tati( pertom initial~ 

at a lowr level than low arudous subjects , but eventual.l\r surpast$ the 

1 . . Spence has also mentioned that competing responses have an effect t. 
(196o,, p . 197), but he has not dealt with them in his fomaJ. theoretical 
statements. 
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low anxiou subjects as the response is len.mcd. ati.ld, on the other han , 

ld p - ·ct tt t hieh .,..lve subjects ;rould ccntinue to cr.dt in rfcrlng 

responses and the pcrfo ce of this grcu ould r .:.aill bel the- perf ­

mance of the low drive grcup• 

.~.he concept of ttl .. difficulty employed by these theorists is con­

siderably different :!'ra:t the ccncept of discrim:i.rultion dirticulty propose 

by Yezi;:es D:>dson . In tl1 Yerl<es-D:>dson expcl"illlents, tho diftioulty of 

diacrimina.tion is defined by the differenc bet ro-cn o stimuli alo ""' 

singl sion such as brightness. Dlis dcfir.d.ticn enables the experi­

menter t sure :tccurote the difficulty o discl"i..Id.n.tition . On th 

other bond, in t;he - ce an ild theories, ta tic :ty is related to 

the nature o£ the· respons - cith r the prchahilit;r of t e correct r spon"" 

for Spence, or th irrel vant responses wich aro incoapn.tible d..th the 

correct response for . ild. 'lhese properties of the responoo ~ o diff'i· 

cult to s:f.tuat1on than o properties 

of th .......-...s. "' e t o appr ches are s lar, ho ver, in thnt the effects 

of' ta d:iificulty and discrl.minaticn difficulty presw, d to be veey 

eim:Uar. ~'"'or the easy discr:iJn:i.:ru:ltion ond the 3.< , both th orics 

predict a .onotonie increa.aing fUnction relating dtoclt intensity and per­

f on cc . For IO difficult discr:iminations an ta~s, the two theories 

predict deterioration in perf' mance t higher levels of otivati , 

d poor r p rf for the difficult conditions. 'lhcy are dii'ferent, 

however, in that "the Spence• ild theories do not predict the shift in 

the opt· level of stiJ.nulation postulated by Yerkes an lbdnon . 



22 

Since both rices and lbdson and Child end Spence suggest that 

with 	an easy discrimination or taf:k the relation between intensity of drive 

and conditioning ould be monotonic, one way in which tbes theories could 

be i'Urt.her examined would be to consider experiment ccncemed with the 

effects of shock intensity on nondiscrim:tnative escape condition.illg. In 

this situation subjects only have to learn a ~le simple response in 

order to teminate ahock without beillg required to discriminate betwe n 

experimental cues . In a sense, this procedUre ocnld be regarded aa the 

ainplest case of discrimination where the level of difficulty is at zero, 

and also as the easiest type or operant escape conditioning task . 

The first study' to b coosidered in this series, was per.foxmed by 

Cmn.pb,ell and Kra.eling (1953) , The experiment was performed to determine 

the reinforcing effects of given amount$ of' drive reduction s , function 

of initial level of drive . In this exper:f.lnent rats were train~ to escape 

shock of a specific intensity to lower or zerc shock intensity by ru:nning 

in a straight l'UilWJr to an area \ihere the Shock was reduced. 1hree resu.l.t s 

were obteined from this experiment~ 

1. 	 A constant mock reduction (fran var'irus levels to level 

100 v lo r) is more effective at a low initial ehock 

leVel than at a high initial lewl. 

2. 	 'lhe ter the o\Ult of shock redUction fran the same 

initial shock level, the f ster the final t"llnning speeds ,. 

3. 	 fhock inten(dty does not affeot final l"Wlning speeds but 

only rate of acquisition, 

Campbell and Kraol.:tng suggest that a Heber Fechner .:f'unct1on is applicable 

to the drl'W reduction effects. In other words the reird'orcine effect of 
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shook reduct;ion is not a constant but varies with the amount. of initial 

shock. The higher the initial shock, the greater has to be the shock 

reduction to be reinforcing. 7he third conclusion of Campbell and Kraeling 

is the onl;y" one relevant to the present thesis, since it deals with the 

effects of shock intensities where the various shock levels are c~ared 

with the 0 level in each case. The results of this group of an~s show 

a monotonic increasing function relating rate of acquisition with mock 

intensity. 'lhe higher the shock intensity the faster the acquisition of 

the running response . 

In a stu(\r by Trapold and Fowler (l96o) five groups of rats wre 

trained to escape shock intensities of 120 v, 16o v, 240 v, 300 v and 

400 v in a straight alley by running to a '' sarett uncharged goalbox. 'lhe 

experimenters took two measures of performance, running speed and starting 

speed. Starting speed was measured in the first six inches of the alley 

while running speed was measurQd in the next six inches . 'lhe results 

showed running speed to be monotonicall;y related to Ghock intensity while 

starting speed showed a U shaped function . As shock intensity increased 

running speed increased, and starting speed first increased and then 

decreased. Trapold and Fowler explain this difference between their experi­

ment and Campbell and Krael..ing' s , which showed only a monotonic fUnction, 

by pointing out that campbell and Kraeling only took one measure of speed 

canbining starting and running speed, and used a lower range of shock 

intensities. 

In 1958 Dinsmoor and Winograd studied rate of' escape responding 

in a bar pressing situatim. Rats were trained to bar press to escape 
.­

shock on a Variable interval sc~edule of' reinforcement . Bar pressing rates 
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ve:re proportional to leve.l of shook intensity and introduction of a new shock 

intenoity prodtlced llnm.ediate transition to a rate ppropriate for that level 

of mock . 

Boren, Sidman and Herrnstein (1959) stud!ed avoidance escape and 

extinction as funotions of shock intensity in bar pressing Situation . 'lhe 

intensiti s of shoek ra.need from sub hreshold to allnost; lethal . 1he latency 

of escape response was a decrensi.'ng fUnction of shock intensity. The hieher 

the shock intensity, the ooorter the dele.y fore the rat~ escaped. e 

rate of avoidance reaponding was .an increasing function of shock intensity . 

In other votds as Shock i,ntensity it1creased tb rate o! avoidance res nM.ne 

al o increased. A~ptotio ~tes of responclin3 W.t'C reached at low to 

medium sllock intensities, w'.Lth no fu.rther changes oooun-ing at higher levels 

of shock . 

tiitb the exception of th sta.rtine speed measure in the Trapold 

and Fwler study, all the measures of perfortAanc . taken in these experiments 

shw tnonot.onic .f'lmctions. Two further ~riments &Uggest, however, that 

the U shaped relationahip can be obtained in simple escape situatim when 

the schedule ot l'leWorcemds is Qhanged, In the first etuey, Kaplan (1952) 

tl"ained rata to bar press, in a rather ccmplicated appata.tus, amploy-i:ng the 

termina:tion of a strong veraive light a.s the reWorcanent . An intermittent 

sch dule of reinforcement waB used \bieh turned the light off evex,r o.5 

seconds. Six intensities of illumina.tion "re used, 27; lll, 183 , 530, 96o 

and 2312 mL. 1he curve relatine rate of escspo responding to light intensity 

appeared to be a U Shap d .f'Unction with maximum rate oecurring b tween 111 

and '30 znt. 

Bat'l'Y and Harrison (19>7) studied two schedules of reinforcenent.. 
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in a bar pressing situation where White noise was used as the aversive sti­

mulus. Rats bar pressing on a cmtinuous reinforcement schedule {each bar 

press turned the noise off) showe~ a ·positive increasing function relating 

bar pressing to intensity of the noise. On the at:.her hand th function 

became U shaped When the reinforcament schedule was intennittent . 

The effect of an intermittent sChedule of reinforcement in both 

of these experiments was to produce a U shaped fUnction for rate of bar 

pressing. It is difficult to relate this result to the previous discussion 

unless one hypothesizes that at high levels of noxious stimulation, the 

effect of the intermittent schedule is to produce task irrelevant escape 

responses, since the animal on this schedule is unable to ''predict" which 

response will terminate the st:innllation. 'lb.e experiment of Dinsmoor and 

Winograd (1958) \here the animals were on an inte:mdttent schedule of rein­

forcement also, gives no evidence of a U S:laped :f\mction as the aversive 

stimulation increases . Since all three of these studies used aversive 

stimuli of different modalities, differences in results may have been pro• 

duced by differences in the range of aversiveness of the stimuli . 

A summary of the escape experiments, then, shows that the expected 

monotonic relationship between drive level and performance was not always 

obtained. Although sane measures of perfonnance did show a monotonic 

function, other measures., sometimes within the same experiment (Trapold and 

Fowler) • resulted in a U shaped function . '!he last two experiments reviewed 

suggested that the u shaped .function could be obtained on intemittent 

schedules of reinforcement mile under the same experimental conditions a 

can.tinuous schedule of reinforcement might produce a monotonic function 

between drive level and perfonnance . 

In contrast with the classical eyelid conditioning studies these 



cxp r:i.ma:rlis do not present c. very clear picture . c da sc t o su..,.g st 

that the cc:ncepts v! t a"' a."1.d discr.i.minat ion difficulty alone do not r011ide 

an dequate basio for an underst::md:i.ng of the variables dlich c trol the 

eho intensity and conditioning . It is 

possible, h<>t-rovor, to interpret the data i..'l.volv:ing the above va.rlablcs as 

fUrther examples of tn difficulty . (Since n discrir'..i.na.tian Jas il volved 

in eriments, the concepts o discrimination di:rticulty oonnot be 

lPloycd in this • ) For e:t . Ic, the result oi' Tt-apol and Fcrrrler, tho.t 

the fUnction Nlatin,g dloek intensity and startine speed a"' U shaped, truila 

th function relnt:t.Tlg dlock intensity o.nd rtllltlin.g speed "' inCreasing 

monotonic , could be lained by postulating that start:i.n3 ras a more di;~. icult 

task than runn:i.ne . us, Spence •ght postulate that the prooa ility of 

seart1n;_) tms 1 initially, while the prooa.bility of" run:n.i.ng, once the rot 

had started, s high . Similarly~ Child caul postulate that a n'Ul, f 

incem tft>lc irrelevant ro _ noos occur to starli~ bt t none durirlg runn:tnc . 

Thus, it auld se that an adequate theory rould havo to mclude "--a.ri . los 

other then ta. { difficulty tllld discr:iln:i.n.at1on difficulty in dcaJfm dth the 

rclat.ionship bet n dlod( intensity ond eohditioning , or tho or:r uoul.d 

h va to mo th t t.hes other 'flariables affected the relationShip 

e difficulty of the tadt . 

In dition to the bel vioural theories oescrl. ·d.above, Hebb, d 

Ual.1110, ha~ proposed neurophysioloeico.l models to accC\lllt for he effect 

of int sity of versive st1Jmllntion on behaviour. Hebb in a 1955 articl 
• 

postulated U shaped relationsnip bet ·reen level of at'Ol"' and 1 Vi J. of 

perfo c • H suggeste that b :.b ent of cortico.l centres fran 

http:run:n.i.ng
http:runn:i.ne
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oderately activated arousal system will facilitate perfonnanee, but when 

arousal is at a high level, perf'or.mance rray deteriorate becaus excess 

stimulation could facilitate competing responses . 1almo (l9S9) , going into 

a ore detailed analysis or this question, presented con$1derable neur 

physiological vidence in favour of a U shaped function between arou.sal and 

performance. He proposed that t high levels of arcusal, performance 

c.eteriorated beeause of th& failure of neurone to discharge. &cessive stimu• 

latioa could raise the discharge threshold of the neuron, which failing to 

discharge, could stop the activity of an entire cell assembly. In view of this, 

Malmo proposed that quite simple psyeholot;ical functions should be U shaped. 

'lhe difficulty in uB1ng o• s odel to deal with research des­

cribed in this thesis, i$ that there is no evidence for a one to one rela­

tion between level of aversive st.imulation and level of arousal. As o 

has pointed out, until an independent meaeure o£ the level of arcnsal is 

!'oo.nd, expe~imental evidence must remain inconclutdve regarding the adequ.acy 

ot this theory. 

'lhe review of the experimental and theoretical literature presented 

in this chapter indicates that the fom of the relationship between aversive 

stimulation and conditioning depends m experimental conditions suah "' tafi{ 

difficulty and difficulty of discri.Jnination. 'lhere see to be ccnsiderable 

evidence that the shock intensity fUnction oan sanetimes be U eh ped, but the 

variables determining the form of the funation have not been ol arly identified. 

One purpose of the experi.m(mts described in this thesis, there.fore; is to stucy 

further the variel>les tlihich control the mape of this funation - particularly 

difficulty of discrimination. 
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Although subsequent studies contributed evidence for the first tro 

conclusions of the Yetkes- Ibdson I.a\.r, the third conclusion (the a.'lift in 

optimutil shock intensity with changirig difficulties of discrimination) s 

not supported directly by ·any experiln.ent . Despite the lack of experimental 

evidence, this part of the Le.\·1 has been accepted in the psychological 

literature . A second purpose of the experlJ'nents in .this thesis, therefore, 

s to obtain a better understanding of the nature of the relationship be... 

tween discriminative escape can tioning and shock intensity under various 

conditions of discrimination difficulty . 

efore an adequate analysis of this p:tenomenon could be undertaken, 

ho rever, an experimental procedure had to be found at one level of difficulty 

ich rould reliably duplicate the U shaped function obtained by Y !kes and 

Ibdsan . Once thi"' stabl e procedure h d been fdWld the discrimination ta.&c 

could he tested at another level of difficulty, easier or more dif icult , the 

direction depending on the result of the level o difficulty of the first 

experimental rocedure , Preliminary experilll.ents ucre carried out with this 

purpos ~ in mind . 

A final purpose was to study the th oretical fornm.lations of Spence 

and Child. As was pointed out on page 21, Spence' s theory predicts at in 

a complex situation, on an extended series of trials , high otivation roo.ps 

will perform initial:cy at a loner level th low otivation r ps,. bu 

will eventual!¥ surpass them after the correct rcspons had b reinforced 

sufficiently. Child and ~, dler and Sarason, on the other hWld, postulate 

task , high rr.otivat.ion groups will continue to perfo 

below the level of the low motivation groups . The last experiment in this 
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thesis was designed to test these theories by train.inc animals on the dis­

criminative escape response at tt1o shoCk intensity levels for an extended 

series of trials • 

.. 




CHA.P'l'Elt II 

THOD 

Subjec~s: 

1he subjects were 320 experimentally naive, male hooded rats, 

appraximately .3 months old. 'lhe animals were obtained .fran Canadian 

Research AniJnal Fanus . They ighed between 200 and 350 gram$. Illring 

the entire experiments all animals were maintained on an ad lib diet o£ 

Purine lab !llow. 

Apratus: 

'lhe apparatus consisted of two identical shuttle boxes . 

(V) shows a schematic view of the pparatus fran above. 'lhe walls of 

these b<lXes were built from. black Ple.xigl.ass the roof of transparent 

Plexiglas. As can be seen fran Figure ( S} the box coold be divid into 

six COJnpa.rtments ., Two large end canpartmen.ts (A and B) , were separated 

.from each ot.her by four small caapanments, (1, 2, 3 1 and 4) two one ch 

side of the swinging doors t1 1.11 • 'lhese doors were su&pended from the 

ceiling, and passage f'rOlll one end of the box to the other was possible by 

pushing through th doors. In order to separate the two doors, a longi­

tudinal wall nw11 was insert-ed between them, extending 4..5 inches. 'lhis wall, 

the two doors, and the cutside walls fo~ed the Us to four of the small 

comparlmlents mentioned above . '.ihus, each large end section A or B offered .. 
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two separate avenues of escape through each pair of snall <?anpartments and 

their swinging door. The doors could be locked or unlocked independently, by 

solenoids. 'lhe floor of the apparatus was built fran 1/8" stainless steel bars, 

1/2n apart . 1he floor was divided into six parts, conforming to the six can­

partments of the shuttle box. Each of these six floor sections rested on micro­

swiches, ~mich permitted recording of the rat• s position. 

'lhe Aversive Stimulus uas a high voltage 320 volts high resistance AC 

electric shock, delivered through the grid floor of the apparatus, from a Grascn­

Stadler model EJ.o64C1S mock generator. 'lliis shock generator was ccnnected to a. 

commutator which reversed 'tihe polarity between grids apprcoctrr.ate:cy every 0 .3 

seconds . 'n1is as done in order to prevent the animals from escaping shock by 

standing on arry particular pair of grid bars . 

'lhe intensity of the US was measured across a 10, 000 ohm resistance 

placed in series with the rat . D:le five mea.n shock intensity values were 

0.35 ma, 0.55, 0.90, 1 .4 and 2.9 ma . 1 

'lhe discri.min.ative stimulus (SD) t-ms provided by lights placed over the 

ceiling of the mall compartment on each side of the central door. 'Jhis ceil­

ing s mde of 'White plastic which provided a diffuse illumination over the 

area . The lights were otherwise enclosed with black plastic to prevent stray 

illumination fran reaching the opposite door. 'lhe protruding wall 11W11 also 

shielded the unlighted door fran the discriminative stimulus . 'lhe inside of 

the apparatus was painted .flo.t black to eliminate reflection, except for the 

doors , which were medium gray . 

Ulring the intertrial interval, a small bulb placed over the centre o:f 

the apparatus provided backgralnd illumination., 

1 . 'lhese 	values were cbtained by placing several rats in the apparatus.. 	 and determining in an ascending and descending series, the voltage drop across 
the resistor at each setting o:f shock intensity on th Grason Stadler shock 
generator. 'lhe values d:>tained were a"Veraged and :five intensities that gave 
readings \bich did nat. overlap with each other were selected. 
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'lhe mean strength of th background illumination inside the box, 

as measured by 1'1acbeth illuminometer QTl a Gtandardized 'White reflecting 

su.rt'ace, with retlecto.nce value of o.B, s o.03 teat candles . 1he mean 

strength of illUlllina.tion of the discr:i.lui:na.tive stimulus was 7. 25 foot candles . 

The shuttle boxes were housed 'in saund proof rooms, and the .stimUli 

were presented and the responses recorded automatically from another room, 

using standard Grason Stadler operant conditio~ equipment. 

Since the procedure varied between exper1J:lent s , on.ly the broad 

outlines will be presented below. s each experiment is dealt with, th 

procedural changes v.i.ll be ind1cated in detail . 

1he proeed'ure. could be d1'Yided into three sequential steps. 

a) 	 A ten minute habituation period bef'ore the exper.!..mental 

trials were st. rted, during \ilicb the an1Dial C<:Alld go 

fran one end of the box to the ot-her. 

b) 	 A pretra:t.n.i.ng ses81on to facilitate the acq\lisition ot 

the escape response• 

.c) The acquisition .o.f the di.scri.tninativ escape respon~ . 

Although all grou.J)s of anialals experienced part a) of the above steps, the . 

seq,uenc of events tor salle groups was a) to c) while for others it was 

a) to b) to c). 

a) 'l'he procedure during the habituation period wa as follows: the experi... 

mental subject was placed an side A of the apparatus~ with the swinging 

doors unlocked, (When the animal !W'ae to b,e pretra1n$d (see b)' after the 

habituation period, the shuttle box \las divided lengthwi.se , restricting the 

.- an:llPaJ, to a narrow a1.ley w1th on4r on& door. When the subsequent procedure 

included no p:retraini.ng, both doors were available to the animal. ) A.f'ter 

http:p:retraini.ng
http:lengthwi.se
http:pretra:t.n.i.ng
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an daptation period of ten minute ~ if the anilual was found on side A, it 

pushed gentl3' through the swinging door into side B and then pushed 

back into A. .Animals found on side B r e:llnpl,y pushed b C'k into side A. 

The doors were then locked and th experimental proc dure start d. 

b) In the pretraining procedure, the shuttle box was divided along its 

length into two wtual.Jy inaccessible alleys, o.ch with singl door. 

'!his was done by ex:tendi.ng walls uw" in Figure (V) 1 to the ends of the bax. 

In this ~ the animal coul d be trained to run throogh a single door to the 

positive stin1ulus above the door. In other word a nondi criminative escape 

prooedure thrrugh singl · door w s employ d in pretraining . 

In the pretraining phase~ &. total of 20 trials were given to each 

anima.l . on each trial the liBhts above the swinging door were. urned on, 

the background illumination was turned of£1 the grid. floor was electrified, 

and the door was unlocked at the sam moment . 1h animal terminated the 

trial Md the shock by running through the swinging door into the other end 

of the shuttle box. 'lhis response tumed the light and shock off, locked 

the door end turned on the bacltgramd illumination. l'he intertrial interval 

during both pretra:ining and discriminative conditioning av raged 90 seccnds. 

~lhen the imal had received 20 tl"i.als 1 the pretraining phase was 

tenn:l.nated, end the .animal returned to its home case. Foll.Dw:tng pretraining, 

the mti.maJ rested fol" 24 hours,. and was then returned to the shuttle box 

for the discrim.:i..native conditiolling trials. 

e) 'Ihe canditioni.ng trials were as follows: 

lhe discriminat1ve stimulu& lights were turned on above one of the 

two doors and this door was unlocked. 'lhe shOCk ~turned ~and the back­

ground illumination tumed off.. 'lhe animal terminated the tr!aJ. by escaping 

th~h the unlocked door into the other large end ec.mpart nt . A correction 

http:canditioni.ng
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procedure was used~ which meant that the shock remained on as long as the 

animal failed to make the correct response by running through the unlocked 

door. The unlocked doors were varied rand~ from side to side, making 

sure that both doors were used with the same frequency. Table A 

'in Appendix A shows the sequence in which the doors were unlocked over 

6o t~als. 

The microswitches on which the floors rested, made it possible to 

detect entries into the small canpa.rtments in front of the locked or 

unlocked doors separately. This system made it possible to classify responses 

into categories. An entry into the compartment in front of the locked door 

was regarded as an error. A trial on 'Which no entry into the locked side 

occurred; was regarded as a correct trial . Trials were classified as wrong 

or correct accordingly, depending on whether the animal did or did nat make 

an error. 

All animals; whether pretrained or not, received at least 120 trials 

of discriminative conditioning . 

In analyzing the data two measures of perfonnance were used. The 

number of trials on which the an:i.ma1 made correct responses for blocks of 

10 trials wns one measure . The other measure consisted of the number of 

trials before each an:iJn&l reached a criterion of 4, 6, 6, or 10 consecutive 

correct responses . In case an animal did not reach a given criterion after 

120 trials, a score of 120 was assigned to it . 

'lhe .3.5 ma grrup, that is the lowest S'lock intensity used, presented 

a special problem in an~zing the data . 1his shock intensity proved to be 

of near threshold value for the escape response. Even though all an:ilnals 

very clearzy showed a 'tflinch' response to the .35 ma. shock intensity, onl;y 

about 50% of the animals escaped the shock . This created a bimodal dis­
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tribution for this shock intensity group, with responders at ooe mode and 

no responders at the other. In the first part of Elcperi.Jnent I this 

situation was resolved by replacing no responders until a total of 10 

responding animals were obtained. For all subsequent experiments this 

procedure was abandoned and whether an animal escaped through the correct 

door or not to .35 ma, it was included in the data . 

Pilot studies indicated that if an animal did not respond to the 

shock for 15 minutes, the prcbab111ty of further responses was almost zero. 

As a resul t, nonresponders were removed fran the apparatus after 15 minutes 

of continuous shock and the experiment was terminated. . Because of this 

bimodality of the data, and the change 1n procedure , it seemed advisable to 

omit the .35 ma groups fran the data ~ses involving other shock intensity 

groups . The .35 ma groups therefore, will be treated separately at the end 

of the next chapter. 

Note: 


Since there were a great number of statistical ana]¥ses perfonned on the data, 


oncy the most important analyses were presented 1n the result section of 

each chapter. The remaining analyses l'llalked with an asteriar (-:..) can be 

frund in with the raw data in the appendix appropriate to each chapter. 

Chapter III Appendix B 

Chapter IV Appendix C 

<llapter V Appendix D 



CHAP'!ER III 

J?REIININARY EXPERIJ.:JENTS 

nte experiments reported in this chapter were designed with two 

pt~:rposes 1n mind. '.the first purpose was to find an efficient and stable 

pr ocedure for studying the effects of shock intensity on discriminative 

escape conditioning . The second pt~rpose was to explore the manner in 

wich other variables interact with tilock intensity to affect discriminative 

conditioning . Because the variables which were chosen were those that 

coul d affect the stability of the procedure , the two purposes are not 

independent of each other. 

nte effect of a rest period between blocks of 60 triaJ.s during acquisition. 

Since pilot studies indicated that the learning of the discrimin­

ation was a slow process a large number of trials had to be given. Pre­

vious conditioning studies, however, such as a stuey by Spence and Norris, 

(1950) 1 suggested that the massed trials led to meh lower performance 

levels than blocks of aequis:ition trials interspersed with rest periods. 

I n the first experiment , thErefore, the effect of a rest period between 

bl ocks of 6o conditioning trials was investigated. 

Procedure: 

'lhe procedure in Experiment I , followed procedures a , and c , as 
.. 
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previously outlined in the method section. In other words no pretraining 

was used. After a 10 minute adapt tion period, the trials were started, 

and e ch animal was run at one of the five shock intensities indicated 

previously, ( .35, .55, .90, 1.4, 2.9 ma). Anirlals given the 24 hour rest 

between blocks of 60 trials (Procedure R), were run for 6o trials and then 

removed to their home cages. After a period of twenty frur hours, each• 

animal was returned to the apparatus, and was run for another 6o trials at 

its previous shock intensity. Animals given no rest period (Procedure R), 

were run for 120 trials continuously. '!here were ten subjects in each of 

the five shock intensity groups, both in procedure R and R. 'lhus, a total 

of 100 rats were used in this experiment. 

Results: 1 

The criterion measure consisted of crunt:ing the number of trials 

before each animal reached a criterion of 4, 6, 8, or 10 consecutive correct 

responses. If an animal did not reach this criterion during the 120 trials 

of acquisition, it was assigned a score of 120 autanaticalzy. The criterion 

data for the shock intensity groups was analysed by a Kruf:kal rlallis 

2
anal;rsis of variance. Such an ana.:cy-sis indicates W.ether there was any 

effect of shock intensity within each prooedure, R and R. 

l. The Raw da.ta for all experiments can be found in the Appendix. 

2. Because of the indeterminate scores of the animals not meeting 
criterion, the criterion data could not be ana..J¥sed with ordinary parametric 
ane.lyses of variance . Nonparametric ana:cy-ses, such as the Kruakal allis 
analysis of variance, and the Mann fuitney U test were used• 

.
-
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ere were no significant differences between mock intensity grcups 

for the criterion measures of fQUr or six correct cons cutive responses, 

for either procedur R (H • 1,4 , H6 • .3 .16) , or for procedure R {H4 • 4.93, 

H6 • 3 . 78) . 'lhe procedure R. subj,eots did show significant effect of shock 

intensity for the crit rion easures of eight and ten cons cutive correct 

r spon s ( = 0 . 10, HlO • 10. 20) , while proee e subjee s di not 

(H8 • 4 .40, HlO • 7. 7 ) Figure ( ) Eilows th median criterion of e:igh 

1 
corr ct responses a for both procedures . An exami.na ion of Figure (6) 

shows th tor procedure R, the . 55 grcup reache crit rion most. rapidly . 

In ord r to est fo possible diff rences b t en the wo procedures an 

s per.fonn d an the two proc dures, e r sults 

indicat d no significant differenc s b t.we n proceduras , A or d 

an~a:i.s between each pair o£ and R group·s run at the same shock sity 

using Mann· i ney test mowed no significant difference b tween .55 

groups, t • 0 a groups or th 2. grrups. There was a significant 

differen.ce (U • 27 p .05) between the 1.4 ma grrups. 'lh grrup s 

better than the R group . 

In summa:cy, the above ans.J¥sis indicates that ~ proeedur R 

showed a significant effect of shock intensity. , 'lbe difference etween the 

two procedures does not se to be statistic lly significant , with the 

caption of th groups run 1.4 • 'lhe eff ct of shock intensity in 

l . The criterion or eight correct re$pons s was used in subsequent 
ana.:cy-ses , sine there s a clear cut effect of shock intensity t t.ltis 
criterion. l' re stringent criterion asu.res re not played since this 
could have produced an rtifact due to the large number of ani.Ir.a.ls failing 
to re ch criterion. 

http:ani.Ir.a.ls
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the R procedure was apparent cnly in th ..ore stringen criteria of ei~t 

and t correct r sponses, but not in the easier criteria of four or six 

correct responses . This latter point suggests tha the diff renee between 

the roups might be a .func ion of the 24 hour rest1 since the medi easiest 

crit rion (4) , was met before the r at 'While th re :stringent criteria 

on)¥ after the rest . 

Da.t bas d on the seccnd e sure supplement hese results . The 

Ii'Ull:ber of correct responses for blocks of 10 tri ls were sed first of 

all by ov rall ana:cysi of rianco , for both procerlures and both <Uzys . 

The analysis a · 4x2x2 factorial d sigcn, with four levels of sho inten­

sity, two procedures , (R and R} 1 and two blocks of 6o trials. Jh rea.t· 

en o£ the two procedllres did not differ during th first 6o trials . 1"hus1 

if arr:r differences were to be d>tained1 it was expected at these wruld 

appear in th procedure R gr oups after the 24 hrur rest. . llius, the main 

effect in which we "Were in eres ed was significant int raction between 

shock intensity and training sessions. 

lhe results of this analysis (T le I) , showed significant shock 

intensity effect , a significant GeSsion of tra:ining .ffect d a significant 

i nteraotion between &lock intensity and sessions of training . 'Ibi s significant 

in eractian indicated th t the ffec of shock was differ nt on r ials l- 0 

fr the effect on als 61•120. A ore detailed ~sis of ach session of 

training sepa.ra.tely- clarified thi result . 'lhe correct response cla for eaCh 

training session .{)f 6o trials were analy$ed in two ~s. On analysis of vari­

ance was performed an the to 1 nuni>er of c rrect respons s for each block of 

6o trials, (Blocks 1 and 61-120) . Als , in order to de·t.ect SIV changes that 
.­

might occur Within the block of 60 trials, sep rat~ analys were p rfontted 
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TABlE I 


l1EAN 1WMBER 0 CORR T R PoUSES ON .IAIS 1- 60 AND TRIALS 61-120 

AS A FUNCTION 0 SHOCK INTENSITY AND PlOCEllJRE 

Slock Intensity in ma 

Proc du.re R 30. 6 28 . 1 30.4 28 . 2 
til 

~ a M 
Procedure i 30 .5 2 • 27 . 0 26 .5 

~~ 
~.~ ProcedUre R 44 .5 40 -. 8 38 .1 32.9 
~1:3g ~ -

Procedure 40.1 37 .7 34.1 33 .1 

8 ~ 
"" 
ANAil'SIS OF V.ARIANOE OF THE NUMBER OF CORREC'f · PONSE FOR moe ·WRES R 

AND R em TRIAlS 1 AND TRIALS 1-120 

SOURCE ss 1:!§ F~ --
TOTAt 9440.77 159 

Betueen Subjects 4397 .7'f 79 

Slock Int ensity 858 .52 3 286.17 6 •. 11 < .01 
Procedures ll9.02 l 119.02 2. 54 ns 
Ehock Intensity x Procedures 44 .53 3 14.84 .32 ns 
Between or 3375. 70 72 4 .88 

1thin Subjects 5043 .00 80 

J.:rain:ing Sessions (1 I 

61· 120) 3168 .;9 1 3168.39 148 . 26 < .001 
tween Subjects x 

Training Sessions 1874.61 79 
Slock Intensity 

...,Training Sessions 216.46 .) 72 .15 3.36 ~ .05 
Procedures x Training S ssions 48 .41 l 4 .u 2. 26 ns 
::hock Intensity x ProcedUres x 

Training ssions 70. 4 3 23 ~61 l . ll ns 
ithin ror 1538 .90 72 21.37 
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on blocks of 20 trials within each 60 trial block. 'lhe analyses were per­

formed on 4x2 factors, four shock int~sities and two training procedures . 

Considering the first 60 trials as a whole, Figure (7), there were 

no significant effects, · (Table II) . '!he three separate analyses perfomed 

on Trials 1- 20, (Table IV)*, Trials 21-40, (Table V)·~, and on Trials 41 , 
(Table VI}*, further indica e that there as no significant difference 

between mock intensity gr~ps or procedures within the first 60 trials . 

rata on the nUili> r of eorreot respon.aes during blocks of twenty trials are 

shown in Figure (8) . 

During trials 61-120, a different ttern appears. 'lhe overall 

analysis of trials 61•120 {Table In), showed a significant effect of mock . 

In both px>ocedures, the optimum shock intensity was at .55 ma, and per­

fonoonce deteriorate at higher mock intensities, (see Figure 7). 

A more detailed analysis of these trial.s (61•120) ehowed the 

gradual ergence of the moCk intensity ffe~t and also or a di.fference 

between procedures R and 'R. Analysis of trials 61 0 and 81 .. 100, in 

(Table VII)~· and (Table VIU)*, gave e. aignifi<mnt shock effect although 

there was no difference between procedures. Trials 101-120, showed that 

the effect of shock and procedure were both significant, (Table lX)*. 

Not only W$-S there a deterioration in perfo~ee t Shock intensiti.es bove 

.5~ me., but also the R procedure wa superior to the R procedure . 

To SW11J1ari2:e these results, there was no signif1eant difference 

.. 
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TABlE II 

l4EA.N NOl·lBER OF CORRECT RESPONSES ON TRIALS 1 

AS A FUNCTIO OF SHOCK IN't'ENSI'l'I AND PROC.EWRE 

a 
co 
m~ &lock Intensity in ma --:.22 ...,2.Q -lJ! 2,2 
ar..
g.Vl; 

~~ 
Procedure R 30.6 28 .1 30.4 28 . 2 


Procedure R 30.5 28 .8 27 .0 26 .5 


t g 

ANAIXSIS OF VARI.AliCE OF THE NtlllBER OF CORRECl' RESPONSES 

FOR PROCEOORES RAND RON TRIALS 1 

SOURC ss d! 

roTAL 2010 .49 19 

Sloek Intensity 105.84 3 35.28 1.J9 ns 

Procedures 25 •.32 l 25 .32 .99 ns 

Slod< Intens:tty x Procedures 49 .43 3 16 ..48 .65 ns 

Error 1.829. 90 72 25.42 

http:1.829.90
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MEAN lmMBER OJ! CORREPT R::SPOlfSES ON TRIAlS 61- 120 AS A 

FUNOTIOl~ SHOCK Dfi'ENSITY ~D PROO.EIJ;JRE 

fuoek Intensity in ma 

Procedure R 

Procedure R 

44.5 

40.1 

40 .8 

31 .1 

38 •. 1 

.34 .1 

2.9 

.32 .9 

3J . l 

ANAllSIS OF VAlU:Al~E OF THE WimER OF CORREXlT RESPONSES 

FOR !ROCEWRES R AND R ON '!'RIALS 61...120 

SOtmCE 

TOTAL 

Shock Intensity 

Procedures 

Shock Intensity x 

Error 

ProcedUres 

ss-
4381 .89 

964 .14 

159.62 

65.43 

3192 . 70 

M 
19 

3 

1 

3 

72 

·1S-
.321 .38 

159.62 

21 .81 

44 .34 

g 

1.25 

3.6o 

.49 

( .01 

ns 

n$ 

.­
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between procedures and no appB.l"ellt effect o shock intansity during 

trials l o. '!here was effec·t of shock intensity on the next 6o trials, 

with the .55 group per.fonning best . 1he group 'Which had received 24 

hour rest perfo e better than the group which had not received the rest an 

the last 20 trials. Although the interaction was not sienificant, the 

Sttperiority of the R procedure seemed to be manifested at the lower shock 

intensities . 

e results of this experlmenb indicate t o significant effects: 

1) As the i.ntensity o.f the $hock 1e incre sed, parfomance of the discri• 

minative escape respon deteriorates, and 2) the 24. hour l'est. period seems 

to have an effect on this relationship . 

Analysis of tho critericn data showed that the animals that were 

given e. 24 hour rest period between blocks of 60 trials, performed signifi... 

eontly better t the lo · r shock intensity than at the higher intensities 

'lhe results of the aninlala giv: no rest period showed no significant 

relationship between shock iut sity m:J.d perfonnance on the criterion easure . 

Thus., the shock intensity .fUnction I't1a¥ b flatter with no rest period than 

with a rest period. e dat on the coiTect responses during the last 6o 

trials does not s e:n to support this co clusi n . '1'h interacti on between 

mock intensity d procedure, s not significant . However, even though 

the f'unction for procedure R a not flatter than the function for procedure 

R, the two ftmctions do appear to :meet at the highest Shock intensity. '!he 

anal¥sis of correct responses en trials 101-120 also indicated 

that the ter.minal performance of the animals in procedure R was superior 

to the performance of the animals in procedure R. 
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Fr the above considerations it sec.il.s, that the t o tr.easures of 

performan{}e do not give identical results . I is difficult, therefore, to 

e definite conclusion about he two procedures in this experiment . · 

However, since the 24 hour recrt procedure produced a steeper function in 

the criterion ena.Jysis and superior terminal perfo 1_ance in the correct 

reoponse analysis it was decideo to use this procedure in subsequent 

research . 

EXPERDDT II 

1he effect ar pretra:in.ing procedure on e acquisiti on of the discriminative 
esc pe ro::ponsc . 

In all of tho discrilninative ccndition:f.n3 ents rutllned in 

Chapter I , some kind of pretraining lmd been used . Sometimes the animals 

were t r ained to respond to th positiv stimulus alone, befor discr:i.mi.na• 

tive train:lng st rted (Hammes, 1956) , d s etimes the animBls wore merely 

run through both escape r out s on a forced choice technique , (Yemes and 

D;>dson, 1908, Broadhurst , 1957) • 

In the first experlment s reported above, no pretra:t.ni.rle s employed. 

In order to compare the present. experiments with previous vom in the field, 

it seemed necessary to explore the effects of prGtra:ining . 'lhe fol lowing 

experimont was desiened to study the effects of 2 pretraining procedures 

on discr:i..r.l1native escape ccnditiorrl.ng . In the first pretraining procedure 

each animal · s ssigned to one of the 5 standard filock intensity oups . 

Both dUring pretra.ining and the subsequent discriminative conditioning the 
.. 

animal rem2illed t its ;n particul r shock intensity , This is called the 

varigd eretr~ proc dure . 'lhe procedure for pretraining has been outlined 

http:ccnditiorrl.ng
http:ccndition:f.n3
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bei'ore . 

4 e oocond pretmining procedure was exactly as outlined above with 

one exception. 'me difference was th t during pretrain all rats were run 

at .90 ma, the middle shock intensity of the series. 1his is called the t90 

m standard pretra~ ::...ocodure . On the subsequent acquisition of the 

diser!minative response, the animals were assigned t ·o one of th five shock 

intensitie"', .3.5 ma, ,55 tm, .90 , 1,.4 2. 9 

Following pretrainillg , the rats were returned to their honBcagcs for 

24 hours . 'Hle subsequent acquisition of the diocrimina.tivo escape response 

w s divided into two blocl s of 6o trials, separatad by 24 hours . 

Since tho R procedUre grcup of erlment I can be considered the 

no pretraining control for the varied and . 90 ma standard procedures, the 

subaequent analyses ce'.lmpare all three procedures . 

Results: 

igure (9) shows the median criterion ensure of eight consecutive 

correct responses for tho three procedures . 'l'he cpt:i:m point of the 

function in all cases was at .55 • A Krutikal-rlallls analysis of vttriance 

which was perfomed on the mock intensities of ench procedure, showed a 

signi!icant difference between mock intensities for the varied procedure' 

(H• 11.9) . 'lher was no shock intensity effect for the . 90 ma. standard 

procedure, (H• 1.3) . As had been previously sho , , the criterion analysis 

for proce ro R showed a siezrl.ficant s oc intensity effect . e criteli::>"n 

do.t of the throe procedures was compared by a Kruskal. allis ~sis. 

lliis analysis showed no significant differences between median shock intensity 

values of the different procedures, {H • 0.50.) • 

l'ho con:- ct r esponse data were n.na.lysed using 4x3x2 factorial ~sis 

.­
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o£ varlo.nce rl.th four levels of shock intensity1 three pretraininy procedure ~ 

and two d of trcl.ninc . !he result of this allalysis, sh<M1 in ('~able ', 

indio t 4 oignificant eff c:t of shock intensity~ pretra:l njng proeedu 

day of training . The ... rip1 interaction bet roen these three of£ ct"' ta.S 

also cl.gnificant . 'lhe sig:nifi.cant triple interaction uld seem to indicate 

th t the effect o£ mo J intensity and prctra.in.ing -are different l day 1 
l

fran the effects en cfu;y 2. me separate a.nal;rsis of ch day of trainine 

clari£ied the ove results . 

e overall analysis of truus l ,. , (T le XI), mowed a significant 

effect 9f mock intans:lty, a signific::mt proco eff ct and a significant 

interaction of these vartabl s . 'Ihe ei~iccnt interaction can be attributed 

to the difference between the slopes of the flat line function observed for 

procedtlre R (Table II) I end the deorea.si.l:lg monotonic runction .of the pret:raining 
( 

p1"0cedures. \-Jhen these ta were anaqood by blocks of t wenty triAls, the 

gra.c l emence ot the above .main effects was clear:cy- ob rved. Analysis of' 

trials 1- 20, cr:m1 · (XIII)*, showed no s1gni£icant effects, su · esting that 

:re · l ss or experimental treatment, all groups cliarted responding at the 

samEt level. Analysis of trials 21 o, (Tabl XIV)~:) showed a Significant mock 

ffeet . lnspect1on of 1gure (11) . shows that the .55 ma groups pertoxme 

best; at this st of acquisition. Analysis o£ trials 4l , (Table XV)*, 

Showed a significant mock ettect as ~ll .as a .significant erteot of pret:raining . 

Figure (:U) • shows that by trials 41 , there was cl a.r cut paration of 

tho three pretra.in:i.Dg procedure functions with tho varied procedure performing 

best , follQ d by the standard procedUre and finally procedure R. 

Following tbe 24 hour rest I ~sis or trials 61. 120' (Table XII) I 

1 . Blen the trlple inte~ction is significant, two ethods of aJ'lalyses 
be employed. First of all, on can use the triple interaction as an error 

tem in order to evaluate th significance of the double interactions. Seconal¥, 
one can consider only the triple inter ction in discussing th data. 'lhe latter 
procedure was adopted in thi · thesi • 

http:pretra.in:i.Dg
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TABLE X 

£Ali lWMBER OF CORRECT RESPOl SES W DAY 1 AND DA.Y 2 

AS A FUNCTION OF SHOOK INTENSITY .AND PROCEWRE 

Slock Intensity 

Procedure R 

Varied Procedure 

.90 ma 
Standard Procedure 

Procedure R 

Var.ied Procedure 

.90 
Standard Procedure 

.55 

30.6 

41. 0 

.90 

28 .1 

32.8 

...Lli 
.30.4 

. 36.0 

-2.9 

28. 2 

28 ,1 

35.1 .)1 . 7 ,30.8 .32 .5 

44.5 

50 .1 

40 .8 

37 . 4 

38.1 

42.1 

32 .9 

)8 .0 

42.9! .38.9 40 .6 34 .6 

ANAttsiS OF VARIANCE OF 'l'HE NUMBER 0 CORR001' RESPOllSES FOR 

HlOCEDURES VARIED AND . 90 ma STANDARD, ON DAY lAND DAY 2 

&ltfflCE 

MAL 

Between SUbjects 

Shock Intensity 
Procedures 
Stock Intensity x Procedures 
Between Error 

Within Subjects 

~ 1, Il\v 2 
Bet\reen Subjects x Day 1, lily 2 
&ock Intenei.ty x I&y l, Ley- 2 
Procedures x ray 1, lAly 2 
lay 1, 2 x Shock Intensity x 

Procedures 

Within Error 


ss d£ F- - - .­
16816. 73 239 

9789 .73 119 

2236.76 3 745.59 12.4 <.01 
638 ,86 2 319.43 5.31 ( .01 
422 .31 6 70 • .39 1.17 ns 

6491. 80 108 6o.l1 

7027.00 ll9 

376o.41 1 376o.4l 157 .34 ~ . 001 
3266 .59 119 
153.16 .3 51.05 2.14 ns 
l08.o6 2 54.03 2. 26 ns 

~ :; 

)74.37 6 2. 60 2.6o ( . 05 
2591.00 106 23 .90 

http:Intenei.ty
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T.ADI.EXI 

MEAN NWlBER 0'1 CORREX:T RESPONSES ON DAY 1 AS A FUNCTION OF 

SHOCK mTENSITY AND PROCEilJRES 

(I) 
Q) 
(I) 

Shock Intensity in rna .22 - .90 ..bb ..k.2 
fj 
~r-1 Procedure R 30.6 28 . 1 30.4 28 . 2 

~~ Varied Procedure 41.0 32 .8 36.0 28.1 

11s 
t: • 90 rna Standard Procedure 3 5. 7 31.7 30,8 32 . 5 

8 

ANALYSIS OF VARIANCE OF THE NUZ.1BER OF CORRllm RESroNSES 

for PROCEIJJRES R, VARIED AND . 90 ma. STANDARD ON DAY 1 

SOURCE ss MS- M - l 
TOTAL 5023 . 99 119 

Slock Intensity 638 .76 3 212.92 6.76 <.01 

Procedures 546 .47 2 273. 24 8.67 <.01 

Slock Intensity x Procedures 436 .66 6 72 .78 2.31 <.05 

Error 3402.10 108 

.­
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TABlE XII 

MEAN ~mE~. OF CORRECT RESPONSES ON DAY 2 AS A FUNCTION OF 

SHOCK INTmSITY AND PROCEIDRES 

l'f.l 

~ 
§ Shock Intensity in ma .2.2 . 90 ...!Jt 
~N 

Procedure R 44.5 40 .8 .38 .1 J¥~ 
~~ Varied Procedure 50.1 37 .4 42 .1 
~ 0 

0 •90 ma Standard Procedure 42.9 .38 .9 40.6 
0 

ANAJXS!S OF VARIANCE OF THE Nffi'IBER OF CORRECl' RESPONSES 

FOR PROCELURES R, VARIED AND . 90 ma STANDARD ON DAY 2 

SOURCE df 11§~ -
TOTAL 8032.32 119 

Slock Intensity 1751.15 3 583 .72 

Procedures 200.45 2 100. 27 

Ehock Intensity x Procedures 3f::o .02 6 6o.oo 
Error 5720.70 108 52.97 

.k2 
32.9 

38 .0 

34.6 

!: 

11.02 ( .01 

1 . 90 ns 

1.13 ns 

http:3f::o.02
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Showed only a signi.f'icant mock intensity effect . Inc;paction of 

Figure (10) , which shows the total nuu.ber of correct responses for trials 

1-6o and 61-120 indicates that the 24 hour rest improved the performance of 

all groups to the point nul.l.itying the previous differences between 

pretra.in.irlg procedures . A detailed analysis of the results on the seccnd 

day of training, sho d that tbe improvement in performan.ce shown by 11 

grct.Ips occurred immed1ate:cy- after the 24 hour re$t . Analysis of trials 

61 o, (Table XVI)*, trials 81-100, (Table xvn)*, and of trials 100-120, 

(Table XVIII)*, all sho\red only the effects of ::hoc:k intensity; there was 

ne ·effect of procedures . As can be seen from Figure (10) , ll grcnps 

improved during th seoond 6o trials, d all groups improved at about the 

same rat • 

A SUlll'QQl"Y of the second experiment shows th t at the beginning of 

acquisition~ all gr~ps at rtod e.t about chance level of responding, with 

no $igni:t'ioant difference etween them. 'l'he pretrainine procedUres 

affected rfonnanee during the early part of acquisi ion ( trial.s 1 . ) , 

but had no differential effect ai'ter the 24 hour rest betveen trials 6o 

and 61. lUring trials l-6o, the groups N'lich had been p:retrained oooved 

a more pro.nounced shock intensity effect than the groups in procedure R. 

'!he analysis or tl'ial~ 61~120 showed that the effect of the 24 

hour rest s to :!Jnprove fUrther the perfonna:nee of all groups, but. 

this improvement was such that all pretr aining proa dures were essential..l\Y 

the same; the on.Jv significant e:t£e4t <:bserved clUr1llg trials 6h·l20 was 

that o£ shock intensity. Ae Shock intensity was increaaed, per.fonnance 

deteriorated. 'lhe opt:tmum shock intensity on day 2 remained at the 

lovest ock intensity, .55 ma. 
.­
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Analysis of the .35 ma groups . 

'lhe results presented in tho previous section showed that the 

relationship between conditiol'li.ng a.n shock intensity s mOnotonic. 

l!igber fi1ock intensity produces poorer condition:ing . '!he .5'$ ma group, 

regarcU ss of experimental procedure, a1 ys represented tho opt, • shock 

intensity group for the numer of correct responses measure, and als for 

the criterion easnre ;men significant mock intensity £feet"' ~re found . 

Since none of these analyses emsidered tho eakest shoc-k intensity grrups, 

in the experiment , the •.35 .rna groups, for reasons outlined in the section 

on pr ocedure, it is necessary to describe the performance of thi s grrup 

now. 

'Ihe £ ct that about 50% of theBe anilrnls did not respond to the 

mock, de it possihl "tic look ·at their da in two di:f'fetent ways. 

One could gard these rats as ing t 10 kinds of errors . One typo of 

ewor consi·st.od or entries into- the wrong c001part.ment; , the other type of 

error vas a simple failure to respond to the aversive stimulus . 

If one includes all enilnals in the •.35 grcup, (both responders 

and those that tailed to respond) the performance of this group app.cars 

to be orse than that o£ the •55 g:rrup or opt· grrup . On the other 

hand, by using o-ncy trials on which responses to shoCk actually oeourred, 

the performan¢ is about the ~e as that of tho ,. 55 gr01,1.p , Figure (12) , 

.­
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sho s this quite clearly. On the le:fli only trials on whiab. responses 

occur a.re included in the .35 data, in eomparism with the other shock 

intensity groups . On e right, a.ll trinls are ~.:ployed in the ccmp~lson . 

A can be seen, on the lett, the shod intensity function 1 onoton:ic 

deereasina , \mile on th right a U fba.ped function results. 'Ihis 6\lggests 

that. if' all the rats in the •.35 _group had responded, this might have 

been the optimum shock level. '!hat is, in the present experiment th 

aptimlU!l shock level is the lowest whi.ch produces stable rcspandtng . 

It is difficult to det .rtnine what caused the b odality of the 

•.3.5 rcups . I.f the data of. tho pretr a:tned grcnps is ana.lysod eepara­

te:q- 1 it appears that all .35 rna animal$ responded du!'ing pretrainirlg . 

is would indicate th t when oncy nondiscriminative escape respon a 

had to be a o; the shock i'ntQtlsity was high enough to motivate the 

aninlals to run. en the difficul ty of the task s increascd1 however, 

during discriminative esea: training ,. the level of perfC!fWlnce did not 

detenorate t1 eould be expected, but rather 50% of the animals simply 

tailed to respond to the shock . 

'lho U shaped function foun men both responding and nonresponding 

..35 animal re included in the analysis, might be taken ae being in 

agreement With the Broadhurst and Yerkes· Ibdson data . HOWGVI r, the U shaped 

function in these experiments occurred even though there were no nonrespon­

dore .t while the U eh ped function in th present exper.Uuent depended m data 

frcn nonrospondillg an1mals. 'ads suggests that the U shaped fUnction in the 

present .ax;p- riment might have been produced by conditions di.tf rent trcm 
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those pr<xblcing the U &aped function in the previous experiments. 

In terms of these data e ffect of shock intensit might be 

described as follows: o responses uould occur to a mock intcnsi y ulich 

s below the tbro old. There wculd be an · prov. cnt in rformance as the 

shock intensity increased, because• responses, (both col"rect and incorrect), 

uld occur more of'ten. on if he proportion or correct responses rentrlned 

constant, (.for example t 5<Y(} 1 the td:ial number of correct responses would 

increase as the to al tl'UJl'i>()r of responses increased.• 

e ef.fect of increasing shock intensity beyond the point at 'Which 

responses to shock occur on ever,y trial, · ruld be to produce the interfering 

responses described by Qrlld. tually t . ery bigjl levels of stimulaticn 

these interfering responses wculd predaninata. 'l'bue, the optimum perfomance 

an a ask would occur t a level o! stoolation .at which 1~ of the ammaJ s 

start responding , t 'Which there are f interfering responses . 

DISCUSSIOll 

'lhe results of these · r:Ur~ts show that c e;ffeat of shod ras 

inf'luenced by beth the 24 hour rest perio and prctraini:og . The 24 hour rest 

seemed to accentuate the Ghock intensity effect m trials to criterion. and 

produced f e:r errors overall . The prot.raining procedUres did impr09"e per­

formance during trials 1 , (th varied p training procedure being the best) 

but after the 24 hour rest between tri. · ·s 6o and 61; there re no di.ff'er­

ences between the pretraining procedures . !ihese data suggest then 



that in terms of obtaining a stable ef'teet of shock intensity and a high 

level of perfonnanee in the low shock intensity gr<.nps, the varied pre­

trainin.g; 24 hour rest procedure Should b.e anplqyed in fUture :research . 

In both ,elC:periments.. the effect of filock intens:Lty ws deoreasing 

monotonic, if one oonaiders only Mitnals that respond at the 100% level; 

from optirrruln perfo:nnance at .55 rna, 'inc:::reases in moCk intensity led to a. 

deterlorati.on. in performan.ee. With th$ inclusion in the c:l..ata of all .35 ma 

.animals, (:responders and non- responder$) the t'Un.ction b$came U shaped. In 

this case; the ;35 ma s.ni.mals madt;1 more en-eys than the .55 ma animals . lf 

only trials on 'Which an escape response .occurred were included in the 

anaJ¥sis ot the .35 ma group, the 1\lnetion became monotonic deereasing again, 

and the .35 ma grcup performed at aboo.t the same level as the .55 ma grcup. 

'!be results of these experiments, therefore,. indicate that whether the 

function relating shook intElltsity to dise~tive Calditioning is mono­

tonic decreasing or U clhaped depends m the ~ in W.ieh . the data of the 

J.owst shock intensity group a_re treated~ 

Con:ddaring the pl"eliminary 61q)eriments fl"(l[Q. the theoretical posi... 

tiona of Spence. and Child, the results provide no dUfere-ntial support. £or 

either one . The performance o£ the high $hock intensity grc;;U.ps was alwavs 

worse then tbe pert'o~ee or the lot-r shock inten&ity gt"GUp$. Beth theories 

would predict· the$& re$Ults fw a d:U'!'icult dif54rlmination eaJ"ly in &C<'J.Uisi• 

tion; howve.r ,, whUe Spence would prediet th.at tba high shock gr~pa would 

eventual~ surpass the low Shook groups, Child would predict that the high 

shoc-k groups wwld remain inte:M.or. Since the gr()Ups 1n these expettments 

were not trained f<>r a SUffiCient~ l¢ng period to pemi,t · elear test of 

these prediction&, no con(;~C)ns can be drawn abou,t the relative advantage 
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of either theo:cy • 

One purpose of these preliminary experiments was to provide a base... 

line for further research on the Yerttes and Dodson law. According to this 

I:aw, when the discr.i.mination i very diffic:ult , tho optimum shock intensity 

shoul'd be at thresho~d~ Since the optimunl shock intensity in the present 

experiment w.s almost at the threShold one could 1\vpotbesise that , according 

to the Yerltes and IXxison classi.f'ics:bicn, the discrimination in these experi­

ents was very difficult . If this hypothesis is correct , then with an 

easier discrimination one woul d expect to obtain a high optimUII'l shock 

intensity. FUrthermore, with the shift in the opt:!mum point, a U shaped 

tunctim silnilar to that found by Yerices and llldsm and Broadhurst should 

be Qbtained, since loo.t of the animals would be reGPonding at nll shocli: 

1ntensitiea. An exp$riment was therefore performed in tilicb the difference 

in illumination between the two doors was increased to make the discrimi­

nation 11easier'1• '!his experiment is outlined in the next chapter• 

.­



CHAP!'ER IV 

" PERix •' JT III 

'lhe effect of varyin;:: the difference between the CS+ and the CS- : An 

attempt to test the Yerltes• Ibdson l.a • 

.1. e purpose of thio experiment was to test tho Yerkes...fudscn I.aw. 

In order to do this, discr:iroi.nD.tions differine in difficulty had to be 

·played. As was poin-;ed out in the hi>:>tor-lc:ll review, previous researchers , 

(Yerltes an dson; 1908, and Broadhurst , 19.57), defined difficulty of dis­

cr:illl:i.na.tion in term" of the difference in illumination between the positive 

conditioned stimulus, (OS+) and the ne. tive conditioned st:iirru.lus, (C ) • 

Jhen the difference between the t" o conditioned stilliuli ws small, the dis-

cr:Un:I.na.tion s presumed to be difficult; when the dif:fc nee uas great , the 

discr:i.m:ination tiaS presumed t o be eaey . Since it is difficult t o decide before­

hand .at difference ui.ll be tt ll" enough or ugreat' enough to hinder or 

facilitat e discrimination, on cannot decicc about the values of the stimuli 

a priori . 'lhis particular difficulty, however, was avoided by consideration of 

the data from the prelilrrlna.1~ experilllonts. According to the Yert{es- DDdson La , 

the more difficult the discrimination, tho clooor the cptinrum shock intensity 

is to threoool<l . lhe o ti!ttum shock intensity in the prel.illlinacy experiments 

was close to threshold, (.55 ) J p~sumably this was, therefore, a difficult 

discr:i.mina.tion. If in subsequent experiments more 11 difficult'1 discriminat1m .. 

were played., the opt shock int sity would shift below threshold 
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and would not be d>served; if an tteasier'• discrilnination were ployed, an 

increase in the optimum shock intensity cculd be ooserved. 'lherefore, an 

neasier'• discrimination was employed in addition to the discr.i.mination of 

the preliminary studies, in order to Q.etermine ether the optimUm shock 

intensity shifts as predicted by Yel'Kes and Lbdson. 

In the preliminaxy axperi.lllents, th illumination of th correct door 

or (OS+) , was ways at 7. 25 foot candles, and the illumination of the 

incorrect , closed door, {OS.) , w s apprcod.nultely 0 foot candles . In order 

to increase the difference between the CS+ and the OS•, and thereby produce 

an "e sy" discritrdnation, the illumination of the CS+ was increased to 

27 .3 foot candles. 

With these two leVi ls of difficulty, three results could be ~eoted 

in the acquisition of the discriminative escape response if the Yeikes­

.Podson law s correct: 1) 'Ihe S1ock intensity fUnction for the neasier" 

discrilrdna.tion, should become u shaped, while the mock intensity function 

for the "difficult" discr.l.Inination should i"emain decreasing monotonic . 2) 

1he perfo:nnance of the "easier" discrimination groups, particularly at the 

lower shock intensities, should be better than the perfonnanoe of the 

"difficu.lt'• discr:imination groups. 3) w'ith the "easiertl discrimination, 

the optimum shock intensity should be higher then with the t\dif'ficult 11 

&.scrimination. 

Procedure: 

Since, in Elcperiment II, the varied procedure resulted in the best 

perfomance on dair 1 and the greatest separation between the .55 ma and the 

2. 9 ma groups on day 2, this procedure was used in this experiment • The
.. 
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procedure followed steps a , b , c, described in the method section. 'lhe 

shock intensities used in this experiment 'trere reduced to three values, 

.55 ma, . 90 ma , and 2. 9 ma. The 1.4 ma. grcup \-JaS not run because if the 

optimum mock intensity value was to S\ift at all, the most impor!iant index 

of this change would be the deterioration of the previously optimuln gr oup, 

the •55 ma group in relation to the • 90 ma group. 

Because of changed atmospheric ccnditions caused by excessive 

humidity and the use of a. dehumidi.:fY~~,;, >~: , i t was decided to run concurrently 
; ·,::-~;;'.~':·;~·:·;.I ' 

with the present experiment 1 a replico:t.ion of the earlier varied procedure , 

using the previous CS intensity or 7.25 f oot candles. Since the illlllllinati 

1n this procedure was considerably weaker than in the new discrimination 

study, this· grcup will be referred to as Procedure w. Groups run with the • 

stronger CS intensity will be referred to as Procedure s. In order to 

counterbalance for effecbs of the OS itself, half the anilna.ls were trained 

to escape thrrugh the illuminated door, the bright side, and halt the animals 

were trained to escape through the dane side . nte overall design of the 

experiment consisted of 3x2x2 factors . 1hree levels of shock intensity, two 

discl"iminations , Procedure S and w, and two types of escape, through the 

bright doer and through the daxk. Each shock intensity grrup had six anima.ls . 

lb.ere were 72 animals altogether. 

Results: 

If ~ the two procedures S and W and the type of escape1 ( thrcugh 

the illuminated or bright door, and through the da~ door) are considered, 

the various canbinations of these two main varial>les resu.lt in four ex:peri­
.­

mental treatments. 1hese are as follows: 1. Proce1Ure s, escape through 

http:anima.ls
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the bright door, 2. Procedure s, escape through the dark door, 3 . Pro­

cedure w, escape thrcugh the bright door, 4. Procedure w, escape through 

the ~ door. Each of these treatments had three shock intensity groups, 

(.5~ ma., . 90 ma, nnd 2.9 ma.). lhe criterion data for these grrups is shOlm 

in Figure (l3) . It appears as thOUgh the optimUm ~ock intensity for the 

group in Procedure S running to the bright side, was at .90 ma, and the 

opt:1J11um shock intensity for the grrup in Procedure W running to the bright 

side was at .55 ma. 'lhe opposite results wer.e chtained for the subjects 

running to the dal'k side. lhere were no significant differences, howver, 

between the shock intensity grrops within each experimental treatment as 

indicated by Kruekal allis analyses of variance. Furthermore, there were 

no s:l,gn:ificant dif.ferences between the four ~erilllenta.l treatments H.len 

tested separately at eaeh shock irltiensity with -Kruskal4fallis ~ses of 

variance. us, there seemed to be no significant effects of experimental 

treatments on the crlterion data . 

'lhe correct respOnse data. for both days of acquisition were also 

a.naJ.ysed, 'lhe analysis was a 3x2X2x2 design, with three l evels of shock 

intensity, two avenues of escape (bright or darlt), two Procedures S and l-11 

and twa ~s of acquisition. The effects of shock intensity, day of acqui­

sition, the interaction of shock intensity by day of acquisition, and the 

interaction of· Procedures by day of acquisition were all significant) (Table XIX) 

Figure (14) , shows that while an day 1, all the functions are super:Lm;posed 

on each other, and are flat, on ~ 2, the .55 lllll animals a.re pertoming 

best (significant mock by day interaction) and the Procedure S animals 

.- seem to perfom at a lower leve~ than the Procedure W an:IJnal.s (significant 

ProcedUre by day interaction} • 



120 

110 


z 100 


-0 
a: 

-~90 a: 
u 

~ 80 

~ 
<( 
a: 70 
1­

z 
<(
0 60 
w 
~ 

so 

40 

r 

.............. ......... ... ... .... 

····· 	 ,A······ 	 ,.-­······ 	 .,.­.. 	 --"" 


••••• 	 __ ,,, J/1;.
! ~--	 •: --1/11) 	 ,•' 
:. __,,----	 .,.. ,.-	 ·' 
~--	 .,.,·' 

.. 

:, 	 ·' 
~ 	 ·' 
I 	 •' ·' ·'.. ,: .,·'

'•.,.: ·'·' 
I :, •' 


I • • •"

~!:a:"•:...:. .. ' : 

:•
.. 
•

-' 	 PROCEDURE II s II 

o-o BRIGHT CORRECT 
...... DARK CORRECT 
PROCEDURE 11 W" 
&-o BRIGHT CORRECT 
•·• DARK CORRECT 

I I 	 I 

·55 ·90 	 2·9 
SHOCK INTENSITY (w,a) 

nOURE JJ ~ 	 !-fedian mmber of 'l'l'f.als ~d to ~dl a criterion of 
eight cat}.Sewtiw ecn-ect :L-e$J)Oi'l$SS fi$ a fUnCtion of 
ehoelt intensity and p:racedu.ro•. 

http:p:racedu.ro


300 

280 
(/) 
liJ 

~ 
~ 260 
a: 
1­

M 
~a40 
8 
..... 
0 
a: 220 
liJ 
m 
~ 
::> z 

200 
..J 

~ 
~ 

180 

FIGURE l4, .­

PROCEDURE II s II 


o-o BRIGHT CORRECT 

•····• 	 DARK CORRECT 

PROCEDURE 11 W" 


bo-A BRIGHT CORRECT 
...._. DARK CORRECT 

··..... ··.....··..·..••• 
..,..___ ·4~' 
rt.:.·-- .:.:u-.r.::-.,. 


,· ··············· 
a ···········• 

/ < I I 	 I 

2·9 ·55 ·90 2·9 
SHOCK INTENSITY (ma) 

Total er of correct l'&sponsas ..... or 'lr!als 1 and 
61-120 ·as tunc·tion of $190\< intensity and procedure• 



61 

'lhe dat were examined in more detail by analysing the co:tTect 

responses for each ~ alone . These analyses were 3x2x2 factorial-8 tdth three 

levels of s.."'lock, two methods of escape and tu·o Procedures . The remuts for 

Jay 1, (Table XX) , showed no sieni,ficant effects at all, indicating t11a.t all 

groups were p r.fonning at the same level as one wculd expect fran the pre.. 

vious analysis. Analysis·, of .Iay 2 gave a significant shock intensity effect 

only . ('!'able XXI) , Although igure (J.h) , shows that an te.y 2 the Procedure 

tv groups were perfonning better than the Procedure S groups, this effect was 

a.pparent'J.y only significant as an interaction in the ovorall analysis of 

both deys. The shock i.Yltensity effect cmfinned the results of the previous 

experiments, that is, the .55 ma groups were per£orrn:!.r.tg best, even in 

Procedure s. 
An.a.lysis of the correct response data. by blocks of twenty trials 

gave the .following rerults: On Trials 1-20, (Table XXII), the effect of the 

positive stimulus was significant. .Animals running to the bright stin:tulus 

perfomed significantly better than a.n:i.ma1 running to the da.Ik. On Trials 

21~40, (rable xm~ and on Trials 41-6o, (Table x:xrvf, there were no signifi... 

oant effects. Even though the bright positive stimulus seemed to have a 

facilitating effect durlng trials 1...20, this etfeet was not observed later 

in acquisition. All shock intensity groups were performing at the same 

level . 

Analysis of Trials 61-801 (Table XXV)i and Trials 81·100, <Table XXVI)* 

showed that on:cy the effect of shock intensity was significant . 1he data 

showed that the optimum shock intensity was .55 ma, as in the previous studies. 

The a:na:cysis of Trial.s 100-120, ~rab1e.xxvii} sho d that both the effect o£.­
shock inte.tu~ity and Procedure were significant . Inspection of Figure (15) 
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TABLE XIX 

ME NU11BER OF CORRECT RESPONSES 'ltt!Al:S l .. 6o~ l».Y l, 

Al1D 61 • 120, DAY 2, AS A':WNc'l'lON aF SHOOK INTEltSirt AND PROCEWRES 

ll4.I 1 

Proee<hlre s Procedure w 

&look Intensity in ma ....22 ,90 b2 ~ ,90 b.2 

Bright Co~ot 30. 2 31.7 32.8 34. 2 29.8 .31.7 

IBm Co:rreot 34 .2 29.5 28 .7 28,7 35.0 29 .. 5 

DA.Y 2 

Brlght Correct 39 .0 34 .7 36.7 47.0 4l8• ,36. 2 

.tazk Corr-ect 49•.3 31 .1 )2. 2 46.0 42.5 35.5 
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TABLE m 

ANAUSIS OF VARIANCE OF THE l~UMBER OF CORR RESPONSES FOR 

FROOEDURES S AND W ON TRIALS l - 60, DAY 1, AND 61 - 120, Dt\Y 2 

_SOURCE .§§ .s![ F-
TOTAL 11466.33 llt3 

Between Subjects 6451.83 71 

Stock Intensity 8)9 .6o 2 419 .80 5.02 ( .01 

CS (Bright or l::aik) o.o1 1 0.01 o.oo ns 

Procedure ( S or W) 65 .34 1 65 .34 0.78 ns 

Slock Intensity x CS 118.18 2 59.09 0.71 ns 

Stock lntensity x Procedure 45 .6o 2 22 .80 0.27 ns 

Procedure x CS 31 .01 l .37 .01 0.44 ns 

Stock Intensity x cs x Procedure 33.3 •.34 2 lf:h . 67 1. 9.9 ns 

~tween Error 5012 .75 6o 83.55 

Within Subjects 5014 .50 72 

lAy Effect 2907 .01 l 2907 .01 129.98 ( , 001 

Between fub3ects x ~ 1, lay 2 2107 .49 71 

lays x Shook Intensity 465.6o 2 232 .80 10 .41 ( .01 

Days x cs 55 .00 1 55 .00 2.46 ns 

rays x Procedure 142.01 1 142 .01 6 • .35 <.05 

Days x Stock Intensity x CS 49 .68 2 24 .84. 1.11 ns 

Jays x Shock Intensity x CS .3.3 .92 2 16. 96 0. 76 ns 

Days x cs x Procedure 10.$6 l 10.56 0.47 ns 

Days x Slock Intensity x CS x Procedure 8 .30 2 4.15 0.19 na 

.. Within Error 1.34 2 .42 6o 22 •.37 
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TABlE XI 

z.mAN NUMBER OF CORRECT R 'SPONSES i TRIAL.<) 1 - 60, DA.Y 1, AS 

A FUNCTION OF SHOCK INTENSITY AliD PROOEOORE 

Slock Intensity in 

Brieht Correct 

:rk Correct 

Procedure S 

...,22 .90 2.9 -
30. 2 31.7 32 .8 

34 . 2 29 .5 28 .7 

Procedure W 

~ .90 ~ 

34. 2 29.8 .31. 7 

20 .7 35.0 29 .5 

ANAIISIS OF VARIANCE OF THE NUl·IDER OF CORRECT RESPONSES 

PROCEDUR SANDWO TRIALS 1 ... 60, Jl\Y 1 

OR 

SOURCE 

TCYrA L 

Slock Intensity 

CS (Bright or Ik} 

Procedure (S or W) 

oek Intensity x CS 

Shock Intensity x Procedure 

Procedure X CS 

Shock Intensity x CS x Procedure 

Error 

§.§ 

3339 .32 

32.11 

28 .13 

7.. 35 

9.00 

o.LL. 

4.01 

165 .45 

3092.83 

..2! 

71 

2 

1 

1 

2 

2 

1 

2 

6o 

us-
16.56 

28 ;l3 

7.35 

4 .50 

0 . 22 

4.01 

82 .73 

51.55 

! 

0 .32 

0·.55 

0. 14 

o.oo 
o.oo 

0.07 

1.63 

ns 

ns 

ns 

ns 

ne 

ns 

ns 
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TABLE I 

11EA!i NUt·IDER OF CO! i.CT RESPOl SES Q TRIAlS 61 - 120, DAY 2, AS 

A FUI~C.dOl OF SUCCK niTEUS rY AUD PROOEilJR!!t 

Procedure S Procedure W 

Shock IntenGity in ma .52 _,19 2.9 - .55 . 90 _1.,2 

Bright Correct 39.0 34.7 36.7 47.0 41 .8 36. 2 

Correct 49 .. 3 37 .1 32. 2 46.0 42 .5 35.5 

ANAUSIS OF V.ARI.ANCE OF HE NUMBER OF COR~CT RESPOIJSES FOR 

PROCEWRES S AliD WON TRIALS 61 .. 120, ll\Y 2 

SOURCE .§§ df us F 

TOTAL 5220 .00 71 

Slock Intensity 127.3 .08 2 6,36 .54 11. 71 ( . 01 

cs { ight or lk) 2.6 .89 1 26.89 0.49 ns 

Procedure (S or W) 200.00 1 200. 00 3 . 68 ns 

Shock Intensity x CS 158 .66 2 79 .43 1.46 ns 

Slock Intensity x Procedure 79.09 2 39 . 54 o. 73 ns 

Procedure x cs 43 .55 1 43.55 o.ao ns 

Shoclc Intcnaity x CS x Procedure 176. 20 2 88 .10 1. 62 ns 

(X)Error 32 2.33 54 .37 

.­

http:127.3.08


- -

66 

11BIE xxn 

l' W NUIJBER O. COR!.~~C1' RESPOl SES OJ: r Ill.lS 1 .. 20', Y 1, AS 

A MiC1I r OF SHOCK INTEliSil'Y AND PROCEWRE 

Procedure S Procedure W 

::tlock Intensity in , ~ _a.2Q 2.t2 .52 _..a.2.Q ...b.2 
Bright Correct 8 ~0 9. 2 10.2 9.7 7.7 10.5 

rl{ Correct ·r .a '1 .5 7.3 7.0 9.0 8.3 

ANAIXSIS OF VARIANCE OF TU NUX1BER OF CORR~ R <"PQ SES FOR 

PROCEDURES 5 AliD W ON TRIAlS 1 ... 20, l1 

SOURCE ss df lS .E-
TOTAL 419 .99 71 

Stock Intensity 12. 20 2 6 .10 1.10 ns 

cs (Bricht or -) 33 •.35 1 33 .35 6,05 (.01 

Procedure {S or ) 2.35 1 2.35 0.43 ns 

Shocl{ Intensity x CS -.:36 2 8.18 1.48 ns 

::hock Intensity x Procedure 1. 36 2 1.36 0. 25 ns 

Procedure x cs 0.6'3 1 o.6 0.12 ns 

Shock Intea1sity x CS x Procedure 22.86 2 11.43 2.07 na 

Error 330 .83 6o 5.51 
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TABIE xxvn 

NUMBER OF CORRECT RESPONSES ON TRIAlS 100 • 1201 Dt\Y 2) 

.AS A FUNCTION OF SHOCK mTENS!'rY AND PllOOEWRE 

ProcedureS Procedure W 

Shock Intensity in ma ~ ..u _,22 _,2.Q ..u~ 

Bright; Correct 13 .8 11.6 12. 2 16,8 15 .5 13 .8 


Iatk Correct 17 .0 12.8 11. 2 13.7 16.0 12. 2 


ANAIX'SIS OF VARIAWE OF THE NUMBER OF CORRECT RESPONSES FOR 

PROO$IUREB 5 AND WON tRIALS 100 

SOURCE 

TO'l'At 

Shook Intensity 

cs (Bright or lhrlt) 

'Procedure {8 or W) 

Sh.ock lnte.nsity .x C5 

Slod<: Intensity x Procedure 

Procec:h.t.re x ~s 

Shock Intensity x CS x Procedul'e 

Error 

ss-
838 •.)2 

108. 70 

o.68 

42 .01 

)3 , )6 

38 .86 

28 .),3 

33 .08 

$73 . 50 

... 120, ll4.Y 2 

df NS- -
71 

2 54.35 

l 0.68 

l 42 .01 

2 6.68 

2 19.43 

l 28 .13 

2 16. 54 

6o 9S6 

F-
5.69 <.Ol 

0.07 ns 

4 .39 <.05 

o.69 ns 

2.03 ns 

2.94 ns 

1.73 .ns 
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shows that the optimum shoclc intensity s at .55 ma.. nte Procedure W 

oups were perfonning at a higher level than the Procedure S grcups . 'lhis 

effect, hot·rever , t-ms not significant in the analysis of all trials an clz:r 2, 

(trials 61-120) . 

'!he results of this experiment indicate th~t although during the 

early trials the roups running to the bright st:i.Imlus ere making more 

correct responses than the grcups running to the dali! stimulus1 this effect 

was nat strong enough to be significant in the overall ana4"sis of trials 

1-60, mich showed no significant effects. The main effect on day 2 was 

the shock intensity effect with the .55 ma groups performing best, but 

during the last twenty trlals there was an indication that the Procedure W 

groups were perfoming better than the Procedure S groups . 

DISCUSSION 

'lhe data. of the present experiment do not seem to support any of the 

three cmclusions of the Yerkes- Ibdson experiment . First of all, the shock 

intensity functions remained decreasing monotonic on ~ 2 for both discri­

mi.Ila.tion taeks. Seconc:iJ¥, the results seem to indicate that the Procedure S 

groups were not perfoltl'dng better than the Procedure Wgrrups, contrary to 

the second ccnclusion of the Yerkes- IbdsCil experiment . Finally there is no 

evidence of the Ehift in the optinnun mock intensity with the ,, easier" dis­

crim:ination, as expected fr the third cmclusion of the Yerkes- Ibdson 

experiment . 'lhe .55 ma grrups were performing best regardless of experi­
.­

mental treatment . 



69 

ihe failure to find superior performance for the Procedure S groups, 

compared with the Procedure W groups, suggested that the discr:i.mination task 

wich had been presumed t 0 be 1 easy'' , was in fact not easier t 0 learn than 

the tafk employed in the preliminary experiments. There was scme further 

evidence to indicate this in the last block of t nty trials, (100·120). 

The Procedure W groups were performing significant:cy- better than the Procedure 

S groups . 'Ibis difference could be explained if the intensity of the illumi­

nation used in Procedure Shad been aversive to the animals. Although there 

was no direct evidence for this in the present experiment , the group that 

perfomed least 11, was the grcup in Procedure S which had to ntn into the 

bright side . 

7hus, it seems that the ''easy'• discr:imination used in this experiment 

did not fit in the same eatego:ey e.s the easy discrimination or Yerkes and 

Ibdson. Because of the poor perfol'Dlance of the Procedure S groups this 

experiment does nat allow one to make any firm conclusion about the Yelkes­

lbdso.n law• 

.­



CHAPTER V 

EXPERIMENT IV 

'lhe effect of changing levels of shock intensity on the performance of the 

discriminative escape response . 

The main effect found in the experiments in this thesis, has been 

the deterioration in perfonnance which occurs When tlle shock intensity is 

increased beyond the optimum .55 ma level . 'Ihe present experiment was 

designed to study the factors involved in this deterioration , 'Ihe deterio• 

ration in performance at the high shock intensities is predicted by both 

Spence and Child, but these theorists do not predict the same final outcome 

when the training is prolonged. Spence predicts that eventual:cy1 the high 

drive, (shock int :enSity) groups ooould surpass the low drive groups because 

reinforcement of the correct response under high drive , w1l1 lead to more 

correct responses than reinforcement under low drive . Child, Mandler and 

Sarason, on the other hand, postulate that tlle effect of high drive is to 

increase the number of interfering responses , and that the high drive grcups 

will alwa;rs be inferior to the low drl.ve groups . One way in which these 

theories can be tested, is to train two groups of animals , one group with a 

high shock intensity, the other \dth a low shock intensity . After 3 days 

of acquisition training , half the a.nima.ls in each group could be switched 

to the mock intensity of the ather group. According to Spencefs theo:ey, 

in this type of situation, the following results should be obtained: 1) 'Ihe 

.­

10 
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high drive groups should perfonn init:tnl.ly at a. lo r level tl'Wl the low drive 

groups, but eventua.lly mould surpass them. 2) e cups cw:ttched fr high 

drive to low, should :l.t.lprov; if tho witch occ-t.lrrod b ore the hi(t drive 

groups had .., rpasscd the low drive t:" ottps. If the hieh <lrive grrups were 

already rtom:iJ':lG better than the lowd:'ive roupo, switching . to a lower 

drive, mould lower their level or performance . 3) . 'lhe Q1p<> ·switched fran 

1 . to high drive should shOW" a t ra:ry deterioration in perfonnance, and 

then recover and ~s the low drive ~n"ou.ps . 

O'lild, a.hd l dler and Sarason ~redict t.'-lat 1e <:ngoinc drive alwey · 

detannines perfo ce . GrOl:lPS run at high moclt ~tensity should perfo 

at a lo..ror level t 011ps run at low shock intenSities a.lt,ra;rs. lho effect 

of' ~telling shOCic intensities should be an appropriate change in tbe level 

o£ petform.ancc vt.ith no further c..~es ta.ld.ne place . 

o next t followed fron the considerations outlined above . 

It s decided to condition two groups of 24 an.i.maJ.s each , one group at .55 ma. 

and the other at 2.9 for three days at 6o trials a dey on the discrimination 

(Procedure U) u~ed in the pre\t.tous mudies . On day 4 half of each grrop 

wuld 'be sr.dtched to the othor grcup' s moe· intensity a:nd then all groups 

ould :run for one nero day, tota.J.ling $ ys altogether. .1. lEJ oups wore 

further rubdivide by l"Unlling alf cf eaeb shock intensity group through the 

door tha.t wao illuminated and the other hal! through tho dal:k door . '0:1 •s 

w dcnc in ordet- to counto alance t e possible aversive or facilitating 

c fects of the lieht atir.lll s . This desir:n eontsined 48 a.nimals altor;ether, 

or 8 groups of 6 anim.nls each . 1h eight groups uere assigned to the 

foll conditiotw: 1) trained for five day's at .55 ma with th bridlt 

OS . 2) trained for f'i"V(; day at 2. 9 lr.i.th tho brtght CS 3) trained at.­

http:ta.ld.ne
http:init:tnl.ly
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.55 for three dtzy's and then switched to 2.9 Ir.a for two c:leys, with the 

bright GS. 4) tra:lncd for three ruvs at 2.9 Ida and then smtched to .55 

ma for t•·o da\)rs, with t!' , right cs. An equal number of groups were trained 

to liln to the dane cs. 

Procedure a, b , c, outlined in Chapter II was adopted for his 

exper:l.ment . '111is :momt that a) after a ten ndnute adaptnti n period, b) 

t\renty p~training trials wero d.ven t each animal in a single door runway 

with the apprcpriato positive stillrulus c) \tlich was followed 24 hours later 

by the first. {:() tr-.i.al·s of acquisition training .. 'lhe pretra:lning procedure 

vas the same as that f the varied group in the preliminary e.."Cper:i.lnent, that 

is, each animal received the ooock intensity during pretraining that t.zas 

also used during the first tbreo day$ of acquisiti(ln, fol' that a.n:imal. The 

intensity of the light CS was 7.25 foot candles . 

Results: 

Table -~~, page 148, shows the criterion data of eight consecutive correct 

responses £or the .5!5 ma and the 2.9 ma groups... A Kruekal Wallis t'a.Ii{ed a.na:cysis 

of variance reveal.ed a significant diffe~noe (H• 15. 2) tween th~ shook 

intensity groups. :-~tion of Table :a*, shows that 1e wps ~tdch were 

at .55 a , reached this criterion eQrlier than the grrup at 2. 9 ma . 

In order to teat !or possible dif':ferenees be ween groups run to he 

bright or the .darlc side, a series of .ann :itney _~ tests were performed, 

comparing the bright and ®Ik .escape lrotlPS at .each mock intensity . These 

t~sts sho• d no significant differences between the daxk or bright escape 

groups at any given mock intensity. Tilese analyses indicated that regardless 

http:reveal.ed
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whether the animals ran to the bright or the da!k door, the •55 ma anillla.ls 

reached the criterion of eight consecutive eottect trials earlier than the 

2. 9 ma grrups • 

.A.nalyses were made of the total number of correct responses en each 

day- . In order to detect aey changes in performance an day 4, when the shock 

intensities of half the groups wruld be switched, the ana:cyses of the cottect 

response data. were made by blocks of ten trials instead of twenty trials as 

in the previous experiments. These ~ses are more sensitive to rapid 

changes in the level of perfonnance than those used preViously. 'lhe 

ana.lyses of the correct response data followed a 2x2x2 factorial design, 

with two levels of starting mock intensity, .55 ma and 2. 9 ma for {dqs 1, 

2, 3) 1 two levels of terminal shock intensity, .55 ma and 2. 9 ma for (dqs 4,5) 

and two types of escape response , to the bright positive stinrulus or the dart< . 

The overall an~sis of day l , {TablelKVm,) showed two significant 

effects; the effect of the positive stimulus (OS+ right or dane) was sig­

nificant 1 and the interaction between starting fbock intensity and the CS+ 

was also aignificant . Inspection of the mean values presented in(Table XXVIII) 

shows that the .55 ma animals rurming to the bright st:Unulus were performing 

better than any of the other grrups. 'lhese results indicated that the 

bright stimulus had a facilitating effect en the low shock intensity groups, 

A more detailed ~sis of nty 1 showed, ho-vrever, that this effect was coo­

fined to the early tr.tals m L8y 1 . Analysis of trials 1-10, (TableXX:rx) 

canfimed the results of' the overall ana4'sis . 'lhe effects of the OS+ and 

its interaction with starting mock intensity were both significant . All 

an:ilnals escaping through the illuminated door {bright Side) were perfonning.. 
better than animals escaping through the da.Xk side, although the effect was 

http:anillla.ls
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TABlE XXVlli 

lEAN NmlBER OF CORRECT RESPONSES ON TRIAlS 1 - 6o , DAY 1, 

AS A FUNCTION OF EXPERIMENTAL TREA'lMENT, AND SHOCK INTENSITY 

&ock I ntensities 

CS+ .55 ma 2. 9 ma 

Bright 39 . 2 31.5 

Dui< 31.0 30.8 

Underlined values indicate that on Iay 4 the shock intensity of the grcup 
will be switched. 

ANAU:SIS OF VARIANCE OF THE NUMBER OF CORRECT RESPONSES ON 

DAY 1, AS A FUNCTION OF EXPERUDTAL TREA'lllENT AND SHOCK INTEtlSITY 

SOURCE .§§ -df -MS ! 
TOTAL 3220 .48 47 

Starting Slock Intensity 165. 02 1 165.02 2,92 ns 

Terminal Shock Intensity 1.02 1 1 .02 1 .02 ns 

CS+ (Bright or ram) 379 .69 1 379 .69 6 . 72 ( .01 

Starting Slock I ntensity x 
TenJlinal Stock Intensity 54 .19 1 54 .19 . 96 ns 

starting Slock Intensity x CS+ 315.19 1 315.19 5.58 ( .01 

Tenninal Shock Intensity X CS+ 25 . 52 1 25 . 52 0.45 ns 

Starting x Ternd.nal Stock 
Intensity X CS+ 20.02 1 20 .02 0 ,36 ns 

Error 2259.83 40 56. 50 



75 TABLE XXIX 

MEAN NUNBER OF CORRElJT RESPONSES ON TRIALS 1 - 10, DAY l, 


AS A FUNCTIOlt OF EXPERD-ENTAL TREA1'}1ENT1 AND SHOCK INTENSITY 


Shock Intensities 

CS+ 
. 55 ma. 2.9 ma 

Bright 5,3 .2.:.§ 4.7 u 
D:lxk 3,0 .l.l 4.2 .!L,.g 

Underl:lned values indicate that on n:zy- 4 the shock intensity of the group 
will be switched. 

ANAilSIS OF VARIANCE OF 'rHE NmiBER OF CORRECT RESPONSES ON TRIAlS 1-10, 

DAY 1, AS A FUtlCTION OF EXPF.!Rll'm:ltTAL TREAl14EN1' AND SHOCK INTENSITY 

SOURCE ss MS- M - l 
TOTAL 162.,67 47 

Starting Shock Intensity o.oo 1 o.oo 0 ns 

Terminal ~oclc Intensity 0.15 1 0. 75 . 24 ns 

CS+ (Bright or D:lrlc) 24 .09 1 24.09 7 . 82 (.01 

Starting atock Intensity x 
Terminal Slock Intensity 0,09 1 o.oo 0 ns 

Starting Shock Intensity x CS+ 14.06 1 14 .08 4.51 ( .05 

Terminal Shock Intensity x CS+ 0.33 1 0.33 o.n ns 

Starting~ erminal Shock 
Intensity x OS+ o.oo 1 o.oo 0 ns 

Error 123.33 40 3.08 



more oovious with the .$5 ll'.A animals, Analysis of trials 11-20 showed no 

difference betwe n the sho<:k intensity groups, (Table XXX)*, lthough the 

effect of the OS+ was ill significan • Animals trained to run to the bright 

stimulus performed better thon animals I"\111lling to the darlc stil1Iulus. On 

trials 21-301 (Table XXXI), onl\y the eff ot of starting .shock intensi"Cy was 

significant. The .55 groo,ps were performing better than the 2. 9 ma 

groups regardless of the type of CS+ . Within the .$5 ma. grwp, the difference 

betveen anim.als running to the bright or dark stimuli had disappeared. 

Analysis of the last ten trials1 on lay l confim.ed this by showing only the 

effeot of st. rting shock intcnBity, (Table XXIII)*. 

The overall analysis of .tEJy 2, showed the effect of starting shock 

intensity to be ~ficant, (Table nxni) . The mean values shown in {Table 

xmn) indicate that the .55 ma groups. were perfonning better than the 2.9 ­

groups. Analysis of trials 1·10 on tay 21 showed, however, that before the 

shock intensity groups separated, there was a warmup period dur:i+lg wieh they 

all performed at the same level; (Table .!XXIV)*. By trials ll-20, (Table XXIV)* 

the effect of starting shoclc intensity was significant, with the .55 roups 

perfoming better them the 2.9 ma groups. 1he s:epocration of the shock intensity 

groups was confirmed by analysis of trials 51-60, ( able XXXVI)*. The overall 

anal3ais of 1)zy 3 showed only the eff ct of starting sl1:«:k intensity1 (Table 

XXXVll) , and this vas confinr£d by analyses of trials 1-10, (Table XXXV!U)* 

and trials 51.6o, (Table XXIX)*. Inspection of Figure (16), sho s that on 

ray ) the Shock intensity functions are separated and the .55 ma groups per­

f'omed better than the 2. 9 - grcups.• 

A brief summa.,.,. of the results to the end of llay .3 1 shows that dur­

ing the early trials the ~s running to the bright stjmulus, especially 

the .55 ma group, were pe.r.f'orming better than the an:ilnals running 

http:confim.ed
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77 TABLE XXXI 

MEAN NUl-IDER OF CORRECT RE ONSES ON TRIAlS 21 - 30, DA.Y 1, 

AS A FUNCTION OF EXPERIMENTAL TREA'lt<lENT, AND SHOCK INTENSITY 

Ebock Intensities 

CS+ .55 ma 2,9 ma 

Br ight 6.7 5.7 

Darl! 4.7 

Underlined values indicate that on ~ 4 the shock intensity of the grcup 
will be switched, 

ANAU'SIS OF VARIANCE OF THE NUHBER OF CORRECT RESroNSES ON TRIALS 21 ... 30, 

DAY 1, AS A FUllCTION OF EXPERI1·1ENTAL TREA'n-mNT AND SHOCK DlTENSITY 

SOURCE .§§ M ~ .E 
TOTAL 105 .67 47 

Sta rting Slock Intensity 8.34 1 8.34 4.38 <.05 

Te:nninal Slock Intensity 2.09 1 2,09 1.07 na 

CS+ (Bright or Da:rl!) 6.76 1 6.76 3.46 ns 

Starting Shock Intensity x 
Terminal Slock Intensity 6.74 1 6.74 3.45 ns 

Starting Stock Intensity x CS+ 0.74 1 0.74 .38 ns 

Terminal Stock Intensity x CS+ 2.99 1 2.99 1.53 ns 

Starting X Terminal Slock 
Intensity x CS+ 0.01 1 0.01 o.oo ns 

Error 78 .00 40 1.95 

.. 
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TABLE XXXIII 

MEAN NUMBER OF CORREC'r RESPONSES ON 'm!AIS 1 - 6o; DAY 2, 


AS A FUNCTION OF EXPERIMENTAL TREA'IMENT, AND SHOCK mTENSITY 


Slock Intensities 

CS+ .55 ma 2,9 ma 

Bright 43.5 35.5 

Dlrl< 4.3.3 33.0 

Underlined values 'indicate that on ray 4 the shock intensity of the group 
will be switched. 

ANAUSIS OF VARJ:All}E OF THE Nl.Jl.tBER OF CORRECT RESPONSES ON TRIAlS l - 6o; ll4.Y 2 

AS A FUNCTION OF EXPERIMENTAL TREATMENT AND SHOCK mTENSITY 

SOURCE ss FM m 
TOTAL 2611. 98 47 

Starting Ehock Intensity 462.52 1 462 . 52 10.36 < .01 

Teminal Stock Intensity 105. 02 1 105.02 2.,36 ns 

OS+ (Bright or Ilarlt} 105.02 l 105. 02 2.36 ns 

Starting :hock Intensity x 
~ndmUSlockintens~y 4.69 1 4 . 69 .11 ns 

Starting Stock Intensity x CS+ 28 .52 1 28 .52 .58 ns 

Terminal Slock Intensity x CS+ 88.02 1 88 .02 1. 92 ns 

Starting X Terminal Slock 
Intensity x CS+ 31. 69 1 31.69 .71 ns 

Err-or 1786.50 40 44 .66 

.. 
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TABLE xxxvn 

MEAN NtlmER OF CORRECT RESPONSES ON TRIA. IS 1 - 6o, IllY 3, 

AS A FUNCTION OF EKPERIMENTAL TREA'IMEN'l', AND SHOOK INTENSITY 

Stock Intensities 

CS+ .55 ma 2.9 ma 

Bright 51.3 4o .7 

Dine 50 . 2 ,36 . 2 

Underlined values indicate that on !By 4 the shoCk intensity of the groop 
will be switched. 

ANAU'SIS OF VARIANCE OF THE NUMBER OF CORREPT RESPONSES ON TRIAlS 1 - 6o , 

DAY J, AS A FUNCTION OF EXPERIMENTAL TREA'mENT AND SHOCK mTENSITY 

SOORCE ss- .!!! ~ ! 
TOTAL 3221. 67 47 

Starting Shock Intensity 800.34 l 800.34 14.97 ~ .01 

Terminal Shock Intensity a)8 .34 1 208 .34 3 . 91 ns 

c~ (Bright or Dui<) 48 . 00 1 48 .00 .90 ns 

Starting Ehocking Intensity x 
Termtnal S:lock Intensi~y o.oo l o.oo 0 ns 

Starting Slook Intensity x CS+ 10.66 l lO. f:i> . 19 ns 

Terminal Stock Intensity x CS+ 12.00 1 12.00 . 22 ns 

Starting x Terminal Shock 
Int sity x CS+ 3.00 1 3.00 .o6 ns 

Error 2JJ9 .33 40 53.48 

.. 
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to the dal'k stimulus. 1his effect was soon superceded by the diff erent ial 

effect of ock intensity, with the .55 rna animals perf orming bet ter than 

the 2. 9 an:i.mals regardless of the illumination of the CS+, 

On .te.y 4 half the a.nimals in each shock intensity group changed mock 

intensity . 'ihe overall analysis of this day, (Table XL) , mowed onlj the 

effect of taminal shock intensity to be sicnificant. Orcnps l"UUllling t o .55 

were perlonning better than groups running to 2. 9 rna. A more· detailed 

analysis of the e rly tr:Lals on lll.y 4 revealed more about the effects of the 

switch in shock intensity. 'trials 1- 10, (Table XII) • showed a significant 

interaction between starting an teminal shock mtenei.ty . Inspection o:t 

Figure (16) , reveals hat although the group .,. tched .trom S5 ma to 2.9 ma 

$bowed an illmediate drop in performance to a level appropriate to the 2. 9 

g~pt s perforrt~anee , the gt'Ol\ps switched fr~ 2. 9 ma to .55 ma did not ·show 

any change fr their performance on trials 51 , on 3 . In other words, 

these oups perfomed at level appropriate for their provious shock intensity . 

lUring trials ll•20, the roups switched .fran 2. 9 to •. 55 i$Udden:cy improved 

in perfonnance and :rose. to th level of the unChanged .55 . grrup. Figure (16) , 

shows tbt change clearl;y' . Analysis of trials 11- 20, ( able XIII) , showed the 

err ct of tenni.nal ehock intensit,y to be the only significant effect . Figure ( 16) I 

show that the .55 groups re ol arly separat d fra:t the 2.9 grcups, p r-

forming at a higher level. on :Qly 5 the separation of the functi on was further 

increased, and the ovemll an~Jysis of day 5 ·show.d on:cy the ef.f'ec·~ of ter.minal 

shoek intensity, (Table xmr) . 

To SUlil'llar'1ze the :results ·Of the experiment after 3, the off et of 

the .chang in ehock intensity s immedi te on the lOw to high grQilp, 

.. 
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TABlE XL 

. 2-m:AN 11l.Jl.lBER OF CORRECT R SPONSES ON TRIALS 1-60, Il!\Y 4, AS 

A FUNCTIOU OF EXP.E.'RIMENTAL TREA'.I!-IM» AND SHOCK nlTENSITI 

Shock Intensities 

CS+ .55 rna 2. 9 ma 

Bright 49 .7 44.8 

lBrlt 53 . 2 44.7 

Underlined vaJ.ues indicate that the grcup had been trained an the other 
shock intensity., 

ANAIZSIS OF VARIANCE OF THE Nm1BER OF CORRECT RESroNSES ON TRIA.IS 1...60 

DAY 4, AS A FUNCTION OF EXPERIMENTAL TREATMENT AND SHOCK INTENSITY 

SOURCE ss- df- !liS- ! 
TOTAL 2259 .92 47 

Starting Shock Intensity 21•.34 1 21.34 o. 63 

Terminal Shock Intensity 768 ,00 1! 768 .00 22 .59 (. .01 

CS+ (Bright or !e.rlc) o.oa 1 0.08 o.oo ns 

Starting Shock Intensity x 
Tenn:Lna.l Shock Intensity 21.33 1 21 .)3 o.63 ns 

Starting Stock Intensity x CS+ 1.34 1 1.34 0.04 ns 

Terminal Sl.ock Intensity x CS+ •27 ,00 1 27 .oo 0. 79 ns 

starting x Term:lnal Slock 
Intensity x CS+ 60.83 1 6o ,83 1.79 ns 

.r Error 1.360.00 40 34.00 

http:1.360.00
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TABLE XU 

1·1E.AN ~"'UI•IDER OF commc.L R f'PONSES OU .IAIS 1·10, DAY 4, AS 

A FUNCTION OF BXPERil-1ENTJ TREA' lmNT, AND SHOCK lllTEUSITY 

Shock Intensities 

CS+ .55 ma 2. 9 ma 

Bright 8.5 7.3 

Dirlt 7.8 7.8 

Underlined values indicate that the group had been trained on the other 
shock intensity• 

.ANALYSIS OF VARIANCE OF TitE NID1BER OF CORRECT RESPONSES Oil TRIAlS 1-10 

DAY 4, .AS A FUNCTION OF EXPERIMENTAL TR:EA mllr AND SHOCK INTENSITY 

SOORCE ss .9! ~ E-

TOTAL l35.25 47 

Starting Shock Intensity 0.33 1 0.33 O. Ol ns 

Terminal Slock Intensity 6 .75 l 6 .75 2.56 ns 

CS+ (Bright or D:i.rl<:) 3.00 l 3.00 1.14 ns 

Starting Shock Intensity x 
Terminal Shock Intensity 12 .00 1 12 .00 4.55 .( .05 

Starting Slock Intensity x CS+ 0.09 1 0.09 o.oo ns 

Terminal Stock Intensity x CS+ 5.33 1 5.33 2.02 ns 

Starting Shock Intensity :x: 
Ter.minal Shock Intensity 

x CS+ 2.08 l 2.08 0.79 ns 

.- Error 105 .67 40 2.64 
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TABLE XLII 

MEAN NUl'lBER OF CORRECT RESPOllSES ON TlUAIS ll - 20, InY 4, 


AS A FONCTIOii OF EXPERil'lENTAL TREA1MENT1 AND SHOCK :WTENSITY 


Shock Intensities 

CS+ .55 ma 2. 9 ma 

Bright 7.3 

Dam 7,5 

Underlined val.ues indicate that the group had been trained on the other 
filoc.k intensity. 

ANAl!'SIS OF VARIANCE OF THE NfJl.lBER OF CORRECT RESFOl~SES ON TRIAlS 

11 - 20, DAY 4, AS A FUNCTION OF EXPERIMENTAL TREA'li>lENT AND SiOOK INTENSITY 

SOURCE ss- df'- MS- l 
TOTAL 115.67 47 

Starling S1ock Intensity 2.09 l 2.09 0.96 ns 

Terminal S:lock Intensity 16.34 1 16.34 7.46 <.01 

CS+ (Bright or IBm) 4.09 1 4.09 1.87 ns 

Starling Shock Intensity x 
Tenuinal Stock Intensity 2.07 1 2.07 0. 95 ns 

Starting S:Iock Intensity x CS+ 2,99 1 2.99 1 • .37 ns 

Tenninal Slock Intensity x CS+ 0.07 1 0.07 o.oo ns 

Starting Stock Intensity x 
Tenninal Stock Intensity x CS+ 0 • .)5 l 0.35 0 .16 ns 

Error 87 .67 40 2.19 
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TABLE XUII 

NEAN lMIDER OF COF..REC1'· RESPoNSES ON TRIALS .1- 6o, DA.Y 5, AS A 

FUNCTIOll OF EX~.D·1ENTAL TREA'iMENT, AliD SHOCK DiTENSITY 

&lock Intensities 

CS+ .55 ma 2.9 

Bright 54 .0 45 .3 


IA:rl<: 52 .8 44 .5 


Underlined values in ·· cate that the group had been trained on the ather 
mock intensity. 

ANAIXSIS OF VARIA.NCE OF THE NUMBER OF CORREXJT R SPONSES OlJ TRIALS 1 - 6o, 

DA.Y 5, AS A FUNCTION OF EXPERD-IENT TRE.A'lMEUT AND SHOCK :mTE.NSITY 

SOURC ss df }§ ! 
TOTAL 2595.00 47 

Starting Stock Intensity o.o l o.o o.o ns 

Terminal Slock Intensity 867 .oo 1 867 .00 20. 22 <.001 

CS+ (Bright or Duk) 4.08 1 4.08 0.09 ns 

Starting Slock Intensity x 
Terminal Slock Intensity 0.3.3 1 0.33 o.oo ns 

Starting S:lock Intensity x CS+ 4.09 1 4.09 0.09 ns 

Terminal ~ock Intensity x CS+ 2.09 1 2.09 0,05 ns 

Start:i.ng Slock Intensity x 
Terminal ShoCk Intensity x CS+ 2.08 l 2.08 o.o5 ns 

.. Error . 1715.33 40 42.88. 
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but was deJ;;cy'ed by ten trials on the high to low grrup . After trial 10, 

the performance of all the .55 ma groups was superior to the performance of 

all the 2.9 xna. grcups. 

PISCUSSION 


'l'he results of this experiment gave no indication that the high shock 

intensity group improved enough in perfonnance with continued training to 

overtake and surpass the low drive grrup . It could be argued that the train­

ing sessions were not continued long enough; however, performance seemed to 

have reached an as.ymptote by day 5. 'l'hus, these l"esults support the theoreti ­

cal position. of Olild and l-fandler and Sarascn rather than Spence . Further­

more, the groups that were switahed in their shock intensities gave additiona.l 

support to Cllildt s .and Mandler• s and Sara.son• s position. In this situation, 

the probability of the correct response in the low shock (.55 ma) group was 

very high on day 3. When this group was $Witched to 2. 9 ma its perfonnance 

deteriorated immediately to a level appropriate for the high shock grc:ups, 

and steyed there . Spence would have to predict that this grrup would improve 

since the prcbability of the correct response was veey high. The results 

showed, however, that even on the fifth day of trai.nil'lg, the performance of 

this group remained low. Since Child and Mandler and Sarasan would predict 

that the groups switched from low to high shock would not recover in perfor­

mance the above results support their position. 

Similarq, Chil d would predict that the group switched from the high 

shock intensity, (2 . 9 m.a) , to the low shock intensity ( .55 ma) , would improve 

its performance to a level appropriate for that particular level of drive, and 

.­
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this seem to have occurred. Since by lily 3, the high shock intensity groups 

had not surpassed the low shock intiensity group, Spence wOlld have to predict 

that the effect of the switch fran high to low would be an improvement in 

perf'onnance. The t o predictions are similar and in this case agree with the 

results ootained. 

In S\liiJll8.r¥, the results of this ~riment ·indicate that the level 

of pertoxmanee an the discrimination tafk was detemined by the intensity of 

ongoing aversive stimulation. As the stimulation became more intense, per­

formance deteriorated. '.lhe results further suggest that tJ:rls deterioration 

was caused by interfering responses, and that the effect of interfering 

responses was directly related to the intensity of the aversive stimulation. 

Prolonged tra.:Ln1ng did not seem to improve the relative position of the high 

and low shock intensity groups. The data seem to support the theories of 

Child and J.fandler and Sa.rasan and not the theoey advanced by Spence • 

•. 
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CONCilJSIOUS 

'lhe main effect in this thesis, was the deterioration in the per­

formance of the discriminative escape response, as the shock intensity was 

increased beyond the optimum of .55 ma. '!be data for filock intensities below 

this optimum will be discussed separately from the data for shock intensities 
. 1

above it; the former will be discussed first. 

At .35 ma, only about Sot: of the animals escaped the shock; the 

remaining anilnals did not leave the shocked canpa.xtment . 'the responding 

animals, however, performed as well as the subjects run in the optimum .55 ma 

group . Thus, the .35 ma animals fonaed a biir.odal cistribution with nonres­

ponders at me mode, and responders (perfonuing at the optimum level) at 

the other mode. 'When the data for the .35 ma group (responders and non• 

responders) were averaged, the perfonnance of this group was belw the per­

fo:nnance of the opt:i.mum .55 ma group; this seems to replicate the results of 

the Yerkes and Ibdson and Broadhurst experim.ents . 'lbe averaging of the data 

is, of cwrse, questionable since there seem to be two types of subjects 

involved, and responding is either at the zero level or at the optimum. 

1h1s would indicate that the effect of increasing the shock intensity fran 

zero is not simpl\Y to increase the number of correct responses without 

affecting the total .nwnber of responses, as suggested by Yerkes and l))dson, 

an.d Broadhurst, but rather to simp)¥ increase the l1.Umber of animals responding 

1 . 'lhe criterion data in this experiment proved variable . As a result, 
all subsequent discussions will be restricted to the eorreot. response data 
measure. 
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to the shock. 'lhe experiment of Hmranes (1956) seems to support this conclu­

sion. Ha.mnes gave preliminary training to his animals in the discrimination 

box. The mock intensity in this prel.iminary training was the lowest in the 

series used in the subsequent discriminative conditioning. Alt cgether 45 

a.ni..mals (or one third of the animals) had to be discarded during preliminary 

training because they did not respond to shock. Hai!Uiles replaced the nonre­

sponders, until all his animals used in the experiment responded to this level 

of shock . In the difficult discrimina.tive conditioning, Hammes found no evi­

dence of a U shaped function relating mock intensity and discriminative ccn­

ditioning; rather he f<m1d a decreasing monotonic function similar to that in 

the present experiments when nonresponders are excluded. 'lhus the two recent 

experiments using shock motivation and excluding nonresponders produce the 

same reSUlts; when nonresponders are excluded the function relating shock 

intensity and di.scrilnina.tive escape cmditioning is monotonic decreasing . 

Broadhurst, (1957) on the ather hand, using air deprivation to. force his ani ­

mals to swim through the underwater maze, reported a gradual improvement in 

performance as the level of motivation was increased toward the optimum, and 

he also excluded nonresponders . It would seem the difference in the results 

could be attributed to the different experimental situation. In the .Broadhurst 

procedure, the level of motivation was not held constant during the erurse of 

a trial but increased with the time the an1mals spent underwater. 'lhis 

resulted in two serious canplications: 1) Even if the 0 air deprivation 

group omtained animals that would nat have responded under normal conditions, 

they were forced to respond as their level of drive increased with time_spent 

underwater . 2) Since drive level increased with time spent underwater, the .. 

only significant classification for intensity of drive on a given trial would 

http:discrimina.ti


have been the total amrunt of tinle an aniJI1a.l spent underwater on that trial. 

'Ihus, the air deprivation induced prior to the animalst release in the m ze 

is not necessarily an accurate measure . It is quite conceivable that the 0 

air deprivation anim.als spent more time underwater than the 2 secmd animals 

since they made more errors, and as a result were really at a higher motin­

tional level than the latter group . Si.Ix:e Broadhurst does not suppl;y data 

on the time the animals spent underwater, his results cannot be canpared to 

the mock motivated experiments with aey degree of confidence . It would 

seem that further wol'k is reqUi.red on low shock intensity levels in order to 

detemine V\ether the bimodal distribution obtained in the present experi­

ments is a general phenomenon, or is Umited to a small range of motivational 

l evels, and specific situations . In any future research , the intensity of 

the aversive stinulation would have to be very carefully controlled in order 

to detennine wether there is any increase in the number of correct responses 

at the low range of shock intensities, when nonresponders are excluded. 

Turning now to an examination of performance at shock intensities 

higher than the optilraun, in all three experimental situations (Broadhurst, 

Hamnes and the present) increases in motivation led to a deterioration in 

performance. One possible explanation of the deterioration in perfonnance 

would be that the mock tetanizes the ardma1 s and makes coordinated movements 

impossible . Similarl;r in the Breadhurst stuey, the animals cculd suffer fran 

anoxia if they remained underwater too long,. However, this interpretation 

does not seem to be corroot since in both the present experiments and the 

Broadhurst experiment , the deterioration in performance appeared before the 

aversive stimlation reached levels drastic enough to produce tetanization 

and anoxia. It seems more likely that the explanation for these results can 

be made in texms of the theories reviewed earlier. The data indicate that 
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the theoretrical approach of Child and Mandler and Sarason is more appropriate 

than that of Spence. 1he Child and 1'1andler and Sarasan theories postulate 

that the effect of increases in the level of stimulation is to increase the 

nwnber of incanpatible responses which interfere with the correct response. 

Since the number of these interfering responses is proportional to the increase 

in shock intensity or air deprivation, the deterioration in performance also 

has to be proportional to the increases in aversive stimulation. The results 

of the present series of experiments as well as the results of previous experi­

ments seem to confim this . A further confirmation for this hypothesis canes 

fran the last experiment in this thesis. In this experiment , two groups of 

rats were trained for three days at a low and a high :;hock intensity respec­

tively and then hal! of each group was switched to the other's shock intensity, 

The high shock intensity group whicll was performing poorly, showed a very rapid 

improvement in perfonnance 'When switched to the lower shock intensity, and the 

low shock intensity group showed an immediate deterioration in performance 

when switched to a high Shock intensity . It does not seem like)¥ that the 

improvement can be attributed to learning, because within ten trials the grdlp 

switched from high to low shock intensity reached the level of perfonnance of 

the groups which had been trained at the low sho~ intensity for three days. 

This indicated that the high shock intensity animals had learned the discri­

mination previously, but had been unable to perfom without errors. 

The deterioration at high Ghock ;tntensity levels also GUpports the 

theoretical position of Malmo (1959). Malmo's theory predicts a U maped 

function between level of arousal (presumably correlated with level of shock 

intensity) and perfoxmance on a task. Thus, with a high shock intensity, per­

fonnance would deteriorate according to this theory . lmo is not clear 
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whether the deter.io tion in perto ce predicted by the theory can be attri­

buted to overstir.lulation of the motor centres or centres involved in the 

lea.rn:i.ng of the discrimination task , or both . 'l.he results of this thesis 

indicated that motor centre pri.rllariq re involved in this deterioration. 

It \IOU.ld seem that o' s theory would have to be amanded to specuy which 

brain structures are inwlved in the relationship between shock intenai:t.y and 

conditioning, before rigorous teet of the theory can be de . 

Although mock intensity was th most powerfUl determiner of perfor... 

JI'Wlce in these experir:lents, the pretr::d.n:l.ng proeecblres and the rest periods 

between blocks of 6o trial.e lso influenced performance . In the preliminary 

experiments it was found that the groups which were given a 24 hour rest per­

formed better on Trials 101 .. 120, than the grwps run continuously . Since .11 

the mock intensity groups perfo:nned at the same level during Trial.s 1-6o, one 

could hypothesise that the effect of the experimental situation was traumatic and 

increas d the e.nxiety of all groups to a higJl level. The 21. hour rest in the 

hane c e , a.llowd this anxiety to dissipate , and during the next 6o trials the 

performance of the enilnals was determined by the. ahock intensity each animal 

erienced. 1his line of reaacnjng is supported lso by the results of the 

pretrained rups . nu-ing Trials 1 the grrups \lhich had been pretraincd not 

only performed better than tho ncnpretrained grrups, but also showed a signifi­

cant mock intensity effeot , with t.b.e .55 ma grrups perfortning best . It would 

.se thAt the anxiety \hich i pres nh during the first exp r:imental session, 

and Wieh overrides the differential effects of dloek, oecur s during both dis-­

criminative an nondiscrl:minatiy, escape. training . 1h~s e.mct.ety seems to 

dissipate in both cases during the 24 hour rest. , and during he subsequent 

discriminative conditioning the level of perfonnance is d tel'!Uined pr:lmar.t.ly 

by the intensity or the shock . This hypothesis gests that in the present 

http:pr:lmar.t.ly
http:pretr::d.n:l.ng
http:lea.rn:i.ng
http:deter.io
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experimental situation the intensity of motivation is determ:t.ned not onl¥ 

by the shock intensity, but also by the anxiety elicited in a novel dangeroas 

situation. Furthermore, this anxiety hypothesis helps to accrunt for the 

superiority of pretraini.ng over no pretraining procedures . The occurrence 

and subsequent dissipation of the anxiety response to the novel situation, as 

well as the traming on the response , woald both contribute to the initial 

superiority of the pretraining procedures, In future research , this level of 

anxiety in the situ tion should be determined by sane independent measure1 

such as heart rate, and the results correlated with performance . 

purpose of these experiments had been to study the Yerkes- Dodson 

law, The experiment which was designed to test the Ia.w produced inconclusive 

results. lhere Here no differences between the ''east' and the ''difficult'• 

discriminations . A hypothesis was suggested to acccunt .for these results; 

that is, the illumination in the neas;t• discrimination was ore intense than. 

in the 11 diffieul.t'~ discrimination and may have been aversive to the animals . 

The results sean to support this hypothesis. furing Trials 61-120, the bright 

correct group in Procedure S (running to the light} , .seemed to perform worst. 

On the other hand, the aazk correct group in Procedure S seemed to perfonn 

better than the bright co~eet group . If the illumination in this procedure 

was averft.i.."'e one woul d expeat; this since one groap had to run into the bright 

side 'While the ather group had to avoid it . This hypothesis, however, does 

not account for the data entire]Jr . It remains puzzling ,my the aversiveness 

o:t the illumination should becane observable only during Trials 61- 120, and 

significant only" on Trials 100-120. Furthermore, analysis of Trials 1- 20, on 

Illy l, showed that the groups running to the bri~t side, regardless of pro­

cedure , perfonned better than the group running to the dam side . This tem• 

poraey effect, however, ~ have been due to generalization fran the 1•safe'' 

http:pretraini.ng
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previously, that the Yences-lbdson procedure was a ccrnbination of escape .fran. 

aversiv stinnllation (the cardboard pushi..-·l.g} and varying levels o£ punishment 

of the wrong sponse . The procedure in the Broadhurst study seemed to con­

sist of a varinbl but increasing level of mativ: tion; wrcng reDponses did not 

only de reinforcGnent , but also raised the level of motivation, (by pr 

longing the air deprivation) • In the Hartmtee study lllld the present experiments, 

the intensity of the versive stimulation was held constant for an animal at 

any given shock intensity. Wrong responses simply delt\Yed the tennination of 

the versive stimulus. It can be seen that the procedures empleyed in these 

experiments d:lff r mostly in th manner ill ich the intensity or th motiva.• 

tiona.l st1nru.lus was controlled thlring a given trial . 'lhi.e variable be 

crucial ill determining the fcnn of the :t'unetion rel ting e.versiv stimu.lation 

and discriminative esc pe conditioning . 

'l'h.e f'a:Uure of previous experiments to confirm the findings of 

Yerl<es and l»dson could be attributed to the variables outlined above . 

Although th present series of experiments also failed to either confi:rm or 

refute tJic Yerl<es...Jl:>d on La , some of the variables which control discrimi­

native eecape conditioning · re identified. It is clear; however, th t more 

research is eded before this Law cen be .t\llly understood• 

.. 




1he experiments in this thesis were ecncemed with the et'.feets of 

sboek intenf)ity on disc;riminative escape conditioning in the rat , First , 

an at empt. was de to determine wheth r the Yernes- Dodson taw described the 

relationship between shock intensity and discriminative con tionine accura• 

te:Qr. Furthermore , it was decided to ~se the mechani,sns involved in the 

relationship bet en dlodk intensity and performance . 

he apparatus was a shuttle box, divided in the middle by two 

swinging doors , 'J.hes.e doors eruld be locked or unlocked separate)¥. e 

Ultmdnation of the deor:s by lights above the doo~s, provided the discl"imi• 

native stimulus. one ·door s illuminated and one remained da.ri<: on each 

trial. 1b task or an a.nimal was to escape fran the electrified grid floor 

at me end of the apparatus, thra.lgh the door ~cb s unlocked, 'lhis 

reSI>Qnse te:rm:tnated the trial. 

PreJ.imina.r:Y exper1ments were perfomed in order to obtain .stabl 

proeedul;'e in mich a .clear cut shock intensity ettect ecnld be c:hserved. It 

was aiso important to detemine the Shape of the m o<* intensity function 

fr these expe~ents in order to establish the difficulty of the discrimi... 

nation that was employed. 'lh1e purpo could be accomplished beca.use 

according to Yetkes and Dodson, as the diacrl.m:i.natian became more d:ltficult J 

optriwm perl'ormance shift,ed to abode intensiti.ea closer to the threshold. 

'lhe results of the preliminary experiments indicated that the best 

.- procedure was one in which rest periods ere introduced between blocks of 

http:intensiti.ea
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discr:Lmilmtion tri<lls, and in \t1ich the ani.-nals rte~ given training on le 

escape before discr:i.Iidnat1on conditioning \ras starte • "lhis procedure nw 

adopted in all r:."Ubooql:crt ~"~.:per1JnCJtvs . 

J. c rasults of these prel:i...Illi.nal'Y experiments also in ·ca.ted that the 

.function relat mock intensity and di&'Criminative conditioning was u maped, 

"tdth the opt.inum ohock intensity at the second lo re·s't:, shock inton$ity , .55 ma . 

esc results indicated that in enns of the Yerkes- Dods law, the discri... 

oination ws difficult . 

At tho lowest ~hock intensity , .35 lllA mJ,y about 50% of the an.i.mals 

:-esponde' to the shock . 'illis cr a.ted a bimodal population of responders and 

uonresponders. .Anirua.ls that responded, however , performed at e saLle level 

as the optinum group . At sh intensities beyond the opt. .55 level, 

perfor., ce otei"iora.t d . 

e next experiraent was de.siened to est the Iemes-nxlson Law. One 

grou,p of a.ni.znals was trained with a:n increased difference in Ulwnine;tion 

between the escape doo:rs whl.ch a.coordi:ng to Yerkes and Dodson would make 

the discrlmination easier, and one grcu.p as trained with tJ:1e previously 

employed discrir.dnat.ion. ~ithin each group, an:imals were mine at one of 

the three shoclt inte.1sities, .55 ma, ,90 ma , 2. 9 • It was expect d that 

wi tile increased difference in ill'lllldna.tion bet\reen the escape doors, the 

optimum .shock in ensity would shi.ft to a value higher han . 55 IIUl • 

:lbe results failed to oonfim t e Yer:kes-fudson l.o.w, 'lhe .55 ma 

groups performed best at both discr:iJ!rl.xlation tafks. 'Jheoo results also 

indicated that the generality of the Yerkec• fudscm Iav was questiona le . 

lt was hypothesised that this lav may be appllc 1 
.. 

invol'Vi.ng punishment Pl"ocedure for wrong ;responses. 
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'lbe last exp~rim.ent. was designed to i:1na.lys sane of the mechanisus 

involved in the deterioration in perf'onnance at shock intensities beyond 

the QPti.:amm •55 rna. Four gr<npe of an1lnals were trained <;e the discrimin­

ation t~Ss: . 1\to groups •re· trained at the opt.imu.m mock intensity,. .55 ma, 

and two groups were trai.ned at the highest intensity1 2.9 nw. . After three 

da¥s of t:rain:i.ng 1 one of the .55 :m.a. groups was switChed to 2. 9 :ma and one of 

the 2.9 :ma. grcups tmG switched to . !)5 .ma. 

'lhe group that was switched ~an .55 ma to 2. 9 .m.a showed an :tmmedia.te 

deteria:ration in perlonnanee . lbe group switched from 2. 9 ma to .55 ma 

,Ehgwed a l:'apid improvement in perfonnance after 10 trials . 

'lhe results indicate-d that ahock intensity atfectoo main:ly perfor­

mance, 'ihe reSUlts wero interpreted as evidence in favour of the theore• 

tical position or Chil<:l, Mandler and Semscn, rath&t~ than in tavrur of the 

views held by Spence . 

http:tmmedia.te
http:t:rain:i.ng
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TABlE A 

lhe sequence in which the doors of the discrilninative shuttle box rore 

opened 	during 20 rials. 'lhis sequence was repeated until the desired 

number 	of Trials had been run by each ani.mal . 

POSITION OF .ANIMAL IN THE BOX 

SID A 	 SID B 

Open Ibor 	 Right left Right left 

1'rials 	l R 
2 R 
3 L 
4 L 
5 	 R 
6 R 
7 R 
8 L 
9 L 

10 	 R 
~ ll 	 R 
l2 L 
l3 L 
14 L 
15 	 L 
16 R 
17 R 
18 L 
19 L 
20 R 
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TABlE IV 

MEAN NOl:lBER OF CORRECl' RESPONSES ON TRIALS l - 20 

a 
0)@ 
~ s • 
g.~'"'~ 

~;!i
"' .g •rf 

~~ 

AS A FUNCTION 0 

Shock Intensity in D'.a 

Procedure R 

Procedure R 

SHOCK INTENSITY AND FROCELURE 

. ~$ _.t2!2 _blt 

7_6 8.1 9.4 

8. 2 1.9 7 • .3 

,.2 .9 

8 • .3 

7.1 

8 

ANAIXSIS OF VARIANCE OF THE Nm1BER OF CORRECT RESPONSES 

FOR PROOEDURES R AND 'i ON TRIALS 1 ... 20 

TOTAL 

SOURC .§§ 

518.99 

M 
79 

MS- l 

Stock Intensity 4.h4 3 1.48 . 22 ns 

Procedures 10.52 1 10.52 1.57 ns 

Slock Intensity x Procedures 20 .73 3 6,91 1.03 ns 

Error 483 .30 72 6.71 

.­



- -

105 
TABlE V 

MEAN NUMBER OF OORREC'l' RESPONSES ON TRIALS 21 - 40 

AS A FUNCTION OF SHOCK INTENSITY AND PROCEOORE 

e 
~~ 
fl) Shock Intensity in ma _ .90 ..L1t _2,2-·228 t 

g<@ Procedure R 11.8 10,1 9.8 10.7 
~Ill
-g3 Procedure R 10.4 11.3 9.6 8.8 

h~ 
8 

ANALI'SIS OF VARIANCE OF THE NUMBER OF CORRECI' 


PONSES FOR PROCEWRES R AUD R ON TRIALS 21 - 40 


SOURCE ss MS.5!!: ! 
TOTAL 41.3 .19 19 

Slock Intens:i:ty 29 . 24 3 9.15 2. 02 ns 

Procedures 6 ,62 1 6. 62 1.36 ns 

Shock Intensity x .Procedures 28 . 63 3 9.54 1 . 97 ns 

Error 348 .• 70 72 4 .84 
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MEAN NUMBER OF COlUUlJT RESPONSES ON TRIALS 41. - 60 AS A 

FlJNCTION OF SHOCK INl'ENSITY AND PROCEtURE 

e 
i$ 
§ • 

Shock Intensity in ma .52 . 90 .J..Jl ...b.2 
f5tr-i Proc dura R 11. 2 9.9 11. 2 9.4 
~~ 

'd Procedure 11.5 9.6 10.1 10. 6 

~~ 
8 

ANAIZSIS OF VARIANCE OF THE NUM8ER OF CORRECT RESPONSES 

FOR ffiOCEDUR RAND R ON TRIALS 1U - 60 

SOURCE .§§ M ! ll 

TOTAL 577 .69 19 

Slock Intensity .)0.84 3 10. 28 1.36 ns 

Procedures o.o1 1 0.01 .oo ns 

Shock Intensity x Procedures lh.l4 3 4.71 .63 ns 

Error 536.70 72 7.45 ns 

.. 
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8;g 

C I 
0g.rl
Q)~ 
~Cl 

~i
t

8 

TABlE VII 

NID·1BER OF CORRECT RESPONSES ON TRIAlS 61 • 80 AS A 

FUllCTION OF SHOOK INTENSITY AND PROCEOO'RE 

Slock Intensi ty in me. 

Procedure R 

Procedure R 

--t.22 ,90 ...lJl ..k.2 
13 . 0 11. 1 11.9 10.7 

13 . 1 ll.8 9.1 10.6 

AllAUSIS OF VAlUANCE OF THE NUMBER OF CORRECT RESPONSES 

FOR ffiQCEWRES RAND R ON TRIAIS 61 - 80 

SOURCE 


TOO.'At 

Sloak Intensity 

Procedures 

:hock .Intensity x Procedures 

Error 

ss-

52l.99 

72.34 

2 .82 

23 . 93 

422 . 90 

df- us- F-
19 

3 24 .11 4.ll <. 01 

l 2,82 . 48 ns 

3 7,98 1 .36 ns 

12 $ . 87 

.. 
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lOS 
'l'AfHE VIII 

MEAN lMIDER OF CORRECT RESPONSES ON TRIALS 61 - 100 AS A 

FUNCTION OF SHOCK IMTENS:rri AND PRCX:!IUIJRE 

e 
i8rl :~'lock Intensity in ma .2a -.&29 ....Ll:£ ...b2 
0 • 

fttr~ Procedure R l$.2 l3,8 12. 2 10, 2 
~00 
td(l) 

Proeedu:l"e -R 13.1 13.~ 11. 2 10.6 li 
8 

ANAilSIS OF VARIANC.E OF TID£ NID•lB.ER OF CORREDT RESPONSES 

FOR ffiOOEllJRES R .AND i ON TRIALS 61 - 100 

SOURCE ss df MS F........ 
TOTAL 899 .5:5 ?9 

Sloclc tntens1ty 173 .05 3 57 .68 5.96 .01 

Proe&dures 14.45 l 14.45 1.49 ns 

£bod£ tntensity x: Procedures l$ .85 3 5. 28 .55 ns 

Errol" 696 . 20 12 94.61 

http:NID�lB.ER
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9 
coom(\J
a,.; 
0 I 

g-8
~rl 
t)co
(!)~t:....t 
0~ 

C,) 

TABlE IX 

MEAN NUMBER OF CORRECT RESPONSES ON TRIAlS 100 - 120 AS 

A FUNCTION OF SHOCK DfrENSITY Arm PROCEllJRE 

Shock Intensity in ma 

Procedure R 

Procedure R 

.52 

16.3 

13 . 7 

,90 

15. 9 

12. 7 

...bll 
14.5 

13 . 2 

2s2 
12.1 

11. 9 

ANALYSIS OF VARIANCE OF THE NUMBER OF CORRECT RESPONSES 

FOR PROCEilJRES R AND R ON TRIALS 100 - 120 

SOURCE 


TOTAL 

Slock Intensity 

Procedures 

Slock Intensity x Procedures 

Error 

.2§ df-
769 .39 79 

98 . 64 3 

66, 62 1 

27 . 03 3 

577 . 10 72 

MS ! 

32 .88 

66 , 62 

9 .01 

8 . 02 

4 . 09 

8 .31 

1. 13 

.05 

. 01 

ns 
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TABlE m.I 

MEAN lltJl.IDER OF CORRECT RESPONSES ON TRIALS 1 - 20 AS A 

FUNCTION OF SHOCK INTENSITY AND PROCEOORES 

§ 
tllO 
$"~ 

Shock Int nsity in ma. .22 . 90 ..b.!! ...1:2 

~ ·0
6f.-1 

Procedure R 7. 6 8 .1 9. 4 8 .3 

~(I)
,..; 

\'aried Procedure 10 . 7 9. 7 10.4 7 .8 
..!-)C'Ii
0..-i

h/.1
8 

•90 ma Standard Procedure 9. 6 9. 0 8 . 2 9. 6 

AUAJXSIS OF V.ARIJUTCE OF THE lrtn,!BER OF CORR~T RESPONSES 

FOR ffiOCEDURES R, VARIED AND .90 ma STANDARD ON TRIALS 1-20 

OOURCE .§§ M ~ l 
TOTAL 781.87 119 

Shock Intensity 11. 67 3 3 .89 . 63 ns 

Procedures 34 .07 2 17 .04 2.76 ns 

Shock Intensity x Procedures 69. 73 6 11.62 1. 88 ns 

Error 666 .40 108 6. 17 

.. 
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TABlE XIV 

MEAN NUMBER OF CORRE<:I' RESPONSES 0 TRIALS 21 - 40 AS A 


FUNCTIOli OF SHOCK INTENSITY AND PROCEDURES 


6 
{/l
(1)0
Cll..:ta • 
g.rl 
~N 

Stock In~ensity in ma 

Procedure R 

Varied Procedure 

.5$ 

11.8 

15.1 

,90 

10.1 

10.3 

....!& 
9.8 

11.1 

...k.2 
10.7 

9.7 
til 

li •90 ma Standard Procedure 12.7 10.9 10.9 10.5 
0 
(.) 

ANA!l'SIS OF VARIANCE OF THE NUMBER OF CORRECT RESPONSES 

FOR ffiOCEll.JRES R, VARIED AND .. 90 m.a STANDARD ON TRIAlS 21~0 

SOURCE ss }1S- it - l 
TOTAL 877 .•87 119 

Slock Intensity 172. 20 3 57.40 9.73 ,01 

Procedures 18.87 2 9.44 1.62 ns 

Slock Intensity .x Procedtlres 58 . 20 6 9.70 1.67 ns 

·Error 628 . to 108 5.82 

.. 
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MEAN NUI·lBER OF CORRECT RESPONSES ON TRIALS 41 • 6o AS A 


FUNCTIO OF SHOCK INTENSITY AliD PROCEIXJRES 


8 
til Eilock Intensity in ma .55 .90 ~ _k2 
~;aa , Procedure R 11. 2 9. 9 11. 2 .9.4 
g-3
~(£) Varied Procedure 1~ . 1 12.8 14.5 10. 6 

~~ •90 rna Standard Procedure 13 . 7 11.5 11. 7 12. 0 
~t! 
8 

ANAU'SIS OF VARIANCE OF THE J.."'UMBER OF CORRECT RESPONSES 

FOR PROOEIURES R, VARIED AND . 90 ma STANDARD ON TRIAlS 41 - 60 

SOOltCE .§§ M ~ ! 
TOTAL 1285.87 ll9 

~ock Intensity 123 .87 3 41 . 29 4. 72 .01 

Procedures 163 .62 2 81.81 9.35 .01 

Slack I ntensity x Procedures 53.78 6 8.96 1.03 ns 

Error 944 .6o 108 8.75 

.­
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TABIE XVI 

MEAN NUMBER OF CORRECI' RESPONSES ON TRIALS 61 - 80 AS A 

FUNCTION OF SHOCK INTENSITY AN\0 ffiOCEDURES 

e 
0 &ock Intensity in rqa ____,22 .90 __!:li 2t2m£ 

Procedure R 13.0 11.1 11.9 10.7 ~ · ~-!<1 Varied Procedure 15.8 11. 2 13.9 ll.O 

•90 ma. Standard Procedure 12. 9 12.5 12,3 ll,O ~~ 
0 
0 

ANAI.ISIS OF VARIANCE OF THE IMffiER OF CORRECT RESPONSES 

FOR FROCt:WRES R, VARIED AND , 90 ma STANDARD ON TRIAlS 61 - 80 

SOURCE 

TOTAL 

Slock Intensity 

Procedures 

Stock Intensity x Procedures 

Error 

~ 

999 .92 

155.02 

34. 40 

55 . 00 

755.50 

.2! 
119 

3 

2 

6 

108 

MS-

51. 67 

17. 20 

9.17 

6. 99 

! 

7.40 

2.46 

1.31 

.01 

ns 

ns 

.­
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TABIE XVII 

MEAN NUMBER OF CORRECT RESPONSES 0 TRIALS 81 - 100 AS A 

FUNCTIO OF SHOCK INTENSITY AND PROCEllJRES 

a 
;~ 

Shock Intensity in ma ~ , ~0 _lJ1 ..b2 
g I 
g.,... 

Procedure R 15.2 13.8 12.2 10.2 

~co 
0'} 

Varied Procedure 17.4 13.0 13 . 5 13 .9 

li •90 ma. Standard Procedure 14.6 12.6 14.4 12.0 

8 

ANAIXSIS OF VARmCE OF THE NUMBER OF CORRIDT RESPONSES FOR 

ffiOCEDUR.ES R, VARIED AND . 90 ma STANDARD ON miAIE 81 - 100 

SOURCE .§§ ]§2l ! 
TOTAL 1349.47 ll9 

Shock Intensity 218 . 20 3 72.73 7.96 . 05 

Procedures 52 .87 2 26 .~ 2.90 ns 

Shock Intensity x Procedures 91. 00 6 15.17 1.66 ns 

Error 987.40 108 9 , 14 

.­
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TABlE XVIII 

}1E.AN NUMBER OF CORRECT RESPONSES ON TRIALS 100 - 120 AS A 

FUNCTION OF SHOCK INTENSI'l'Y AND PROOEllJRES 

a 
Shock Intensity in ma .22 , 90 ...l.Jt ...b2Ul~mrl a , Procedure R 16.3 15. 9 14. 5 12.1 

~8 
~ n Varied Procedure 16. 9 13 .1 14.7 l3 . 2 

Ul 

~~ •90 ma Standard Procedure 15.4 13 . 8 l3 .9 11.6 
h~ 
0 u 

.ANAIXSIS Of ARIANCE OF THE NUMBER OF CORRWT RESPONSES FOR 

PROCEDURES R, VARIED AND . 90 ma STANDARD ON TRIALS 100 - 120 

SOURC ss if ~ E-

TOTAL 1273 .87 ll9 


~ock Intensity 228 . 44 3 76 .15 8 . 43 .01 


Procedures 23 . 22 2 11.61 1 . 28 na 


Slock Intensity x Procedures 47 . 51 6 7. 92 .87 ns 
 l, 

Error 974 . 70 108 9 . 03 

.­
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EXPERINENT 1 

~'U ER 0 TRIAlS DEFORE CRITER.IO IS 

REACHED AS A FUNCTION OF SHOCK lliTEl~S!TY 

'PROCEDURE R 

Subjects Shock Int ties Sho Intensitie 

.)5 ~ 55 .9 1.4 2. 9 .35 .55 . 9 1.4 2.9 

1 120 62 31 ll 32 23 62 107 29 L3 

l 
Cll 2 15 34 23 2 96 32 56 79 2 102 

) 24 24 19 8 24 81 29 74 8 24 

4 10 9 l.3 37 65 8.3 45 llO 37 120 , 6 2 6$ 17 70 6 5'3 77 120 120 

6 120 30 39 16 32 120 77 77 84 109 

7 37 63 31 ll 7 98 12 109 120 7 

8 3 32 16 38 120 44 44 73 7 120 

9 120 10 4.3 39 8 120 110 89 f::i> 66 

10 41 18 12 45 38 85 68 12 104 120 

.35 .55 . 9 1.4 2.9 .35 .55 .9 1.4 2.9 

1 120 62 120 29 120 120 62 120 120 120 

2 81 (:1; 69 120 120 32 80 120 120 120 

3 85 65 102 120 24 81 109 102 110 93 

4 120 45 llO 37 120 120 45 110 106 120 , 45 (:1; 77 120 120 69 66 120 120 120 

6 120 77 96 84 109 120 104 105 84 120 

7 98 94 120 120 120 120 104 120 120 120 
.­

8 65 44 81 78 120 65 120 81 120 120 

9 120 120 89 66 120 120 120 120 120 120 

10 32 68 101 112 120 120 68 120 120 120 

http:CRITER.IO
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NU · ER OF TRIAlS BEFORE ITERIOI'l IS 

CHED AS A F\OOTIOU OF SHOOK INTENSil'Y 

-PROOEWRE R 

SUbjects Shock Intensities Shock Intensities 

,35 ~55 .9 1.4 2. 9 .35 .55 .9 1,4 2.9 

1 1B 6 28 9 49 54 120 78 120 27 

2 32 9 29 22 49 9 51 62 120 

8 50 6 120 30 73 30 120 .30 

31 13 20 43 40 41 20 43 66 

120 25 57 93 18 55 86 93 J.8 

6 120 16 120 91 50 120 120 91 87 

7 120 22 120 102 17 73 120 lll 87 

8 120 120 12 17 25 120 70 104 120 

9 120 l 32 66 5 75 98 120 67 

10 120 ll l3 38 92 120 110 61 120 92 

.9 1 .,4 2. 9 •.35 .55 . 9 1.4 2. 9 

l 116 120 112 120 27 120 112 120 120 

32 43 120 120 120 120 120 120 120 

82 73 30 120 120 82 73 30 120 120 

72 59 20 81 86 72 100 90 97 120 

120 71 86 93 120 120 113 86 93 120 

120 120 120 120 120 120 120 120 120 

120 120 120 120 87 120 120 120 120 120 

.. 120 120 86 120 120 120 120 86 120 120 

120 75 98 120 120 120 75 98 120 120 

10 120 120 84 120 120 120 120 98 120 120 
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EXPERINEN'f I 

COR.tc.'iiXJ'i' RESPOu.,ES IH BlOCKS 0 • 10 


TIUAIS AS A FmJC':'ION 0 SHOCK INTENSITY 


PRCC IillURE R 

~"u.bjects locks of Ten Trials 

1 2- 2 lt .2 6- 1 8- 9- 10- 11- ]g 

1 1~ 5 9 
... 
!> 6 4 

2 5 5 4 6 8 8 7 6 9 10 9 1 

g 
V\ 
~ • 
.& 
•rf 
t1 

ai 
~ 
H 

'C 
0 
tE 

3 

4 

5 

6 

7 

8 

3 

7 

4 

":l_, 

5 

8 

7 

4 

2 

5 
... 

4 

6 

4 

4 

6 

5 

7 

6 

6 

7 

6 

a 
4 

6 

8 

5 

6 

5 

7 

4 

7 

5 

5 

1 

2 

6 

8 

5 

4 

9 

1 

0 

10 

2 

9 

7 

5 

7 

10 

4 

9 

3 

0 

9 

7 

8 

10 

... 

9 6 5 6 5 3 5 4 7 9 9 10 8 

10 1 5 4 5 8 5 5 6 7 7 8 9 
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CORROO·r RESPON ES IN IDCK6 0 10 

TRIAlS AS A FU1£TIO: 0 SltOCK INTENSITY 

PROOEWRE R 

SUbjects Blocks of Ten Trials 

2 1 2 10- ll- 12-
l. 2 3 3 6 5 4 8 8 10 s 9 6 

2 0 2 6 7 6 9 3 7 6 7 8 9 

3 .3 4 1 7 3 3 o a 1 7 7 10 
V\ 

~ 4 , 8 6 7 7 9 6 9 10 9 10 9 

~ ~ 
1 6 

3 

3 

4 

4 

~ 

5 

6 

1 

4 

5 5 

7 

3 

8 

7 

8 

9 

6 

8 

9 

8 

6 

10 
~ 
H 
1j 7 4 ~ 5 5 5 5 5 7 1 8 8 7 

~ 8 4 3 4 5 8 7 7 7 9 8 8 9 

9 4 7 5 7 4 2 3 7 5 7 1 8 

10 2 6 8 '1 6 7 6 8 7 9 7 6 

BloCks of fen iels 

8-
1 6 2 2 7 5 2 3 t> 1 7 6 9 

2 6 5 1 7 7 6 3 6 8 8 1 8 

e 3 3 3 $ 6 3 5 5 8 6 8 9 10 

~ 4 5 6 6 2 6 5 5 5 4 6 6 10 

: 5 3 2 4 7 4 4 6 6 8 8 6 6 

~ 6 3 5 6 5 7 s 3 6 8 7 9 6 
~ 
~ 7 l 3 1 7 2 4 6 6 5 4 6 8 

6i 8 5 4 5 4 7 4 6 8 9 8 9 8 

9 5 4 5 4 6 7 s 7 6 8 B 8 

10 3 1 5 6 4 6 4 7 6 7 9 9 
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- - -

120 

SES IN BIDCKS 10 


LS AS A FUNCTIO 0 SHOOK IN rr:t 

PROC 

Subj~cts 	 Blocl.~s of ": 

l 	 l 2 1 h 2 1 8 2 

5 1 5 6 6 8 6 5 4 7 7 7 

6 1 6 6 7 4 7 5 2 7 5 5 

4 8 5 3 5 6 5 7 4 6 7 8 

2 ; 3 7 6 6 4 8 4 7 6 9 

2 5 4 .3 6 5 5 7 6 4 7 7 

6 5 ~ 5 5 5 5 8 9 8 8 
::i 7 2 6 4 5 1 5 5 7 5 6 5 7 

1 4 3 5 5 1 2 5 7 8 8 8 

9 3 5 4 6 6 6 6 9 8 7 8 8 

10 4 5 6 5 5 6 4 7 7 6 8 9 

J 8 

Block 	 of Ten Trials 

6 8 101 2 l! 

l 3 4 6 7 8 4 5 7 2 7 5 5 
2 1 5 4 5 6 3 2 3 l 5 a 5 

3 3 6 8 8 l 5 5 8 1 9 9 5 

~ 4 5 2 5 4 4 2 7 5 2 3 6 5 

~ !) 4 5 7 6 l 6 5 5 7 6 5 5 
· ~ 

+1 6 2 6 4 1 1 5 6 5 4 6 a 8.s 
73 .7 4 6 4 6 1 4 6 8 6 8 6 6 
0.. 
~ 8 l 4 4 5 5 5 3 4 5 4 6 6 

09 5 1 4 3 5 3 7 8 6 6 6 7 

lO 6 4 55 5 7 6 2 6 3 5 6 4 
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EKPERt lENT l 

COF.RIO.r R&«m)NSES IN 13.IDCKS OF 10 

'rRIAIS AS A FUliCTION OF SHOCK INTUWlTY 

PROO EllJRE R 

SUbjects Bloaka of Ten Trials. 

1- 1 ~ h ~ 6- 1 § 2 lQ ll- 12 -
l 4 3 5 4 6 7 6 6 7 7 8 9 

2 4 4 5 9 7 6 1 7 6 6 10 9 

~ 
\.t\ 
I"'\ 

~ 

3 

4 

4 

l 

8 

5 

7 

6 

7 

8 

5 

6 

6 

8 

6 

6 

7 

8 

8 

10 

10 

6 

10 

9 

7 

8 

~ ·s 
&J 
~ 
H 

t1 
0 

63 

5 

6 

7 

8 

-
... 
... 

.. 

.. 

... 

.. 

"" 

-
.. 

.. 
• 

"" 

... 

... 

..,. 

-
.. 

... 

"" 

... 

-

- ... 

... 

.. 

.. 

9 .. ... ~ ... ... • ... ... 

10 ... • .. - ... .. .. 
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CORRECT RESPONSES IN BIDCKS 0 10 

rRIALS AS A FUNCTION OF SHOCK INTlliSITY 

PROOEDURE ­
Subjects 

2-
Blocks of Ten 1'ria1s 

6- 1 8- 2 10- 12-
1 

2 

4 

3 

4 

8 

7 

5 

5 

1 

5 

9 

6 

6 

s 
1 

3 

7 

5 

7 

4 

5 

4 

7 

3 

8 

3 2 5 5 4 5 8 8 9 10 9 10 10 

4 3 2 6 6 8 8 9 7 5 7 10 8 

5 
6 

7 

5 

2 

0 

6 

3 

3 

7 

4 
6 

5 

4 

6 

6 

l 

4 

8 

3 

6 

7 

4 

7 

8 

3 

8 

9 

6 

6 

8 

3 

5 

8 

4 

5 

9 

5 
6 

8 

9 

10 

4 

6 

4 

5 

7 

6 

2 

5 
6 

4 

7 

3 

5 

4 

5 

6 

1 

5 

6 

5 

9 

9 

a 
7 

5 

9 

8 

5 

8 

7 

4 

9 

6 

6 

7 

8 

Blocks of 'l'en 'l'riaJ.s 

2 1 2 lQ ll 12-

a 
~ 

1 

2 

.3 

4 

l 

2 

4 
4 

4 
4 

4 
5 

6 

5 
6 

9 

8 

8 

10 

~~ 

6 

3 

5 

6 

5 
6 

6 

7 

8 

6 

6 

5 

4 

7 

7 

6 

7 

5 
6 

7 

9 

4 

5 

10 

8 

5 

4 

9 

9 

2 

1 

6 

.­

~ 
1d 
ij 

~ 
-a 
~-

5 

6 

7 
8 

9 

3 

4 

3 

5 

3 

J 

5 

4 

7 

3 

2 

3 

4 

5 

4 

4 

5 

3 

8 

6 

2 

2 

4 
4 

3 

6 

4 

4 
6 

4 

5 

6 

6 

5 

8 

5 

6 

2 

9 

4 

9 

4 

3 

9 

6 

8 

1 

6 

9 

6 

5 

3 

6 

6 

9 

8 

3 

4 

8 

1 

10 5 6 7' 6 7 6 8 5 9 8 10 8 



1~3 

SES IN BIOOKS OF 10 

IS S A FUl«lTlON 011' snacK lN1 · lSITY 

ffiOCEWR 'R 

Subjects Blocks of Ten i'riale 

l- 2- 2 1 8- 12-
l 3 6 3 6 5 4 6 5 5 5 4 6 

2 4 6 8 4 3 1 8 l 4 5 6 6 

~ 3 
...:t

• 
rl 4 

2 

4 
5 

4 
4 

5 

5 

4 
3 

9 

6 

6 

4 
8 

4 
8 

4 

8 

5 

7 

3 

10 

6 

8 

~ 
-a 5 4 5 6 4 5 3 5 4 5 8 5 6 

~ 
1:: 
H 

-(! 

~ 

6 

7' 

8 

0 

2 

5 

3 

l 

1 

4 
6 

4 

7 

3 

6 

4 
3 

5 

6 

3 

6 

3 

6 

3 

6 

2 

3 

6 

5 

1 

1 

3 

5 

8 

6 

9 

4 

a 
5 

9 2 4 4 3 4 6 6 5 5 1 7 1 

10 2 4 ) 1 5 8 4 6 5 6 9 9 

Blocks ot en Trial.a 

l- 2- 6- 1 8- 2 .!Q 12-
l 2 4 5 3 5 8 4 5 4 6 4 5 

.. 

s 
a-.. 
C\.1 

.t-
IGJ 

! 
...... 
g 
tS 

2 

3 

4 

5 

6 

7 

8 

2 

3 

l 

5 

.3 

5 
2 

5 

4 

5 

3 

4 

5 
5 

5 

4 

2 

7 

4 

7 

5 

.3 

7 

4 

4 

3 

3 

4 

5 

5 

7 

3 

4 

5 

5 

6 

6 

6 

4 

6 

6 

5 

4 
6 

5 

4 

5 

8 

1 

4 

5 

6 

b 

1 

2 

4 

8 

4 

1 

5 

4 

4 

4 

7 

6 

7 

9 

1 

6 

7 

5 

6 

5 
6 

4 

4 

5 

9 

9 

6 

8 

9 

9 4 1 5 5 4 7 7 5 4 5 4 6 

10 5 3 4 4 5 2 4 7 l 8 6 5 



12h 

EXPERIMENT n 

NUMBER OF TRIALS BEFORE CR!rlm:ON IS 

\' ::ACHED AS A FUNCTION OF SHOCK Il~TENSITY 

VARIED PROCWJRE 

Subjects Shock Intensities Shock Intensities 

..t.12 ~ . 9 - · lJt 2.9 - ~ ..t.2.2 .;z .!J! 2, 9 

(I) 

~ 
1 

2f5' 
(I> 

c:d 3 

14 

5 
..:::t 
G-1 6 
0 

5 7 
~f! 

8Q) 
~ 

~ 9 

12 

8 

21 

19 

36 

12:> 

120 

120 

120 

12 

9 

15 

l 

12 

20 

2 

1 

11 

28 

46 
l5 

46 

25 

33 

26 

10 

28 

51 

8 

35 

2 

L.3 

ll 

37 

11 

30 

11 

13 

46 

50 

15 
4 

83 

72 

25 

Ul 

i 
§ 
g. 
~ 
~ 
t,) 

t 
8 
..0 
fo,.j 
0 

8 
;;! 
Q) 
~ 
•l"l 
~· 
u 

120 

14 

46 

85 
36 

120 

120 

120 

120 

12 

9 

35 

13 

31 

78 

12 

19 

68 

28 

46 

47 
46 

25 

89 

26 

6o 

120 

110 

&5 

35 

2 

70 

21 

54 

u 
120 

40 

73 

46 

85 

15 

113 

83 

72 

120 

10 120 24 60 16 32 120 32 120 60 120 

~ ,52 ..:.2 .h!l 2 9 ~ ~ .:.2 .L.h ? · ~ 

.. 

(I) 

8l 
§ 
~ 
(!) 
~ 

13 
~ 
8 
<:0 

'() 

a 
't:! 
$ 
·~ 
u 

1 

2 

3 

4 

5 

6 

7 

8 

9 

120 

lh 

46 

85 

.36 

120 

120 

120 

120 

45 

9 

47 

52 

6.3 

78 

12 

19 

75 

28 

120 

47 

46 

120 

120 

2b 

60 

120 

110 

66 

35 

46 

70 

32 

120 

120 

120 

lo6 

91 

1l1 

85 

120 

120 

90 

79 

120 

Ol 
0) 
(I) 

e g. 
~ 
"tl 
f,. 
8 
0 
.-1 

c...t 
0 

5 ·n 
Q) 
+) 

~ 

120 

79 

46 

120 

36 

120 

120 

120 

120 

45 

120 

68 

77 

1o6 

78 

12 

19 

15 

120 

120 

120 

100 

120 

120 

26 

70 

120 

llO 

83 

120 

46 

70 

32 

120 

120 

120 

120 

91 

120 

120 

120 

120 

120 

79 

120 

10 120 45 120 98 120 120 45 120 98 120 
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EIPERI . T II 

:\ 
Nl.J}iBER OF TRIAlS BEFORE ITERION IS 

I 

REACHED AS A FUrJCTION OF SHOCK Dl'l'EWSITY .,t . 
' 

.90 ST IDARD PROCEOOR~ ., 
\ 
' 

Subjects Shock Intensities Slock Intensities 
,I " 

~ ~ .,J. l t4 k2 .:22. ..:.2.2 ~ .Llt '\2;9 \ 

i 
\ '\•0) : '"·\ '0-.,g 1 43 22 2L 8 20 43 37 47 8 l2d 

6 
' 

~.,......,20 120! 2 12 1 94 30 g. 37 94 \
i 

44 
':--.(!) \ ' ~ a:: \ ' 

-g 
3 51 23 15 10 27 77 33 15 43 ts \ g \ 

() 4 6 37 10 22 120 120 120 lOS 64 1kol!~ 0 
0 5 3 l3 7 30 )1 u 3 22 61 62 120 
...:;t -..a 
c... 120 120 $1 lJ 1 ~ 120 44 120 47 69 
0 6 

a 7 120 l4 34 47 38 a 120 120 34 47 44 
·o 1.! 
Q) Q 
~ 

8 120 91 24 82 45 ~ 
120 120 6o 102 120 

'fi ·~ 
0 9 120 29 63 19 87 ~ 120 29 68 28 120 

10 120 18 l 41 4 120 18 1 120 85 

~ ..,22 ..,!£ lJt 2.9 ~ .:2.Z .A2 ~ 2, 9 

(ll 
0) 1 43 45 47 120 120 6o 45 120 120 120 

2 37 41 120 120 44 ~ 37 41 120 120 120~ 
g. 

3 74 74 45 87 45 ! 120 94 108 87 120 ~ 
~ 
() 4 120 120 105 64 120 120 120 105 108 120lE 5 3 32 120 62 120 8 120 32 120 8 1208 

a') ~-6 120 44 120 47 80 120 101 120 81 100 
4-i ~ 0 

7 120 120 82 120 4h g 120 120 91 120 120s ·c ·r: 
(!) 8 60 Q)..., 120 120 l02 120 120 120 84 120 120 

.,; :;:1 .. 
0 
$.4 9 120 29 63 2 120 0 

~ 120 29 68 84 120 

10 120 120 120 120 120 120 120 120 120 120 
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EIPF.EI.HEl~T Il 

CORRECT RESPONSES IN BIDCKS 10 

mlALS AS A FUNCTION 0 SHOCK INTEtiSITI 

VARI:hiD PROCEWRE 

Subj~cts Blocl::s o! Ten '!.'rials ,1 2 3 4 6 7 6 9 10 ll l2 

1 4 6 5 4 4 4 s 7 7 s 8 

2 .. - - ... ... • ... ... ­.,I 3 8 9 8 9 3 7 7 10 10 7 10 

, ,,.. "" • 4 ... - ... .. - •""' ­
5 - ... ... .. ... ... .. ... 

6 4 6 6 7 8 10 1 8 8 10 9 9I - ­7 .... ... ...

! 8 s 3 5 6 6 4 5 8 4 3 6 

9 7 7 8 7 lO 9 5 9 9 9 10 10 

10 .. ... - ... - ... 



127 
EXPERnmtrr II 

CORR T RESPONSES IN BIOOKS OF 10 

1RIA.I.S AS A FUNCTIOU OF SHOCK INTENSITY 

VARIED PROOEDURE 

Subjects Blocks of Ten Trials 

2- 2 l 8- ]1 

1 3 8 6 5 8 8 7 7 8 9 7 6 

2 5 8 6 7 8 8 7 7 7 7 8 8 

3 6 6 8 6 9 6 9 8 10 8 8 

3 1 1 a 1 9 8 a 10 9 7 8 

3 7 1 1 6 6 9 7 8 7 9 10 

4 2 8 8 1 6 6 8 9 9 9 9 

5 9 9 9 8 1 8 8 9 8 8 8 

5 a ro ro w ro 9 ~ w 9 9 10 

4 7 7 9 6 6 1 9 9 9 8 9 

10 4 6 6 8 7 9 10 9 9 10 10 lO 

Blocks of Ten 'll'rials 

2- 6- 1 2 10-
l 3 4 6 8 6 7 5 1 5 6 2 7 

2 4 6 6 3 8 7 4 5 7 6 6 4 

.. 

0'\ . 4 
~ a 5 
~ 6r: 
H 

~ 1 
0 
{ij 8 

9 

4 

5 
6 

6 

3 

4 

5 

7 

5 

4 

5 

6 

7 

6 

3 

4 

~~ 

7 

7 

7 

5 

6 

6 

J 

s 
9 

-6 

7 

6 

1 

7 

6 

6 

1 

6 

8 

8 

4 

4 

10 

9 

2 

7 

3 

6 

5 

3 

9 

5 

6 

2 

6 

6 

9 

10 

4 

8 

7 

9 

5 

7 

8 

5 

5 

9 

6 

7 

8 

8 

5 

6 

10 

5 

5 

1 

8 

6 

8 

7 

7 

6 

9 

10 

6 

10 3 4 l 3 4 4 3 5 3 6 5 7 



EXPERINENT II 


COP.RECT fty"',SPO!WES I!:· DIDCKS OF 10 


l'P.IAIS AS A ·nCI'I0•'1 CF SHOCK I~~TENSITY 

Subj ectt> 

1 1 3- 6-
E1oCk• 

1 

of Ten ?rials 

8-
1 4 3 7 , 8 5 1 10 

2 

3 

l.t 

6 

4 , 4 

5 7 

6 

6 

7 

7 

9 

6 

8 

5 

9 

6 

c 

8 3 

9 

7 

4 , 8 

6 

4 

4 

7 

3 

5 

5 

6 

8 

9 

7 

8 

6 

7 

10 

7 

1 

1 9 

6 8 

6 

7 

8 

9 

10 

6 

6 

6 

' 

7 

5 

7 

6 

8 

4 

6 

3 

5 

9 

6 

7 

6 

3 

9 

7 

5 

7 

1 

10 

8 

6 

6 

9 

7 

8 

h 

8 

9 

7 

7 

6 

6 

1 

6 

7 

r 
6 

7 

8 

10 

2 

6 

10 

10 

7 

6 

6 

10 

Elock s of Ten Trials 

6- 1 8- 11 12 -
1 5 6 s 6 6 5 6 7 7 8 9 

.· 

~. 
(\J 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

1 

s 
s 
2 

3 

3 

5 

s 
1 

2 

4 

5 

5 

3 

4 

5 

6 

6 

6 

5 

6 

2 

3 

6 

5 

I 
t~ 

3 

6 

6 

4 

4 

6 

5 

7 

3 

3 

6 

s 
7 

0 

3 

6 

6 

6 

s 
6 

7 

4 

6 

6 

4 

6 

4 

5 

s 
6 

9 

6 

4 

5 

8 

3 

7 

7 

' 
' 
8 

6 

10 

6 

1 

9 

7 

6 

6 

9 

9 

6 

4 

9 

5 

6 

5 

7 

5 

0 

5 

4 

5 

9 

G 

4 

8 

8 

8 

3 



EXPERUD'l' n 
l 9 

CORRECT RESPONSES IN BIOOKS OF 10 

'l.RIALS AS A FUllCTION OF SHOOK lmENSI'IT 

. 90 ma STANDARD PROCEDURE 

Subjects 

1 2 3 4 

Blocks of Ten Trials 

5 6 1 8 9 10 ll 12 

1 4 5 6 5 9 8 10 10 9 10 9 9 

m 
l.l\ 
C")

• 

~ 
1d 
fii 
~ 
H 

~ 
V3 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

4 

6 

7 

1 

4 

-
... 

4 

1 

5 

5 

-
... 

4 

4 

8 

8 

5 

6 

3 

8 

-
5 

6 

8 

8 

-
-
7 

l 

6 

5 

-

-
6 

6 

7 

9 

9 

2 

6 

9 

8 

3 

7 

8 

• 

9 

2 

5 

6 

-
... 

9 

2 

8 

9 

8 

6 

7 

9 .. .. -
10 ... ... 
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EXPERD1ENT II 

CORR T R PO SES IN BIDCKS OF 10 

TRIAlS AS A FUllCl'ION OF SROCK INTENSITY 

•90 STAlJDARD PROOEDURE 

SUbjects 	 Blocks of T Trials 

6 8 10 121 1 - 2. 11 

l 3 4 5 7 9 10 6 10 9 8 10 10 

2 8 6 8 9 9 9 7 9 10 9 8 10 

3 	 2 4 6 8 7 L 8 9 9 8 10 10 

3 - 6 2 6 4 4 6 2 4 4 3 4 

5 8 8 9 10 10 3 6 9 8 6 8 

6 5 6 6 4 1 8 7 8 7 8 9 9 10 

7 l 3 7 4 5 6 5 6 4 4 2 6 

8 3 5 5 4 4 4 4 7 5 7 9 5 

9 4 4 7 9 9 5 6 9 8 10 9 8 

10 3 3 5 3 4 1 4 5 2 3 4 4 

Bloclts 	of Ten 'l'i"ials 

2 	 6 .§ 10 ll 121 2.-
l 5 3 6 5 6 8 7 7 6 4 6 0 

2 4 6 5 6 6 6 5 4 2 8 3 5 

3 1 7 6 4 9 8 6 7 6 6 7 9 

4 8 4 5 5 7 4 7 4 8 9 7 

6 3 5 8 6 5 8 5 6 7 5 6 

4 2 4 5 4 7 6 7 5 4 6 8 

3 4 5 7 4 6 7 4 9 8 8 7 
.. 

7 3 8 6 5 7 8 7 9 7 7 8 

9 5 5 5 4 4 3 7 8 9 8 9 8 

10 7 3 6 5 6 3 5 6 4 6 5 7 
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WERIMENT II 

CORR ·l' R PONSES m BlOCKS OF 10 

TRIAlS AS A MICTION 0 SHOCK IN .. , lSITY 

•90 :me. Sl'.AlmARD PROCEWR 

Subjects BloCks of en trials 

12-
1 

2 

3 

3 

4 

5 

4 

8 

6 

6 

6 

5 

4 
6 

3 

3 

6 

6 

6 

6 

6 

6 

8 

2 

9 

5 

~ 
...:::t• 
r-i 

p
3 
~ 
1-1 

~ 
tS 

3 

4 

5 
6 

7 
8 

5 

2 

2 

5 

4 

3 

9 

5 

4 

6 

3 

5 

3 

5 

4 

5 

6 

5 

5 

7 

7 

6 

4 

4 

8 

5 

4 

6 

4 

4 

7 

7 

7 

6 

7 

4 

5 

6 

8 

6 

4 

4 

8 

9 

8 

8 

8 

7 

10 

9 

8 

9 

8 

5 

1 

9 

9 

8 

8 

7 

8 

7 

8 

8 

5 

9 

9 

10 

6 

8 

7 

5 

9 4 4 77 9 9 5 6 '9 8 10 9 8 

10 3 3 5 3 4 1 4 5 2 3 4 4 

Blocks of Ten Trials 

5- 6 1 

1 2 4 7 4 5 8 6 4 4 4 4 5 

2 4 4 4 8 8 7 5 6 6 5 4 8 

3 4 6 6 7 7 6 J.i 5 6 5 6 6 

.. 

~ 
C\1 

~ 
ld 

·~ 

~ 

4 

5 

6 

7 

5 

4 

7 

6 

2 

5 

7 

6 

5 

4 

4 

3 

4 

6 

5 

6 

4 

7 

6 

8 

3 

8 

7 

4 

4 

7 

7 

6 

4 

6 

8 

4 

4 

7 

9 

7 

5 

8 

8 

5 

1 

7 

10 

6 

4 

8 

6 

4 

8 5 5 5 4 6 6 5 7 6 7 6 6 

9 

10 

2 

6 

6 

6 

6 

7 

6 

4 

5 

3 

6 

6 

4 

6 

6 

6 

6 

8 

6 

4 

6 

8 

5 

6 
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TABLE XXm 

l·lEAN mn rER OF OR T l cro:NS~5 or .IAJ..S 21 ... 40" DAY 1, AoI 

FUI>ICTION 0 SHOCK INTENSITY AliD PROCEIDRE 

Procedure S a-ocedure vl 

Shock Intensity 

Brie;ht CoiTect 

rlt Correct 

in rna . 55 

10. 5 

12.3 

. 90 

10. 2 

9.7 

-2.9 

11. 2 

10. 2 

..:.:.22 
11.8 

10.5 

.90 

9.5 

10. 7 

2.9 

9. 2 

9.3 

ANAU:SlS OF VAnl!NCE 

moo · 

IF TilE lUMBER OF ORR .T PONS •'S FOR 

D W 01~ IS 21 .. 40, DAY 1 

SOORC" 

TOrAL 

Slock Intensity 

CS (Bright or tit) 

Procedure (S or WY 

Slo In·· lsity . cs 

Stock Intensity Procedure 

Procedure x CS 

Slock Intensity x CS x Procedure 

Error 

ss-
715.87 

33 .08 

0 .34 

6 .12 

2.87 

7.59 

0.35 

26.02 

639 .50 

M 
71 

2 

1 

1 

2 

2 

1 

2 

60 

16.54 

0.34 

6.12 

1.49 

3.79 

0.35 

13 .01 

10.f:h 

! 

1.55 

0 .03 

0. 57 

0.14 

0.36 

0. 03 

1. 22 

J? 

n 

ns 

ns 

ns 

ns 

ns 

ns 
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tABLE XXIV 

HEAU tru11BER • CORRECT RESPOUSES ON TRIAlS 1 ... 6o, 

A FUNCTION OF SHOCK IN ' SI'l'Y AND PROCl:XURE 

Y 1, A& 

Shock Intcnsity in ma 

Bright Correct 

llu:k Correct 

Procedure S 

-s.22 ....:.29 2. 9 

ll .O 12.0 10.5 

JJ .5 12 .3 11. 2 

Procedure W 

~ ~ .2.:.2 
12 . 7 12. 7 10. 2 

11. 2 11 . 0 12. 2 

ANAIXSIS OF VARIANCE OF THE NUMBER OF COR.Rf.'CT REv~ JSES FOR 

IROCEDURES S AND ou LS 41 ., 6o, DAY 1 

SOUR • 

TOI'AL 

!hock Intensity 

CS (Bright or !art<:) 

Procedure (S or \J) 

Stock Intensity cs 

Shoclc Intensity Procedure 

Procedure x CS 

S:lock Intensity CS x Procedure 

Ol~ 

~ 

82 .99 

22 .03 

1.13 

l . l3 

12. 25 

3.58 

7.34 

16 .36 

765 .17 

.5!: 
71 

2 

1 

1 

2 

2 

1 

2 

..1§ 

11.01 

1 . 13 

1 . 13 

6 . 13 

1.79 

7.34 

8 .18 

12.75 

E 

0.86 

o.oo 
o.oa 

0.4 

0.14 

0.57 

0 . 64 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

.. 



135 
7ABIE XXV 

NEAll lim ER OF CORR ar R 'PO lSES Oll TRIALS 61 - 80, mY 2, AS 

A FUNCTION OF SHOCK INTENSITY AND PROCEOORE 

ProcQdure S Procedure W 

Shock Intensity in ma _t.2.Q 2.2 _,2Q 2.2~ ~ 

Bright Correct 11.5 11. 0 10. 7 13.5 12.0 10.5 

DllK Co~rect 15.8 10.7 9.8 13 .7 12.8 u .s 

AN.AttSIS OF VARIANCE OF THE NUMBER OF CORRFm RESPONSES FOR 

IROOEllJRES SAND W 00 TRIALS 61 - 60, DAY 2 

SOURCE ss Z.iS !- M -
TOrAL 580.87 71 

Shock Intensity 112.00 2 66 .00 10. 25 .01 

CS (Bright or Dark) 1.3 .34 1 13 .34 2.07 ns 

Procedure ( S or W) 10.12 1 10.12 1.$7 ns 

31ock Intensity x cs 17 .45 2 8.73 1 • .35 ns 

Slock Intensity .x Procedure 8 • .33 2 4 . 16 o.64 ns 

.Procedure x CS 0.69 1 o .69 o.u ns 

atoclc Intensity x cs x Procedure .32.L4 2 16. 22 2. 51 ns 

Err~ 386.50 60 6.44 
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TABLE XXVI 

MEAN NUMBER 0 CORRECT RESFONSES ON TRIAJLS 81 - 100, DAY 2 

AS A FOliaTION OF SHOCK IN . · SITY AND PROCEilJRE 

Procedure S Procedure W 

Shock Intensity :in ~ ....s.2Q _b.2 ~ .......22 ...l...2 


Bright Correct 13 .7 12.0 11 • .3 16.7 l4•.3 U ,8 

Illm Correct 1.3 .3 11•.3 ··s J16.5 4 • 13 .1 11.8 

ANAtrSIS OF VARIAllCE Oli' THE lroMBER 0 CORRECT RESPONSES OR 

ffiOCEil.JRES S AND W ON TRIALS 81 - 100, !lA.Y 2 

SQURCE ss dr 1$1 ! 
TOTAL 801. 99 71 

Shock Intensity 188 .87 2 94 .44 10.12 .01 

cs (Bright or nuk) 2.35 1 2.35 0 . 25 ns 

Procedure ( S or t-l) 15. 1.3 1 15. 13 1.62 ns 

Shock Intensity x CS 1 .. 69 2 0. 85 0 .•09 ns 

Stock I ntensity x Procedure 2.07 2 1.04 0.11 ns 

Procedure x CS 19.01 1 19.01 2.04 ns 

Shock Intensity x CS x Procedure 13 .04 2 6.52 o. 69 ns 

Error 559 .83 6o 9.3.3 

.. 
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EXPERU1ENI' III 

'l'OTAL Nm4BER OF TRIALS ro REACH A CRITERIOU 0 4, 6, 8, 10 

CONSECUTIVE CORRECT RESPONSES AS A FUNCTION OF SHOCK lliTENSrrY 

PROCELURE W 

BRIGHl' SIDE CORRECT 

Nu:rrber of Consecutive Correct Responses 

4 6 
Ehock Intensities 

in ma ,25 .:.2 2.9 - ..,.2..2 ..:.2 b2 
SUbjects 

l 45 11 11 45 46 111 

2 9 21 10 9 21 62 

3 15 3 47 l5 97 100 

4 4 39 14 1o6 72 26 

5 33 63 10 76 120 49 

6 30 23 29 40 43 120 

DARK SIDE CORRECT 

1 36 1 14 .36 93 14 

2 14 38 45 6o 38 120 

3 17 33 78 65 47 86 

4 72 7 18 101 1o6 120 

s 15 16 74 23 16 120 

6 23 10 7 95 39 65 
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TOTAL rtUJiBER OF TRIAIS TO REACH A CRITfRION OF 4, 6, 8, 10 


COnSECUTIVE Cor.REC~ RESPOUSES AS A ~TION OF SHOCK lliTENSITY 


PROCEJlJRE W 

BP..IGIIT SIDE CORRECT 

thunbcr of Consecutive Correct P..espc.nses 

8 10 
Slock Intensities 

in :a ~ ~ 2c9 ~ .;L 2,9 

Subjects 

l 45 46 120 7S 46 120 

2 21 43 62 21 120 62 

3 86 120 100 86 120 120 

4 106 72 120 1o6 72 120 

5 91 120 49 91 120 120 

6 73 120 120 73 120 120 

DARK SID' CORRECT 

1 36 93 30 36 120 L4 

2 110 67 120 120 120 120 

3 72 68 86 72 68 120 

4 101 106 120 101 106 120 

5 39 120 120 104 120 120 

6 120 39 85 120 104 85 

.. 
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EXPERIMENT III 

TOTAL NUNBER OF TRIA.IS TOR CH A CRITFltiON 0 4, 6, 8, 10 

CONSECUTIVE CORR:OOT RESPONSES AS A FUNCTION OF SHOCK INTEUSTIY 

PROCEIURE S 

BRIGHT 	SIDE CORRECT 

Number 	of Consecutive Correct Responses 

4 6 
Shock Intensities 

in a 2. 9 ~ 	..t.2 ~ .Ji. 2,9 

SUbjects 

1 28 19 24 28 19 120 

2 38 12 5 87 51 12 

3 33 27 3 120 120 35 

4 23 11 10 23 120 120 

5 90 31 23 90 41 120 

6 51 94 25" 78 120 61 

DARK SIDE CORREC'l' 

1 53 31 21 53 92 21 

2 20 4 11 20 4 53 

3 17 44 51 17 44 120 

4 32 31 30 15 110 120 

5 21 30 25 29 120 30 

6 17 	 75 32 42 120 51 
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EXPERIMENT III 

TOTAL lltn!BER 0 TRIAlS TO REACH A CRITERION OF 4, 6, 8, 10 

CONSECUTIVE CORRECT RESPOlTSES SA FU'NCTIOlt OF SHOCK DlTENSITY 

PROCEW.tlE S 

BRIGHT SIDE CORRECT 

Number of Consecut~ve CoiTect Responses 

8 10 
Slock Intensities 

inma ~ .t1 2 .~ ~ .:.2 2,9 

SUbjects 

1 38 19 120 89 120 120 

2 87 51 12 87 120 120 

3 120 120 120 120 120 120 

4 120 120 120 120 120 120 

5 90 41 120 90 41 120 

6 78 120 69 78 120 120 

DARK SIDE CORR.OOT 

1 120 92 120 120 92 120 

2 20 67 106 20 120 120 

3 48 99 120 84 120 120 

4 75 110 120 120 110 120 

5 15 120 30 75 120 30 

6 42 120 120 42 120 120 
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HXPERIMENT m 

CORRECT RESPONSES IN BIOOKS OF 10 

TRIALS AS A FUNCTION OF SHOCK mMSITY 

PROOEllJRE 

BRIGHT SIDE CQR.B.l'!£T 

Bloeks of Ten Trials 

6l 2 J lt .2 1 !! 2 10 1J: 12 

Subjects 

l 3 4 5 7 9 8 7 10 9 10 9 10 

2 4 s 5 3 6 5 8 4 8 6 7 8 

3 2 6 6 8 6 4 8 9 8 10 7 10 

4 0 3 3 2 2 3 6 7 5 6 9 10 

5 3 7 5 8 8 8 6 6 8 7 7 10a 
U\ 	 6 2 3 7 4 6 2 7 4 7 8 7 8
\i\• 

' ~ 

~ 
1.lA.RK 	 SID - CORRWTj 

Q 	 ,t-t 

l 4 9 9 8 1 6 6 8 9 8 10 
~ 
61 	 2 5 6 1 8 7 5 fJ 9 10 8 lO 10 

3 7 5 6 2 5 1 6 4 6 4 6 5 ,4 5 6 1 7 7 4 6 8 9 8 8 

5 4 4 5 6 6 6 7 8 10 9 10 9 

6 3 l 2 5 7 7 5 9 10 9 8 9 
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EXPERIMENT TII 

CORR c:t RESPONSES IN B lOOKS OF 10 


TRIAlS AS A FUNCTION OF SHOCK INTENSITY 


PROCEOORE W 

BRIGHT SID CORRECT 

Blocks of Ten Trials 

l 1 J 11. 2 6- 1 8- 2 10- .Y ]1 

Subjects 

1 4 4 s s 6 10 6 7 7 9 7 10 

2 4 2 8 6 8 7 6 1 9 9 9 7 

3 1 4 4 s 8 7 s 7 6 7 8 6 

4 s 4 2 7 7 s 4 9 8 9 8 9 

s 1 2 3 2 3 1 7 4 s 4 8 7 ~ 
o-.. 6 4 s 7 3 7 7 4 6 6 • 7 7 7 

~ 
•ri 

i 
.fJI DARK SIDE CORRnr:T 
~ 
-a 
0 1 6 3 6 s 4 s ~ 7 4 9 6 6 
~ 

2 3 6 4 6 7 7 s 9 8 9 8 9 

3 3 4 s 6 7 9 8 10 8 10 7 10 

4 3 3 5 4 7 2 6 3 2 7 8 10 

s 6 7 6 4 6 2 s s s 6 7 9 

6 4 6 7 6 8 2 8 6 s 9 8 8 

.­
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EXPERIMENt III 


CORRECT RESPONSES .IN BIOOKS OF 10 


TRJA.LS AS A FUNCTION OF SHOCK INTENSITY 


PROOEllffii W 

BRIGHT SIDE CORRECT 

Blocks of 'l'en Trials 

l l J .!! ~ 6- .1 8- j lQ )J 12-
Subjects 

l 4 $ 2 .3 2 2 2 5 4 5 5 6 

2 5 8 7 5 5 7 8 8 7 8 9 7 

3 4 7 3 5 6 7 3 4 6 4 9 7 

4 3 6 7 5 3 6 7 5 6 7 5 5 

I 5 5 8 4 7 4 9 5 5 6 7 8 8 
0\

•
N 

6 3 5 4 5 5 5 6 5 6 5 8 6 

~ 
1iJ 
~ 
+) DARK SIDE CORRECT 
~ 

H 

~ 
ei 

1 2 8 7 9 8 10 6 10 9 9 9 9 

2 4 4 4 2 6 3 4 6 8 7 5 8 

3 2 3 4 5 7 7 6 6 4 3 2 5 

4 4 4 ) 3 6 5 2 5 4 4 7 4 

5 5 4 3 4 6 3 4 7 3 5 5 4 
6 6 4 ' 5 6 6 5 8 7 8 1 8 



EXPERIMENT I II 

CORRECT RESPONSES Dl BIOOKS OF 10 

TRIAlS AS A ~TION OF SHOCK INTENSITY 

PROCEDURES 

SUbjects 

l 

2 

3 
.4 

s s 
~ 6 

• 
.& 

1 
~ 
~ l 

t11 2 

3 

4 

5 

6 

.l 

4 

4 

5 

2 

4 

4 

2 

4 

3 

5 

2 

4 

2-
6 

3 

6 

4 

l 

4 

3 

6 

5 

3 

4 

6 

J 

7 

5 

6 

8 

5 

2 

3 

10 

6 

3 

7 

8 

BRIGHT SIDE CORRECT 

Blocks of Ten Trials 

b .2 6 l 8- -
7 9 7 9 8 

5 7 6 7 7 

6 5 3 7 5 

3 9 6 4 3 

3 4 J 4 6 

66 4 8 4 !5 

DARK sm • CORROOT 

5 5 8 6 8 

9 9 9 9 9 

6 7 9 8 7 

7 5 l 8 7 

8 5 5 6 8 

5 9 9 9 lO 

.2 

7 

1 

4 

4 

3 

1 

8 

9 

9 

7 

lO 

9 

lO-­
10 

8 

6 

7 

JO 

9 

7 

]0 

8 

7 

1 

8 

ll-
s 
9 

5 

8 

7 

8 

7 

10 

lO 

8 

lO 

a 

.}g 

8 

8 

6 

4 

9 

6 

8 

9 

6 

7 

9 

lO 

.. 
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EXPERIMENT m 

CORRECT RESPONSES m BlOCKS OF 10 


TRIAIS AS A FUNCTION OF SHOOK INTENSITY 


P OOEWRE S 

BRIGHT SIDE CORRECT 

Bloaks of Ten Trials 

1: g ..2 .!t .2 6- 1 8- .2 1Q 1! ,g 

Subjects 

1 6 4 8 5 6 5 7 6 10 6 10 9 

2 4 5 6 5 5 9 6 6 8 8 7 8 

3 3 5 6 3 7 6 3 5 5 7 5 4 

4 3 6 5 6 4 6 8 5 4 2 5 2 

~ 5 6 5 6 5 9 7 5 6 5 7 4 7 

"'• 6 4 4 2 4 3 5 4 5 3 7 3 7 
~ 
-Q 
£) 

~ DARK SIDE CORRECT 

-a 
0 

t?1 
1 3 4 4 6 4 7 6 8 6 9 7 8 

2 7 4 5 5 8 8 6 7 8 9 7 5 

3 4 4 6 5 7 7 5 5 9 8 7 7 

4 1 5 6 6 6 8 4 5 5 7 7 10 

5 4 3 5 6 4 8 3 6 4 8 7 8 

6 2 4 2 2 4 3 l 8 4 3 4 2 

.. 
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EXPERIMENT III 

CORRECT RESPONSES IN BIDCKS OF 10 


TRIAlS AS A FUNCTION OF SHOCK INTENSITY 


PROCEilJRE S 

BRIGHT SIDE CORRECT 

B1ooks of Ten Trials 

Subjects 

l 

1 

2 

2-
6 

J 

8 

1! 

8 

.2 

7 

6-
6 

1 

, 
8-

4 

2 

7 

lQ 

3 

.1! 

8 

]& 

6 

2 

3 

5 

4 

9 

7 

3 

4 

6 

2 

4 

4 

6 

2 

5 

4 

3 , 6 

6 

7 , 7 

7 

8 

4 

~ 
~ 

•
N 

.& 
b1 

~ 
H 

~ 
0 
tS 

4 , 
6 

1 

2 

3 

4 

5 

6 

5 

s 
s 

4 

3 

0 , 
.3 

4 

2 

s 
6 

2 

7 

3 

3 

4 

6 

6 

6 , 

8 

2 

3 

4 

5 

1 

4 

8 

7 

4 , 
2 

6 

10 

5 

4 

6 

4 

DARK 

4 

7 

2 

4 

7 

4 

8 6 6 

7 8 9 

s , 4 

SIDE CORRECT 

3 5 4 

9 6 7 

5 , 3 

7 5 1 

8 7 7 

7 4 5 

6 

7 

4 

, 
6 

5 

6 

4 

s 

6 

4 

7 

4 

8 , 
s 
8 

6 

4 

6 

3 

3 

9 

4 

4 

5 

8 

6 

9 

s 

6 

9 

3 

5 , 
6 

.­
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TABlE B 

MEIJ!AN NUMBER OF TRIALS R~UIRED TO REACH A CRITERI ON OF 8 

CONSECUTIVE CORRECT RESPONSES AS A FUNCTION OF SHOCK mTmSI'l'Y 

CS+ 

fhock Intensities Bright. 
Day 1 , 2, 3 - 4,5 

.55 rna - .55 ma 37 5 85 .0 

2.9 ma ... 2.9 ma 210.5 205.5 

.55 ma - 2.9 ma 56.5 132. 5 

2. 9 ma. ... •55 ma 122.0 lll,5 

.. 
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NUU3ER OF ORR 1 R FQIJSES Ol TRIAlS ll - 20 , DAY 1, 

&.ock Intensitic 

5.2s. 
$.0 ~ .3 

Underlined values indicate t.h t en 4 the lilock intentttty of the grcup 
will b G'Witch d. 

Il'SIS OF VARIANCE OF THE tmtBER CORRmT ItESJ?ONSES ON 

TRiAlS ll - 20, DA.Y l, AS A lCTION OF lTA.L TREA · T SHOCK INTENSITY 

SOURC ss df !-
TOTAL 157.9 47 

Starting Stock Int sity 1.69 1 1.69 .60 ns 

T :md.nnl &.ock Int aity- 0. 5.3 l o.$3 .19 ns 

CS+ (Brigh:t. or rt!") l7.S2 1 17 .$2 6 .17 .os 
Starting Slack Intensity X 
Te~ Stock Intensity 1.68 l 1.68 .6o ns 

Start Slo In s:Lty XC 11.02 1 11. 02 3 .8· 

Emn:i.nnl Shook I tonsity X CS+ 2.51 1 2.$1 .88 

Sto.rbinB X 'l'erndrlal ock 
Intensity x CS+ 9.20 l 9. 20 3. 24 n 

or ll3 .63 .40 2.64 
. 
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TABlE XXXII 

MEAN NUMBER OF COR RESPONSES ON '!RIALS 51 - 6o, DA.Y 1, 

AS A FUNCTION OF EXPERIMENTAL TREA/l'MENT, AND SHOCK INTENSITY 

Shock Intensities 

CS+ .55 ma 2.. 9 ma 

Bright 6.7 LJ. 5.8 1L1 
J)uK 6.0 5.0 5.5 1L.2 

Underlined values indicate that ro ~ 4 the mock intensity of the group 
Will be M.tched. 

ANAU'SIS OF VARIANCE OF THE NUMBER OF CORRIOOT RESPONSES ON TRIALS 51 - 6o, 

DAY 1, AS A FUNO'l'ION OF EXPERnmNTAL 'l'REA.'.IMENT AND SHOOK lliTENSITY 

SOORC§ ss df MS- ! 
roTAL 184.31 47 

Starti.ng Shock Intensity 15.19 1 15.19 4.26 .05 

Terminal Slook Intensity 2.53 1 2.53 .71 ns 

OS+ (Bright or !alit) 9.19 1 9.19 2.58 ns 

Starting Shock Intensity x 
Terminal Shock Intensity . 4.68 l 4.68 1.32 ns 

Starting &ock Intensity x CS+ 4.68 1 4.68 1.32 ns 

Teminal Shock Intensity x CS+ 2.52 1 2.52 .71 ns 

Starting .x Terminal &ock 
Intens:tty x CS+ 1.70 l 1.70 .47 ns 

Error 14.3 .83 40 3.56 

.­
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TABLE XXXIV 

MEAN NUMBER OF CORRliPT RESPONSES ON TRIAlS 1 - 10, DAY 2, 


AS A FUNCTION OF EXPERIMENTAL TREA'IMENT, AND SHOCK INTENSITY 


Slock Intensities 

CS+ . 55 ma 2.9 ma 

Bright 5.2 

lluk 6,0 5.3 

Underlined values indicate that an ray 4 the shock intensity of the group 
will be switched. 

ANAIXSIS OF VARIA:tliE OF THE NUMBER OF CORRECT RESPONSES ON TRIAIS 1 - 10, 

DAY 2, AS A FUNCTION OF EXPERI.MENTAL TREAWENT AND SHOOK INTENSITY 

SOURCE .§§ ~ ~ ! 
TOTAL ll7 .48 47 

Starting Slock Intensity 1.69 1 1. 69 .46 ns 

Terminal fhock Intensity 2.52 1 2. 52 .95 ns 

CS+ (Bright or ram) 1.69 1 1.69 .46 ns 

Starting Slock Intensity x 
Terminal Stock Intensity 0.18 1 .18 .08 ns 

Starting Slock Intensity x CS+ 2 • .51 1 2.51 .95 ns 

Terminal Stock Intensity x CS+ 1 .02 1 1.02 .41 ns 

Starting x Te:nni.nal ::hock 
Intensity X CS+ 1.70 l 1. 70 .•64 ns 

Error lo6.17 40 2.6.5 

.­
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TABIE XXXV 

MEAN NUl-lBER OF CORRECT RESPONSES ON m!AI.S ll- 20, DAY 2, 


AS A FUNCTION OF EXPERIMENTAL TREATMENT1 AND SHOCK INTENSITY 


~ock Intensities 

CS+ .55 lila 2,9 ma. 

Bright 7.0 L2 5.5 ~ 

ra:rlc 6. 2 i.J 5.3 .2...§ 

Underlined values indicate that on JB.y 4 the shock intensity of the grrup 
will be SWitched. 

ANAIXSIS OF VARIANCE OF THE NUMBER OF CORRECT RESPONSES ON TRIAlS ll - 20, 

DAY 2, AS A FUNCTION OF EXPERI1£NTA.L TREA'IMEN'l' AND SHOCK INTENSITY 

TarAL 

SOURCE ss-
123 ,48 

d:f-
47 

~ l 

Starting &ock Intensity _11.02 1 11.02 4.37 .05 

Terminal Ehock Intensity 0 . 52 l 0.52 . 21 ns 

CS+ (Bright or JB.lk) 6.02 1 6.02 2.39 ns 

starting S:lock Intansity x 
Terminal Stock Intensity 3.52 1 -3.52 1.40 ns 

Starling Stock Intensity x CS+ 1.02 1 1.02 .40 ns 

Tenninal &ock Intensity x CS+ 0.02 l 0.02 .oo ns 

Starting X Ter.minal Slock 
Intensity X CS+ 0.53 1 0.53 . 20 ns 

Error 100.83 40 2,52 

. 
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TABLE XXXVI 

MEAN NU11BER OF CORRECr RESPONSES ON TRIALS 51 • 6o, DAY 2, AS 

A FUNCTIO OF EXPERI:t-1ENTAL TREA'lllENT, AND 3iOCK DtTENSITY 

CS+ S:lock Intensities 

. 55 ma 2. 9 ma 

Bright 8.5 6 .0 


lhrk 7.8 6 . 2 


Underlined values :indicate that the group had been trained on the other 
shock intensity . 

ANAIISIS OF VARIANCE OF THE NUMBER OF CORRFm RESPONS S ON TRIAlS 51-60, 

DAY 2, AS A FUNCTION OF EXPERD1EtiTAL TR . 'IMENT AND SHOCK INTENSITY 

SOURC • .§§ -df MS -F- .E 

TOTAL 169. 92 47 

Starting S:lock Intensity 16.34 l 16.34 4 .84 .05 

Terminal Slock Intensity 10.09 l 10.09 2. 99 ns 

c (Bright or ram) 4.09 1 4 .09 1. 21 ns 

Starting Stock In ensity x 
Terminal Shock Intensity 0 .32 1 0.32 0 .09 ns 

Starting SJ.ock Intensity x CS+ 2.99 1 2.99 0.89 ns 

Terminal Slock Intensity x CS+ 0.07 1 0. 07 o.oo 
Starting fhoclt Intensity x 

Tenninal Shock Intensi ty x CS+ 1.35 l 1.35 0 .40 ns 

. Error 134. 67 40 3 .37 
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TABLE xxxvm 

nunD.c.n- OF CORRECl' - PONSES ON TRIALS l - 10, Y 3, 


AS A FUNCTIOU 0 EXPERDEN'TAL TREA ml~1', AND SIOCK INTENSITY 


Slock Intensities 

c S5 2. 9 ma 

8.7 7.0 

7.7 6.0 

UnderlinGd vaJ.ues indicat that on IiJ;y 4 t.be d:loclt intensity of the grw.p 
w:Ul be switched. 

ANAIISIS OF VARIANCE (]I THE NUMBER OF CORRECT RESPONSES €:!l TRIALS 1 - 10, 

DAY 3, AS A WNC'fiW at EXPERDDTAt '1!REA'i'Mllm' AND StOCK INTEllSXTI 

SOURCE 8S df MS- - l-
TOTAL 335.92 47 

Starti%lg Sloek Intensity 21.34 1 21. )4 8.33 .01. 

Terminal Ehock Int Y' l .Ju 1 1 • .34 .52 ns 

CS+ (Bright or Imi<) 5.3L. l 5.34 2.08 llD 

Starting ::hock Intensity x 
orm1nal Ehoek In~~ 4.07 l 4.07 1.59 ns 

Starting &oak Intensity x C 0. 07 1 0 .07 o.oo ns 

Terminal Shock Intensity X CS+ 0.07 l o.oo o.oo ns 

Starting X Terminal fhock 
In.tens:1ty X CS+ 1.36 l. 1.36 .53 n 

Error 102.33 40 2.56 

.­
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TABlE XXXIX 

MEAN NUM3ER OF CORRECT RESPOliSES ON TRIAlS 51 - 6o, DA.Y 3, 


AS A FUNCTION OF EXPERIMENTAL TREA~T, AND SHOCK INTENSITY 


Shock Intensities 

CS+ .55 ma. 2.9 ma. 

Bright 8.7 JLJ 6 . 2 L.l 
Ia:ric 9.0 M 7.o 6,8 

Underlined values indicate that <n Day 4 the mock intensity of the grrup 
will be switched. 

ANA.USIS OF VARIANCE OF THE Nm1BER OF CORRECT RESPONSES ON TRIALS 51 - 60, 

DA.Y .3, AS A FUNCTION OF EXPERnlENl'AL TREA'JI¥1ENT AND SHOCK INTENSITY 

SOURCE ss df NS- - - I 
TOTAL l33 .31 47 

Starting Shock Intensity 38 . 52 1 38 • .52 17 . 83 <. 01 

Terminal Shook Intensity 2 . 52 1 2. 52 1 . 16 ns 

CS+ (Bright or f.ark) 0 . 52 1 0 . 52 0 . 24 ns 

Starting !hock Intensity x 
Terminal SJ.ock Intensity 0 . 52 1 0 . 52 . 24 ns 

Starting Sloek Intensity x CS+ 0 . 52 l 0 • .52 . 24 ns 

Terminal Sloek Intensity x CS+ 2 ,52 1 2 . 52 1 .16 ns 

Starting X Teminal Slock 
Intensity x CS+ 1 . 69 1 1.69 .66 ns 

Error 86 . 50 40 2 .16 
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l'IV 

CORRFDT R'• PONSES BWCKS OF 10 

1'RIAlS AS A 'nON OF SltOOK Illr · SrtY 

RIGHT .ID ' CORRECT 

locks of 1r.tal 

1 2- ­ l .h j e- l !l 10 l1- ­ ll l!t 12 
Su.b3ects 

l 7 6 6 6 9 9 1 9 6 9 8 10 10 9 6 

2 ;; ~ 5 6 5 5 3 8 7 8 '9 S' 7 9 9 

3 6 7 lO 10 10 ? 7 s 6 a 7 9 9 9 lO 

4 6 4 6 9 1 6 5 7 s 7 9 9 a 

5 2 5 5 5 , 5 6 6 6 6 7 7 9 9 8 

6 6 B 8 9 1 6 8. 7 8 8 9 10 9 lO 
~ • 

l& l1. l§ l2 20- .a! 22- ~ l3 26- l1 28- l2 .JQ 
J::t 
H 

J 
1 

2 

l.-0 

.a 
10 

8 

).0 

10 

9 

8 

6 

8 

10 

6 

10 

9 . 

8 

1 

10 10 

10 

10 

9 

10 

10 

~ 

9 

10 

lO 

9 

9 

3 lO 8 8 1 8 7 1 9 lO 10 10 10 lD 10 10 

h 8 9 8 9 7 9 8 10 8 8 9 a 10 9 10 

5 s 7 7 8 5 6 6 7 8 8 6 7 6 8 6 

6 10 10 . 9 10 9 lO 9 9 10 10 10 ? lO 6 9 

.. 
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PERIMENT IV 

CORRECT RF~PONSES Dl BlOCKS OF 10 

TRIALS AS A NCTION OF SHOOK INTENSI'l'Y 

DA.RK SIDE CORRECT 

Blocks of Ten Tr:i.als 

SUbjects 

l 

2 

3 

4 

5 

~ 
6 

.. 

1 2- ­
2 l 

3 6 

l 7 

~ 4 

h 1 

3 5 

J 

3 

7 

9 

5 

7 

6 

1! 

2 

8 

9 

l 

5 

1 

~ 

0 

10 

7 

3 

7 

7 

6-

2 

9 

9 

5 

8 

3 

l 

6 

7 

8 

3 

5 

.7 

8 

7 

5 

9 

4 

6 

6 

9..... 

10 

6 

5 

6 

7 

6 

10-
9 

10 

7 

7 

8 

9 

_g 

10 

5 

10 

7 

8 

8 

_!g 

8 

7 

9 

6 

9 

8 

ll 

6 

8 

9 

3 

10 

8 

~ 

10 

10 

9 

5 

8 

7 

~ 

lO 

9 

9 

6 

9 

9 

~ 
j 
a 
H 

ii 
() 

ti 

l 

2 

3 

4 

5 

6 

J.6 l1-
9 9 

9 9 

10 10 

9 6 

9 8 

6 6 

16 19 20-·--­ -
10 a 10 

9 6 9 

9 10 10 

8 6 6 

10 9 10 

6 8 8 

21-
9 

8 

10 

7 

7 

9 

22......... 

10 

8 

10 

9 

10 

lO 

.£J 

10 

10 

10 

8 

10 

10 

..?11 

9 

10 

10 

7 

10 

8 

2C:-
10 

10 

9 

6 

10 

10 

26 ~1- ­
9 7 

10 10 

7 9 

7 7 

10 10 

10 9 

_g§ 

4 

10 

9 

8 

10 

9 

12 

8 

10 

9 

8 

9 

8 

lQ 

8 

10 

9 

8 

10 

10 

.­
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EXPERUlENT IV 

GORR:EXJT RESPONSES IN BlOCKS OF 10 


TRIALS AS A FUNCTION OF SHOO INTENSITY 


BRIGHr SIDE CORRS::'l' 

:Slocks o:f Ten Mal.s 

l l .J h ~ 6- 1 8- 2 1Q .n 12- 1J .!!! ~ 
SUbjects 

1 6 6 5 5 ; 5 5 7 4 1 7 4 5 5 7 

2 2 4 6 5 4 6 5 4 4 5 3 5 7 5 8 

3 6 5 7 3 4 6 4 5 6 5 5 5 7 8 7 

4 8 5 5 7 6 5 4 6 7 9 8 8 1 8 8 

l! 
0\.

•
(\j 

5 

6 

4 

2 

4 

7 

5 

6 

4 

6 

6 

6 

5 

8 

6 

7 

4 

7 

6 

6 

7 

9 

1 

8 

6 

6 

6 

10 

7 

8 

5 

8 

~ ·s 
§ .!§ l7 18- 1.2 20- l! gg D l!! _g2 1§ J1 28- 29- 22 
.s 
13 1 5 5 5 4 7 7 6 8 9 8 6 9 10 8 8 

~ 2 6 7 5 8 6 7 5 6 5 1 9 10 10 8 9 

3 8 6 4 8 9 9 7 9 6 8 ' 5 9 8 8 8 

4 6 7 7 9 8 9 8 9 9 8 10 7 8 9 8 

5 8 6 8 7 6 8 8 9 6 6 5 6 3 4 4 

6 10 1 8 8 6 7 7 7 8 7 6 9 a 6 8 

.­



101 
ElPERIMENTIV 

CORRECT RESPONSES lB BlOCKS OF lD 

TRIALS AS A Ftm";TION OF SHOCK INTENSITY 

0ARK SIDE CORRECT 

Blooks of Ten '!'rials 

l 2- J 1l 2 6- 1 a·- 9- lQ 1! 12- JJ 1!! ~ 
Subjects 

l 7 6 3 8. ~ 6 7 5 6 6 5 6 3 6 6 

2 5 7 5 4 5 5 3 7 6 4 6 8 6 7 6 

3 5 5 7 8 6 6 a 7 ~ 6 4 1 6 5 4 

4 3 3 4 6 6 6 5 5 6 7 5 4 9 3 4 

s 5 3 5 5 8 5 1 4 4 4 6 5 6 6 6 8 

"'•(\) 
6 2 6 4 4 2 3 5 4 4 5 7 6 6 .3 6 

~ 
~ 

f 16- lJ. 18- 19- 20·- 21- 22- ~ ~ 25- ~ :K1 28- l2 J2 
H 

~ 
0 

l 4 6 1 8 8 9 9 9 9 8 7 8 10 ~ 9 
~ 2 6 7 8 9 8 7 7 1 7 8 8 9 10 6 7 

3 1 7 4 5 8 5 6 6 8 6 1 4 8 6 8 

4 5 6 8 6 8 8 7 6 7 1 8 8 6 6 8 

5 7 9 7 10 5 5 7 9 6 7 8 7 6 7 6 

6 4 6 8 9 8 8 8 9 7 7 8 7 9 6 6 
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EXPmiMENT IV 

CORRB:n' R · PONSES IN BIDCKS OF 10 

'I'RIALS AS A FUNCTION OF SHOCK INTENSITI 

BRIGHr SID CORRECT 

Blocks of Ten Trials 

1- l 1 li .2 6- 1 ~ 2 10- 11- 12- ]J ~ .!2 
&tbjects 

1 9 9 5 8 8 8 8 7 9 9 7 10 9 10 10 

~ 2 4 8 6 6 5 8 5 9 10 7 8 a a 10 10 
.,... 
tllO\

iN 3 5 4 7 h 3 5 7 1 8 7 8 7 7 6 7 
~ 
s::: 
H 

• 4 3 1 6 8 7 1 8 1 8 8 8 8 1 8 9 
-al 
~~ 5 7 6 6 7 9 9 7 9 8 1 7 8 6 9 9 

6 7 8 6 9 8 1 4 6 8 6 7 6 7 5 5 

16- ll 16- l2 1Q 21- lZ lJ~l2 26- 11 1§ j2 .lQ 
1 9 8 10 5 7 10 9 9 9 9 7 8 9 1 9 

2 9 7 9 7 6 6 7 9 8 9 6 8 9 8 8 
~ 
·~~ 
(I)N 

3 6 6 7 5 7 5 7 7 7 8 7 8 9 9 8 

~ · 4 9 9 9 8 5 4 8 9 6 7 9 3 10 9 7 

~\!\ 5 9 8 8 7 5 6 5 6 8 8 9 5 6 6 7 
63~ 

6 6 6 1 7 5 7 7 6 8 7 6 5 7 8 7 

•. 
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EXPUllMEHl IV 


CORREC .R.ESPON SIN ~KS OF 10 


IS AS A no OF SHOCK 

SID CORR 1' 

Blocks or r B 

1 l J Jl j 6 l 8 .2 10 11 12 ll l!!.M 
Subjects 

l 3 4 8 7 8 10 8 8 10 9 10 9 l.O 10 10 

2 2 4 .3 s 6 h 3 $ 8 6 1 5 6 1 9 

3 ) 6 h 7 !) s 6 7 1 6 8 8 7 6 6 

h 6 3 4 s s 5 6 7 7 5 7 9 1 8 4 
0\

• . N s 3 2 4 J 2 4 2 4 3 5 2 4 7 6 5 

I 6 2 2 4 4 2 2 5 7 5 6 3 3 6 8 6 

~ 
• 

12- J:I 18 l2 20 21 22 .E.l lh§ 26 :!1. 28 l2 Jg 

1f 
10 10 10 8 8 8 9 9 lO 10 9 a 9 9 9! l 

2 9 9 9 7 10 1 5 8 7 1 7 8 1 8 8 

~ 3 8 8 10 6 6 1 6 7 8 7 8 5 6 6 8 

h s 6 8 6 6 4 9 9 4 9 8 lO 8 lO 

5 b 1 8 8 ; s 6 1 s 6 5 7 h 7 .3 

6 7 6 8 .3 7 6 8 f) 3 6 6 9 8 a 6 

.­
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PERIMENT IV 

CORR · RESPONSES IN BlOCKS OF 10 

TRIAlS AS A FUNOTION OF SHOCK mm~SITY 

BRIGHT S:rl)E CORRECT 

Blocks of Ten rials 

1 2- J li ~ 6- l .§ 2 10- 1! 12- lJ 11! ~ 
Subjects 

1 6 7 5 1 6 5 7 9 7 9 7 9 6 9 8 

2 5 4 5 4 6 3 4 5 5 4 6 5 5 6 6 

3 3 4 5 6 1 5 8 -5 5 6 6 8 6 7 7 

i 4 6 5 4 6 6 7 5 7 6 5 1 7 6 1 9 
1J\ 
\1\. 5 3 6 5 4 5 3 5 6 6 6 6 .3 7 6 8 
J 
I 6 ' 4 5 4 6 5 6 7 7 9 5 10 7 8 5 
I 
0'\

•c..t · 

l? 
16- .!1 18-­ l2 20- 21- .£g ~ 1!t ~ _g§ g], 1.§ l2 lQ 

'fiJ 

~ l 9 9 9 10 10 9 lO 10 10 9 lO 10 10 10 10 
.... 
-a 2 8 6 7 6 8 5 9 8 8 9 6 5 9 6 8 
0 

~ - 3 4 7 7 8 1 1 8 10 10 9 9 9 10 10 10 

4 7 8 6 9 8 10 10 9 10 8 8 9 10 10 ''10 

5 4 6 10 7 6 7 8 9 8 7 6 9 7 8 7 

6 9 10 7 9 10 9 10 10 10 10 10 10 9 10 10 
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EIPERDiEliT IV 

GORR!im RESPONSES m BIDCKS OF 10 


TRIALS AS A FUliGTION OF SHOOK mTENSITY 


DARK SIDE CORRECT 

Blocks of' Ten 'l'rials 

l- 2- J lt .2 6- 1 ~ 2 10- ll- 12-­ ]2 l!! ~ 
Subjects 

1 4 6 3 7 8 6 5 2 6 4 a 4 4 4 5 

2 3 6 5 4 7 5 6 8 8 6 8 6 6 9 9 

3 4 3. 4 5 4 4 6 6 7 5 5 6 6 9 10 

~ 
\J\ 
\J\. 

I 

I 

4 

5 

6 

4 

6 

4 

6 

3 

2 

6 

6 

5 

5 

4 

4 

5 

1 

8 

4 

3 

5 

5 

6 

1 

5 

7 

7 

7 

5 

5 

6 

6 

6 

f) 

9 

10 

9 

5 

8 

1 

5 

8 

9 

6 

8 

7 

6 

9 
m 

0'\
•

C\J 

~ 
1i1 
j 
s::: 

H 

tJ 
0 

tE 

l 

2 

3 

16-
7 

9 

8 

17-
5 

9 

8 

.!§ 

6 

8 

8 

l2 

6 

4 

~ 

20-
6 

7 

10 

21-
9 

8 

9 

22-
. 9 

10 

10 

23-
8' 

10 

10 

~ 25-
7 1 

69 

10 9 

22 

7 

8 

10 

'1.£· 

6 

10 

J.O 

28-
8 

10 

9 

29-
9 

8 

10 

.J.Q 

8 

9 

10 

4 7 6 5 9 8 9 10 10 10 9 9 l.O 8 10 . 10 

5 3 5 4 1 8 6 6 7 6 9 lO 9 10 10 9 

6 ., '9 7 10 5 10 10 9 7 9 10 8 8 9 10 10 

.. 





