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CHAPTER 1 

INTRODUCTION 

One particularly potent variable affecting resistance to ex

tinction (RTE) is the schedule or pattern of reinforcement experienced 

diiring acquisition. With a partial reinforcement schedule, reinforce

ment is presented on a percentage of trials and the reinforced and 

nonreinforced trials are quite often programmed in a random or quasi-

random sequence. Compared to a sequence of continuous reinforcement 

(100^), RTE is increased with such partial reinforcement schedules. 

Indeed, a variety of theoretical models and mechanisms have been put 

forth to explain the paradoxical partial reinforcement effect (PRE). 

From his systematic studies of the PRE, Humphreys (1939» 19^0) 

concluded that increased RTE following partial reinforcement was the 

result of an "expectancy" of irregular reward. Thus, an organism con

tinuously reinforced for making a particular instrumental response 

would come to "expect" reinforcement after making each response. If 

the organism is reinforced only on occasion, however, it supposedly 

will not develop an expectancy for reinforcement following each instru

mental response. When extinction begins, an organism with such train

ing is likely to be more persistent in responding. Certainly this type 

of reasoning has a great deal of commonsense appeal but it has been 

justifiably criticized on several points (Jenkins & Stanley, 1950; 

Deese & Hulse, I967). One obvious weakness of this theory is that it is 



anthropomorphic in nature. Unless one is using human subjects, how 

can the notion of expectancy be assessed? Obviously one must resort 

to observing the organism's behavior in the learning situation, and 

this results in a circular argument without an independent assessment 

of expectancy. Furthermore, the notion of expectancies is admittedly 

an ad̂  hoc explanation. Unless one can provide an operational definition 

of expectancy, little will be gained by the use of such a concept. 

Another idea proposed to explain the PRE is that of discrimination 

theory (Bitterman et_. al., I95O). Essentially, this theory posits that 

increased RTE following partial reinforcement occurs because it is more 

difficult for an organism run under such conditions to discriminate 

between the conditions of acquisition and extinction than for an 

organism experiencing continuous reinforcement. At first glance this 

theory may appear similar to the expectancy hypothesis, but there are 

differences. First, the discrimination hypothesis is stated in such a 

manner as to exclude the notion of anthropomorphism. Secondly, the 

discrimination hypothesis allows one to explain the PRE with principles 

that are not part and parcel of the effect itself. Thirdly, since much 

is known about discrimination, one should be able to apply certain 

rules known about the discrimination process to the study of the PRE. 

A number of studies have supported the discrimination hypothesis 

(e.g. Gonzales & Bitterman, I96U). One by Tyler, Wortz, & Bitterman 

(1953) can serve as an example. Two groups of rats were trained to run 

down a runway and jump through a movable window in the goal box. One 

group was reinforced on a 50^ random basis in acquisition and another 

was trained on a single alternation schedule. In extinction, the single 



alternation group extinguished significantly faster than the 50^ random 

group. Supposedly it was quite easy for the rats in the single alter

nation group to discriminate the change in the pattern of reinforcement 

when extinction began. For the rats in the random group there was no 

consistent pattern of reinforcement and nonreinforcement so that when 

extinction began, the change in conditions was more difficult to detect 

and running was maintained for a longer period of time. 

Other studies, however, have posed serious difficulties for the 

discrimination hypothesis interpretation of the PRE. Theios (1962) 

found that organisms who were first given partial reinforcement for a 

block of trials and then continuously reinforced for another block of 

trials, were more resistant to extinction than organisms given con

tinuous reinforcement in both blocks of trials. A discrimination hy

pothesis would have predicted that the partially reinforced animals 

would extinguish as if they had been continuously reinforced. Theios 

(1962) may have had a confounding element in his design, however, be

cause of the use of 30 preliminary training trials. Sutherland, 

Mackintosh, & Wolfe (I965) eliminated these preliminary training 

trials and found RTE in a group of rats given a block of partial rein

forcement followed by a block of continuously reinforced trials to be 

essentially identical to that of a group given nothing but partial 

reinforcement during acquisition. These studies would indicate, then, 

that the discrimination hypothesis is not without difficulties in ex

plaining the PRE. 

The cognitive dissonance theory of Lawrence & Festinger (1962) 

has also been used to explain the PRE. Cognitive dissonance presumably 



occurs when an organism is given two incompatible pieces of information 

about its behavior. In a partial reinforcement situation where the 

organism runs to the goal expecting a reward and finds no reward, diss

onance is conceivable produced. The organism then tries to reduce this 

dissonance by modifying either its behavior or cognitions. The organism 

might change its behavior and stop riinning or, on the other hand, it 

might change its cognitions by accumulating extra attractions or pre

ference to the situation and keep on running thereby demonstrating the 

PRE. Lawrence & Festinger (1962) have suggested that RTE is a function 

of the number of nonrewards only and the greater the number of nonrewards 

the greater the number of extra attractions or preference. Capaldi & 

Hart (1962) and Capaldi & Lynch (I963) have demonstrated the PRE, how

ever, using too few trials to allow such extra attractions or preference 

to develop. In addition, Amsel (I962) has pointed out that dissonance 

theory lacks specificity regarding predictions as to whether the 

organism in a state of dissonance will change its behavior or cognitions. 

The Hull-Sheffield after-effect theory is another approach that 

has been used to explain the PRE (Sheffield, 19^9i Hull, 1952). In 

this approach it is assumed that the stimulus consequences of a given 

trial (e. g. food in the mouth) are retained by the organism and con

tribute to the stimulus complex on succeeding trials. Thus, an 

organism trained under conditions of partial reinforcement carries the 

after-effect of nonreinforcement on a given trial into the subsequent 

trial. If this subsequent trial is reinforced, then the instrumental 

response is strengthed in the presence of the after-effect of nonreward. 



In extinction, the stimiilus complex always contains the after-effect of 

nonreinf or cement which is now a cue for the instrumental response. With 

continuous reinforcement, the after-effects are always those of rein

forcement and when extinction begins the after-effect of nonreinforcement 

appears for the first time. Due to the reduction of cues available for 

the performance of the instrumental response, responding ceases more 

quickly. Hull (1952) and Sheffield (19^9) suggested that such after

effects be viewed as a trace that dissipate's with time. In turn, this 

implies the existence of a PRE with massed trials but not with highly 

spaced trials. Although there is some evidence to support this view 

(Sheffield, 19^9; Katz et. al., I966), there is also evidence demon

strating a PRE with trials spaced up to 2k hours apart (Weinstock, 

I95U, 1958; Capaldi, 1971). The Hull-Sheffield after-effect hypothesis 

is certainly not applicable in all partial reinforcement situations. 

One prominent theoretical attempt to deal with the PRE has been 

the frustration theory of Amsel (1958, I962, 19^7). According to frus

tration theory, after an organism has experienced a number of reinforced 

trials and then reinforcement is witheld, the organism experiences a 

primary frustration response (Rp). This primary frustration response 

is assumed to possess an aversive emotional character and is classically 

conditioned to stimuli occuring in the goal box. Thus after a number of 

nonreinforcements, r^ (a fractional component of Rp) comes to be elicited 

by stimuli similar to those in the goal box which occur early in the re

sponse chain because of primary stimulus generalization. The initial 

effect of rĵ  is to evoke responses incompatible with the approach re

sponse. Later, however, the emotional stimulus (sf) contributes more 



and more, both as a drive and cue, to the dominant response of running. 

To explain the PRE it is necessary only to realize that at the begin

ning of extinction a continuously reinforced group has never been frus

trated, while a partial reinforcement group has been frustrated many 

times. Frustration will therefore have opposite effects, blocking the 

learned response in the continuously reinforced group and enhancing it 

in the partially reinforced group. 

Capaldi (1966, I967) has proposed a modification of the Hull-

Sheffield after-effect theory to account for the PRE. The notion of 

temporally dissipating after-effects has been abandoned and replaced 

by the idea of an after-effect which remains functional on a more or 

less permanent basis. The after-effect of reward (S^) is assumed to 

be distinctive from the after-effect of nonreward (S^), although both 

supposedly lie on the same sensory continuum. The function of reward 

is to condition the previous after-effects to the instrumental response 

which led to the reward (e.g., running in a rtmway). 

The after-effect of nonreinforcement (S ) is presumably modified 

as the organism experiences consecutive nonreinforcements. Thus, S 

is transformed into S^^ by the next consecutive nonreinforcement, etc. 

The function of nonreinforcement, other than cumulatively modifying 

S^'s, was not initially specified by Capaldi (196̂ +, I966). In I967, 

however, Capaldi specified that inhibition is occassioned by nonreward 

but this effect has been de-emphasized. 

When an organism is trained under conditions of continuous reward, 

only S^ appears and S^ never becomes conditioned to the instrumental re

sponse. When placed in extinction, where only the after-effects of S^ 



appear, the instrumental response is cued by the after-effects to the 

R N degree S^ and S are similar. Thus, an organism trained under partial 

reinforcement will continue to respond longer in extinction than one 

trained under continuous reinforcement. 

More recently Capaldi (l97l) has elaborated this after-effect 

position and modified it somewhat. Capaldi (1971) now assumes that an 

organism is provided with internal stimuli on the basis of what is best 

conceptualized as a memory mechanism. That is, an animal's internal 

stimuli are best characterized as memories (as opposed to after-effects) 

Capaldi indicates that these internal stimuli (memories) are located in 

the organism's central nervous system and that they are not temporally 

dissipating traces or after-effects. A trace conception implies that 

once internal stimuli are activated they dissipate with the passage of 

time. An after-effects notion implies that once the internal stimuli 

are activated they persist and are available whatever the conditions of 

external stimulation. Memories on the other hand, are heavily depend

ent on the conditions of external stimulation (amount of reward, color 

of apparatus, etc.). Memories are also not time dependent as are 

traces, but are reinstated when the conditions of external stimulation 

which initiated them are represented. Capaldi (l97l) has stated that: 

In contrast to rg, memories are not learned; that 
is far too conservative a mechanism for altering 
the animals internal stimulus environment. Following 
a single nonreward the animal will remember such on 
being placed again the apparatus... Within a learning 
framework many trials are required for such anticipations 
to develop—in the memory model they occur from the 
outset of training... In the sequential model the 
appearance of internalized reward is the work of memory 
not learning. 
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Furthermore, learning is viewed as the developing connection between 

the memory of reward (S^) or nonreward (S^) and the proper instrumental 

response. This results in the gradual improvement seen in most per

formance curves. Capaldi, then, has made a new and somewhat unique 

separation between the concepts of learning and memory. In contrast 

to the earlier after-effects position (196̂ 1, I966, I967) memories are 

heavily dependent on external stimulus conditions other than just the 

presence or absence of reinforcement. 

In an attempt to distinguish between gradual change theories of 

partial reinforcement (e.g. Amsel's frustration theory) and sequential 

theory, Capaldi has addressed the question of what exactly is learned, 

according to both viewpoints. According to Amsel, the animal learns 

in a varied reward situation to approach in the presence of frustration. 

Furthermore, Capaldi observed that Surridge & Amsel (1966) have em

phasized the role of nonrewards, although a systematic integration of 

the effects of this variable into the overall frustration position has 

not been achieved. It appears that what the animal learns can be de

scribed in terms of strength of frustration or expectancy: strength 

being an increasing function of rewards or nonrewards or both (Capaldi, 

1971). 

From a memory viewpoint little can be learned from a knowledge of 

just how many rewards and nonrewards the animal receives. One must 

know the particiilar sequence of rewards and nonrewards used. The se

quential effect is seen as being fundamental to the question of what is 

learned. According to Capaldi, a study by Leonard (1969) illustrates 

the importance of the sequential effect, and contrasts the modified 



sequential theory with frustration theory. Rats were given two trials 

a day in a straight alley runway with one group being trained SL (trial 

1 small reward, trial 2 large reward) and the other group trained under 

an LS sequence, Capaldi assumed that since the sequences were diff

erent, the animals must have learned different things. For the SL 

animals, the small reward was remembered on trial 2 (S^) and the re

sponse on trial 2 (R^) was followed by large reward. Conversely, the 

LS animals must have learned S^ - B.^, The result's of Leonard's study 

showed that Group SL was significantly more resistant to extinction 

than Group LS. Relative to a group trained LL, Group SL showed in

creased RTE while Group LS showed decreased RTE, In view of the rapid 

extinction of Group LS, Capaldi asked if one is to conclude that they 

did not experience frustration. Supposedly the essential condition 

for generating frustration is that the animals receive a smaller reward 

than expected. Why this was apparently true for Group SL and not Group 

LS raises considerable complications for a gradual internal stimulus 

change theory of frustration such as Amsel's (1962, I967). 

Capaldi (l97l) made a further attempt to differentiate between 

frustration theory and sequential theory by conducting a study set in 

the context of "reward magnitude" and, as will presently be seen, this 

afforded a test of both theoretical viewpoints. When considering mag

nitude of reward, in a partial reinforcement setting, frustration theory 

predicts that the greater the magnitude of reward, the more RTE. Con

firmations of this prediction have been reported by Hulse (1959) and 

by Wagner (196I) using rats in a straight alley runway. In both studies 

the intertrial interval (ITI) was 2k hours and the schedule of partial 
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reward was irregular (e.g., NLNNLL or NSNNSS). With such sequences, 

it can be seen that the overall amounts of reward diuring acquisition 

are confounded. 

For sequential theory, the magnitude of reward effect is not a re

sult of the overall amount of reward that the organism receives, but 

rather it is associated with the N-R transition. That is, RTE is an 

increasing function of the magnitude of reward contained in the N-R 

transition, i.e., N-L transitions should produce more RTE than N-S 

transitions (Capaldi, 1971). Therefore, RTE is independent of total 

magnitude of partial reward. If one refers back to the sequences used 

by Hulse and by Wagner, it can be seen that N trials were always 

followed by either large or small reward in a particular group. As 

Capaldi noted, in the Hulse-Wagner experiments both frustration theory 

and sequential theory would make the same predictions regarding RTE 

with these types of sequences. 

Capaldi (l97l) attempted to overcome the confounding of total re

ward magnitude and reward magnitude contained in the N-R transition by 

including the two types of groups used by Hulse and by Wagner, and in 

addition, two new groups. The foiu: treatment sequences are shown below: 

Group LNL: LLLNNNLNNLNMLLLLLNNLL 

Group SNS: SSSNNNSNNSNNNSSSSSNNSS 

Group SNL: SSSNNNLNNLNNNLSSSLNNLL 

Group LNS: LLLNNNSNNSNNNSSLLLNNSS. 

This design allowed a test of the hypothesis that the results of the 

Hulse-Wagner studies were unrelated to total reward magnitude, and were 

instead, due to the magnitude of reward contained in the N-R transition. 
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Over days Groups SNL and LNS received the same average magnitude of re

ward while Groups SNL and LNL received N-L transitions and Groups LNS 

and SNS received N-S transitions. All groups of rats were run in a 

straight alley runway one trial per day for 22 days of acquisition. 

Large magnitude of reward was defined as 22.lU g. of food pellets and 

small magnitude was defined as 2 pellets. Confinement time in the goal 

box was not held constant on rewarded trials because the animals were 

allowed to consume the reward and then immediately removed. Confine

ment time on nonrewarded trials was 30 seconds. Extinction consisted 

of one trial per day for 26 days and the results indicated that Groups 

LNL and SNL were more resistant to extinction than Groups LNS and SNS. 

The results of this study were in line with the predictions of the 

memory version of sequential theory. Supposedly, the memory of pre

vious nonreward (S-'̂) acquired the capacity to control the instrumental 

response even in the face of highly spaced and irregular sequencing of 

reward. 

Evidence that internal memories, of the type hypothesized by 

Capaldi, are sensitive to manipulations of the environmental stimulus 

complex comes from a study of double alternation behavior (Capaldi, 1971)• 

In the typical double alternation study, runway color remains constant 

from trial to trial while reward and nonreward are double alternated. 

This situation is shown schematically below. 

Alley Color (B = Black) 

Reward Outcome (R or N) 

Trial 

I 2 3 U 5 6 7 8 

B B B B B B B B 

R R N N R R N N 
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Under these conditions, double alternation behavior will not appear or 

appear only poorly (Bloom & Capaldi, I961). From the viewpoint of 

sequential theory, this finding is rather easy to predict. With such a 

double alternation procedure the memory of reward (S^) occurs on a re

warded trial such as trial 2, and on a nonrewarded trial such as trial 

3. Also, the memory of nonreward (S^) occurs on a nonrewarded trial 

such as trial k and on a rewarded trial such as trial 5- In effect, 

S^ and S^ are both rewarded and nonrewarded and double alternation 

behavior is difficult for the rat. 

Capaldi (1971) suggested that one consider the situation where 

alley color single alternates and reward and nonreward double alternate. 

This situation is represented schematically below. 

Trial 

1 2 3 ^ 5 6 7 8 

Alley Color (B = Black 

W = White) B W B W B W B W 

Reward Outcome (R o r N) R R N N R R N N 

Now if an organism does demonstrate double alternation behavior in this 

situation, it is apparently not doing so on the basis of external cues, 

since reward and nonreward occur equally often in black and white. The 

predictions of the memory version of sequential theory are quite clear 

in this situation. On trial 3 the animal will remember S^ from trial 1 

(what occured last in black). Similarly, on trial k it will remember 

what happened last in white (trial 2 or S^). On trial 5, however, the 

animal remembers S^ from trial 3. Likewise, on trial 6 it remembers S^ 

from trial k. On rewarded trials, then, the animal remembers nonreward 
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(S^ - R^), and on nonrewarded trials it remembers reward (S^ - Rj\̂ ). 

From the viewpoint of the memory model, then, the task is rather easy. 

As Capaldi has stated "It (the rat) need only learn when I remember 

reward, no go and when I remember nonreward, go" (Capaldi, 1971, P- 21 ). 

Capaldi has presented evidence that rats will successfully double 

alternate under these conditions and thus has provided support for the 

notion that "internal memories" are sensitive to the external stimulus 

complex (i.e., alley color). 

In summary, one can see that two of the more prominent attempts to 

deal with the PRE do indeed represent quite different orientations. 

Amsel's theory is a system where the notion of frustration and the gradual 

development of internal mechanisms (r - s„; r^ - s^) are given prime 

importance. Capaldi's sequential viewpoint, on the other hand, is a 

purely associational theory making no use of motivational constructs 

such as frustration. Internal stimuli are also of prime importance but 

are best conceptualized as memories. For sequential theory, memories 

are influenced by the conditions of external stimulation (e.g., color 

of apparatus, amount of reward, etc.) and are formed on a one-trial 

basis. The connection between a given memory and the instrumental re

sponse constitutes insti*umental learning. 

Experimental Rationale 

If memories are extremely sensitive to external stimulus conditions, 

as Capaldi (197I) posits, then it should be possible to evoke or block 

past memories by manipulating the external stimulus complex. Consider, 

for example, a group of partially reinforced animals trained in the 
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following manner: Group -̂ L̂̂  ^E^ ^L^: LLLNNNLNNLNNNLLLLLNNLL. In 

this sequence of trials the first subscript indicates the color of the 

start box, the second the color of the goal box, and the capital letter 

indicates the reward outcome on that trial (i.e., ̂ L^ indicates that the 

animal receives a large reward on this trial and that the start box was 

black as was the goal box). 

Although the sequence of reward and nonreward is the same as that 

in Capaldi's (l97l) study of reward magnitude, the external stimulus 

conditions have been changed. On trial 1 the animal is rewarded in the 

presence of a black goal box. On trial 2 it is again placed in a 

black start box and supposedly the memory of large reward is evoked and 

conditioned to the instrumental running response since the organism is 

also reinforced on trial 2. The same process occurs on trial 3. Then 

the organism experiences three nonreinforced trials in the runway in the 

presence of a white start box and goal box. Note what happens during an 

N-R transition in this particular sequence. After the third N trial the 

animal is placed in the apparatus in the black start box. Since all pre

vious experiences with a black goal box have come to signal large reward, 

the memory of nonreward from the previous trial should be blocked or re

placed by the memory of large reward and this memory conditioned to the 

instrumental response. In other words, the memory of nonreward is 

supposedly never evoked nor, consequently, conditioned to the instru

mental response of running on rewarded trials. Since such a group would 

never have the memory of nonreward conditioned to the instrumental re

sponse, it should presumably not differ with regard to RTE from a group 

trained with continuous large reward. This prediction is obviously in 
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contradiction to the prediction of frustration theory in such a setting. 

From the sequential memory model position, a similar argument would pre

dict that a group trained S N S (memory of small reward assoc-

g g w w g g ' ^ 

iated with the N-R transition) would not differ with regard to RTE from 

a group trained with continuous small reward. Again, frustration theory 

would predict that the partially reinforced group would be the more RTE. 

Using other possible treatment groups (e.g., LNS or SNL), addition

al comparisons between frustration theory and the sequential memory 

model are possible. According to sequential theory, for example, a 

group trained L^ N L^ should not differ with regard to RTE from 

a group trained S N L . Frustration theory would predict that 

g g w w W D *̂  ^ 

the former group would be the most resistant to extinction since the 

over-all amount of reward is greater for that group. Thus, with a study 

in which the external stimulus environment is manipulated and reward 

magnitude varied, differential predictions regarding RTE are obtainable 

from frustration theory and the sequential memory model. 

Experimental Design 

The basic design of the experiment is presented in Table 1. 

Briefly, the experiment involved the learning of a runway response by 

twelve groups of rats. The experiment consisted of an acquisition phase 

and an extinction phase. 

As can be seen from Table 1, each experimental group received the 

same number of reinforced trials, nonreinforced trials, and N-R trans

itions. In the SNL and LNS groups (5 thru lO), all animals received 

the same number of large and small rewards. In addition, each 



Table 1 

BASIC DESIGN 
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Groups Phase I Phase II 

1 . 

2 . 

3. 

k. 

5. 

6. 

7. 

8. 

9. 

1 0 . 

1 1 . 

1 2 . 

b ^ . 

-^13 

S 
g g 

s 
w g 

bh. 

b\ 

A 
S 

g g 

S 
g g 

S 
g g 

LLL 

SSS 

N 
w w 

N 
w w 

N 
w w 

N w w 

N w w 

N 
w w 

N 
w w 

N 
w w 

N 
w w 

N 
w w 

iS 

WHD 

S 
g g 

S 
w g 

S 
w g 

b^g 

S 
g g 

W D 

s^ 
b ^ , 

( c o n t r o l ) 

( c o n t r o l ) 

LLLNNLLNNLNNLLLNLNLNNL 

LLLNNLLNNLNNLLLNLNLNNL 

SSSNNSSNNSNNSSSNSNSNNS 

SSSNNSSNNSNNSSSNSNSNNS 

LLLNNSLNNSNNSLLNSNSNNS 

LLLNNSLNNSNNSLLNSNSNNS 

LLLNNSLNNSNNSLLNSNSNNS 

SSSNNLSNNLNNLSSNLNLNNL 

SSSNNLSNNLNNLSSNLNLNNL 

SSSNNLSNNLNNLSSNLNLNNL 

LLLLLLLLLLLLLLLLLLLLLL 

SSSSSSSSSSSSSSSSSSSSSS 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 

Extinction 
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experimental group received the same number of N-lengths (number of con

secutive nonrewards preceding a reinforced trial), different N-lengths 

(regularity of N-lengths), and number of occurences of each N-length 

(amount of training for each N-length). The equating of these three 

variables across all experimental groups was critical for Capaldi as 

they have been identified as perhaps the three major determinants of 

RTE (1967). 

A number of â  priori hypotheses were specified and each hypothesis 

had the following form: "There will be no significant difference between 

the means of Group x and Group jr with regard to RTE." The following are 

the specific hypotheses that were tested: 

1. Group ^L^ ^N^ ^L^ vs Group LLL 

2. Group S N S vs Group SSS 
^ g g "w- w g g 

3. Group ̂ L^ ^N^ ^L^ vs Group ^S^ ^N^ ^L^ 

k. Group ̂ Sg ^N^ ^Sg vs Group ^L^ ^N^ ^S^ 

5- G^°^P ^ \ w \ w^g ^^ ^^^^P ĝ g w \ w ^ 

6. Group ̂ L^ ^N^ ^Sg vs Group ̂ L^ ^N^ ^S^ 

7. Group gSg ^N^ gL^ vs Group ^S^ ^N^ ^L^ 

8. Group ̂ L^ ^N^ ^L^ vs Group ̂ L^ ^N^ ^L^ 

9. Group gSg ^N^ gSg vs Group ̂ S^ ^N^ ^S^ 

10. Group ^L^ ^N^ ^S^ vs Group ^L^ ^N^ ^S^ 

11. Group ̂ L^ ^N^ ^Sg vs Group ^L^ ^N^ ^S^ 

12. Group gSg ^N^ ^L^ vs Group ^S^ ^N^ ^L^ 

13. Group gSg ^N^ ^L^ vs Group ^S^ ^N^ ^L^ 

Ik. Group ^L^ / ^ ^Sg vs Group ^S^ ^N^ ^L^ 



CHAPTER II 

METHOD 

Subjects 

Ninety-six experimentally naive, male albino rats pruchased from 

Harlan Industries, Cumberland, Indiana served as subjects. They were 

approximately 90 days old at the beginning of the experiment. All 

subjects were individually housed in a 22.8 x 30.5 x 15.2 cm metal cage 

for the dxuration of the experiment. 

Apparatus 

The apparatus used was an L-shaped runway covered with clear plexi

glass. The runway was 10 cm wide, 13.5 cm deep, and 315 cm long. It 

consisted of three sections: a kO cm long start box, a 235 cm long run 

section, and a kO cm long goal box. Three microswitches were placed l6 

cm outside the start box door, 35 cm before the goal box door, and UO 

cm from the end wall of the goal box respectively, and were wired to 

three ,01 second industrial timers so that elapsed times for traversing 

the start, run, and goal sections were automatically recorded. The 

first timer, measuring start time, was started by a microswitch attach

ed to the start box door. The signal from the first microswitch stopped 

the first timer and activated the second timer. The signal from the 

second microswitch stopped the second timer and activated the third 

timer. The third microswitch, which was attached to the goal box door, 

18 
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stopped the third timer when the goal box door was closed. 

The end wall of the goal box contained a small "window" 6,5 x 7-5 x 

3 cm allowing access to a sliding triple compartment box which housed 

the reinforcement device. Each of the three compartments was painted 

with alternating stripes of black, white, and gray. The reinforcement 

device was a lick tube similar to the lick tubes on the water bottles 

on the subjects home cage, and was placed approximately 8 cm above the 

runway floor. 

Appropriately colored (black, white, gray) 39 x 13 x 9 cm start 

box and goal box inserts were constructed of plywood so that they could 

be easily interchanged. From immediately outside the start box door to 

the goal box door the floor and sides of the runway were painted with 

alternating 3.7 cm stripes of black, white, and gray, as were the start 

and goal box doors. 

Procedure 

Pre-Acquisition 

When the subjects arrived in the laboratory they were individually 

housed and given four days free access to Purina rat chow pellets and 

water. At the end of the four day acclimization period, the animals 

were placed on a 22 hour food and water deprivation schedule. 

At the end of thirteen days of deprivation the subjects were 

randomly assigned to one of the twelve groups. Half of each group was 

then randomly assigned to Squad 1 and the other half to Squad 2. At no 

time did any of the subjects receive any pre-training or experience with 

the runway before acquisition began. 
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Acquisition 

On the fourteenth day of deprivation, sixty animals were randomly 

selected (30 from Squad 1 and 30 from Squad 2) and acquisition for these 

subjects began. Seven days later, two more subjects were randomly 

selected from each squad and began acquisition training. On the next 

day this procedure was repeated, and each day thereafter until all ninety-

six subjects had begun acquisition training. 

Throughout acquisition training, a daily session for each subject 

was run in the following manner: the subject was removed from its home 

cage and immediately placed in the start box and the start box door 

opened. If the subject failed to leave the start box after sixty seconds 

it was gently urged into the run section and the start box door closed. 

A similar procedure was used if the subject failed to traverse the run 

or enter the goal sections. On a large rewarded trial the subject was 

allowed thirty seconds access to a 2k% sucrose solution. On a small re

warded trial the subject was allowed thirty seconds access to a k% 

sucrose solution. The sucrose solution was mixed of sugar and water 

(distilled) twenty-four hours prior to each day's running. On a non-

rewarded trial the subject was confined in the goal box for thirty 

seconds. The triple sliding compartment at the end of the goal box 

could accomodate three water bottles at one time, and the placement of 

the large reward bottle, small reward bottle, and empty bottle was 

randomly determined each day. Following a subjects' daily trial it was 

retiu-ned to its home cage. The runway was cleaned with a damp sponge 

between subjects. After all subjects in a given squad had completed a 

day's running, the squad was allowed two hours access to food and water. 
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The order of running within each squad was randomized daily. 

Control for color preference was established in the following 

manner: for half of the animals receiving a sequence of irregular large 

reward, black was associated with large reward. For the other half of 

these animals, white was associated with large reward. This same pro

cedure was followed for the animals receiving an irregular sequence of 

small reward. 

For a particular rat in an LNS or SNL group, the color associated 

with large and small reward and nonreward was randomly determined. The 

only restriction was that no more than four animals in a particular LNS 

or SNL group had a particular color consistently paired with amount of 

reward. For an animal in the control groups, color of the start and 

goal box was randomly detennined with the restriction that in a par

ticular group no more than four animals receive the same color. 

Extinction 

Extinction began twenty-four hours after the last acquisition day 

for each animal and continued for twelve days. The color of the start 

and goal box for a given animal was the one that had been associated 

with nonreward during acquisition. All other procedures were similar 

to those in acquisition except that all trials were nonreinforced. 

On rare occassion a microswitch failed to fire, thus failing to 

register a time record for a particular segment (except total which was 

always available). When this occiirred, the subjects' time for that 

segment was taken to be the average for the segment on the immediately 

preceding and subsequent day. 



CHAPTER III 

RESULTS 

The acquisition and extinction data for the start, run, goal, and 

total running times were analyzed according to split-plot factorial 

analyses of variance (Kirk, I968). 

Acquisition 

The acquisition analyses included one between variable (groups) and 

one within variable (days). Time data were subjected to reciprocal and 

natural log transformations to fulfill the homogeneity of variance 

assumption of the analysis of variance. Since the natural log trans

formation yielded the lowest FJĴ Q̂  ratios, for each dependent variable, 

it was decided to report these data. In addition, the analyses revealed 

similar results for the three runway sections and therefore only the log 

of total running time is reported. All graphs and tables are logs of the 

total running times. 

The total daily running times over acquisition days were grouped 

into two-day blocks for each group and the graphs of the means appear in 

Figures 1 - i+. The results of the analysis of variance for the total 

running times are summarized in Table 2. Reliable over-all differences 

were found for the days variable (F=111.52, df=10/8i|0, p<.00l) and for 

the groups x days interaction (F=1.3l+7, df=110/8iiO, p<,Ol). No sig

nificant over-all differences were found for the groups main effect. 
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TABLE 2 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
TOTAL RUNNING TIMES IN ACQUISITION 

Source df SS MS F 

Group (G) 11 33.61+6 3.058 0.832 

Subjec ts wi th in groups ( s ) 81+ 308.795 3.676 

Days (D) 10 271.757 27.175 111.152* 

G x D 110 36.219 .329 I.3I+7** 

D X S 81+0 205.372 .21+1+ 

To ta l 1055 855.791 .811 

* p^.OOl 
** p<.01 



28 

An attempt was made to test the variance-covariance assumptions of 

the design (Kirk, 1968) but several determinants of the variance-

covariance matrices fell to zero and thus this assumption could not be 

directly tested for the acquisition data. 

In order to detennine if there were significant differences bet

ween groups regarding terminal level acquisition performance, an 

analysis of variance was performed for the last three days of acquisit

ion. Results indicated no significant main effect or interaction effect 

for the log of start, run, goal, or total running times. It was there

fore possible to conclude that there were no reliable differences bet

ween the terminal level acquisition performance of the twelve groups. 

Extinction 

The extinction analyses included one between variable (groups) and 

one within variable (days). As in acquisition, the time data were sub

jected to reciprocal and natural log transformations and, as the natural 

log transformation consistently yielded the lowest Fĵ ĝ ^ ratios, these 

are the ones reported. In addition, the analyses revealed similar re

sults for the three runway sections and thus only log of total running 

time is reported. 

The total daily running times over extinction days were grouped 

into two-day blocks for each group and the graphs of the means appear in 

Figures 1 thru k. The results of the a priori comparisons indicated 

that, when collapsed across all days of extinction. Group S N L , 
g g W W g D 

was significantly more RTE than Group S N ^L^ (t= -2.08, p<.05). 

The results of the a priori comparisons for each separate day of 
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extinction indicated that Group S N L , was significantly more RTE 
g g W W ĝ D ^ "^ 

than Group S ^N^ ^L^ on day five (t= -2.l6, p<.05) and day six (t= 

-2.60, p<.05). 

The results of the analysis of variance of total running times in 

extinction are summarized in Table 3. Significant over-all differences 

were found for the days variable (F=67.ll+i+, df=5/l+20, p<.00l) and for 

the groups x days interaction (F=1.752, df=55/l+20, p<.00l). There was 

no significant group main effect. 

The variance-covariance assumptions of the design were tested for 

the extinction data (Kirk, I968) and the results indicated that the 

assumptions of equality and symmetry were not met (X̂ =l+12.867» df=231, 

p<.05; x2=l+0.658, df=19, p<.05). As suggested by Keppel (1973) the 

Geisser-Greenhouse conservative F-test was then used to evaluate the 

days main effect and the groups x days interaction. Results indicated 

that the days main effect was significant (F=67.ll+1+, df=l/81+, p<.Ol) 

but that the groups x days interaction was not significant (F=1.752, 

df=ll/81+, P7.05). Since both the conservative and conventional F-tests 

yielded a significant days main effect it was concluded that this was a 

reliable effect. However, since the conventional F-test for the groups 

X days interaction was significant, but nonsignificant when evaluated 

with the conservative F-test, an exact test of the interaction effect 

was made using Hotelling's T2 statistic (Kirk, I968; Keppel, 1973). 

Results indicated that the groups x days interaction was not significant 

(T2 = -2.375 E 06, P7.05). Since the exact test for the interaction 

was not significant no tests of simple main effects or post-hoc compari

sons were performed. 
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TABLE 3 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
TOTAL RUNNING TIMES IN EXTINCTION 

Source df SS MS F 

Group (G) 11 55.61+6 5.058 1.772 

Subjec ts w i th in groups (S) 81+ 239.870 2.855 

Days (D) 5 56.528 11.305 67.II+I+* 

G X D 55 16.228 0,295 1.752* 

D X S 1+20 70,720 0.168 

To ta l 575 1+38.99^ 0.763 

* p<.001 
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Laufscher's approximation procedure suggested by Cohen (I969) and 

by Keppel (1973) was used to calculate power at the .05 level for each 

treatment effect and interaction effect. The results are presented 

below in Table 1+. 

TABLE 1+ 

POWER OF ANALYSIS OF VARIANCE 

Source Total Run Time 

Groups =95 

Days .99 

Groups X days .99 

In an attempt to gain additional information, four separate 

analyses of variance were performed on the extinction data. The first 

analysis included groups 1 thru 1+ (see Table l) and was a split-plot 

factorial 1+.6N=8. The second analysis included groups 5 thru 7 and was 

a SPF 3.6N=8. The third analysis included groups 8 thru 10 and was a 

SPF 3.6N=8. The fourth analysis included groups 1, 2, 3, 1+, 11, 12 and 

was a SPF 6,6N=8. Results indicated that there was no significant group 

main effect or groups x days interaction effect (at the .05 level) for 

log of start, run, goal, or total running times on any of these separate 

analyses. Since these analyses were not planned in advance no a priori 

tests were performed and since no significant groups main effect or 

groups X days interaction was present, no post-hoc comparisons were 

performed. 



CHAPTER IV 

DISCUSSION 

The fact that Group K N K and Group S N K did 
WD W W WD g g WW WD 

not differ significantly with regard to RTE is supportive of sequen

tial theory and in accord with similar past research (Capaldi, 1971). 

Although the over-all magnitude of reward for the two groups was 

different, during an N-R transition animals in both groups were run

ning in the presence of the memory of nonreward and this memory was 

conditioned to the running response with large reward. Thus, sequen

tial theory would predict no significant difference in RTE between the 

two groups. The finding that Group S N S did not differ sig-
W g W W w g 

nificantly from Group ^L, N S in extinction running times is 
b o w w w g 

also evidence for Capaldi's (1971) sequential theory. During an N-R 

transition in this case, animals in both groups were running in the 

presence of the memory of nonreward and this memory was conditioned to 

the running response with small reward. The results of both of these 

comparisons support Capaldi's (l97l) contention that it is not the 

over-all amoiint of reward that determines RTE, but rather it is the 

magnitude of reward associated with the N-R transition. In both of 

these comparisons, Amsel's (1967) frustration theory would have pre

dicted that the group receiving the larger over-all amount of reward 

would have been the most resistant to extinction. Such a prediction 
32 
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would follow from frustration theory because the greater the over-all 

amount of reward, the greater the frustration associated with nonreward 

during acquisition, and hence, the faster the running times in extinc

tion. 

The fact that Group ^L^ ^N^ ^L^ did not differ significantly 

from Group ̂ L^ ^N^ ^L^ in extinction running times is evidence 

against Capaldi's (l97l) sequential theory. In this instance, animals 

in Group ̂ L̂ ^ ^N^ ^L^ were running in the presence of the memory of 

large reward and this memory was conditioned with large reward during 

an N-R transition. Animals in Group L^ N L , on the other hand, 
W D w W W D 

were running in the presence of the memory of nonreward and this memory 

was conditioned with a large reward. Therefore, sequential theory would 

have predicted Group L, N L^ to be the most resistant to extinc-
W D W W W D 

tion. Since the over-all amount of reward was the same for both of 

these groups, Amsel's (I967) frustration theory would have predicted no 

significant difference between both groups in extinction running times. 

A similar comparison, between Groups S N S and S N S , 
g g w w g g w g w w w g * 

also yielded evidence against Capaldi's sequential hypothesis. During 
an N-R transition, animals in Group S N S were running in the 

•̂  g g w w g g 

presence of the memory of small reward and this memory was conditioned 

with a small amount of reward. In Group S N S the animals were 
W g W W w g 

running in the presence of the memory of nonreward and this memory was 

also conditioned with small reward. Sequential theory would have pre

dicted Group S N S to be the more resistant to extinction, 

w g w w w g 

Amsel's (1967) frustration theory would have predicted no significant 

difference since over-all magnitude of reward was the same in both groups. 
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From an inspection of the extinction curves in Figure 1, it can 

be seen that the difference between the terminal level performance of 

groups ̂ L^ ^N^ ^L^ and ̂ L^ ^N^ ^L^, vhile not statistically sig

nificant, was in the direction predicted by sequential theory. Likewise, 

the direction of the terminal level extinction difference between groups 

g^g w \ g^g ^^^ w^g w \ w^g ^^^ ^^ accord with the predictions of 

sequential theory. Thus, while the differences between the groups in

volved in these two particular comparisons were not statistically reli

able, and therefore indicative of support for Amsel's frustration theory, 

the direction of the differences in both cases was such that these par

ticular comparisons do not allow unequivocal conclusions regarding the 

merits of either sequential or frustration theory. 

Two other a priori comparisons did yield strong support, however, 

for some novel predictions of sequential theory, sequential theory 

would have predicted that there would be no significant difference be

tween Group ^L^ ^N^ ^L^ and Group LLL with regard to RTE. This is 

because that, for Group L^ N K , the memory of nonreward is 

blocked (at least partially) or not evoked during an N-R transition and 

thus the memory of nonreward is never completely evoked and simultaneously 

conditioned to the instrumental running response. Group LLL, which never 

experiences an N-R transition during acquisition, would similarly never 

have the memory of nonreward elicited and simultaneously conditioned to 

the running response. 

From the viewpoint of sequential theory, a similar argument would 

predict that Group S N S would not differ significantly from 
g g W W g g 

Group SSS with regard to RTE, and this was indeed the result in this study, 



35 

These last two comparisons do provide additional evidence for Capaldi's 

(1971) contention that the magnitude of reward effect is associated 

with the N-R transition. No other contemporary theory of the PRE 

(e.g., Amsel, I967; Lawrence & Festinger, I962) would predict these 

two particular findings or readily account for such results. 

Additional support for sequential theory came from the fact that 

Groups L^ N L. and S N L, did not differ significantly 
W D W W W b g g v w W D 

with respect to extinction running times. During an N-R transition, 

animals in both groups were running in the presence of the memory of 

nonreward, and this memory was conditioned with a large reward. Thus, 

sequential theory would predict no extinction differences between the 

groups. Frustration theory would predict that Group L^ N L 
W L.̂  W W Vv L/ 

would have been the most resistant to extinction since the over-all 

amount of reward was greater in that group. Inspection of the ex

tinction curves in Figures 1 and 3 for these two groups does indicate, 

however, that the direction of the tenninal level extinction differences 

was in the direction predicted by frustration theory (although not 

statistically reliable). Once again, the result of this particular 

comparison cannot be accepted unequivocally. 

Results from comparisons among the LNS treatment groups also 

yielded somewhat conflicting support for sequential theory and frus

tration theory. For example, the fact that Groups L^ N S and 
L^ N ^S did not differ significantly with regard to RTE is 
b D w w b g ^ 

evidence against sequential theory. Animals in the L^ N S 

group were running in the presence of the memory of nonreward, during 

an N-R transition, and thus would have been expected to be more 
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resistant to extinction than animals in Group , L, N ^S . Since 
^ b D W W b g 

the over-all amount of reward was identical for both groups, frus

tration theory would have predicted no significant difference bet

ween the groups in extinction running times. Inspection of the 

temiinal level extinction performance for these groups (Figure 2) 

does reveal, however, the order of the difference to be in the direc

tion predicted by sequential theory. 

The fact that Groups , L, N S and ̂ K N S did not 
bo WW w g b D WW g g 

differ significantly in extinction running times is evidence in 

support of Amsel's (1967) frustration theory, since both groups re

ceived the same over-all amount of reward. Sequential theory would 

have predicted Group , L, N S to be the more resistant to ex-
b o W W w g 

tinction since the animals were running in the presence of the memory 

of nonreward during an N-R transition. 

Interesting support for sequential theory does come from the 
comparison between Groups , L, N , S and , L, N S . These ^ bo WW b g b D WW g g 
groups did not differ significantly in extinction running times. In 
Group , L, N ,S the animals, during an N-R transition, were run-

^ b D WW b g 

ning in the presence of the memory of large reward and this memory was 

conditioned to the running response by the presentation of small re

ward. In Group L, N S , during an N-R transition, the animals 
•̂  b D W W g g 

were running in the presence of the memory of a small reward and this 

memory was conditioned to the running response by means of a small 

reward. Since for Capaldi, the process associated with the N-R trans

ition is critical in determining RTE, Group ̂ L^ ^N^ ^S can be con

sidered analogous to Leonard's (I969) LS group. This is because 
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animals in Group ^L^ ^N^ ^S were running in the presence of the 

memory of large reward ajid this memory was conditioned to the running 

response through small reward. Using similar logic. Group K N 

S can be considered to be analogous to Leonard's group trained SS. 

Leonard found that the LS and SS groups did not differ significantly 

in extinction running times. Frustration theory would predict that 

Group LS would experience more frustration than Group SS in acquisit

ion (LS is a transition to less reward than "expected"), and thus 

exhibit increased RTE. 

Results from the â  priori comparisons involving the SNL treat

ment groups also yielded somewhat mixed support for both sequential 

and frustration theory. Group S N L , did not differ sig-

g g W W W D ° 
nificantly from Group S N L^ with regard to RTE, thus providing 

g g W W g D 
support for Amsel's (1967) frustration theory. Sequential theory 

would have predicted that since Group S N L , was running in the 
g g w w W D ° 

presence of the memory of nonreward, and this memory was reinforced 

with large reward in an N-R transition, it would have been more re

sistant to extinction than Group S N L, . Using similar logic, 
g g W W g D 

the fact that Groups S N L , and S N , L, did not differ 
^ g g W W W D g g W W b D 

significantly in extinction run times is also evidence against sequen

tial theory. However, inspection of the extinction curves in Figure 

3 for these last two groups does reveal that the over-all extinction 

differences were in the direction predicted by sequential theory. 

One of the two statistically reliable â  priori comparisons in

volved Groups S N K and S N , L, . The former group 

•̂  g g w w g ^ g g W W ht) 
was significantly more resistant to extinction than the latter and 
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this finding provided substantial support for sequential theory. 

During an N-R transition, animals in Group S N L were running 
g g W W g ^ 

in the presence of the memory of small reward and this memory was 

conditioned to the running response through the presentation of large 

reward. Animals in Group S N L^ were running in the presence 

of the memory of large reward and this memory was conditioned to the 

running response through the presentation of large reward. Since 

Capaldi views reward and nonreward as lying on the same continuum, 

an SL sequence would be analogous to an N-L transition. As previously 

discussed, Leonard (1969) found a group trained with an SL sequence to 

be more resistant to extinction than a group trained with an LL se

quence, and interpreted this finding in support of sequential theory. 
Groups S N L , and S N , L, in the present study can be ^ g g w w g D g g W W b o 

considered analogous to Leonard's (1969) SL and LL groups respectively, 

and the present results are in accord with Leonard's past results and 

also supportive of sequential theory. 

The final â  priori comparison involved Groups L^ N S and 

S N K , which has already been pointed out, are analogous to 
g g W W g^j' ^ 

an LS and SL group respectively. Results indicated that the latter 

group was significantly more resistant to extinction than the former 

and this too is in line with Leonard's (1969) study in which Group 

SL was more resistant to extinction than Group LS, Frustration theory 

would have predicted the opposite result as the LS group should have 

experienced more frustration in acquisition and hence, exhibited in

creased RTE. 
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Although the results of the present study were not completely un

equivocal, the majority of the a priori comparisons provided evidence 

for Capaldi's (l97l) sequential theory. Eight of the fourteen com

parisons were in accord with the predictions of sequential theory. 

Five additional comparisons, while not statistically reliable, 

yielded differences in the direction predicted by sequential theory. 

Of course there are difficulties associated with arguing for 

support of a particular position based upon the finding of nonsignif

icant differences. It is sometimes the case that the power of an 

analysis (probability of rejecting the null hypothesis when it is 

false) is not sufficiently adequate to detect differences that do, 

in fact, exist. Since the power, in the present study, associated 

with the groups main effect was .95» the days main effect =99j and 

the groups x days interaction effect .99j one cannot readily attrib

ute the twelve statistically nonsignificant comparisons to insufficient 

power. 

Certain methodological differences between the present study and 

similar past research (Capaldi, 1971) may explain the failure to find 

reliable differences where predicted. 

One difference between Capaldi's past work and the present study 

was in the nature of the reinforcement used. Capaldi (1971) used dry 

food pellets and thus could not adequately control for confinement 

time in the goal box. This might be an important factor because, con

ceivably, different confinement times could produce memories of diff

erent "strength." In the present study sucrose solution served as the 

reinforcement thus allowing precise control of goal box confinement 
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time. It may be that with such precise control, as used in the pre

sent study, the differences found by Capaldi tend to disappear because 

of the removal of differential conditioning time. D'Amato (1970) has 

suggested that it may be more difficult for rats to discriminate bet

ween different amounts of sucrose than different amounts of dry food. 

More recently. Likely et̂ . al. (1971) and Flaherty et_. al. have pro

vided evidence that when different concentrations of sucrose are used 

for rewards, differences between small and large reinforcement groups 

disappear in extinction. Flaherty et. al. proposed that different 

after-effects (memories), are produced by different concentrations of 

sucrose solution and thus large and small reward groups will tend to 

extinguish at the same rate. 

The fact that the run section of the runway was painted with 

alternating stripes of black, white, and gray may also have had a 

confounding effect. Since the logic of manipulating start box color 

was to evoke, or prevent the evokation of, a certain memory, it is 

difficult to say what effect entering the striped run section of the 

runway had on a given memory. In retrospect, the experimental effect 

might have been better maximized if the run section of the runway had 

been the same color as the start box. 

Despite these differences in methodology, the majority of the re

sults in the present study seem to provide more support for Capaldi's 

(1971) sequential theory than Amsel's (I967) frustration theory. As 

has been previously discussed, Capaldi's sequential memory hypothesis 

represents somewhat of a radical departure from other traditional 

theories of the PRE (e.g. Hull, 1952; Amsel, I967). The notion of 
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a permanent internal memory developed on a one triaJ basis, and the 

unique separation between the concepts of learning and memory, made by 

Capaldi are indeed intriguing. The results of the present study, de

spite being somewhat equivocal, certainly indicate the potential fruit-

fulness of investigating these ideas. 
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