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ABSTRACT 

Two experiments were concerned with the establishment 

of durable resistance to extinction using stimuli previously 

paired with the opportunity to obtain lateral hypothalamic 

brain stimulation. In the first experiment both a discrimi- 

native stimulus and a classically-conditioned stimulus were 

presented. In the second experiment the discriminative 

stimulus was omitted. In a two-lever Skinner box, the 

operation of a permanent lever introduced a retractable lever 

on which the subcortical stimulation was available. The 

two peripheral stimuli were associated with the insertion of 

the bar on which the brain stimulation was available. Two 

response measures were recorded on the permanent lever. The 

first measure was the number of bar presses. The second 

measure was the percentage of these presses which occurred 

within a 15 second interval after the presentation of the 

discriminative stimulus. The results of the two experiments 

were consistent with the view that positive lateral hypo- 

thalamic brain stimulation acts in a manner similar to 

peripheral primary rewards. More specifically, it was demon- 

strated that a discriminative stimulus (and possibly an 

accompanying classically-conditioned stimulus) can operate 

to produce resistance to extinction, when the response is 

antecedent to the act delivering the brain stimulation. It 

is suggested that this increased resistance to extinction 

iii 



is possible only when the delay of reinforcement and the 

response topography is similar to that used to establish 

resistance to extinction with peripheral reward. 
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I n  t h e  f i f t e e n  y e a r s  t h a t  have e l a p s e d  s i n c e  Olds and 

Milner  (1954) p re sen ted  d a t a  which sugges ted  a  p h y s i o l o g i c a l  

b a s i s  of  reward,  con t rove r sy  has  raged  concern ing  whether t h e  

behaviour  e l i c i t e d  by i n t r a c r a n i a l  b r a i n  s t i m u l a t i o n  (ICS) 

indeed r e f l e c t s  o p e r a t i o n  of normal reward mechanisms. Olds 

and Milner  found a r e a s  i n  t h e  s e p t a 1  and hypothalamic r eg ions  

o f  t h e  b r a i n  where a  r a t  would s t i m u l a t e  i t s e l f  f r e q u e n t l y  

and r e g u l a r l y  f o r  l ong  p e r i o d s  of  t i m e  i f  p e r m i t t e d  t o  do so .  

This  r e p e t i t i o n  of  an a c t i v i t y  ( e .g . ,  ba r -p re s s ing )  which 

preceded t h e  ICS was thought  a t  t h e  t ime t o  be  s u b j e c t  t o  t h e  

same laws a s  conven t iona l ly - r e in fo rced  behaviour .  Subsequent 

i n v e s t i g a t i o n  has  found t h a t  t h e  c h a r a c t e r i s t i c s  of behaviour 

rewarded by ICS correspond i n  some r e s p e c t s  wi th  t hose  of  

behaviour  rewarded i n  a  normal, p e r i p h e r a l  manner (e .g . ,  f o o d ) ,  

b u t  some s t r i k i n g  d i f f e r e n c e s  have been encountered.  

Before  e n t e r i n g  i n t o  a  d i s c u s s i o n  concerning t h e  d i f f e r -  

ences  between ICS and p e r i p h e r a l  reward,  some mention should 

be  made r ega rd ing  t h e  v a r i o u s  s p e c i e s  i n  which rewarding 

b r a i n  s t i m u l a t i o n  has  been found,  and t h e  a r e a s  of t h e  b r a i n  

r e s p o n s i b l e  f o r  t h e  e f f e c t .  Although t h e  m a j o r i t y  of t h e  

s t u d i e s  pub l i shed  and d i s c u s s e d  l a t e r  i n  t h i s  paper  i nvo lve  t h e  

r a t ,  a  number of r e s e a r c h e r s  have u t i l i z e d  c a t s  and monkeys. 

Rober ts  (1958) r e p o r t e d  rewarding e f f e c t s  of  p o s t e r i o r  

hypothalamic s t i m u l a t i o n  i n  t h e  c a t ,  and two s t u d i e s  ( S c h n i t z e r ,  



Reid & Porter, 1965; Wilkinson & Peele, 1963) report training 

cats to bar-press for stimulation of the lateral hypothalamus 

and the medial forebrain bundle region. Work with monkeys 

has shown their capability to press a lever to obtain ICS 

on both limited VI and FR schedules, depending on the electrode 

placement (Brady, 1961; Brodie, Moreno, Malis & Boren, 1960; 

Porter, Conrad & Brady, 1958). Four other mammals with which 

the ICS effect has been demonstrated are the dog, rabbit, 

gerbil, and dolphin. Stark and Boyd (1961) reported .that 

dogs will bar-press at a sustained high rate for electrical 

stimulation of the posterior hypothalamus, as will also the 

gerbil (Kramis & Routtenberg, 1969). Rabbits have been trained 

to push a chin lever to gain electrical stimulation of the 

septa1 area (Campbell, 1968). One of the most intriguing 

mammalian species in which reward centers have been found is - 
I 

the bottlenose dolphin (Lilly & Miller, 1962). These aquatic I 
I 

mammals learned not only to push a rod but also to vocalize 

for stimulation of the caudate nucleus. Three non-mammalian 

species have also received some attention. Macphail (1968) 

found that electrical stimulation of the forebrain of pigeons 

had reinforcing properites, although it was noted that they 

did not work for the ICS in the absence of prior food-rewarded 

sessions. Chicks, in contrast to pigeons, apparently need 

no prior experience with a peripheral reward. Andrew (1967) 

reported that chicks peck at a high rate, giving, in associ- 

ation with self-stimulation, vocalizations of a type given to 



a  v a r i e t y  o f  sou rces  of s t i m u l a t i o n  which c h i c k s  tend  t o  

approach ( food ,  i m p r i n t i n g  o b j e c t ,  e t c . ) .  The lowes t  s p e c i e s ,  

p h y l o g e n e t i c a l l y  speaking ,  t h a t  has  demonstra ted p o s i t i v e  

i n t r a c r a n i a l  re in forcement  i s  a  t e l e o s t  - t h e  g o l d f i s h .  

Boyd and Gardner (1962) t r a i n e d  g o l d f i s h  t o  s h u t t l e  i n  a  t ank  

p o s i t i o n  t a s k  i n  which t h e  p o s i t i v e  s i d e  was r e v e r s e d  between 

t r i a l s .  I n  a d d i t i o n  t o  t h e  s h u t t l i n g  t a s k ,  t h e  f i s h  l e a r n e d  

t o  s t r i k e  a  t a r g e t  t o  r e c e i v e  ICS when a  cue l i g h t  was p r e s e n t ,  

g i v i n g  ev idence  of d i s c r i m i n a t i o n .  

I n  t h e  s t u d i e s  mentioned above,  it can on ly  i>e i n f e r r e d  

t h a t  t h e  b r a i n  s t i m u l a t i o n  was "rewarding".  A sma l l  number 

of c l i n i c a l  s t u d i e s  u s i n g  human n e u r o p s y c h i a t r i c  p a t i e n t s ,  

however, g i v e s  us  some d i r e c t ,  a l t hough  p o s s i b l y  u n r e l i a b l e ,  

i n fo rma t ion  r e g a r d i n g  t h e  e x p e r i e n t i a l  e f f e c t  of ICS. P a t i e n t s  

equipped wi th  p o r t a b l e  s e l f - s t i m u l a t o r s  have s t i m u l a t e d  t h e i r  

own b r a i n s  by means of  a  b u t t o n  swi tch  wired i n t o  t h e  c i r c u i t ,  

and i n  a s s o c i a t i o n  wi th  t h e  ICS have expressed  f e e l i n g s  of  

comfort ,  r e l a x a t i o n ,  and joy (Heath,  Leach & Byers ,  1963; 

Sem-Jacobsen, 1959) .  Other  e f f e c t s  of I C S  r e p o r t e d  a r e  

i n c r e a s e d  a l e r t n e s s ,  more r a p i d  speech ,  and t h e  expressed  

d e s i r e  f o r  r e p e a t e d  s t i m u l a t i o n  (Heath & Mickle,  1960) .  One 

a t t empt  has  been made t o  i n v e s t i g a t e  human ICS behaviour  

approaching s t r i c t  l a b o r a t o r y  c o n d i t i o n s  c h a r a c t e r i s t i c a l l y  

used i n  animal s t u d i e s  (Bishop,  E lde r  & Heath,  1963, 1964) .  

Bra in  a r e a s  found t o  y i e l d  rewarding s t i m u l a t i o n  i n  t h e  

p a t i e n t s  were t h e  cauda te  nuc l eus ,  t h e  septum, and t h e  p o s t e r i o r  



hypothalamus. Each of  two p a t i e n t s  was equipped wi th  a  

l e v e r  and hand b u t t o n  by which he could s t i m u l a t e  h i s  own 

b r a i n .  Using t h r e e  methods, termed " t h r e e  c u r r e n t  l e v e l s " ,  

" f r e e  cho ice" ,  and " fo rced  c h o i c e " ,  t h e  two p a t i e n t s  showed 

r e l i a b l e  b e h a v i o r i a l  evidence of t h e  r e i n f o r c i n g  e f f e c t s .  

I t  was r e p o r t e d  t h a t  t h e  p a t i e n t s  d i s r e g a r d e d  a t t r a c t i v e  

food when pe rmi t t ed  t o  s e l f - s t i m u l a t e ,  even when they  had 

been food-deprived f o r  seven hours .  

The s t u d i e s  c i t e d  above i m p l i c a t e  t h e  l a t e r a l  and 

p o s t e r i o r  hypothalamus, t h e  medial  f o r e b r a i n  bundle ,  t h e  

s e p t a l  a r e a ,  and t h e  cauda te  nuc leus  i n  t h e  r e i n f o r c i n g  

e f f e c t ,  dependent on t h e  s p e c i e s .  The ana tomica l  l o c a l i z a t i o n  

of re inforcement  e f f e c t s  has  been examined thoroughly  i n  

t h e  r a t .  Olds and Olds (1963) found t h a t  on ly  t h e  l a t e r ~ l  

hypothalamus and t h e  medial  f o r e b r a i n  bundle y i e l d  pure  

p o s i t i v e  r e in fo rcemen t ,  wh i l e  t h e  s e p t a l  and media l  hypo- 

t ha l amic  a r e a s  y i e l d  mixed p o s i t i v e  and n e g a t i v e  ( a v e r s i v e )  

e f f e c t s .  Other  d i f f e r e n c e s  between medial  f o r e b r a i n  bundle - 

hypothalamic placements  and t h o s e  of t h e  septum have been 

r e p o r t e d  (Olds ,  T r a v i s ,  & Schwing, 1960) .  The r a t e  of bar-  

p r e s s i n g  i s  g r e a t e r  w i th  t h e  former s i t e s .  I n  a d d i t i o n ,  

hypothalamic s t i m u l a t i o n  seems t o  produce he igh tened  g e n e r a l  

a c t i v i t y  (Rober t s ,  1958) whi le  s e p t a l  s t i m u l a t i o n  appears  t o  

i n h i b i t  g e n e r a l  a c t i v i t y ,  a r r e s t i n g  running  performance i n  a  

maze f o r  long  p e r i o d s  (Olds ,  1956) .  Hypothalamic s e l f -  

s t i m u l a t i o n ,  i n  c o n t r a s t  t o  s e p t a l  s e l f - s t i m u l a t i o n ,  seems t o  



be resistant to decrements in response rates. In 48-hour 

tests, rats with hypothalamic electrodes self-stimulated to 

exhaustion and howed no decrement in response rates. Rats 

with septal placements, however, showed slowing of self- 

stimulation after four to eight hours of continuous responding. 

These differences between hypothalamic and septal 

positive reinforcement are of considerable importance in the 

analysis of relationships between secondary reinforcement 

and ICS reward. Our examination of differences between the 

characteristics of behavior rewarded with normal peripheral 

rewards and those of behavior rewarded with ICS center around 

reports of discrimination learning, runway and T-maze per- 

formance, the effect of lengthening intertrial intervals, 

ease of establishment of intermittent schedules, and the 

phenomena of extinction and secondary reinforcement. Some 

of the differences between the characteristics of these 

two types of reward may be resolved if the nature of the reward 

is taken into account, i.e., if the procedure using ICS is 

modified to allow for an antecendent operant response to 

occur. The research presented later in this paper centers 

around such procedural modifications in an attempt to infer 

secondary reinforcement through the demonstration of resistance 

to extinction. 

The original study of the effect of ICS on discrimi- 

nation learning found an inhibitory effect of reinforcing 

septal and hypothalamic ICS on rat discrimination learning 



using water as the operant reinforcer (Stein & Hearst, 1958). 

Subsequent research indicates this finding is restricted to 

the case of ICS presentation superimposed on discriminative 

responding for a peripheral reward, and does not pertain 

to situations where discrimination learning is reinforced 

with brain stimulation to the posterior and lateral hypo- 

thalamic placements (Beer and Valenstien, 1960; Keesey, 

1964b; Keesey, 1966; Kling & Matsurniya, 1962). Beer and 

Valenstein showed that rats were capable of discriminating 

between two auditory stimuli (A and B) during intracranial 

stimulation when responses on a second bar were rewarded 

with food only during tone A periods. Results showed that 

rats reliably switched to the food lever only during the 

tone A periods, and immediately returned when tone A ceased. 

Using a more conventional paradigm, Keesey (1964b) trained 

rats to make a brightness discrimination, and reported that 

the rate of learning was a decreasing function of the delay 

of reward, indicating a lack of inhibitory effect of ICS. 

A similar, subsequent study by the same researcher (Keesey, 

1966), in which current and frequency parameters of the ICS 

were varied, indicated that the effects of the ICS on the 

rate of discrimination learning are independent of the moti- 

vating properties of that same stimulation. Current level 

did not influence the rate at which the discrimination was 

acquired, in spite of the fact that it affected different 

response rates. Kling and Matsumiya (1962) made direct 



- 7 -  

comparisons of the relative permanence of discriminations 

rewarded with food and with ICS, and reported that dis- 

criminations rewarded with the ICS were at least as permanent 

as those rewarded with food. The authors, training rats in 

a visual brightness discrimination-reversal task, found that 

animals trained with either food or ICS were not different 

on the first-task performance, but that reversal training 

was slower if the first discrimination had been learned with 

ICS. Further evidence suggesting that the discriminability 

of sensory stimuli may not be influenced by the type of 

reinforcement used during training has been presented by 

Terman and Kling (1968). Following an initial procedure 

similar to that of Keesey (1964b), the luminance difference 

of the discriminative stimulus was then reduced in discrete 

steps for both food and posterior hypothalamic-ICS groups. 

Even with this increased ciifficulty of discrimination, no 

differences were found between the two types of reinforcement. 

In addition to these findings, stimulus generalization 

gradients for septa1 ICS, posterior hypothalamic ICS, and 

food reinforcement have been reported to be similar (Kling 

& Berkley, 1968). Kling and Berkley trained rats to make 

an auditory discrimination, and then tested for stimulus 

generalization. Typical acquisition and generalization 

curves were obtained from all groups, the generalization 

curves being obtained in both reinforcement and extinction 

tests. These last findings strengthen the previous con- 



elusions that sensory discrimination control of ICS-main- 

tained behavior can in fact be produced in a number of 

differing situations, suggesting that at least in this respect 

ICS - rewarded behavior is similar to that rewarded peri- 

pherally. 

In contrast with studies involving merely a sensory 

discrimination, runway and maze performance rewarded by 

ICS differs considerably from its peripherally-rewarded 

counterpart. The first study of runway and maze behavior 

controlled by ICS was that of Olds (1956), in which baso- 

medial-forebrain ICS was compared to food reinforcement. It 

was reported that both reward groups showed improvement in 

the runway and the maze (Lashly I11 Type), but only when 

run under 24 hours food deprivation. In the runway, the 

ICS produced a better average performance than did the food, 

while in the maze the central reward produced slower learning 

and more errors than the peripheral reward, but approximately 

the same speed of performance after 45 trials. The most 

important finding, however, was that the ICS-rewarded 

behavior, in comparison to food reward, showed a strong over- 

night decrement with a large "warming-up" phenomenon the 

following day, indicating thafiassing of trials may be 

necessary to maintain performance with ICS-rewarded runway 

and maze behavior. 

The importance of massed trials for ICS-rewarded runway 

performance has been verified by Seward, Uyeda, and Olds, (1960), 



who trained non-deprived rats, using hypothalamic ICS, 10 

trials per day for 12 sessions, to run in a straight runway. 

It was found that the rats ran almost twice as fast after 

12 days of training if the trials were separated by 20-second 

intertrial intervals, rather than if they were spaced hy 15 

minutes. Both "passive" and "active" methods of ICS admin- 

istration showed this difference. These findings are supported 

by those of Spear (1962), who reported that massed training 

with septal ICS resulted in increasing runway speeds both 

within days and between days, while a spaced group decreased 

in speed within and between days. The between-trial or 

overnight response decrement typically found in the studies 

using ICS reward contrasts with the situation normally en- 

countered with food reinforcement. This response decrement 

encountered with ICS reward may be alleviated, however, by 

first providing the subject with trains of ICS noncontingent 

on the runway or maze response ("priming"). Wetzel (1963) 

has reported that 2.5 minutes of self-stimulation prior to 

trials spaced one day apart enables rats to improve per- 

formance in a runway. 

Gallistel (1966, 1967) has systematically examined 

the effect of varying the intertrial interval. The speed of 

traversing a runway for septal or lateral hypothalamic ICS 

was found to be inversely related to the interval between 

successive trials. In contrast to a .water-reinforced group, 

increasing the intertrial interval from 5 to 60 seconds 



decreased  t h e  running  speed ,  and d e c r e a s i n g  t h e  i n t e r v a l  

from 60 t o  5 seconds i n c r e a s e d  t h e  running  speed.  This  

change of running  speed occur red  immediately on t h e  f i r s t  

p o s t - s h i f t  t r i a l ,  s u g g e s t i n g  t h e  presence  of a  r a p i d l y -  

decaying mot iva t ion .  The p o s s i b i l i t y  o f  dr ive-decay i s  f u r t h e r  

suppor ted  by t h e  f a c t  t h a t  when s u b j e c t s  were run  i n  s t r i c t  

a l t e r n a t i o n  i n  two runways (b l ack  vs .  w h i t e )  f o r  unequal  ICS, 

t hey  r a n  f a s t e r  t o  t h e  lower ICS even though,  when a l lowed 

t o  choose,  t hey  showed no such p re fe rence .  A t  p r e s e n t  some 

con t rove r sy  exis ts  on whether t h i s  " c o n t r a s t  e f f e c t "  can be 
I 

b e s t  accounted f o r  by a  "drive-decay" o r  " i n c e n t i v e  change" 

e x p l a n a t i o n ,  t h e  d i f f e r e n c e s  i n  i n t e r p r e t a t i o n  be ing  s u b t l e  

and p o s s i b l y  e x i s t i n g  on ly  on a t e r m i n o l o g i c a l  l e v e l  ( G a l l i s t e l ,  

1969 ; Panksepp, Gandelman & T r o w i l l ,  1968, 1969) .  

I n  c o n t r a s t  t o  t h e  above s t u d i e s  of runway and maze 
I 

performance,  a  few s t u d i e s  u s ing  ICS reward r e p o r t  r e s u l t s  
L 1 

s i m i l a r  t o  t h o s e  u s i n g  p e r i p h e r a l  rewards (Kornb l i t h  & Olds,  

1968; S c o t t ,  1967) .  S c o t t  encountered no problem t r a i n i n g  

l a t e r a l -hypo tha l amic  and med ia l - fo reb ra in  bundle  r a t s  i n  

a  s t r a i g h t  runway wi th  spaced t r i a l s ,  b u t  d i d  f i n d  some 

d i f f i c u l t y  wi th  s e p t a 1  placements.  The hypothalamic ICS 

group demonstra ted bo th  t h a t  "priming" w a s  unnecessary and 

t h a t  a  "warm-up" p e r i o d  was n o t  r e q u i r e d .  Kornb l i t h  and Olds 

extended S c o t t ' s  f i n d i n g s  and s u c c e s s f u l l y  t r a i n e d  r a t s  w i th  

l a t e r a l  hypothalamic ICS on p o s i t i o n - d i s c r i m i n a t i o n  r e v e r s a l  

problems,  even though t h e  t r i .11~ were s e p a r a t e d  by 24 hours .  



The placement of the electrode may be critical in these 

studies, however, as Bull (1968) failed to show any learning 

whatsoever in a T-maze situation over 5 days of 10 massed 

trials per day. Bull, in variance with other researchers, 

used posterior hypothalamic ICS, which may account for his 

negative findings. A final study which presents an inter- 

esting but perplexing finding is that of Wasden, Reid, and 

Porter (1965). Wasden et al. reported finding the classical 

overnight decrement in runway performance demonstrated by a 

number of the studies, but found that this decrement could 

be alleviated by making the first trial of the day an 

extinction trial! 

In comparison to the literature on ICS-maintained 

discrimination learning, studies of ICS-maintained runway and 

maze performance show some prominant differences between 

centrally and peripherally-rewarded responses. Deutsch and 

Deutsch (1966) and Gallistel (1964) suggest that a rapid 

decay of the motivating effect of ICS (independent of its 

reinforcing effect) may account for the beneficial effect of 

"priming" and the massing of trials on runway and maze 

performance. The "drive-decay" theory assumes that the ICS 

excites two types of pathways between groups of cells - 
reinforcement pathways and motivational pathways. It is 

hypothesized that ICS therefore provides the "reward" for 

the last response, plus the "motivation" for the next response. 

This artificially-induced motivation is thought to decay 



rapidly to its pre-stimulation level, which is determined 

by the normal drive present in that specific motivational 

pathway. "Priming" or massing of trials is thought to pro- 

vide motivation for subsequent performance of the reinforced 

response. The same authors propose that the same theory 

may account for several phenomena yet to be discussed - rapid 

extinction, difficulty in establishing secondary reinforce- 

ment, and poor performance on intermittent schedules when 

compared to peripheral reinforcers. In the light of the 

close parallel between the characteristics of central and 

peripheral reward on discrimination learning, and the evidence 

that with some placement-procedural combinations normal runway 

and maze performance can be maintained by ICS, the generality 

of the "drive-decay1' theory is questionable. Adding to the 

inadequacy of this theory is the finding that discrepancies 

between central and peripheral reward pertaining to secondary 

reinforcement, intermittent schedules, and resistance to 

extinction appear to be vastly diminished when procedural 

allowances are made for the central-peripheral difference in 

reward stimulation, i.e., the lack of an antecedent response 

in the typical ICS paradigm. 

Although there have been reports of secondary rein- 

forcement using septal ICS as the primary reinforcer, attempts 

to obtain secondary reinforcement using hypothalamic stimu- 

lation as the primary reinforcer have.been unsuccessful. 

Stein ( 1 9 5 8 ) '  using septal implants, demonstrated secondary 



reinforcement with.a classical conditioning paradigm. The 

operant lever-pressing rate was obtained for each rat in the 

presence of two bars, the operation of one which led to a 

tone. After this initial testing, 400 pairings of the tone 

and septal ICS were administered with the levers removed. 

The levers were then replaced once again and the rate of 

bar-pressing was obtained for each individual rat. Results 

showed that there was a significant increase in the rate of 

pressing of the bar that produced the tone. More recently, 

Knott and Clayton (1966) have confirmed the findings of 

Stein, but again using septal placements. Knott and Clayton 

paired tone and ICS intermittently for one group and con- 

tinuously for another, with a third (control) group receiving 

no ICS. It was found that both experimental groups showed 

significant preference for the lever which led to the tone, 

but that the effect was greater for the partial2aired group, 

for which ICS followed the tone 50% of the time. 

In contrast to the studies using septal implants, the 

two studies utilizing hypothalamic electrodes failed to 

demonstrate secondary reinforcement. Seward, Uyeda and Olds 

(1959) compared two methods - a discriminative procedure 

in which light signalled the occurrence of ICS, and a classi- 

cal conditioning procedure in which light occurred simul- 

taneously with the ICS. Results indicated that a neutral 

stimulus associated with hypothalamic ICS significantly 

increases the post-training operant bar-pressing level compared 



to the pre-training level. There was no significant differ- 

ence between the discriminative and classical conditioned 

groups, and although the results suggest the establishment 

of incentives, there was no demonstration of differentially- 

conditioned stimuli. The second study using hypothalamic 

placements was conducted by Mogenson (1965). Using a para- 

digm similar to Stein (19581, Mogenson was unable to repli- 

cate the findings of the former author. He suggests that 

this failure is attributable to disruptive effects of the 

ICS which interfore with the associative linking of it with 

the contiguously occurring buzzer or light. 

In addition to the failure to demonstrate secondary 

reinforcement with hypothalamic ICS, the literature indicates 

that, using conventional training paradigms, it is difficult 

to maintain intermittent reinforcement schedules in the range 

of parameters ordinarily used with food as a reinforcer. 

Sidman, Brady, Boren, Conrad, and Schulman (1955) found that 

rats will not learn to press a bar for ICS on schedules 

beyond FR 7 or VI 16 seconds, whereas with food reinforcement 

FR 100 and VI 5-minute schedules maintain performance 

(Ferster & Skinner, 1957; Jenkins & Stanley, 1950). It was 

reported that the rats pressed for a short while after the 

hypothalamic ICS had been turned off, but not a sufficient 

number of times to bridge the gap. Elder, May and Rye (1965) 

report that for FI 60 second to FI 120 second schedules 

the overall rate of bar-pressing for medial-forebrain bundle 



rats is less pronounced than that characteristic of food- 

controlled FI schedules. These authors also found it neces- 

sary to "prime" and "retain" rats at the beginning of each 

session, even when they had been previously exposed to the 

schedule for as many as 28 hours. 

The question arises as to why secondary reinforcement 

has not been demonstrated with hypothalamic implants, and 

whether this may be related to the nature of hypothalamic 

XCS as a primary reinforcer. One reason may be that many 

previous experiments have not utilized paradigms which are 

analogous to those used to establish behavior supported by 

partial peripheral reinforcement. Why this may be critical 

for hypothalamic implants but not for septa1 sites is not 

immediately clear. However, it is of importance to note in 

past experiments where ICS served as the "reward", the "re- 

wari" was delivered upon bar-pressing. In this situation, 

the animal does not have to learn a conditioned relation 

between two situations as in the case of instrumental respond- 

ing for food. In other words, the situation is less like 

an instrumental response and more like a consummatory response, 9 

e.g., drinking, when each swallowing response delivers the 

reward. The studies of Egger and Miller (1962, 1963) suggest 

that this state of affairs may make the establishment of a 

secondary reinforcer difficult, as the stimulus paired with 

the ICS has little informational value. The study of Schoen- 



feld, Antonitis, and Bersh (1950) supports this suggestion. 

A one-second light was presented while the rat was eating, 

rather than just before food delivery as is the usual method. 

The authors were unable to demonstrate that the light was 

a conditioned reinforcer during extinction trials, using 

this unusual method. 

Recent studies do, however, indicate that adequate per- 

formances can be obtained using intermittent hypothalamic ICS 

in the range of parameters ordinarily used with food as a 

reinforcer. The same studies suggest the possibility that . 

hypothalamic ICS may affect Sehaviour precisely as other rewards 

do (including the establishment of secondary reinforcement), 

provided the delay of reinforcement and nature of response are 

equated. Two investigations (Hawkins & Pliskoff, 1964; Pliskoff, 

Wright & Hawkins, 1965) demonstrate that FI, FR, DRL and VI 

schedules can be maintained with hypothalamic ICS if the lever P I  

press is in the same relation to the ICS as the complex consum- 

matory response bears to the ingestion of food. These experi- 

menters trained rats to press a permanently mounted lever 

in order to produce, on a schedule, (eg. VI 30 seconds) a sec- 
* 

ond, retractable lever. The ICS was programmed on this retract- 

able lever. Following completion of a programmed number of 

CFR response stimulations (eg., 5 ) ,  the bar retracted from the 

box. Thus the pressing for the ICS is clearly the consurmnatory 

response whereas responcling to the first bar corresponds to 



t h e  ba r -p re s s  o r d i n a r i l y  an t eceden t  t o  consumption of  food.  

Although t h e s e  a u t h o r s  d i d  n o t  a t t e m p t  t o  demonstra te  secondary 

re inforcement  u s i n g  a  s p e c i f i c  s t i m u l u s ,  t h e  paradigm does pro- 

v i d e  f o r  cond i t i oned  re inforcement  and t h i s  may account  f o r  t h e  

s u s t a i n e d  performances on t h e  i n t e r m i t t e n t  s chedu le s .  Gibson, 

Reid,  Soka i ,  and P o r t e r  (1965) have sugges ted  t h a t  t h e  n a t u r e  

of t h e  response  i s  of  primary importance,  r a t h e r  t h a n  t h e  type  

of  r e in fo rcemen t ,  i n  e s t a b l i s h m e n t  o f  secondary re inforcement .  

Ra ts  were t r a i n e d  i n  an o p e r a n t  s i t u a t i o n ,  w i th  two v a r i a t i o n s  

of  t h e  common reward procedure .  One group of  r a t s  was r e q u i r e d  

t o  p r e s s  t h e  b a r  f o r  w a t e r ,  whi le  t h e  o t h e r  p re s sed  f o r  I C S .  

These two groups were f u r t h e r  s p l i t  i n t o  subgroups,  one which 

r ece ived  reward on an immediate re inforcement  s chedu le ,  and t h e  

o t h e r  which r e c e i v e d  i t s  de layed  reward a t  a d i p p e r  cup some 

d i s t a n c e  from t h e  l e v e r .  Res i s t ance  t o  e x t i n c t i o n  was g r e a t e r  

f o r  t h e  r a t s  t h a t  r e c e i v e d  ICS reward d i s t a n t  from t h e  l e v e r  - II 

t h e  r e s i s t a n c e  t o  e x t i n c t i o n  equa l  t o  t h a t  of  r a t s  rewarded wi th  

food. The r e s u l t s  of  t h i s  s t u d y ,  however, could be exp la ined  

by t h e  d e l a y  o f  reward r a t h e r  t h a n  d i s t a n c e  p e r  s e .  

A second p o s s i b l e  f a c t o r  c o n t r i b u t i n g  t o  p a s t  f a i l u r e s  

t o  demonstra te  secondary re inforcement  (and s u s t a i n e d  performance 

on i n t e r m i t t e n t  s chedu le s )  u s ing  hypothalamic ICS a s  t h e  primary 

r e i n f o r c e r  may be t h e  inadequa te  primary r e i n f o r c e r  used d u r i n g  

secondary reward t r a i n i n g .  It has been demonstra ted wi th  

normal r e i n f o r c e r s  such a s  food ,  u s ing  w i t h i n - s u b j e c t  d e s i g n s ,  



that .the strength of a secondary reinforcing stimulus varies 

directly with the amount of primary reinforcement used during 

training (Butter & Thomas, 1958; Stebbins, 1959). It would 

seem that one cannot predict ICS-reward values solely on the 

basis of the rate of responding. Recent studies show that rats, 

when given a preference, choose hypothalamic current intensities 

at higher levels than those intensities eliciting maximum bar- 

pressing rates (Hodos & Valenstein, 1962; Valenstein, 1964). 

The schedule also may be of importance when considering reward 

values. Sidman et al. (1955) reported that FR schedules were 

extremely sensitive to small changes in intensity of ICS. 

Herberg (1963) reports that sustained responding on partial 

reinforcement cannot be obtained with near-threshold currents. 

McIntire and Wright (1965) replicated Keesey's (1964a) earlier 

observations which suggest that optimal stimulus durations 

increase on aperiodic (eg., FR 5) schedules of reinforcement. 

Using the apparatus mentioned previously, Hawkins and Pliskoff 

(1964) found that the rate on a permanent VI lever continued 

to increase beyond the intensity value which produced peak 

rate on the retractable ICS lever. It thus becomes clear that 

ICS reinforcement strength cannot be assessed adequately by 

self-stimulation rate. The microcoulornbs (Keesey, 1962; McIn- 

tire & Wright, 1965) yielding maximum hypothalamic reward value 

may in fact yield decreased ICS bar-pressing because of changes 

in activity level and performance capabilities (Valenstein & 



A t h i r d  f a c t o r  which may have h indered  t h e  demonstra t ion 

of  secondary re inforcement  i n  t h e  p a s t  i s  t h e  l a c k  of  an  ade- 

q u a t e  r e l e v a n t  " d r i v e  i n t e n s i t y "  a t  t h e  t ime of  t h e  t e s t .  

M i l e s  (1956) r e p o r t s  t h a t  t h e  s t r e n g t h  of secondary re inforcement  

v a r i e s  d i r e c t l y  w i t h  t h e  d r i v e  i n t e n s i t y  a t  t h e  t ime of t e s t i n g .  

For example, e f f e c t s  of l a t e r a l  hypothalamic ICS appear  t o  be 

s e l e c t i v e l y  a f f e c t e d  by v a r i a t i o n s  i n  t h e  degree  of  food depr iv-  

a t i o n .  Hoebel and Tei te lbaum (1962) r e p o r t  t h a t  hungry l a t e r a l  

hypothalamic r a t s  s e l f - s t i m u l a t e d  more f r e q u e n t l y  t han  s a t i a t e d  

ones .  These a u t h o r s  a l s o  r e p o r t  t h a t  s t i m u l a t i o n  of t h e  ven t ro-  

medial  n u c l e i  ( s a t i e t y  c e n t e r  f o r  hunger)  reduced food i n t a k e  

and i n h i b i t e d  s e l f - s t i m u l a t i o n  a t  s i t e s  i n  t h e  l a t e r a l  hypo- 

thalamus ( f eed ing  c e n t e r ) .  I n  a d d i t i o n ,  l e s i o n s  i n  t h e  a r e a  

of  t h e  ven t romedia l  n u c l e i  i n c r e a s e d  food i n t a k e  and l a t e r a l  

hypothalamic s e l f - s t i m u l a t i o n .  It seems p o s s i b l e  t h a t  t h e  

p l e a s u r e  o f  l a t e r a l  hypothalamic I C S  may be s i m i l a r  t o  g r a t -  

i f i c a t i o n  ob ta ined  by e a t i n g .  Support  f o r  t h i s  view comes 

from s e v e r a l  sou rces .  Sidman e t  a l .  (1955) found t h a t  t h e  

F R  performances o f  ra ts  wi th  l a t e r a l  hypothalamic implan ts  

improved under food d e p r i v a t i o n .  S i m i l a r  r e s u l t s  were ob ta ined  

wi th  ba r -p re s s ing  by Olds (1958) and Wilkinson and Pee l e  (1962) .  

Margules and Olds (1962) found t h a t  a l l  e l e c t r o d e  s i t e s  from 

which f eed ing  could  be e l i c i t e d  by e l e c t r i c a l  s t i m u l a t i o n  a l s o  



showed h igh  r a t e s  of s e l f - s t i m u l a t i o n .  The reward va lue  of 

l a t e r a l  hypothalamic ICS i n  r e l a t i o n  t o  food reward i s  demon- 

s t r a t e d  by t h e  f a c t  t h a t  r a t s  w i l l  " s e l f - s t a r v e "  themselves  

wh i l e  responding f o r  l a t e r a l  ICS i n  t h e  p re sence  of food (Fa lk ,  

1961; Rout tenberg,  1964; Rou t t enbe rg .& Lindy,  1965; S p i e s ,  

1965) .  This  s e l f - s t a r v a t i o n  probably has  a  c i r c u l a r  e f f e c t ,  

t h e  i n c r e a s e d  food d e p r i v a t i o n  l e a d i n g  t o  an enhanced ICS r a t e .  

Rout tenberg and Lindy (1965) r e p o r t  t h a t  when t h e  e l e c t r o d e  c a b l e  

became d i sconnec ted  d u r i n g  t h e  t e s t i n g  s e s s i o n ,  t h e  self-  

s t a r v i n g  r a t  would immediately cease  ba r -p re s s ing  f o r  I C S  and 

e a t .  It should be  no ted  h e r e  t h a t  t h e s e  e f f e c t s  a r e  r e s t r i c t e d  

t o  e l e c t r o d e s  implan ted  i n  t h e  l a t e r a l  hypothalamus. One 

i n t e r p r e t a t i o n  i s  t h a t  l a t e r a l  hypothalamic ICS may momentarily 

b u t  s imul taneous ly  a c t i v a t e  n e u r a l  feedback from consummatory 

food r e sponses ,  t h e  upper G . I .  t r a c t ,  and blood g lucose  l e v e l  

( S t e l l a r ,  1954) .  I f  t h i s  i s  i n  f a c t  t h e  c a s e ,  hunger d r i v e  

d u r i n g  t h e  a c q u i s i t i o n  o f  secondary re inforcement  u s i n g  l a t e r a l  

hypothalamic ICS may be of  some importance,  and may be a b s o l u t e l y  

e s s e n t i a l  f o r  t h e  demons t ra t ion  of t h e  secondary reward d u r i n g  

t h e  subsequent  t e s t i n g .  

The importance of  hunger d r i v e  d u r i n g  e x t i n c t i o n  f o r  

l a t e r a l  hypothalamic imp lan t s  has  been expe r imen ta l ly  demon- 

s t r a t e d .  Deutsch and Howarth (1963) r e p o r t  t h a t  t ime  t o  e x t i n c -  

t i o n  i s  prolonged under food d e p r i v a t i o n .  Normal e x t i n c t i o n  



curves  a r e  r e p o r t e d  t o  occur  on ly  i n  hungry l a t e r a l  hypothal-  

amic r a t s  (Olds ,  1956) .  Deutsch and DiCara (Deutsch & Deutsch, 

1966) found a  h igh  c o r r e l a t i o n  between t h e  number of p r e s s e s  

du r ing  e x t i n c t i o n  and degree  o f  hunger. These a u t h o r  used a  

w i t h i n - s u b j e c t  d e s i g n ,  a l t e r n a t i n g  depr ived  and s a t i a t e d  con- 

d i t i o n s  between two groups of r a t s ,  u t i l i z i n g  p a i r s  of  3-minute 

e x t i n c t i o n  s e s s i o n s .  The same two a u t h o r s  (Deutsch & Deutsch,  

1966) r e p o r t  a h igh  c o r r e l a t i o n  (r = . 8 9 )  between t h e  rate of 

responding  f o r  ICS measured d u r i n g  hunger,  and t h e  degree  of 

secondary r e in fo rcemen t  found under t h e  same d r i v e  cond i t i on .  

Thus t h e  p rev ious  ev idence  seems t o  sugges t  t h a t  t h e  

op t ima l  c o n d i t i o n s  f o r  t h e  demons t ra t ion  of secondary r e i n f o r c e -  

ment i nc lude :  

A paradigm analagous t o  t h o s e  used t o  e s t a b l i s h  behaviour  

suppor ted  by p a r t i a l ,  p e r i p h e r a l ,  primary re inforcement .  

S t i m u l i  w i t h  some i n f o r m a t i o n a l  va lue  r e l a t i v e  t o  t h e  

presence  of  pr imary re inforcement .  

Adequate pr imary re inforcement  d u r i n g  t h e  secondary reward 

t r a i n i n g .  

Adequate d r i v e  i n t e n s i t y  a t  t h e  t ime of t h e  t e s t  f o r  

secondary re inforcement .  

I n  t h i s  exper iment  t h e  t e s t  f o r  secondary re inforcement  

t he  degree  t o  which r e s i s t e a n c e  t o  e x t i n c t i o n  was g r e a t e r  on 

s e s s i o n s  when s t i m u l i  p r e v i o u s l y  p a i r e d  wi th  ICS were p r e s e n t ,  



compared to sessions when such stimuli were absent. The 

paradigm used to demonstrate this resistance to extinction 

with hypothalamic implants is one which has the following 

general characteristics: 

1. Within-subject design which allowed for individual 

rats, a comparison of resistance to extinction with 

and without the relevant stimuli. 

2. A paradigm providing delay of reinforcement and 

response topography similar to that used to establish 

secondary reinforcement with peripheral primary 

.reinforcement. 

3. Adequate reward values of lateral hypothalamic ICS 

during t:caining. - 

4. Maintenance of the relevant food drive throughout 

training and testing. 

5. The use of two "secondary reinforcing" stimuli: 

[i] a stimulus paired with primary reinforce- 

ment using a delayed classical conditioning 

procedure. 

1 1  a stimulus signalling that primary rein- 

forcement is now available, contingent on 

the subject's response. 

Since past research using conventional reinforcers has 

demonstrated resistance to extinction using paradigms suggested 

by both the ~iscriminative and the Classical Conditioning 



hypotheses (Dinsmoor, 1950; Ratner, 1956; Wike, 1966), it 

was decided to incorporate both methods in this study, and 

by doing so to maximize the possibility of obtaining positive 

results. 

Bersh (1951) and Jenkins (1950) have shown using normal 

primary reinforcers that the strength of secondary reinforce- 

ment decreases as the interval between the onset of the 

classically-conditioned stimulus and the onset of the primary 

reinforcement increases, the optimal interval being one second 

using either a delayed or trace procedure. It was decided to 

employ this interval in the study at hand. A stimulus paired 

with partial reinforcement in secondary reinforcement training 

tends to have greater secondary reward value than a stimulus 

paired with 100% primary reinforcement (Armus & Garlech, 1961). 

It would appear that intermittent presentation of primary re- 

inforcement during training and intermittent presentation of 

secondary reinforcement during testing is the best method, 

and one which is utilized in the present study (Fox & King, 

1961; Zimrnerman, 1957). Because the reinforcing effectiveness 

of any stimulus is being extinguished while it is being studied, 

the intermittent presentation of primary reinforcement during 
s 

training and the intermittent presentation of the conditioned 

reinforcer during extinction should slow the extinction pro- 

cess. Also, if the secondary reinforcer is presented according 

to a schedule, the pattern of responding that develops can be 

compared with the pattern that would be maintained by a 



schedule of primary reinforcement. Teichner (1952) has re- 

ported that resistance to extinction is greater when the 

intertrial interval used in extinction is the same as in 

acquisition. These findings with respect to the effect of 

reinforcement schedules were also utilized in the design of 

this experiment. 

Given the previously outlined characteristics of the 

present experiment, it is hypothesized that the resistance 

to extinction of an operant response will be greater on those 

extinction sessions in which stimuli associated during training 
I 

with accessibility to primary reinforcement (ICS) are present. 

It is predicted that the extinction of the operant response 

will occur across those sessions in which the stimuli are 

present as well as across those in which they are absent, but 
I 

that in the former sessions the progressive decrement in re- 
1 

sponding will be more gradual. In other words, the effective- 

ness of the secondary reinforcers themselves can be expected 
P 

to decline, although this rate of decline will be relatively 

low considering the training schedules used. In the case of 

the Discriminative stimulus, it is hypothesized that its 

presence during the extinction phase will produce, in addition 

to increased resistance to extinction per se, a temporal 

pattern of responding similar to that observed during train- 

ing with the same stimulus on an identical schedule. The 

gradual disappearance of this patterning is predicted as the 

extinction trials with the Discriminative stimulus continue. 



The first experiment combines the use of a Discrimi- 

native stimulus with a Classically-conditioned stimulus. The 

relative effectiveness of these two stimuli cannot be deter- 

mined by increased resistance to extinction in their presence, 

but the effectiveness of the Discriminative stimulus (or at 

least the degree to which the subject utilizes its informa- 

tional value) can be determined by observing the degree of 

temporal patterning of the responses. 

The second experiment uses only a Classically-condi- 

tioned stimulus. Although increased resistance to extinction 

in its presence is hypothesized, in this second experiment 

no temporal patterning is predicted in either the training 

or extinction phases. 

It is further hypothesized that extinction sessions 

with the stimuli present will produce significantly greater 

response measures than identical, initial operant level 

sessions, the difference the result of association of the 

stimuli with accessibility to ICS. Likewise, response 

measures obtained before this association should not vary 

significantly dependent upon the presence of the experimental 

stimuli. 



Method 

Sub jec t s  

The s u b j e c t s  were 12 male a l b i n o  r a t s  of t h e  Sprague- 

Dawley s t r a i n ,  ob t a ined  from t h e  Char les  River  Breeding 

L a b o r a t o r i e s ,  Wilmington, Mass. A t  t h e  t ime of t h e  o p e r a t i o n  

t h e  r a t s  were approximately  3 months o l d ,  and weighed between 

300 and 325 grams. The r a t s  were i n d i v i d u a l l y  housed i n  

s t a i n l e s s - s t e e l  m a t e r n i t y  cages  (9 .5  i nches  long  x  7 inches  

wide x 8 i nches  h i g h ) ,  wi th  sawdust bedding p r e s e n t  i n  t h e  

enc losed  bottom of t h e  cages .  Sub jec t s  w e r e  watered and f ed  

ad. l i b .  u n t i l  2  weeks a f t e r  t h e  o p e r a t i o n ,  a t  which t ime 

a  23 hour food-depr iva t ion  schedule  was i n i t i a t e d .  

Apparatus 

During bo th  t h e  t r a i n i n g  and t h e  t e s t i n g ,  s u b j e c t s  

were run  i n  a  two-lever  Skinner  box des igned  and c o n s t r u c t e d  

by t h e  au tho r  (F igure  2 0 ,  Appendix).  The i n s i d e  dirnensions 

of  t h e  box were 11.25 inches  long x  14 .5  i nches  wide x  13  

inches  high.  The f r o n t  w a l l  of t h e  box was c o n s t r u c t e d  of 

b lack  p l e x i g l a s s ,  w i t h  c l e a r  p l e x i g l a s s  c o n s t i t u t i n g  t h e  

s i d e s  (covered on t h e  e x t e r i o r  w i th  grey  c a r d b o a r d ) .  The 

bottom of  t h e  box c o n s i s t e d  of a  g r i d  c o n s t r u c t e d  of s t e e l  

r o d s ,  running p a r a l l e l  t o  t h e  f r o n t  pane l .  S i t u a t e d  on t h e  

f r o n t  pane l  of t h e  box, e q u i d i s t a n t  from both  s i d e s ,  were 



a  smal l  bu lb  and speake r ,  l o c a t e d  a t  a  h e i g h t  of 4 and 10 

i n c h e s ,  r e s p e c t i v e l y ,  from t h e  bottom of  t h e  box. 75 db. 

whi te  no i se  from a  Grason S t a d l e r  whi te  n o i s e  g e n e r a t o r  was 

d e l i v e r e d  through t h e  speake r ,  c o n s t i t u t i n g  one of two 

s t i m u l i .  The l i g h t ,  t h e  second s t i m u l u s ,  c o n s i s t e d  of a  1 1 / 4  

i nch  d iameter  lamp programmed t o  prov ide  a  p u l s a t i n g  l i g h t  

of  2 cps .  When t h i s  l i g h t  was n o t  p u l s a t i n g ,  i t  provided 

an i l l u m i n a t i o n  of 20 foo t - cand le s  a t  a  d i s t a n c e  of 6 i nches  

from t h e  f r o n t  pane l .  Both t h e  a u d i t o r y  and t h e  v i s u a l  

s t i m u l i  were s e l e c t e d  f o r  maximum a t t e n t i o n a l  va lue .  General  

i l l u m i n a t i o n  a t  t h e  c e n t e r  of  t h e  S k i n n c r . b o x  was supp l i ed  

by a  6 0  w a t t  bu lb  s i t u a t e d  some d i s t a n c e  from t h e  appa ra tus .  

P r o j e c t i n g  i n t o  t h e  f r o n t  p a n e l ,  nea r  t h e  bottom and sep- 

a r a t e d  by 8 i n c h e s ,  were two l e v e r s  -- one of which was 

r e t r a c t a b l e .  The r i g h t  b a r  was permanent and p a i n t e d  whi te .  

It was 1 .75  inches  i n  width  and p r o j e c t e d  2.25 inches  i n t o  

t h e  box. The l e f t  l e v e r  was r e t r a c t a b l e  and was c o n s t r u c t e d  

of  b r a s s  1 . 5  i nches  i n  w id th ,  and p r o j e c t e d  1 .25  inches  i n t o  

t h e  box. The r e t r a c t a b l e  b a r  could be i n s e r t e d  o r  withdrawn 

by a  motor mechanism, t h e  speed of i n s e r t i o n  and withdrawal 

c o n t r o l l e d  by a  r h e o s t a t .  

Bar p r e s s e s  on t h e  r e t r a c t a b l e  b a r  r e s u l t e d  i n  0.2 

seconds of b r a i n  s t i m u l a t i o n  be ing  d e l i v e r e d  t o  t h e  r a t .  

An overhead mercury commutator wi th  a  v e r t i c a l  movement com- 

pensa to r  (Berkley & Kling ,  1967) handled t h e  s t i m u l a t i o n  l e a d s  

t o  t h e  r a t .  The s u b c o r t i c a l  s t i m u l a t i o n  was prov ided  by two 



Grass model S4 stimulators. The. output from the stimulators 

consisted of 100 cps. pulse pairs of biphasic square waves, 

separated by 0.2 msec. and 0.2 msec. in duration. The out- 

put from the stimulators was fed through a pair of Grass 

model SIU4678 stimulus isolation units, which insured isola- 

tion of the rat from ground. A 160K ohm resistor was placed 

in series with the rat, providing a relatively constant 

current. Current level and the voltage-drop across the rat 

were monitored simultaneously on a Tektronix model 502A dual 

beam oscilloscope. Grason Stadler programming equipment 

provided a maximum degree of automation to both the training 

and the testing of the subjects. The Skinner box was sit- 

uated in a room well removed from the stimulating, programming, 

and recording equipment. Mechanical counters, a Gerbrands 

cumulative recorder, and a Rustrak four-channel recorder 

were utilized for the collection of the data. 

Surgery 

Under sodium nembutal anesthesia, a bipolar electrode 

(MS 303, Plastic Products Co., Roanoke, Virginia) was stereo- 

tactically implanted using coordinates designed to ensure 

placement in the MFB -- lateral hypothalamic area (DeGroot, 

1959). The coordinates used were 5 mm. anterior of the 0- 

- 
Vertical-plane, 1.8 mm. left of the Lateral-0-Plane, and 

2.8 mm. below the Horizontal-0-Plane (~eGroot). Before in- 

t sertion of the electrode, four small allen screws were 
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t h r e a d e d  i n t o  h o l e s  d r i l l e d  i n  t h e  s k u l l  s u r f a c e  s u r r o u n d i n g  

t h e  e l e c t r o d e  h o l e .  A f t e r  i n s e r t i o n  of  t h e  e l e c t r o d e ,  

a c r y l i c  cement was a p p l i e d  t o  t h e  exposed s k u l l ,  a n c h o r i n g  

t h e  e l e c t r o d e  f i r m l y  t o  t h e  f o u r  s m a l l  sc rews  and t h e  s k u l l  

( F i g u r e  21,  Appendix) .  A f t e r  h a r d e n i n g  o f  t h e  cement ,  t h e  

open wound was l i g h t l y  s u t u r e d .  The a n i m a l s  were a l lowed  

t o  r e c o v e r  e i g h t e e n  d a y s  b e f o r e  t h e y  w e r e  i n c o r p o r a t e d  i n t o  

t h e  e x p e r i m e n t  p r o p e r .  

H i s t o l o g y  

Approximate ly  one week a f t e r  t h e  l a s t  r a t  was t e s t e d ,  

t h e  12  r a t s  w e r e  s a c r i f i c e d  w i t h  sodium nembuta l ,  and w e r e  

t h e n  p e r f u s e d  w i t h  9% s a l i n e  s o l u t i o n  f o l l o w e d  by 1 0 %  f o r -  

maldehyde. The s k u l l s  of  t h e  r a t s  w e r e  p l a c e d  i n  1 0 %  

formaldehyde,  and t h e  b r a i n s  removed and p l a c e d  i n  t h e  same 

s o l u t i o n  t h e  f o l l o w i n g  day .  S e v e r a l  d a y s  l a t e r ,  t h e  b r a i n s  

w e r e  f r o z e n  and s e c t i o n e d .  Pho tographs  w e r e  t a k e n  o f  t h o s e  

4 0 ~  s e c t i o n s  which i n c l u d e d  t h e  e l e c t r o d e  t r a c t s .  These 

pho tographs  w e r e  t a k e n  b o t h  b e f o r e  a n d ' a f t e r  t h i o n i n  s t a i n -  

i n g .  

P r o c e d u r e  

S u b j e c t s  w e r e  a s s i g n e d  t o  Experiment  I ( 8  r a t s )  and 

Experiment  I1 ( 4  r a t s )  randomly b e f o r e  t r a i n i n g  commenced. 

The p r o c e d u r e s  f o l l o w e d  w i t h  t h e  two e x p e r i m e n t s  w i l l  be  

t r e a t e d  s e p a r a t e l y .  A l l  r a t s  were m a i n t a i n e d  under  2 3  hours  

food  d e p r i v a t i o n  f o r  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t .  A l l  



s e s s i o n s  ( o p e r a n t ,  t r a i n i n g ,  e x t i n c t i o n )  c o n s i s t e d  o f  30  

minu tes  p e r  day.  G e n e r a l l y  s p e a k i n g ,  t h e  d e s i g n s  o f  t h e  

two e x p e r i m e n t s  t a k e  a d v a n t a g e  of  w i t h i n  - s u b j e c t  measures .  

Experiment  I .  The 8 s u b j e c t s  of  t h i s  exper iment  were 

randomly a s s i g n e d  t o  2 g roups  ( 4  r a t s  e a c h ) .  Group 1 d i f f e r e d  

from Group 2 i n  t h a t  w i t h  t h e  fo rmer  g roup  t h e  D i s c r i m i n a t i v e  

D S t i m u l u s  ( S  ) was a u d i t o r y  and t h e  C l a s s i c a l l y - C o n d i t i o n e d  

C S t i m u l u s  ( S  ) was v i s u a l .  Group 2 had t h e s e  m o d a l i t i e s  

r e v e r s e d .  

D e t e r m i n a t i o n  o f  o p e r a n t  levels  (Days 1 - 4 ) :  

Before  b e i n g  t r e a t e d  w i t h  s u b c o r t i c a l  s t i m u l a t i o n ,  a l l  

r a t s  w e r e  t e s t e d  f o r  t h e i r  o p e r a n t  l e v e l  on t h e  permanent  

b a r  ( r e t r a c t a b l e  b a r  w i t h d r a w n ) .  The f i r s t  two d a y s  o f  t h i s  

phase  o f  t h e  p r o c e d u r e  c o n s i s t e d  o f  a n  a b s e n c e  of  any ex- 

p e r i m e n t a l  s t i m u l i .  The second two d a y s  c o n s i s t e d  o f  t h e  

p r e s e n t a t i o n  o f  programmed s t i m u l i  i d e n t i c a l  t o  t h a t  en- 

c o u n t e r e d  l a t e r  d u r i n g  one of  t h e  e x t i n c t i o n  c o n d i t i o n s .  The 

d e t a i l s  o f  t h e  p r e s e n t a t i o n  o f  t h e s e  s t i m u l i  w i l l  become 

c l e a r  l a t e r  i n  t h e  d e s c r i p t i o n  of  t h e  e x t i n c t i o n  p r o c e d u r e .  

B r i e f l y  though ,  t h e  f i r s t  two days  o f  o p e r a n t  l e v e l  d e t e r -  

m i n a t i o n  was i d e n t i c a l  t o  one  e x t i n c t i o n  c o n d i t i o n  (no  

s t i m u l i  p r e s e n t ) ,  w h i l e  t h e  second two d a y s  o f  o p e r a n t  

l e v e l  d e t e r m i n a t i o n  was i d e n t i c a l  t o  t h e  o t h e r  e x t i n c t i o n  

c o n d i t i o n  ( s t i m u l i  p r e s e n t ) .  



" S c r e e n i n g "  and t h e  i n i t i a l  t r a i n i n g  o f  s u b j e c t s  (Days 5 & 6 ) :  

A l l  r a t s  w e r e  t e s t e d  f o r  t h e  p o s i t i v e - r e i n f o r c i n g  

p r o p e r t i e s  o f  ICS on  t h e  i n s e r t e d ,  r e t r a c t a b l e  b a r  ( t h e  p e r -  

manent b a r  removed) .  The minimum number o f  r e s p o n s e s  p e r  

30  minu te  s e s s i o n  r e q u i r e d  t o  d e t e r m i n e  whe the r  t o  c o n t i n u e  

t r a i n i n g  was 300, u s i n g  a d e q u a t e  c u r r e n t  p a r a m e t e r s .  A l l  

t w e l v e  of  t h e  s u b j e c t s  m e t  t h i s  c r i t e r i o n .  C u r r e n t  p a r a m e t e r s  

w e r e  f u r t h e r  m a n i p u l a t e d  t o  produce  a  maximum s u s t a i n e d  

r a t e  o f  b a r  p r e s s i n g  f o r  t h e  two d a y s  o f  t h i s  phase .  

T r a i n i n g  on t h e  second  b a r  - CRF & VI-15 sec. s c h e d u l e s  
(Days 7-11) :  

A l l  s u b j e c t s  w e r e  now t r a i n e d  t o  p r e s s  t h e  permanent  

b a r  t o  g a i n  a c c e s s  t o  t h e  r e t r a c t a b l e  (ICS) b a r .  The cir-  

c u i t  was a l t e r e d  s o  t h a t  t h e  r e t r a c t a b l e  b a r  r e t r a c t e d  o u t  

o f  t h e  box a f t e r  5  s t i m u l a t i o n - r e i n f o r c e d  p r e s s e s .  A s i n g l e  

r e s p o n s e  ( a f t e r  up t o  a  3 second d e l a y )  on t h e  permanent  

b a r  t h e n  r e i n t r o d u c e d  t h e  r e t r a c t a b l e  (ICS) l e v e r ,  w i t h  a  

one second l a t e n c y ,  f o r  a n o t h e r  e x p o s u r e  t o  CRF-ICS-5. T h i s  

s c h e d u l e  was m a i n t a i n e d  f o r  t h r e e  d a i l y  s e s s i o n s ,  u s i n g  

t h o s e  c u r r e n t  p a r a m e t e r s  n e c e s s a r y  f o r  a n  o p t i m a l  r a t e  on 

t h e  permanent  b a r .  A f t e r  t h r e e  days  on t h e  CRF s c h e d u l e ,  

t h e  p r e s e n t a t i o n  o f  t h e  r e t r a c t a b l e  l e v e r  was t h e n  moved t o  

a  VI-15 second s c h e d u l e .  T h i s  second s c h e d u l e  was m a i n t a i n e d  

f o r  two d a y s ,  u s i n g  c u r r e n t  p a r a m e t e r s  n e c e s s a r y  f o r  a n  

o p t i m a l  r a t e  on t h e  permanent  b a r .  



Secondary reward  t r a i n i n g :  

On Day 1 2 ,  t h e  p r e s e n t a t i o n  o f  t h e  r e t r a c t a b l e  l e v e r  

was moved t o  a  VI-30 second  s c h e d u l e .  P r e s s e s  which w e r e  

rewarded a f t e r  one  second  by t h e  i n t r o d u c t i o n  o f  t h e  re- 

t r a c t a b l e  (ICS) l e v e r  now r e s u l t e d  immedia te ly  i n  a  3  second  

C s t i m u l u s  ( S  ) .  T h i s  may b e  c o n s i d e r e d  a  d e l a y e d  c o n d i t i o n -  

i n g  paradigm. On Day 1 3 ,  i n  a d d i t i o n  t o  sC, t h e  t e r m i n a t i o n  

o f  t h e  VI-30 second p e r i o d  i n  which b a r  p r e s s e s  on  t h e  p e r -  

manent b a r  r e s u l t e d  i n  no  p r e s e n t a t i o n  o f  sC o r  t h e  r e t r a c t a b l e  

lever (and t h e r e f o r e  t h e  b e g i n n i n g  o f  a  p e r i o d  o f  p o t e n t i a l l y -  

r e w a r d i n g  r e s p o n s e s )  was marked by t h e  o n s e t  o f  sD, which 

t e r m i n a t e d  o n l y  a f t e r  t h e  s u b j e c t  made a  subsequen t  r e s p o n s e  

on t h e  permanent  b a r .  T h i s  t r a i n i n g  p r o c e d u r e  was c o n t i n u e d  

from Day 1 3  onward u n t i l  two c r i t e r i a  were  m e t :  

1. The r a t e  o f  b a r  p r e s s i n g  on t h e  permanent  l e v e r  

s t a b i l i z e d  t o  t h e  e x t e n t  t h a t  t h e r e  was a  change 

o f  less t h a n  5% on t h r e e  s u c c e s s i v e  d a y s .  

2. 8 0 %  o f  t h e  t o t a l  b a r  p r e s s e s  on t h e  permanent  b a r  

D 
. o c c u r r e d  1 5  seconds  a f t e r  t h e  o n s e t  o f  S  , on 

e a c h  o f  t h e  above t h r e e  s t a b i l i z a t i o n  d a y s .  

The n e x t  s c h e d u l e  c o n s i s t e d  o f  t h e  VI-30 second 

s c h e d u l e  m o d i f i e d  s o  t h a t  t h e  p r e s e n t a t i o n  o f  t h e  r e t r a c t a b l e  

(ICS) l e v e r  now o c c u r r e d  randomly on o n l y  50% of  t h e  p r e s e n -  

D t a t i o n s  o f  S  and sC, t h e  l a t t e r  two which remained on t h e  

VI-30 second s c h e d u l e .  The s u b j e c t s  w e r e  t r a i n e d  f o r  one  

s e s s i o n  p e r  day u n t i l  a g a i n  t h e y  r e a c h e d  t h e  two c r i t e r i a  

used  i n  t h e  p r e c e d i n g  s c h e d u l e .  



T e s t  f o r  r e s i s t a n c e  t o  e x t i n c t i o n :  

The day f o l l o w i n g  t h e  l a s t  VI-30 ( 5 0 % )  s e s s i o n ,  t h e  

r a t s  w e r e  t e s t e d  f o r  r e s i s t a n c e  t o  e x t i n c t i o n ,  w i t h  one ses- 

s i o n  p e r  day f o r  t e n  d a y s .  Each i n d i v i d u a l  r a t  underwent  

two d i f f e r e n t  e x t i n c t i o n  c o n d i t i o n s ,  t h e  o r d e r  o f  t h e i r  p r e -  

s e n t a t i o n  c o u n t e r b a l a n c e d  between r a t s .  Two r a t s  o f  e a c h  

t r a i n i n g  Group (1 & 2 )  w e r e  s u b j e c t e d  t o  one of  t h e  two 

o r d e r s  o f  t e s t i n g  ( f o u r  r a t s  i n  a l l  i n  each  o r d e r  o f  t e s t i n g  - 

two r a t s  from Group 1 and two r a t s  f rom Group 2 ,  t h e i r  

d e s i g n a t i o n  randomly d e t e r m i n e d ) .  The two e x t i n c t i o n  con- 

d i t i o n s  w e r e  t h e  f o l l o w i n g .  I n  b o t h  c o n d i t i o n s  t h e  r e t r a c -  

t a b l e  l e v e r  remained wi thdrawn.  

The same s c h e d u l e  a s  i n  t h e  VI-30 second  ( 5 0 % )  

t r a i n i n g ,  e x c e p t  t h a t  t h e  r e t r a c t a b l e  l e v e r  d i d  

n o t  a p p e a r .  T h i s  s i t u a t i o n  was i d e n t i c a l  t o  

t r a i n i n g  e x c e p t  t h a t  h e r e  100% ( v s .  5 0 %  i n  t r a i n -  

i n g )  o f  t h e  permanent  l e v e r  p r e s s e s  d u r i n g  S D 

C r e s u l t e d  o n l y  i n  S . 
sD a b s e n t ,  w i t h  t h e  r e s p o n s e s  on t h e  premanent  

C b a r  NOT l e a d i n g  t o  S . Again,  a s  i n  t h e  p r e v i o u s  - 
c o n d i t i o n ,  t h e  r e t r a c t a b l e  l e v e r  was n o t  p r e s e n t .  

It s h o u l d  b e  n o t e d  h e r e  t h a t  t h e  second e x t i n c t i o n  

c o n d i t i o n  was i d e n t i c a l  t o  c i r c u m s t a n c e s  p r e s e n t  d u r i n g  t h e  

f i r s t  t w a  d a y s  o f  o p e r a n t  l e v e l  d e t e r m i n a t i o n .  The f i r s t  ex- 

t i n c t i o n  c o n d i t i o n  was i d e n t i c a l  t o  t h e  s i t u a t i o n  p r e s e n t  

d u r i n g  t h e  second two d a y s  o f  o p e r a n t  l e v e l  d e t e r m i n a t i o n .  



The two o r d e r s  o f  e x t i n c t i o n  t e s t i n g  w e r e  i h e  f o l l o w i n g ,  t h e  

numerals  r e p r e s e n t i n g  t h e  two e x t i n c t i o n  c o n d i t i o n s .  

ORDER1 1 1 1  [21 1 1 1  [21 I 1 1  [21 1 1 1  121 [ I ]  121 

ORDER I1 121 1 1 1  121, 1 1 1  [21 1 1 1  121 111  [21 1 1 1  

Exper iment  11. The f o u r  s u b j e c t s  o f  t h i s  e x p e r i m e n t  

w e r e  randomly a s s i g n e d  t o  two g roups  (2  r a t s  i n  e a c h ) .  Group 

1 d i f f e r e d  from Group 2 i n  t h a t  t h e  fo rmer  g roup  was p r e -  

s e n t e d  w i t h  t h e  v i s u a l  Group 2  was p r e s e n t e d  w i t h  t h e  

a u d i t o r y  sC .  N e i t h e r  g roup  i n  t h i s  exper iment  was p r e s e n t e d  

D w i t h  a n  S . The p r o c e d u r e  i n  t h i s  exper iment  was i d e n t i c a l  

t o  t h a t  o f  Exper iment  1 ; w i t h  t h e  f o l l o w i n g  e x c e p t i o n s :  

D 
1. No S was p r e s e n t .  

2. For  t h e  VI-30 second and t h e  VI-30 second  ( 5 0 % )  

s c h e d u l e s ,  o n l y  t h e  f i r s t ,  s t a b i l i t y ,  c r i t e r i o n  

was s o u g h t .  

3. During e x t i n c t i o n ,  each  o f  t h e  two t e s t i n g  o r d e r s  

c o n t a i n e d  one  r a t  f rom e a c h  o f  Group 1 and 2 ,  t h e i r  

d e s i g n a t i o n  randomly d e t e r m i n e d .  . 

~ e p e n d e n t  Response Measures 

Two dependen t  measures  were  r e c o r d e d  on t h e  permanent  

b a r  t h r o u g h o u t  t h e  major  p o r t i o n  o f  b o t h  e x p e r i m e n t s .  The 

f i r s t  measure ,  t h e  number o f  b a r  p r e s s e s  on t h e  permanent  



bar during a 30 minute session, was recorded on all days 

with the exception of during initial "screening" and train- 

ing (Days 5 & 6). The second dependent measure was the 

percentage of presses on the former bar that occurred shortly 

(within 15 seconds) after each initiation of the Discrimina- 

D tive Stimulus (S ) .  This post-~D percentage was recorded 

under two conditions. In the first condition, the Discrimi- 

native Stimulus was actually presented to the rat. In the 

second condition, the Discriminative Stimulus was not pre- 

sented to the rat, although programming equipment identified 

the interval (15 seconds) after the sD would have been 

initiated. This allowed the percentage of permanent bar 

presses occurring 15 seconds after an actual sD initiation 

to be compared with the percentage occurring within the same 

interval of the program, but in the absence of sD initiation. 

This post-~D percentage was recorded during the second two 

days of operant-level assessment, and during secondary rein- 

forcement training and testing. 



R e s u l t s  

The r e s u l t s  of t h e  h i s t o l o g i c a l  a n a l y s i s  a r e  p re sen ted  

i n  F igu re  1. Examination of  f r e s h ,  uns t a ined  s e c t i o n s  showed 

a l l  of t h e  e l e c t r o d e  t i p s  t o  be i n  o r  d i r e c t l y  a d j a c e n t  t o  

t h e  l a t e r a l  hypothalamus and medial  f o r e b r a i n  bundle  a s  

drawn by P e l l e g r i n o  and Cushman (1967) .  Photographs of  bo th  

s t a i n e d  and u n s t a i n e d  s e c t i o n s  of  t h e  b r a i n s  show s p e c i f i c  

p o i n t s  of e l e c t r o d e  p e n e t r a t i o n .  F igu re  22 (Appendix) shows 

uns t a ined  s e c t i o n s  f o r  Rats  3 ,  6 ,  8 ,  9 ,  26,  and 3 9 .  Figure  

23 (Appendix) p r e s e n t s  s t a i n e d  s e c t i o n s  f o r  a l l  ra ts  excep t  

Rat 3 ,  t h e  s e c t i o n  of which was u n a v a i l a b l e .  Some d i f f i c u l t y  

was encountered i n  t h e  f i x i n g  of t h e  s t a i n e d  s e c t i o n s ,  t h i s  

d i f f i c u l t y  c o n t r i b u t i n g  t o  t h e  poor q u a l i t y  o f  t h e  photo- 

g raph ic  p r i n t s .  

Table  1 shows t h e  0-to-peak s t i m u l a t i n g  c u r r e n t  used 

a t  t h e  d i f f e r e n t  s t a g e s  o f  t r a i n i n g  i n  Experiments I and 11. 

The lower l i m i t  of t h e  c u r r e n t  range was s e t  by t h e  f i n d i n g  

t h a t  a l l  r a t s  f a i l e d  t o  respond r e l i a b l y  d u r i n g  " sc reen ing"  

on c u r r e n t  parameters  below 0 . 4  mi l l iamps.  The upper l i m i t  

of t h e  c u r r e n t  range  ( 0 . 8  mi l l i amps)  was d i c t a t e d  by t h e  

c a p a b i l i t i e s  of  t h e  s t i m u l a t i o n  and moni tor ing  c i r c u i t s .  With- 

i n  t h e  above c u r r e n t  r ange ,  i n c r e a s e s  i n  c u r r e n t  i n t e n s i t y  

were i n s e r t e d  a t  two poinrts -- one a t  t h e  commencement of  t h e  

second b a r  t r a i n i n g ,  and t h e  o t h e r  on t h e  second day of  t h e  



FIGURE 1 SUMMARY OF HiSTOLOGY 

Brain secti'ons 
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VI-15 second schedule .  A t  no t ime d i d  a  c u r r e n t  i n c r e a s e  

r e s u l t  i n  any obkervable  motor s i d e - e f f e c t s .  I n  t e n  of t h e  

twelve rats,  an i n c r e a s e  i n  t h e  number of b a r - p r e s s e s  on 

t h e  VI-15 second schedule  accompanied t h e  second c u r r e n t  

increment  ( t h e  d e c r e a s e  i n  t h e  number of ba r -p re s se s  of  t h e  

remaining two r a t s  was s m a l l ) .  

Table  1 a l s o  shows t h e  mean number of ba r -p re s se s  

cor responding  t o  each t r a i n i n g  s t a g e .  Because t h e  " sc reen ing"  

and i n i t i a l  t r a i n i n g  on t h e  I C S  l e v e r  (Days 5  and 6 ) ,  a s  w e l l  

a s  t h e  t r a i n i n g  on t h e  second b a r  (Days 7 - 12)  were i d e n t i c a l  

f o r  both  exper iments ,  t h e  means r e p r e s e n t  a11 .12  r a t s .  Table 

N ,  i n  t h e  Appendix, c o n t a i n s  t h e  d a t a  f o r  i n d i v i d u a l  r a t s .  

I n s p e c t i o n  of Table  1 shows t h a t  t h e  mean number of p r e s s e s  

on t h e  ICS b a r  was cons ide rab ly  g r e a t e r  on t h e  second day 

(Day 6 )  o f  t h e  i n i t i a l  ICS t r a i n i n g .  The mean number of 

p r e s s e s  ori t h e  permanent b a r  i s  seen  t o  i n c r e a s e  w i t h i n  bo th  

t h e  CRF and t h e  VI-15 second s t a g e s  of t r a i n i n g .  I n  a d d i t i o n ,  

it i s  observed t h a t  t h e  same measure i n c r e a s e s  between t h e  

CRF schedu le ,  t h e  VI-15 second schedu le ,  and t h e  f i r s t  day of 

t h e  VI-30 second schedule .  A t  no t ime d u r i n g  t h i s  p o r t i o n  

of  t h e  t r a i n i n g  was any "priming" neces sa ry  t o  i n i t i a t e  

p r e s s i n g ,  e i t h e r  on t h e  ICS b a r  (Days 5 and 6 )  o r  on t h e  

permanent b a r  d u r i n g  subsequent  t r a i n i n g  s e s s i o n s .  

The main method of  a n a l y s i s  i n  t h e  two exper iments  was 

t h e  Analys i s  of  Var iance wi th  a l l  f a c t o r s ,  o t h e r  t han  s u b j e c t s ,  

f i x e d .  S u b j e c t s  was a  random f a c t o r  which was n e s t e d  under 



another factor, the latter factor differing between the 

different analysses. (Winer, 1962, p. 184). Trend Analyses 

followed Edwards (1968, p. 287). 

Experiment I 

Determination of operant levels (Days 1 to 4). Tables 

A and B (Appendix) present the response measures for individ- 

ual subjects. The mean number of permanent bar-presses 

for each of the four sessions of operant level assessment 

appears in Figure 2. A significant decrease in permanent bar- 

presses occurred between the two days when neither the Dis- 

criminative nor Classically-conditioned stimulus was present, 

Days 1 vs. 2 (t = 2.5, df = 7, p < .05, within-S, 2-tailed), 

as shown in Table GG (Appendix). An analysis of variance 

was performed on the data (Table 0 ,  Appendix). A significant 

decrease (F = 21.9, df = 1/6, p < .005) in the permanent 

bar-pressing was also observed between the two stimulus 

conditions, between those days when the Discriminative and 

Classically-conditioned stimuli were absent (Days 1 & 2) and 

thoses days when the two stimuli were present (Days 3 & 4). 

In addition, when the percentage of the permanent bar- 

presses occurring 15 seconds after the initiation of the 

Discriminative stimulus was considered for Days 3 and 4 

(Table P, Appendix), a significant interaction was observed 

between the two sessions and the two stimulus groupings 

(F = 6.0, df = 1/6, p < .05). Figure 3 shows that the post-S D 



FIGURE 2 

I 

DAYS 

3 4 
STIM. 

EXP.1 OPERANT BAR PRESSES ON 

PERMANENT BAR 



FIGURE 3 

-- 

GROUP l 
-a AUDITORY sD, VISUAL sC 
GROUP 2 
e--o VISUAL sD, AUDITORY sC 

4 

DAYS 

EXP. I PER CENT OPERANT BAR PRESSES ON 
PERMANENT BAR 15 SECS. AFTER ONSET 
OF DISCRIM INATlVE STIMULUS 
( GROUPS I AND 2 ) 



percentage for the group with the auditory Discriminative 

stimulus and the'visual Classically-conditioned stimulus 

(Group 1) increased considerably from Day 3 to Day 4. In 

D contrast to this increase, the post-S percentage for the 

group with the visual Discriminative stimulus and the auditory 

Classically-conditioned stimulus (Group 2) decreased over 

the same period. 

Secondary reward training. Tables C and D in the 

Appendix present data for individual subjects. All rats did 

not reach both of the criteria which had been set, either on 

the VI-30 second or the VI-30(50%)-second schedules. Table 

2 shows the criteria actually reached by individual rats. A 

total of four rats reached both criteria under both schedules. 

Three of these rats were from the group trained with the 

auditory Discriminative stimulus and the visual Classically- 

conditioned stimulus (Group 1). The renaining rat was from 

the group trained with the visual Discriminative stimulus 

and the auditory Classically-conditioned stimulus (Group 2). 

The plight of the four rats which did not reach all of the 

criteria is shown in Table 2. One rat from both Group 1 and 

Group 2 failed to reach any of the criteria. Rat 8 (Group 2) 

reached all but the second (discriminability) criterion. on 

the VI-30(50%) schedule. Rat 9 (Group 2) reached neither of 

the second (discriminability) criteria. 

Table 2 also shows the number of pairings of the two 

experimental stimuli with the ICS, both on the VI-30 and 
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VI-30(50%) schedules. It should be stressed that those rats 

which did not reach both criteria on one schedule were 

nevertheless advanced to the next schedule after a reasonable 

length of time. It is evident from Table 2 that those rats 

which did not reach criteria accursulated a larger number of 

stimuli-ICS pairings than those that did reach criteria. In 

spite of this difference in the number of pairings between 

individual rats, the mean number of pairings for Group 1 and 

Group 2 rats were similar (Group 1 = 1085, Group 2 = 1005). 

Due to the fact that the minimum number of daily 

sessions on the VI-30 second schedule before both criteria 

were reached was 8 (Rat 26), the effect of training on this 

schedule in the presence of the Discriminative,and Classically- 

conditioned stimuli was measured for all rats over the first 

eight days. On the first day of this period only the 

Classically-conditioned stimulus was present. On the sub- 

sequent seven days, both the stimuli were present. Figure 4 

shows a significant decrease in the mean number of permanent 

bar presses over the first eight sessions of the VI-30 second 

schedule (Table Q, Appendix). Although the main effect for 

sessions was found to be significant (F = 17.4, df = 7/42, 

p < .005), the dlfrerence between Group 1 and Group 2 failed 

to reach significance (F = .92, df = 1/6, p > .lo). Although 

the assignment of the auditory and visual stimuli did not 

have a significant effect, inspection of Figure 4 reveals that 

the group with the auditory Discriminative stimulus and the 

visual Classically-conditioned stimulus (Group 1) did show a 



. FIGURE 4 

EXP. I PERMANENT BAR PRESSES DURING FIRST 8 DAYS OF 
SECONDARY REWARD TRAINING ON VI - 30 SEC. 
SCHEDULE (GROUPS I AND 2 ) 
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FIGURE 5 

GROUP I - AUDITORY s D , v l s u n ~  sC 
GROUP 2 
o---o VISUAL sD, AUDITORY sC, 

DAYS 

EXP. I PER CENT PERMANENT BAR PRESSES 15 SECS. AFTER 
ONSET OF DISCRIMINATIVE STIMULUS DURING FIRST 
8 DAYS OF SECONDARY REWARD TRAINING ON VI - 30 
SEC. SCHEDULE ( GROUPS I AND 2 ) 



faster decline in the mean number of permanent bar presses 

over the eight s&ssions. Figure 5 shows the effect of the 

D same eight training sessions on the post-S percentage. 

r Again, the main effect for sessions was significant (F = 17.8, 
I df = 7/42, p < .OO5) , the mean percentage of post-~D responses 
- .  

increasing with subsequent sessions (Table R, Appendix). 

f Although Figure 5 suggests the group trained with the auditory 

Discriminative stimulus and the visual Classically-conditioned 

stimulus improved at a faster rate than the group with the 

reversed modalities, the difference was not significant (F = 1.6, 

Test for resistance to extinction. The mean number 

of permanent bar presses that occurred during the first two 

sessions of extinction condition [21, when the stimuli were 

absent, was compared to the mean number of permanent bar 

presses that occurred during the first two days of operant 

level determination, when the stimuli were also absent (Table 

AA, ~ppendix). The mean for the two days of operant level 

determination was 17.6. The mean for the first two sessions of 

extinction condition [2] was 26.9. The difference between 

the two means was significant at the p .05 level, using a 

within-S t-test (t = 2.4, .df = 7, 2-tailed). The mean number 

of permanent bar presses that occurred in the absence of the 

experimental stimuli was therefore significantly greater at 

the start of the extinction phase than before ICS training. 
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S i m i l a r l y ,  t h e  mean number of permanent b a r  p r e s s e s  

t h a t  occu r red  d;ring t h e  f i r s t  two s e s s i o n s  of  e x t i n c t i o n  

c o n d i t i o n  [ l ] ,  when t h e  s t i m u l i  were p r e s e n t ,  was compared 

t o  t h e  same c o n d i t i o n  d u r i n g  ope ran t  l e v e l  de t e rmina t ion  

(Table  BB,. Appendix).  I n  t h i s  c a s e ,  t h e  i n c r e a s e  between 

t h e  o p e r a n t  l e v e l  s i t u a t i o n  and t h e  e x t i n c t i o n  s i t u a t i o n  was 

s i g n i f i c a n t  a t  l e s s  t h a n  t h e  p  .001 l e v e l ,  t h e  means be ing  

8 . 3  and 51.2 r e s p e c t i v e l y  ( t  = 6 . 3 ,  df = 7,  2 - t a i l e d ,  w i th in -S ) .  

The i n c r e a s e  i n  t h e  pe rcen tage  of permanent b a r  p r e s s e s  

a f t e r  sD i n i t i a t i o n  between t h e  p r e v i o u s l y  mentioned ope ran t  

and e x t i n c t i o n  s i t u a t i o n s  was a l s o  s i g n i f i c a n t  (Table  CC,  

Appendix).  The mean percen tage  of p o s t - ~ D  responses  du r ing  

Days 3 and 4 of  o p e r a n t  l e v e l  d e t e r m i n a t i o n  was 5.5,  whi le  

t h a t  d u r i n g  t h e  f i r s t  two days  of st imuli-accompanied e x t i n c t i o n  . 

was 37.1. This  d i f f e r e n c e  i s  s i g n i f i c a n t  a t  t h e  p  .001 l e v e l  

( t  = 5.4,  df = 7, 2 - t a i l e d ,  wi thin-S)  . I t  t h u s  appears  t h a t  

bo th  t h e  mean number of  permanent b a r  p r e s s e s  and t h e  per-  

cen tage  of t h o s e  p r e s s e s  o c c u r r i n g  s h o r t l y  a f t e r  i n i t i a t i o n  

of t h e  D i sc r imina t ive  s t i m u l u s ,  were g r e a t e r  i n  t h e  presence  

of  t h e  two s t i m u l i  d u r i n g  i n i t i a l  e x t i n c t i o n  than  they  were 

du r ing  o p e r a n t  l e v e l  de t e rmina t ion .  

F igu res  6 and 7 show t h e  e f f e c t  of t h e  e x t i n c t i o n  

c o n d i t i o n  upon t h e  mean number of permanent b a r  p r e s s e s  over 

t h e  5  d a i l y  s e s s i o n s  f o r  Groups 1 and 2  r e s p e c t i v e l y .  Data 

f o r  i n d i v i d u a l  s u b j e c t s  appear  i n  t h e  Appendix (Tables  E & F ) .  

Combining t h e  e f f e c t  f o r  t h e  group wi th  t h e  a u d i t o r y  



EXP. I 

. FIGURE 6 

DAYS 

- 

GROUP I ( AUDITORY sD, VISUAL sC) : PERMANENT 
BAR PRESSES DURING EXTINCTION WlTH AND 
WITHOUT STIMULI . 

EXTINCTION WlTH STIMULI PRESENT 

O---o EXTINCTION WlTH STIMULI ABSENT 
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FIGURE 7 

2 3 4 

DAYS 

. 

I GROUP 2 ( VISUAL sD, AUDITORY sC) : PERMANENT 

EXTINCTION WlTH STIMULI PRESENT 
--4 EXTINCTION WITH STIMULI ABSENT 

BAR PRESSES DURING EXTINCTION WlTH AND 
WITHOUT STIMULI 



Discriminative stimulus and the visual Classically-conditioned . 
stimulus with the effect for the group with the reversed 

modalities (Figures 6 & 7). a significant main effect for 

extinction condition was found (F = 38.9, df = 1/4, p < .005). 

. The presence of the stimuli produced a significantly greater 

number of permanent responses. A significant main effect 

was also observed'for sessions, showing that when both 

extinction conditions (with and without stimuli) are con- 

sidered for Groups 1 and 2 combined (Figures 6 & y ) ,  a 

decrement in the mean number of permanent bar responses 

occurred over the five sessions. Comparing Figure 6 with 

Figure 7 indicates an interaction existing between the extinc- 

tion condition and the assignment of stimulus,modalities 

(Groups 1 & 2). This interaction was found to be significant, 

suggesting that the extinction condition had a greater effect 

when the Discriminative stimulus was auditory and the 

Classically-conditioned stimulus was visual than when the 

modalities were reversed (F = 12.8, df = 1/4, p < .025). 

Table S in the Appendix shows the summary of the analysis of 

variance. Trend analysis of the same data showed a sig- 

nificant, over-all, downward linear trend over the extinction 

sessions (F = 28.8, df = 1/16, p < .01). Analysis of the 

interactions for linear trend revealed that the interaction 

between extinction conditions and the assignment of modalities 

was also significant (F = 5.6, df = 1/16, p < .05). Table HH 

in the Appendix contains the summary of this analysis of trend. 



It appears that the difference between the trends for the . 
two extinction conditions depends on the Group considered. 

The difference between the trends for the two extinction 

conditions was greater when the Discriminative stimulus was 

visual and the Classically-conditioned stimulus was auditory 

(Figures 6 & 7). 

Figures 8 and 9 show the effect of the extinction 

condition upon the mean percent permanent bar presses occurring 

15 seconds after the initiation of the Discriminative stimulus, 

over the five daily sessions. This effect was found to be 

significant when both stimulus modality assignments (Groups 1 

and 2; Figures 8 & 9) were considered (F = 183.3, df = 1/4, 

p < .005). The presence of the two experimental stimuli 

during extinction evidently produced a higher percentage of 

responses immediately following Discriminative stimulus 

initiation, compared to the condition where the stimuli were 

absent. Tables G and H in the Appendix show data for individual 

subjects. Sessions were also observed to yield a significant 

main effect (F = 3.2, df = 4/16, p < .05) as was the assign- 

ment of stimulus modalities, Group 1 & 2 (F = 36.9, df = 1/4, 

p < .005). Moreover, a significant interaction was found to 

exist between Groups, extinction condition, and the session 

(F = 3.7, df = 4/16, p < -05). This interaction becomes 

apparent on inspection of Figures 8 and 9. Comparing Figure 

8 with Figure 9 indicates that the nature of the extinction 

condition (with and without stimuli) has a greater effect on 



FIGURE 8 

- 0  EXTINCTION WITH STIMULI PRESENT 
- EXTINCTION WITH STIMULI ABSENT 

I 2 3 4 5 

DAYS 

PERMANENT BAR PRESSES 15 SECS. AFTER 
ONSET OF DISCRIMINATIVE STIMULUS - EXTINCTION 
WITH AND WITHOUT STIMULI 



FIGURE 9 

I t. EXTINCTION WlTH STIMULI PRESENT 

I O--a EXTINCTION WITH STIMULI ABSENT 

I 2 3 4 5 

DAYS 

EXP. I GROUP 2 ( VISUAL s', AUDITORY sL) : PER CENT 
PERMANENT BAR PRESSES 15 SECS. AFTER 
ONSET OF DISCRIMINATIVE STIMULUS - EXTINCTION 
WlTH AND WITHOUT STIMULI 



the group with the auditory Discriminative stimulus and the 
a 

visual Classically-conditioned stimulus. This difference of 

effect between the two stimulus groups increased toward the 

latter sessions. The summary of the analysis of variance 

appears in the Appendix (Table T). Trend analysis of this 

data revealed a significant, over-all, downward linear trend 

over the daily sessions (F = 11.4, df = 1/16, p < .01). As 

was the case with the analysis of the number of permanent bar 

presses, analysis of the interaction for linear trend for 

the mean percent permanent bar presses occurring 15 seconds 

after the initiation of the Discriminative stimulus showed 

a significant interaction between the extinction condition 

and the Group (F  = 8.68, df-= 1/16, p < .01). Table HH in 

the Appendix contains the summary of this analysis. The 

difference between the trends for the two extinction con- 

ditions was greater when the Discriminative stimulus was 

visual and the Classically-conditioned stimulus was auditory 

(Figures 8 & 9). 

Figures 10 and 11 present the performance of an 

individual subject, Rat 3, over the secondary reward training 

and the subsequent extinction. In terms of the hypothesized 

effects, this subject produced the best performance on both 

the number of permanent bar presses (Figure 10) and the per- 

centage of presses 15 seconds after the onset of the Dis- 

criminative stimulus (Figure 11). In' contrast to the other 

subjects in this experiment who underwent ten extinciton 







s e s s i o n s ,  Rat 3  underwen 

Experiment I1 

e x t i n c t i o n  f o r  a  t o t a l  of 30 days. 

Determination of operant  l e v e l s  (Days 1 t o  4 ) .  Table I 

i n  t h e  Appendix shows d a t a  f o r  i n d i v i d u a l  s u b j e c t s .  The 

mean number of permanent bar  p resses  f o r  t h e  f o u r  sess ions  of 

operant  l e v e l  assessment appear i n  ~ i g u r e  12. No s i g n i f i c a n t  

d i f f e r e n c e  was observed between the  permanent ba r  p resses  

occurr ing  i n  t h e  absence of t h e  s t imulus  (Days 1 & 2) and 

those  occurr ing  i n  t h e  presence of t h e  Class ica l ly-condi t ioned 

s t imulus  (Days 3 & 4 ) ,  (F  = 1.3 ,  df = 1/2,  p > . l o ) .  Table U 

i n  t h e  Appendix shows t h e  a n a l y s i s  of var iance .  I n  a d d i t i o n ,  

no s i g n i f i c a n t  r e l a t i o n s h i p s  were found when t h e  percentage 

of t h e  permanent bar -presses  occurr ing  15 seconds a f t e r  t h e  

i n i t i a t i o n  of t h e  ( absen t )  Discr iminat ive s t imulus  was con- 

s i d e r e d  (Figure 13,  Days 3  & 4 )  . The main e f f e c t  f o r  Days 

y ie lded  an F va lue  of 5.5 (df = 1 / 2 ,  p  > . l o ) .  The i n t e r -  

a c t i o n  between t h e  two sess ions  and t h e  two s t imulus  groups 

y ie lded  an F va lue  of 4 . 8  (df = 1 / 2 ,  p  > . l o ) .  Table V 

(Appendix) shows t h e  a n a l y s i s  of var iance  f o r  t h e  second 

dependent measure. 

Secondary reward t r a i n i n g .  Tables J and K i n  t h e  

Appendix p r e s e n t  d a t a  f o r  i n d i v i d u a l  s u b j e c t s .  A l l  four  r a t s  

reached t h e  s i n g l e  c r i t e r i o n  ( s t a b i l i t y )  of t r a i n i n g  on both 

t h e  VI-30 second and t h e  VI-30 second (50%) schedules .  Table 

3  shows t h e  number of sess ions  and stimulus-ICS  airi in as f o r  



FIGURE 12 

I 2 3 4 

NO STIM. STIM. 
DAYS 

EXP.II OPERANT BAR PRESSES ON PERMANENT 

B A R .  



FIGURE 13 

GROUP I a-e VISUAL 

GROUP 2 O---o AUDITORY S 

3 4 

DAYS 

PER CENT OPERANT BAR PRESSES ON 
PERMANENT BAR 15 SECS. AFTER 
ONSET OF DISCRIMINATIVE STIMULUS 
(GROUPS I AND 2 ) 
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i n d i v i d u a l  ra t s ,  on bo th  schedules .  The mean number of 

st imulus-ICS p a i r i n g s  f o r  t h e  group w i t h  t h e  v i s u a l  C l a s s i c a l l y -  

cond i t i oned  s t i m u l u s  (Group 1) was 423. The mean number of  

p a i r i n g s  f o r  t h e  group w i t h  t h e  a u d i t o r y  s t i m u l u s  (Group 2) 

was 376.5. 

Because two r a t s  (45 & 55) reached t h e  t r a i n i n g  cri-  

t e r i o n  on t h e  VI-30 second schedule  w i t h i n  f i v e  days ,  t h e  

e f f e c t  of t r a i n i n g  w i t h  t h e  C l a s s i c a l l y - c o n d i t i o n e d  s t imu lus  

w a s  measured ove r  t h e  f i r s t  f i v e  days  f o r  a l l  o f  t h e  rats .  

F igu re  1 4  shows t h e  e f f e c t  oE secondary reward t r a i n i n g  on 

t h e  mean number of permanent b a r  p r e s s e s .  There was no s i g -  

n i f i c a n t  v a r i a t i o n  i n  permanent b a r  p r e s s e s  a s  a  f u n c t i o n  of 

t h e  f i v e  t r a i n i n g  s e s 5 i o n s  (F = 0.58, df  = 4/8, p  > . l o ) .  

I n  a d d i t i o n ,  t h e  modal i ty  of t h e  C l a s s i c a l l y - c o n d i t i o n e d  

s t i m u l u s  had no s i g n i f i c a n t  e f f e c t  on t h e  mean number o f  

permanent b a r  p r e s s e s  (F = .29,  df  = 1/2,  p  > - 1 0 ) .  Table  W 

(Appendix) shows t h e  summary of  t h e  a n a l y s i s  of v a r i a n c e .  

F igu re  15  shows t h e  e f f e c t  of  secondary reward t r a i n i n g  

on t h e  p e r c e n t  permanent b a r  p r e s s e s  o c c u r r i n g  s h o r t l y  a f t e r  

t h e  i n i t i a t i o n  o f  t h e  ( a b s e n t )  ~ i s c r i m i n a t i v e  s t i m u l u s .  The 

e f f e c t  of  t r a i n i n g  on t h i s  measure was n o t  s i g n i f i c a n t  (F = 1 .0 ,  

df = 4/8, p  > . l o ) ,  nor  w a s  t h e  e f f e c t  of t h e  s t i m u l u s  

modal i ty  (F = 2.7, d f  = 1/2 ,  p  > . l O ) , ( T a b l e  X ,  Appefidix). 

Tes t  f o r  r e s i s t a n c e  t o  e x t i n c t i o n .  Tables  L and M i n  

t h e  Appendix show t h e  d a t a  f o r  i n d i v i d u a l  s u b j e c t s .  The mean 

number of  permanent b a r  p r e s s e s  t h a t  occu r red  d u r i n g  t h e  f i r s t  



FIGURE 14 

I GROUP I t. VISUAL sC fi I 
I GROUP 2 -0-0 AUDITORY SL I 

DAYS 

EXP. II PERMANENT BAR PRESSES DURING FIRST 
5 DAYS OF SECONDARY REWARD TRAINING ON 
V I  - 30 SEC. SCHEDULE (GROUPS I AND 2 ) 



FIGURE 15 

GROUP I - VISUAL sC 
GROUP 2 -4 AUDITORY sC 

EXP. II 

DAYS 

PERCENT PERMANENT BAR PRESSES 15 SECS 
AFTER ONSET OF DISCRIMINATIVE STIMULUS 
DURING FIRST 5 DAYS OF SECONDARY REWARD 
TRAINING ON V I  - 30 SEC. SCHEDULE. 
(GROUPS 1 AND 2 ) 
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two sessions of extinction condition 121, when the stimul 

was not present, was compared to that occurring during the 

first two days of operant level dktermination, when the 

stimulus was also absent. The mean for the two days of operant 

level determination was 22.3 as was also the mean for the 

first two sessions of extinction with the stimulus present. 

The mean number of'permanent bar presses that occurred in 

the absence of the experimental stimulus was identical before 

ICS training and at the start of the extinction phase (Table 

DD, Appendix) . 
The mean number of permanent bar presses that occurred 

during the first two sessions of extinction condition [l], 

when the stimulus was present, was compared to the same con- 

dition during operant level determination  a able EE, ~ppendix). 

The mean in the first case was 26.9, and that during the 

operant level determination was 17.3. This increase between 

the operant and extinckion conditions, however, was not sig- 

nificant (t = 1.4, df = 3, p > .lo, 2-tailed, within-S). 

The mean percentage of permanent bar presses immediately after 

the initiation of the (absent) Discriminative stimulus was 

determined for Days 3 and 4 of the operant level determination, 

and also for the first two days of extinction condition [ll, 

during which the stimulus was present (Table FF, Appendix). 

The two means were 7.4 and 7.1, the difference nonsignificant 

(t = 0.2, df = 3, p > .lo, 2-tailed, within-S). 



F i g u r e  16 shows t h e  e f f e c t  o f  t h e  e x t i n c t i o n  c o n d i t i o n  

(wi th  and w i t h o u t  s t i m u l u s )  on t h e  mean number of  permanent 

b a r  p r e s s e s  ove r  t h e  f i v e  d a i l y  s e s s i o n s .  The n a t u r e  of t h e  

e x t i n c t i o n  c o n d i t i o n  w a s  found t o  e x e r t  no s i g n i f i c a n t  e f f e c t  

(F  = . 8 ,  df  = 1/2 ,  p  > . l o ) ,  b u t  t h e r e  was a s i g n i f i c a n t  

main e f f e c t  f o r  s e s s i o n s ,  showing a  decrement i n  t h e  mean 

number of r e sponses  as s e s s i o n s  p rog res sed ,  r e g a r d l e s s  of t h e  

e x t i n c t i o n  c o n d i t i o n  (F = 5.5,  df  = 4/8, p  < .025, Table  Y ,  

Appendix). N e i t h e r  t h e  e x t i n c t i o n  c o n d i t i o n  (F = .09,  df = 1/2 ,  

p > . l o )  no r  t h e  d a i l y  s e s s i o n  (F = 3.4, df  = 4/8, p  > .05)  

e x e r t e d  s i g n i f i c a n t  e f f e c t s  on t h e  p o s t - ~ D  measure,  however 

(F igure  1 7 ) .  Table  Z i n  t h e  Appendix shows t h e  summary of 

D 
t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  post-S measure. Trend 

a n a l y s i s  o f  t h e  number o f  permanent b a r  p r e s s e s  r e v e a l e d  no 

s i g n i f i c a n t ,  o v e r - a l l ,  t r e n d s  over  t h e  e x t i n c t i o n  s e s s i o n s ,  

bo th  c o n d i t i o n s  combined (Table  HH, ~ p p e n d i x ) .  

F i g u r e s  18 and 19 p r e s e n t  t h e  performance of  Rat 59 

d u r i n g  secondary reward t r a i n i n g  and subsequent  e x t i n c t i o n .  

Comparison of  t h e  f i r s t  and second dependent measures (F igu res  

18 and 19 ,  r e s p e c t i v e l y )  w i th  t h o s e  o f  Rat 3  (F igu res  10 and 11) 

i l l u s t r a t e s  t h e  l a c k  of r e s i s t a n c e  t o  e x t i n c t i o n  i n  t h e  

presence  of t h e  s t i m u l u s  i n  t h e  second exper iment .  



FIGURE 16 

EXTINCTION WlTH STIMULUS PRESENT 

O-9-0 EXTINCTION WlTH STIMULUS ABSENT - 

DAYS 

EXf? It PERMANENT BAR PRESSES DURING EXTINCTION 
WlTH AND WITHOUT STIMULUS (GROUPS I AND 2 
COMBINED) 



DAYS 

EXP. lI PER CENT PERMANENT BAR PRESSES 15 SECS. 
AFTER ONSET OF DISCRIMINATIVE STIMULUS - 
EXTINCTION WITH AND WITHOUT STIMULUS. 
(GROUPS I AND 2 COMBINED ) 



FIGURE 18 

EXTINCTION 

8 DAYS 3 DAYS I0 DAYS 

EXP. IT - RAT 59 . PERMANENT BAR PRESSES DURING TRAINING WlTH 
STIMULUS PRESENT, AND EXTINCTION WlTH STIMULUS BOTH 
PRESENT AND ABSENT. 



FIGURE 19 

EXTINCTION 

A-A STIMULUS PRESEN1 
STIMULUS ABSENT 

8 DAYS 3 DAYS 10 DAYS 

L. EXP. I1 - RAT 59. PER CENT BAR PRESSES 15 SEC. AFTER S' 
ONSET, DURING TRAINING WlTH STIMULUS PRESENT,AND 
EXTINCTION WlTH STIMULUS BOTH PRESENT AND ABSENT. 



Discussion 

Any failure to demonstrate secondary reinforcement 

through resistance to extinction cannot be attributed to a 

more fundamental failure to replicate previous results 

regarding the general nature of ICS-supported responding in 

the two-lever situation. Although Hawkins and Pliskoff 

(1964) did not train rats with electrode placements identical 

to those of the present study, their permanent-bar response 

rates on a VI-30 second schedule, using similar current 

intensities, fall within the range of response rates reported 

in the present study. Thus it appears that the present 

experiments were successful in at least replicating the 

phenomena of sustained performance on intermittent schedules 

characteristic of the 2-bar training paradigm (Hawkins & 

Pliskoff, 1964; Pliskoff, Wright & Hawkins, 1965). 

To adequately demonstrate secondary reinforcement 

empirically, a number of general relationships should prevail 

in our present findings. First, there should be some evidence 

of the neutrality of the experimental stimuli before their 

association with the opportunity to press for ICS. Response 

measures during operant level determination should not vary 

significantly depending on the presence of the experimental 

stimuli. During extinction, however, the presence of the 



s t i m u l i  should  e x e r t  a  s i g n i f i c a n t  e f f e c t .  Ses s ions  wi th  

t h e  exper imenta l  s t i m u l i  p r e s e n t  should  y i e l d  g r e a t e r  response  

measures t han  t h o s e  s e s s i o n s  w i t h  t h e  s t i m u l i  a b s e n t .  I n  

a d d i t i o n ,  e x t i n c t i o n  s e s s i o n s  w i t h  t h e  s t i m u l i  p r e s e n t  should 

produce s i g n i f i c a n t l y  g r e a t e r  response  measures t han  i d e n t i c a l  

o p e r a n t  l e v e l  s e s s i o n s  - t h e  r e s u l t  of secondary reward . 

t r a i n i n g .  

Experiment I s a t i s f i e s  t h e  above requi rements  wi th  t h e  

excep t ion  of  t h e  f i r s t  - t h e  lack '  of  unequivocal  ev idence  

t h a t  bo th  t h e  v i s u a l  and a u d i t o r y  s t i m u l i  w e r e  n e u t r a l .  

During o p e r a n t  l e v e l  assessment ,  t h e  s i g n i f i c a n t  dec rease  i n  

t h e  number of  permanent ba r -p re s se s  between s e s s i o n s  wi thout  

t h e  s t i m u l i  (Days 1 & 2 )  and t h o s e  s e s s i o n s  w i t h  t h e  s t i m u l i  

(Days 3 & 4 )  may be i n t e r p r e t e d  i n  e i t h e r  of two ways. The 

d e c l i n e  i n  responding  between Days 1 and 2 s u g g e s t s  t h a t  t h e  

o v e r a l l  d e c r e a s e  between t h e  f i r s t  two days  and t h e  second 

two days  may merely r e f l e c t  con t inued  h a b i t u a t i o n  t o  t h e  

g e n e r a l  exper imenta l  s i t u a t i o n .  On t h e  o t h e r  hand, t h e  over-  

a l l  d e c r e a s e  might be  exp la ined  i f  one o r  bo th  of t h e  

exper imenta l  s t i m u l i  had been a v e r s i v e ,  producing an i n i t i a l  

a t t e n u a t i o n  of  on-going behaviour  - commonly r e f e r r e d  t o  as 

" f r e e z i n g " .  Compatible w i th  t h i s  second hypo thes i s  i s  t h e  

f i n d i n g  of  an  i n t e r a c t i o n  between t h e  s t i m u l u s  (Groups 1 & 2 )  

and t h e  l a t t e r  two s e s s i o n s  of  o p e r a n t  l e v e l  assessment ,  when 

D t h e  post-S pe rcen tage  of ba r -p re s se s  i s  cons idered .  This  

i n t e r a c t i o n  i n d i c a t e  t h a t  t h e  w i t h  t h e  a u d i t o r y  



Discriminative stimulus (Group 1) partially overcame its 

initial freezing reaction to the stimulus and learned to 

terminate the stimulus by pressing the permanent bar. In 

other words, the termination of the auditory signal may have 

been reinforcing. Although on Day 4 only eleven percent of 

the permanent bar-presses followed immediately the initiation 

of the auditory Discriminative stimulus, subsequent sessions 

might have extended the upward trend. The slight decrease in 

the post-~D measure for the group with the auditory Classically- 

Conditioned stimulus (Group 2) is also compatible with the 

presence of an aversive auditory stimulus, the onset of which 

is negatively reinforcing. At present there is no unequivocal 

evidence that the auditory and visual stimuli were neutral 

before their association with the opportunity to obtain ICS. 

It should be stressed, however, that the aversiveness of one 

or both of the stimuli is only hypothesized and needs evidence 

for confirmation. The suggestion that the auditory stimulus 

may have been aversive, is compatible with significant group 

differences appearing later in resistance to extinction, but 

it is not supported by the absence of significant group 

differences during secondary reward training. 

The secondary reward training of Experiment I shows 

clearly the effect of stimulus control over responding for 

access to ICS. The significant decrease in permanent bar- 

presses combined with the significant.increase in the per- 

centage of the bar-presses occurring immediately after 



initiation of the Discriminative stimulus, indicates a 

progressive inhibition of responding during the period S D 

is absent (s*). 

The extinction phase of Experiment I clearly showed a 

greater resistance to response decrement in those sessions 

where the Discriminative and Classically-conditioned stimuli 

were present. The contribution of the Discriminative stimulus 

to this resistance is reflected in the post-~D measure, but 

the contribution of the Classically-conditioned stimulus 

cannot be assessed in this experiment. The stimulus control 

exerted by the Discriminative stimulus - so prominent in 
I 

secondary reward training - extended well into those extinction 
sessions where the stimuli were present, but to a considerably 

D greater degree in the case of auditory S . In spite of the 

difference between the two extinction conditions (with and 

without stimuli), both showed a decrease in responding over 

the five sessions. The interactions between the extinction 

conditions and the assignment of stimulus modalities is com- 

patible with the hypothesis that the auditory stimulus had an 

aversive component, accounting for the greater effect of the 

extinction conditions for Group I. In Group 1, rewarding 

properties of sD termination may have summated with the dis- 

criminated properties of sD to prolong responding in the 

presence of the stimuli. It should be noted, however, that 

the interactions between the extinction conditions and the 

assignment of stimulus modalities is also compatible with the 



hypothesis that the auditory stimulus may have had more 

attentional value independent from any aversive component. 

In spite of the possible existence of an aversive 

~iscriminative stimulus, the evidence strongly suggests that 

the increased resistance to extinction (and the existence of 

stimulus control) in the presence of the Discriminative and 

Classically-conditioned stimuli is mainly due to prdor 

association of the stimuli with accessibility to ICS. This 

tentative conclusion is supported mainly by the existence of 

the effect for both stimulus modality Groups (1 & 2 ) ,  and by 

the evidence of a response decrement over those extinction 

sessions with the stimuli present (indicating extinction of 

secondary reinforcement). 

In contrast to the findings of Experiment I, those of 

Experiment I1 fail to satisfy adequately the requirements 

necessary to demonstrate secondary reinforcement. It should 

be stressed here, however, that the small number of subjects 

(N = 4) and the limited number of stimulus-ICS pairings do 

not allow an adequate assessment of the ability of a Classically- 

conditioned stimulus to yield resistance to extinction. 

Neither operant level assessment nor secondary reward training 

showed any significant relationships, considering first the 

mean number of permanent bar-presses and, secondly, the 

percentage of those presses occurring shoctly after the 

initiation of an (absent) Discriminative stimulus. Two 

findings during secondary reward training are of some interest, 



however, when compared to the training phase of Experiment I. 

The absence of both tendencies present in Experiment I train- 

ing - those of decreasing permanent bar presses and increasing 
post-~D measures - suggest that the presence of the sD in 
the first experiment was indeed responsible for response 

d 
inhibition during S . The one significant finding of 

Experiment 11, that there was an overall response-decrement 

effect across extinction conditions and stimuli, is similar 

to that reported by Seward, Uyeda & Olds (1959). This effect 

could merely reflect an initial heightened activity level due 

to previous ICS, and does not even warrant the assignment of 

secondary rewarding properties to unspecified situational 

stimuli. Although no firm conclusions can be reached here 

concerning the ability of a Classically-conditioned stimulus 

to act as a subsequent secondary reinforcer, the findings of 

Egger & Miller (1962, 1963) seem pertinent. These authors 

report that the ease of establishing secondary reinforcement 

is a positive function of the informational value the stimulus 

holds for the rat. If this is indeed the case, then an even 

greater number of stimulus-ICS pairings would be expected to 

be necessary with the Classically-conditioned stimulus than 

with the Discriminative stimulus. 

In summary, the first experiment does offer strong 

evidence suggesting that a Discriminative stimulus (and 

possibly also an accompanying Classically-conditioned stimulus) 

can operate to produce resistance to extinction, when the 

stimulus has been previously associated with the opportunity 



to obtain ICS. The contribution of initially aversive stimuli 

to the resistance to extinction cannot - be ruled out, however, 

and an appropriate control group could be designed to test 

this aversiveness hypothesis. The control group would present 

the Discriminative and Classically-conditioned stimuli on a 

VI-30 second schedule identical to that in the first expe.ri- 

ment, but this schedule would be independent of both the 

availability of ICS and the subjects' responses. The second 

experiment, in part due to the small number of subjects and 

stimulus-reward pairings, unfortunately offers no clear 

evidence as to whether or not a Classically-conditioned 

stimulus alone can yield resistance to extinction. . 

In closing, it should be emphasized that the presence 

of secondary reinforcement suggested in the first experiment 

was obtained using a paradigm associating the stimuli with 

the opportunity to press for ICS (the last response being 

similar to a normal consummatory response). Other studies 

attempting to attain secondary reinforcement with MFB-lateral 

hypothalamus placements have paired the stimuli directly with 

the bar-press leading to brain stimulation (the consummatory 

response), and having done so, have failed to demonstrate the 

secondary reinforcement effect. This state of affairs supports 

the view that an operant response, antecedent to the response 

delivering ICS, is necessary when comparing central and 

peripheral reward. 



The p r e s e n t  s tudy has been concerned w i t h  a  paradigm 

providing de lay  of reinforcement  and response topography 

s i m i l a r  t o  t h a t  used t o  e s t a b l i s h  secondary reinforcement  

wi th  p e r i p h e r a l  reward. Recently,  however, s t u d i e s  have 

shown t h a t  t h e  r e v e r s e  s t r a t e g y  - arranging  t h e  p e r i p h e r a l  

reward paradigm s o  t h a t  it i s  analagous t o  t h a t  of t h e  

c l a s s i c a l  ICS paradigm - y i e l d s  s i m i l a r  behavioural  phenomena 

with both types  of reward. Panksepp and Trowi l l  (1967a and b )  

found t h a t  t h e  behaviour of r a t s  s e l f - i n j e c t i n g  themselves 

with a h ighly  a p p e t i t i v e  s o l u t i o n  was s i m i l a r  t o  t h a t  of r a t s  

responding f o r  ICS. F a s t  e x t i n c t i o n ,  priming, and " e x t i n c t i o n  

without  responding" were demonstrated. S tudies  have y e t  t o  

be conducted demonstrating t h a t  secondary reinforcement is 

u n a t t a i n a b l e  us ing  t h i s  i n t r a o r a l  s e l f - i n j e c t i o n  paradigm, 

bu t  t h e  evidence sugges ts  t h a t  t h i s  would be t h e  case .  
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Appendix 



Table A 

Exper iment  , I  - Group 1 

Response measures  d u r i n g  d e t e r m i n a t i o n  o f  o p e r a n t  l e v e l s  - 

Day Day Day Day 
RAT RESPONSE MEASURE 1 2 3 4 

No. Permanent  Bar 9 5 1 7 
P r e s s e s  

P e r c e n t  Bar P r e s  es 
1 5  Secs .  a f t e r  S B 

o n s e t  

N o .  Permanent  Bar 50 17  1 5  1 3  
P r e s s e s  

2 1  

P e r c e n t  Bar P r e s s e s  
1 5  Secs .  a f t e r  sD 

o n s e t  

No. Permanent  Bar 24 1 8  9 5 
P r e s s e s  

P e r c e n t  Bar P r e s s e s  
1 5  Secs .  a f t e r  sD 

o n s e t  

No. Permanent  Bar 1 2  1 3  4 6 
P r e s s e s  

P e r c e n t  Bar Presfjes 
1 5  Secs .  a f t e r  S 

o n s e t  

Mean No. Permanent  Bar 23.8 13 .3  7.3 7 . 8  
P r e s s e s  

Mean P e r c e n t  Bar P r e s s e s  
1 5  Secs .  a f t e r  sD o n s e t  



' Table B 

Experiment I - Group 2 
Response measures during determination of operant levels 

Day Day Day Day 
RAT RESPONSE MEASURE 1 2 3 4 

No. Permanent Bar 20 6 9 8 
Presses 

Percent Bar Presses 
15 Secs. after SD 

onset 

No. Permanent Bar 11 4 2 
Presses 

Percent Bar Presses 
15 Secs. after sD 

onset 

No. permanent Bar 17 20 12 7 
Presses 

Percent Bar Pres es 
15 Secs. after S 5 

onset 

No. Permanent Bar 4 4  12 14 18 
Presses 

Percent Bar Presses 
15 Secs. after sD 

onset 

Mean No. Permanent Bar 23.0 10.5 9.3 8.8 
Presses 

Mean Percent Bar Presses 
15 Secs. after sD onset 
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Table I 

Experiment I1 - Response measures du r ing  de t e rmina t i on  o f  o p e r a n t  l e v e l s  

Group 1 

Day Day Day Day 
RAT RESPONSE MEASURE 1 2 3 4 

No. Permanent Bar  19  1 2 8 
P r e s s e s  

P e r c e n t  Bar  P r e s s e s  
15 Secs .  a f t e r  SD 

o n s e t  

N o .  Permanent Bar  1 5  2 6 14  31 
P r e s s e s  

P e r c e n t  Bar P r e s s e s  
1 5  Secs .  a f t e r  sD 

o n s e t  

Mean No. Permanent Bar 17.0 13.5 8.0 19.5 
P r e s s e s  

Mean P e r c e n t  Bar P r e s s e s  
1 5  Secs .  a f t e r  $onse t  

See Group 2 o v e r l e a f . .  
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Tab le  I (con t inued)  

Group 2 

No. Permanent B a r  22 2 7 26 2 2 
P r e s s e s  

P e r c e n t  B a r  P r e s s e s  
15 Secs .  a f t e r  sD 

o n s e t  

No. Permanent B a r  3 3 
P r e s s e s  

P e r c e n t  B a r  P r e s s e s  
15 Secs .  a f t e r  sB 

o n s e t  

Mean N o .  Permanent B a r  27.5 31.0 22.0 19.5 
P r e s s e s  

Mean P e r c e n t  B a r  P r e s s e s  
15 Secs .  a f t e r  sD o n s e t  
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Table N 

Experiment I -- Number of  Bar Presses  During Stages of Training 

Retrac table  Permanent Bar Bar On Which Number of  
Responses Was Recorded (ICS) Bar I 
-- 

Schedule JI-15 sec.  Continuous VI-30 sec .  Continuous 

Rat 3 

-- 

Rat 6 

Experiment Rat 8 
I 

Rat  9 

Rat 21 

Rat 26 

Rat 39 

R a t  48 

R a t  45 

Rat 55 
Experiment 

I1 
Rat 57 

Rat 59 



Table 0 

Analysis of Variance -- Experiment I 
Number of Permanent Bar Presses 

During Operant Level Determination 

Source of Variation df Mean Square F 

A: Group 

B: Stimulus Condition 

C: Days 

S: Subjects (w A) 

A X B  

A X C 

B X C  

B X S (w A) 

C X S (w A) 

A X B X C  1 

B X C X S  (wA) 6 

**Significant at the 0.01 level 



Table P 

Analysis of Variance -- Experiment I 
Percentage of Permanent Bar Presses 15 secs. After Onset of SD 

During Last Two Days of Operant Level Determination 

(arcsine transformation) 

Source of Variation d f Mean Square F 

A: Group 

B: Days 

S: Subjects (w A) 

A X B  

B X S I(w A )  

*Significant at the 0.05 level 



T a b l e  Q 

A n a l y s i s  o f  V a r i a n c e  -- Exper iment  I 

Number of Permanent  Bar P r e s s e s  During F i r s t  8 Days o f  Secon- 

d a r y  Reward T r a i n i n g  on  VI-30 sec. Schedu le  

Source  o f  V a r i a t i o n  df Mean Square  F 

A: Group 

B: Days 

S: S u b j e c t s  (w A)  

A X B  

B ' X S  ( w A )  

* * S i g n i f i c a n t  a t  t h e  0 .01  l e v e l  
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Table R 

Analysis of Variance -- Experiment I 

Percentage of Permanent i3ar Presses 15 secs. After Onset of sD 

During First 8 Days of Secondary Reward Training on VI-30 sec. 

Schedule (arcsine transformation) 

Source of Variation d f Mean Square F 

A: Group 

B: Days 

S: Subjects (w A) 

A X B  

B X S (w A) 

**Significant at the 0.01 level 



Table S 

Analysis of Variance -- Experiment I 
Number of Permanent Bar Presses During Extinction With and 

Without Stimuli 

Source of Variation d f Mean Square F 

A: Group 

B: Stimulus Condition 

C: Trials 

D: Order of Stimulus 

A X B  

A X C  - 

A X D  

B X C  

B X D  

C X D  

L S: Subjects (w AXD) 

A X B X C  

A X B X D  

A X C X D  

Conditions 1 

1 

4 

1 

4 

1 

4 

4 

B X C X D  4 41.767 0.317 

B X S (w AXD) 4 233.919 

C X S (W AXD) 16 165.568 

A X B X C X D  4 178.316 1.355 

B X C X S (w AXD) 16 131.584 

e * Significant at the 0.05 level 



Table T 

Analysis of Variance -- Experiment I 
Percentage of Permanent Bar Presses 15 secs. After Onset of sD 

During Extinction With and Without Stimuli (arcsine transformation) 

Source of Variation df Mean Square F 

A: Group 

B: Stimulus Condition 

C: Trials 

D: Order of Stimulus Conditions 

A X B  

A X C  

A X D 

B X C  

B X D 

C X D  

S: Subjects Cw AXD) 

A X B X C  

A X B X D  

A X C X D  

B X C X D  

B X S (w AXD) 

A X B X C X D  

B X  C X S (w AXD) 

* Significant at the 0.05 level 
** Significant at the 0.01 level 



Table  U 

A n a l y s i s  o f  Var iance  -- Experiment I1 

Number o f  Permanent Bar Presses During Operant  Leve l  De te rmina t ion  

Source  of  V a r i a t i o n  df Mean Square  F 

Group 

S t imulus  Cond i t i on  

Days 

S u b j e c t s  (w A) 

A X B  

A X C  

B  X  C  

B  X  S (w A )  

C X S  ( w A l  

A X B X C  

B X C X S  (wA) 



.- 1 1 6  - 

T a b l e  V 

A n a l y s i s  of V a r i a n c e  -- E x p e r i m e n t  I1 

P e r c e n t a g e  of P e r m a n e n t  B a r  P r e s s e s  1 5  secs. A f t e r  O n s e t  of sD 

D u r i n g  L a s t  Two D a y s  of Operant  L e v e l  3 e t e r m i n a t i o n  ( a r c s i n e  

t r a n s f o r m a t i o n )  

S o u r c e  of V a r i a t i o n  d f Mean S q u a r e  F 

A: G r o u p  1 0 . 0 6 4  0 . 2 2 1  

B: Days 1 0 . 1 4 0  5 . 4 6 5  

S :  S u b j e c t s  (w A) 2  0 . 2 8 8  

A X B  1 0 . 1 2 3  4 . 8 2 3  

B  X S (w A )  2  0 . 0 2 6  
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Table W 

Analysis of Variance -- Experiment 11 

Number of Permanent Bar Presses During First 5 Days of Secon- 

dary Reward Training on VI-30 sec. Schedule 

Source of Variation d f Mean Square F 

A: Group 1 .  530.450 0.288 

B: Days 4 1455.699 0.581 

S: Subjects (w A) 2 1844.048 

iF= 
i A X B  

B X S (w Al  



T a b l e  X 

A n a l y s i s  o f  V a r i a n c e  -- Exper iment  I1 

P e r c e n t a g e  o f  Permanent  Bar P r e s s e s  1 5  secs. A f t e r  Onse t  o f  SD 

Dur ing F i r s t  5 Days o f  Secondary  Reward T r a i n i n g  on VI-30 sec. 

Schedu le  (a i rcs ine  t r a n s f o r m a t i o n )  

Source  o f  V a r i a t i o n  d f  Mean Square  F 

A: Group 

B: Days 

S: S u b j e c t s  Cw A1 

A X B  

B X S Cw A) 



T a b l e  Y 

A n a l y s i s  o f  V a r i a n c e  -- Exper iment  I1 

Number o f  Permanent  B a r  P r e s s e s  During E x t i n c t i o n  With and 

Without  S t i m u l u s  

- - 

Source  of V a r i a t i o n  d f  Mean S q u a r e  F 

A: Group 1 

B: S t i m u l u s  C o n d i t i o n  1 

C:  T r i a l s  4 

S: S u b j e c t s  (w A) 2 

A X B  1 

A X C  4 

B X C 

B X S  (w A)  

C X S  (w A) 

A X B X C  

B X C X S  ( w A )  

* S i g n i f i c a n t  a t  t h e  0.05 l eve l  



- 120 - 

Table Z 

Analysis of Variance -- Experiment I1 
Percentage of Permanent Bar Presses 15 secs. After Onset of sD 

During Extinction With and Without Stimulus (arcsine transformation) 

Source of Variation df Mean Square F 

A: Group 1 

B: Stimulus Condition 1 

C: Trials 

S: Subjects (w A) 

A X B  

A X C  

B  X  C  

B X S (w A l  

C  X  S  (w A) 

A X B X C  

B X C X S  (wAl 



Table  AA 

T T e s t  -- Exper iment  I 

Mean Number o f  Permanent  Bar Presses Dur ing F i r s t  2 Days of Oper- 

a n t  Leve l  D e t e r m i n a t i o n  Compared t o  t h e  Same Measure During F i r s t  

2  E x t i n c t i o n  Days Without  S t i m u l i  

S u b j e c t  N o .  F i r s t  2  Operan t  Days F i r s t  2 E x t i n c t i o n  Days 
Without  S t i m u l i  

Mean 17.6 - 26.9 

df = 7 

t = 2.4 S i g n i f i c a n t  a t  t h e  0.05 l e v e l  ( 2 - t a i l e d )  
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Table BB 

T T e s t  -- Experiment I 

Mean Number o f  Permanent Bar P r e s s e s  During L a s t  2 Days o f  Operant  

Level Determinat ion Compared t o  t h e  Same Measure During F i r s t  2  

E x t i n c t i o n  Days With S t i m u l i  

S u b j e c t  No. L a s t  2  Operant  Days F i r s t  2 E x t i n c t i o n  Days 
With S t i m u l i  

Mean 

df = 7 

t = 6 . 3  S i g n i f i c a n t  a t  t h e  0.001 l e v e l  ( 2 - t a i l e d )  



T Test -- Experiment I 

Mean Percentage of Permanent Bar Presses 15 secs. After Onset of 

sD During Last 2 Days of Operant Level Determination Compared to 

the Same Keasure During First 2 Extinction Days With Stimuli 

Subject No. Last 2 Operant Days First 2 Extinction Days 
With Stimuli 

-- - 

Mean 

df = 7 

t = 5.4 Significant at the 0.001 level (2-tailed) 
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Table  DD 

T T e s t  -- Experiment 11 

Mean Number of Permanent Bar Presses During F i r s t  2 Days o f  Oper- 

a n t  Leve l  ~ e t e r m i n a t i o n  Compared t o  t h e  Sane Measure During F i r s t  

2 E x t i n c t i o n  Days Without  S t imu lus  

S u b j e c t  No. F i r s t  2 Operant  Days F i r s t  2 E x t i n c t i o n  Days 
Without  S t imulus  

Mean 22 .3  22.3 



Table  EE 

T T e s t  -- Experiment  I1 

Mean Number o f  Permanent  Bar P r e s s e s  During L a s t  2 Days o f  Oper- 

a n t  Level  ~ e t e r m i n a t i o n  Compared t o  t h e  Same Measure During F i r s t  

2 E x t i n c t i o n  Days With S t imu lus  

S u b j e c t  No. L a s t  2 Operan t  Days F i r s t  2 E x t i n c t i o n  Days 
With S t imulus  

Mean 17 .3  26.9 
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Table  FF 

T T e s t  -- Experiment I1 

Mean Percen tage  of  Permanent Bar Presses 15  secs .  A f t e r  Onset 

of sD During L a s t  2 Days of  Operant  Level  Determinat ion Com- 

pared t o  t h e  Same Measure During F i r s t  2 E x t i n c t i o n  Days With 

St imulus  

S u b j e c t  No. L a s t  2 Operant  Days F i r s t  2 E x t i n c t i o n  Days 
With St imulus  

Mean 
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Table GG 

T Test -- Experiment I 
Mean Number of Permanent Bar Presses During First Day of 

Operant Level Determination Compared to the Same Measure 

During the Second Day 

- - 

Subject No. First Operant Day Second Operant Day 

Mean 23.4 11.9 

- - 

df = 7 

t = 2.5 Significant at the 0.05 level (2-tailed) 



Table HH 

Trend Analyses -- Extinction Trials, Experiments I and I1 

Permanent Bar Presses: 

linear overall trend (across conditions and ~roups) 

Dl = -873 (downward trend) 

linear component = 4763 with 1 df 
**  

.F = 28.8 (df = 1/16) 

quadratic overall trend (across conditions and Groups) 

D2 = 235 

quadratic component = 246.5 with 1 df 

F = 1.5 (df = 1/16) 

analysis of interactions for linear trend 

Source of Variation - df Mean Square - F 

A: Groups 1 317 1.9 

B: Stimulus Condition 1 466 2.8 

A X B  

error term 16 165.6 (from Table S) 

* Significant at the 0.05 level 

**  Significant at the 0.01 level 
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Table HH (continued) 

Experiment I 

Percent Permanent Bar Presses 15 sec. After Onset of S D 

(arcsine transf. ) 

linear overall trend (across conditions and Groups) 

Dl = -15.576 (downward trend) 

linear component = 1.516 with 1 df 

F = 11.4 (df = 1/16)** 

quadratic overall trend (across conditions and Groups) -. 

D2 = 3.970 

quadratic component = 0.070 with 1 df 

F = 0.53 (df = 1/16) 

analysis of interactions for linear trend 

Source of Variation - df Mean Square - F 

A: Groups 1 0.056 0.4 

B: Stimulus Condition 1 0.170 1.3 

A X B  1 1.154 8.7** 

error term 16 0.133 (from Table T) 

** Significant at the 0.01 level 



Table HH (continued) 

Experiment I1 

Permanent Bar Presses: 

linear overall trend (across conditions and Groups) 

Dl = -330 (downward trend) 

linear component = 136.1 with 1 df 

F = 1.8 (df = 1/8) 

quadratic overall trend (across conditions and Groups) -- 

quadratic component = 316 with 1 df 

F = 4.1 (df = 1/8) 

error term = 76.8 with 8 df (from Table Y) 
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Figure 20 

Skinner box designed and constructed by author 
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Figure 2 1  

Surgical technique 



Figure 21 (continued) 

C. Lowering electrode 
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Figure 22 

Unstained histological sections 
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Figure 23 

Stained h i s t o l o g i c a l  s e c t i o n s  
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Figure  2 3  (cont inued)  
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