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CHAPTER I 

INTRODUCTION 

The partial reinforcement extinction effect (PREE) has been one 

of the most investigated, and yet perplexing problems for the modern 

day learning theorist. The flourishing research activity in this area 

is evidenced by the periodic reviews of Jenkins and Stanley (1950); 

Lewis (1960); Robbins (1971); and Mackintosh (1974), together with the 

relative frequency that theories attempting to account for PREE have 

been proposed, modified, or abandoned. The above reviews indicate clear

ly that partially reinforced (PR) subjects are more resistant to extinc

tion than continuously reinforced (CR) subjects. In effect, the stabi

lity of this finding across numerous situations and species may indeed 

establish the PREE as an "empirical law" in psychology. 

The basic partial reinforcement paradigm consists of two groups 

of subjects. One group performs the specified response on a schedule 

of intermittent rewards (i.e., partial reinforcement) while the second 

group is trained on a schedule of consistent rewards (i.e., continuous 

reinforcement). Following the response acquisition phase the subjects 

are placed into an extinction phase where all rewards are withheld. 

Thus, the extinction phase serves as a test stage to determine the 

degree of response learning in acquisition. During extinction the pre

dominant finding has been that the subjects trained to respond on a 

schedule of partial reward tend to respond more vigorously, and perform 



the response for a longer period of time, than subjects trained on a 

schedule of consistent rewards. 

A number of theoretical propositions have been suggested to account 

for the PREE phenomena (see Sutherland & Mackintosh, 1971). Among these 

propositions, Humphrey's (1939) "expectancy theory"; Mowrer and Jones 

(1945) "discrimination hypothesis"; and Lawrence and Festinger's (1962) 

"cognitive dissonance" positions have been abandoned by the vast majority 

of animal learning researchers. Although each of these theories could 

be summarized and evaluated, the fact that the preponderance of data is 

contrary to their respective theoretical predictions, and the uniformly 

negative reviews which each of these theoretical positions has received, 

makes discussion of them a futile exercise. In addition, these positions 

are so far from the mainstream of PR research that they can be safely 

ignored and left as historical milestones (see Mackintosh, 1974; Hall, 

1976). 

One of the more dominant, and current, of the theoretical positions 

that have attempted to account for the PREE is the frustration theory 

of Amsel (1958, 1962, 1967). The fundamental premise of frustration 

theory centers on the belief that the negative motivational properties 

of frustration can energize and maintain behavior. The theory states 

that, after an organism has experienced a number of reinforcements 

(rewarded trials), and if the reinforcement is then withheld (frustra-

tive nonreward), the organism will experience primary frustration (Rp). 

Subsequently, Amsel infers the motivational properties of frustration 

by noting that the strength of a response increases following frustra-
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tive nonreward (i.e., Amsel & Roussel, 1952). In addition, various 

components of the primary frustration response (i.e., salivating) be

come unique independent units in the overall complex of stimuli that 

elicit the criterion response. Some portion of these anticipatory re

sponses to frustration (r^) become conditioned to goal box stimuli and, 

through the process of stimulus generalization, fractional anticipatory 

responses will be initiated at the start chamber, thereby facilitating 

the response. 

In terms of the PREE it is evident that the partially reinforced 

subject essentially has been trained to start and respond in the pres

ence of cues eliciting a frustration response. Subsequently the intro

duction of an extinction phase continues to evoke primary and anticipa

tory frustration such that the subject continues to respond vigorously 

during extinction. However, the continuously reinforced subject has 

not experienced primary frustration, nor, obviously, have fractional 

anticipatory frustration responses generalized to the start area in 

acquisition. Consequently, since the CR subject has not been condi

tioned to respond in the presence of internal frustration, which is 

experienced for the first time in extinction, the resulting primary 

frustration (Rp) evokes competing responses that interfere with the 

learned response. Thus the introduction of competing responses, the 

lack of generalized anticipatory frustration responses, together with 

increased expectancy of reward, make the continuously reinforced sub

jects more susceptible to extinction than the partially reinforced 

subjects, yielding the basic PREE. 



Although Amsel's position has contributed greatly to an under

standing of the motivational aspects of PREE and indeed is currently 

being utilized in an innovative investigation into the developmental 

aspects of PREE (see Burdette, Brake, Chen, & Amsel, 1976), it has 

failed to fully encompass the discrete, highly-spaced learning para

digm (utilizing various reward sequences) typical of the work in partial 

reinforcement. In effect frustration theory concentrates on within-

trial motivational factors and fails to recognize that subjects that 

learn different sequences of reinforcement (R) and nonreinforcement (N) 

(i.e., between trial effects) may be learning different behaviors, re

gardless of equal amounts of internal frustration. 

Thus, several of the fundamental properties of frustration theory 

are challenged when confronted with sequential manipulations. One of 

the primary assumptions of frustration theory (Amsel, 1958, p. 114) is 

that prior reward is necessary in order to establish expectancy, and 

subsequently to elicit frustration on nonreward trials. However, 

Capaldi, Ziff, and Godbout (1970) together with other investigators 

(McCain, 1966; Leonard, 1969) have clearly demonstrated that R trials 

prior to N trials are not necessary to obtain the PREE. In addition 

frustration theory proposes that a certain amount of training (a gradual 

build-up of expectancy) is necessary in order to condition the approach 

response to anticipatory frustration. However, McCain (1966, 1969) 

has been able to obtain a PREE with as few as two and four PR trials. 

Finally, trial to trial sequences, particularly N to R trial vs R to N 

trial transitions have been shown to be extremely important in deter-



y 

mining resistance to extinction (RTE). Knowledge of the sequential 

arrangements of R's and N's provides a powerful predictive tool for 

extinction (see reviews by Lewis, 1960; Robbins, 1971), which would 

not be expected from a position such as Amsel. Thus, although Amsel 

has remained influential in terms of a general motivational analysis, 

the discrete trial learning paradigm seems, at this time, to favor a 

sequential, trial to trial, analysis. In fact, following an extensive 

review of the experimental data, Robbins (1971) concluded that " . . . 

the sequential theory proposed by Capaldi appears to capture the major 

aspects of the extinction effect (p. 426). Capaldi's (1966, 1967) 

sequential-memory modification (Capaldi, 1971; Capaldi & Haggbloom, 

1975) has now become the most widely accepted explanation for the PREE. 

Sequential analysis is based on earlier theorizing by Hull (1943) . 

Hull postulated that the aftereffects of reward and nonreward (e.g., 

particles of food in the subject's mouth) remained active for a period 

of time (approximately 15 sec.) following the end of the trial. These 

stimulus traces could be present on a subsequent trial after a short 

intertrial interval. For example, on an R trial which immediately 

followed an N trial after such a short interval, the subject would be 

rewarded for running to the goal in the presence of the stimulus traces 

of nonreward. Thus, such traces would become a signal for running and, 

during extinction, subjects trained to perform in the presence of 

these traces would be more resistant to extinction than subjects 

trained under constant reward. 
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One of the basic properties of the stimulus trace notion is the 

assumption that the trace dissipates in a relatively short time. This 

characteristic yields the prediction that the PREE should disappear 

when extended intertrial intervals (i.e., 15 min.) are used. Sheffield 

(1949) verified this prediction by demonstrating a decreased PREE with 

long intertrial intervals. Few investigators have been able to repli

cate her findings (e.g.. Mackintosh, 1974). On the contrary, it has 

been found with some regularity that the PREE can be obtained with 

intertrial intervals as long as 24 hrs. (e.g., Weinstock, 1954, 1958). 

Thus during the early stages of sequential theory development, 

Capaldi (1966, 1967) abandoned the idea of a temporally dissipating 

stimulus aftereffect and replaced it with the conceptualization of an 

aftereffect that remained functional on a more or less permanent basis. 

Following the Hull-Sheffield model, Capaldi further hypothesized that 

these relatively permanent aftereffects of nonreward are discriminably 

different from the aftereffects of reward, and are utilized in such a 

manner that the aftereffects of nonreward (S ) become conditioned, on 

a subsequent reinforced (S^) trial, to the response. In predicting 

RTE the sequential theory therefore relies on the strength with which 

N R 

S becomes conditioned to S . This varies directly with the number 

of N-R transitions. Additional analysis of this N-R relationship 

yielded the proposal that N-length (i.e., the number of consecutive 

nonreinforced trials in a sequence prior to a reinforced trial), the 

number of different N-lengths in an extended schedule, and the fre

quency of occurrence of each N-length, were the three major determin-



ers of degree of resistance to extinction. Increases in any one, or 

all, of these determiners during acquisition would, all other factors 

being equal, increase resistance to extinction. 

Although Capaldi's sequential-aftereffects position has been a 

very useful explanation of the PREE, some theoretical modifications 

have been necessary. Principally, the conceptualization of an after

effect that was relatively permanent needed to be clarified, especially, 

in light of the studies that demonstrated PREE with intertrial intervals 

of 24 hrs. or more (i.e., Weinstock, 1954, 1958). Thus, the classical 

Hullian conceptualizations for an aftereffect proved to be inadequate. 

Capaldi (1967) stated that what was needed for theoretical clarifica

tion was some sort of mediating reaction which developed very quickly, 

while the stimulus which elicited it became conditioned to the instru

mental response very slowly. In 1971, Capaldi proposed a memory con

struct which satisfied these requirements. 

Capaldi (1971) has suggested that the mediating reaction is the 

memory of reward events which is associated with environmental cues. 

This association develops very rapidly. The environmental cues then 

become associated with the instrumental response. This latter associa

tion develops gradually. In effect, Capaldi has reoriented his entire 

viewpoint, to one which directly relies on an associational process. 

This innovation resulted from empirical findings that demonstrated: 

(a) that the animal is already endowed with a memory process/capacity, 

as evident from numerous studies on retention, and (b) that reinforce

ment and nonreinforcement result in rapid and extensive changes in the 



8 

animal's internal-associative capacities (e.g.. Mackintosh, 1974). 

This second assumption abandons Sheffield's reliance on peripheral 

stimuli (e.g., traces of food in the subject's mouth) as the controllers 

of PR, and now suggests that PR changes are internally controlled (e.g., 

by the central nervous system). 

To be more specific, Capaldi proposes that reward events (N or R) 

and attributes of their environmental context are stored in memory 

immediately, to be later evoked by stimulus events similar to external 

stimulus condition (S^) present when reward occurred. Learning is the 

strengthening of the connection between the stimuli which evoke memories 

of reward events and the approach response (S^-R^). Thus, while the 

memory of the reward event is rapidly associated with, and is immediately 

evoked by, the external stimulus cues present in the goal area, the 

association of the instrumental response to these memories is slowly 

acquired over trials. 

Capaldi (1971) attempted to substantiate the usefulness of the 

memory construct by demonstrating that it could account for the results 

of several studies which incorporated manipulation of N-length variables, 

small number of training trials and discrimination learning paradigms, 

which other theories, including earlier versions of his own, could not 

explain. Capaldi (1971) proposed that a discriminable internal state 

(i.e., a memory) could be differentially evoked to control behavior, 

if previously associated with external stimuli that were present during 

reinforcement. For example, Capaldi (1971, p. 24) described an experi

ment in which the alley brightness single alternated from trial (e.g.. 



BWBWBW) while the reward outcome double alternate (e.g., RRNNRRNN). 

In this situation the subject will learn to run fast for the two 

rewarded trials, slow for the two nonrewarded trials, etc. 

T r i a l s 1 2 3 4 5 6 7 8 

Alley Brightness B W B W B W B W BLK/WHT 

Reward Outcome R R N N R R N N R/N 

Earlier Bloom and Capaldi (1961) showed that double alternation does 

not occur, or occurs only poorly. However, they used a single alley 

brightness. It is apparent that the subjects do not learn to double 

alternate on the basis of external reward cues alone, since R/N occur 

equally often in black and white alleys. Although the sequential 

position could not account for this, the memory model can easily ex

plain this outcome. The discrepancy in the two findings may be ac

counted for as follows: observe that on Trial 3 (see diagram) the 

subject will, because of the presence of the black alleyway, remember 

the reward which occurred on Trial 1 in the black alley. On Trial 4, 

the subject will recall the R from Trial 2. However, on Trials 5 and 

6 S will be recalled from Trial 3 and 4, respectively. Thus on re-
N 

warded trials the subject remembers nonreward (S ), while on nonrewarded 

trials the subject remembers reward (S ). As Capaldi puts it, "It 

(the rat) need only learn when I remember reward, no go and when I 

remember nonreward, go (Capaldi, 1971, p. 21)." The successful double 

alternation learning with this procedure clearly demonstrates the 

presence of an internalized stimulus, a memory of the reward condition 

that can control behavior. In the Bloom & Capaldi (1961) study, how-



10 

ever the absence of apparatus cues associated with reward (i.e., memory 

of the reward) led to subjects inability to learn the double alterna

tion task. Nicholls, Cogan, and Duch (1974) further tested Capaldi's 

memory hypothesis by manipulating start box stimuli to evoke selectively 

the memory of R or N in the start box. They accomplished this by associ

ating the memories of R or N with unique external stimuli (brightness 

cues in the form of painted inserts) and presenting the appropriate re

ward associated stimulus cue (i.e., the insert) in the start chamber. 

Thus subjects could be trained to run in the presence of N even on 

trials which followed reinforcement by simply putting the appropriate 

insert into the start box. Subjects trained with the nonreward 

associated stimulus in the start box on R trials were more resistant 

to extinction than subjects trained with the stimuli associated with 

reward on R trials. This effect was independent of the actual sequences 

of R and N trials. 

The Nicholls et_ al. (1974) study used a unique procedure for 

differentially evoking reward or nonreward memories on a particular 

trial, regardless of the outcome (R or N) of the previous trial. The 

effect of this procedure has been replicated by Nicholls (1975). None 

of the previously discussed theoretical positions (Hull-Sheffield, 

1943, 1949; Amsel, 1958, 1962; Capaldi, 1964, 1967) can readily account 

for these findings except the memory model, with its emphasis on the 

internal storage of reward events (Capaldi, 1971; Nicholls, Cogan, 6e 

Duch, 1974). 
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Recently, Capaldi and Haggbloom (1975) have attempted to further 

enlarge the empirical base of the memory model by studying the various 

components of the internal stimuli involved during acquisition and sub

sequent extinction. The attempt was made to determine the behavioral 

control each of three different internal stimuli exerts on the PREE. 

These internal stimuli were hypothesized to be (1) those produced by 

N T? 

nonreward, S ; (2) those produced by reward, S ; and (3) stimuli pro

duced by instrumental responding, S^. In line with previous sequential 

theory requirements (Capaldi, 1967), the recent addition has stipulated 

that no stimuli are conditioned on trials that end in nonreward (i.e., 

R-N or N-N transitions). However, on R-R transitions both S^ and S^ 

acquire some control over RTE, while on N-R transitions S and S^ be-

come conditioned. An additional hypothesis proposed that neither S 
N nor S could be conditioned to the instrumental reaction without, to 

some extent, conditioning S-*-. 

Thus, Capaldi and Haggbloom (1975) propose that, in addition to 

the internal stimuli arising from goal events (N or R), behavioral 

control is also exercised by internal stimuli arising from responding 

per se. In their attempt to verify these hypotheses, Capaldi and 

Haggbloom (1975) reported a three part study. Subjects received PR 

(approximately 50% reward) in a straight alley runway either at a 24-

hr. ITI (Intertrial Interval), or at both a 24-hr. ITI and a shorter 

ITI (2 min., 15 min., 30 min., or 1 hr.). Extinction trials were 

always separated by the shorter ITI. 
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The underlying logic of all three studies was identical, and 

similar procedures were used. Study 1 will be discussed in detail 

since it best exemplifies the theoretical logic. In Study 1 each of 

the four groups of subjects received 20 trials of PR on a 50% reward 

schedule. Refer to these as the "common trials." Groups 24-0 and 

24-3 received the 20 trials at the rate of one a day (a 24 hr. ITI) 

with the other two groups, 2-3 and 2-0 receiving the twenty trials 

at the rate of 4 each day (a within day ITI of 2 min.). For these 

latter 2 groups the daily schedules were: RNNR, NRNR, RNNR, NRNR, 

and RNNR. In addition. Groups 24-3 and 2-3 received three additional 

R trials at a 2 min. ITI, following every fourth common trial. Follow

ing acquisition training, all groups were given 14 nonrewarded extinc

tion trials at a 2 min. ITI in one day. Groups 24-0 and 2-0 received 

only the common trials. 

Capaldi and Haggbloom (1975) hypothesized that if a PR group is 

run with a 24 hr. ITI in acquisition, and is then extinguished at a 

shorter ITI (i.e., 2 min.) two novel internal stimuli have been intro-

N T 
duced: the 2 min. value for S ; and a 2 min. value for S . Since 

N I the subject has not previously experienced a 2 min. S or S value 

during acquisition, their simultaneous introduction into extinction 

confounds any attempt to determine the unique relative control of 

behavior each may exert. However, if a PR group is run with 24 hr. 

ITI between N to R trial transitions, and a 2 min. ITI between R to 

R trial transitions, than for this group S at a 2 min. value will be

come conditioned during acquisition to the instrumental reaction. 
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Therefore, during extinction with a 2 min. ITI, the PR group just 

described should be more RTE than a PR group trained only with a 24 

hr. ITI in acquisition, if S has any regulatory role. 

The results supported the theoretical hypotheses. Group 24-3 

was significantly more RTE than Group 24-0, which was the least RTE of 

all four groups. In addition. Groups 2-3, 2-0 were equally RTE, how

ever, more RTE than Group 24-3, 24-0. The following table (Table 1) 

from Capaldi and Haggbloom (1975) clarifies these relationships. 

Table 1 charts the values of S^, S^, and S that were conditioned 

during acquisition. Note that in Group 2-0 the two min. value for S^ 

(i.e., an ITI of 2 min.) was not conditioned. This is due to the fact 

that rewarded trials were always followed by nonrewarded trials (R-N), 

thus neither S , nor any other stimulus component could be conditioned 

to the response (see Capaldi, 1966). However, throughout training N 

trials were followed by R trials and consequently 2 min. values for 

S^ and S"̂  were conditioned on the following R trial. Group 2-3 experi

enced S and S similar to Group 2-0, however, this group also experi-

R 
enced a 2 min. value for S due to the three extra R trials following 

acquisition. Similarly, the three extra R trials for Group 24-3 

R I 
established a 2 min. value for S and S in acquisition. Group 24-0 

never experienced a 2 min. value or 2 min. ITI for any of the stimulus 

compounds. 

The results indicated that although Groups 2-0, 2-3 differed in 

that the S component was present for the latter group only, they 

were equally RTE. This finding was to be expected. Capaldi's sequential 
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TABLE 1 

TWO-MINUTE VALUES OF S^, S^. AND S^ CONDITIONED (x) 

OR NOT CONDITIONED (-) IN ACQUISITION 

Group •N 

2-0 
2-3 
24-0 
24-3 

X 
X 

X 
X 
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theory has stressed, and empirical evidence has repeatedly demonstrated, 

the overriding control that aftereffects, or memories, of nonreinforce

ment (S ) have on RTE when followed by reinforcement. Consequently the 

role of S can be expected to be minimal. 

The difference in RTE between Group 2-3 and 24-3 was attributed 

to the presence of S in the former group. Note that while Group 24-3 

never experienced a 2 min. S^ value. Group 2-3 repeatedly experienced 

a 2 min. S^ value via the N-R transition. Therefore, during the 2 min. 

ITI extinction phase Group 2-3 proved to be more RTE, by running in 

the presence of S , than Group 24-3. Finally the authors conclude that 

the difference in RTE between Group 24-0 and 24-3, " . . . must have 

been due either exclusively or primarily to S ." The relatively in-

•n 

effectual role of S has been previously discussed, and therefore the 

difference in RTE between Groups 24-0 and 24-3 must have been due to 

the behavioral control exercised by S . In summary, Capaldi and 

Haggbloom (1975) point out that the difference in RTE between Groups 

2-3, 24-3 (due to S ) was about as great as the difference between 

Group 24-3 and 24-0 (due to S^), leading the authors to speculate 

that, " . . . response produced cues regulate behavior about as strongly 

as goal produced cues (Capaldi & Haggbloom, 1975, p. 1)." 

To be more specific, the authors have not demonstrated the rela

tive behavioral equality between response (S ), and goal events (S , 

S ), but rather their data only indicate similarities in RTE between 
T M R 

S and S . While the role of S in determining RTE is apparently 

minimal (see reviews cited previously), to imply that the memory of 
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S exerts no behavior control whatsoever, especially on the basis of 

only limited R trials on which it could acquire control hardly seems 

appropriate. A better test of the role of S^ would require the in

clusion of two additional groups: one which experiences a 2 min. 

R I R 

value for S and S and one which experiences a 2 min. value for S 

alone. Capaldi and Haggbloom (1975) also propose that a better esti-

mate of the effects of S could be obtained if another group was run 

with a 24 hr. value for S and S , but a 2 min. value for S conditioned 

to the reaction. However, some reflection on both designs by the 

reader will support Capaldi and Haggbloom conclusion that, ". . .we 

know of no way that this can be accomplished (Capaldi & Haggbloom, 

1975)." The temporal association procedures adopted by Capaldi and 

Haggbloom are limiting, since the subject must perform over a time 

unit, he must be reinforced over some time unit, and finally a unique 

time unit must be chosen to be associated with the response (in this 

case 2 min., or 24 hrs.). In effect this paradigm utilizing time 

intervals proves to be cumbersome and may lead to confounding. 

Additional problems result from the use of temporal associations 

as the discriminative cues for response, and goal stimuli. As mentioned 

above a number of important methodological procedures may indirectly 

contribute extraexperimental, temporal associations. Thus if subjects 

receive 30 min. access to food, 15 min. after daily training, might 

not a 15 min. value for S be established . . . or possibly a 30 min. 

S^ value? Conversely for S , could the relatively long period of 
nonreward-deprivation between daily trials (23.5 hrs.), followed by 
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30 min. access to food, produce an approximate 24 hr. S^ value? These 

factors remain unaccounted for, and their influence unknown in the 

Capaldi and Haggbloom study. 

Finally, the use of unique trial sequences (i.e., ITI values 

particular to N-R or R-N transitions) introduces additional problems. 

Note that in all schedules R trials consistently signal upcoming non-

reward (i.e., RNNR, NRNR, etc.). In addition, every 3rd and 4th trial 

is consistently associated with N and R, respectively. The subjects 

may have learned to respond to a reward sequence, regardless of unique 

temporal cues. This criticism proves to be especially relevant in 

light of studies by Weinstock (1954, 1958) that demonstrated PREE with 

24 hr. ITIs, and Capaldi's own studies (Capaldi & Spivey, 1964) that 

demonstrate significant patterning (i.e., the subject regulates his 

responding based on R/N outcomes of the previous trial) even with an 

ITI of 24 hrs. In summary, upon close examination the initial 

straight-forward task reported by Capaldi and Haggbloom (1975) becomes 

complex, confounded, and difficult to conceptualize. 

The problems discussed above arise from the decision to use the 

intertrial interval as an indirect way of manipulating S . The use of 

an extended ITI leads inevitably to extraexperimental interference 

problems. For example, during a 24 hr. ITI, the subject may experi

ence interference due to a feeding schedule, or variations in activity 

levels, or handling procedures, etc. In addition, the results of the 

Capaldi and Haggbloom study were due to the subject's ability to make 

an "internal" temporal discrimination, which is more difficult than 
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the typical "external" spatial (i.e., long vs short path), visual 

(i.e., light vs dark), or even tactual (i.e., rough vs smooth) dis

criminations (Gleitman, 1971; Spear, 1971). 

What is needed to test the modified memory position is an experi

mental procedure that avoids the problems inherent in the use of time 

intervals, but is able to separate the effects of S"'-, S^, S^ during 

acquisition on extinction. 

A procedure which, with minor modifications, would accomplish 

this objective is available. Nicholls, Cogan, and Duch (1974) developed 

a procedure by which specific internal representations of reward (S ) 

N or nonreward (S ) could be evoked at the start of a trial, regardless 

of goal events on the previous trial. In their study, reward was 

reliably associated with a white goal chamber, and nonreward with a 

black goal chamber. During acquisition the subject was trained to 

start in the presence of internal representations (memories) of either 

nonreward or reward, by using a black or white (respectively) start 

chamber. The white (or black) chamber would evoke the memory of its 

associated reward (or nonreward) which would displace the memory of 

what happened in the goalbox on the previous trial, and be available 

for conditioning when the subject entered the goalbox on the trial 

in question. Subsequently during extinction, subjects placed into a 

N black start chamber would have the memory of S evoked, while subjects 

placed in a white chamber would respond in the presence of S . 

Nicholls, Cogan, and Duch (1974) found that subjects trained with the 

memory of N on all trials were more RTE than subjects trained with the 
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memory of R on all trials, supporting Capaldi's (1971) memory hypoth

esis. 

Using procedures similar to those used by Nicholls, Cogan, and 

R N Duch (1974), it would be possible to separate the effects of S , S , 

and S . By controlling the subject's stimulus environment, specific 

internal stimuli (memories) may be evoked and conditioned during ac-

M R I 
quisition, and subsequently these internal stimuli (S , S , S ) may 

be evoked during extinction. The relative contribution to RTE of 

these stimulus memories should therefore be indicative of the behavioral 

control the stimuli themselves exercise on the response. 

In the simpliest case, for example, a subject may be rewarded in 

a white goal box (S ), and nonrewarded in a black (S*̂ ) goal box. In 

acquisition the use of a black start box on reward trials will condi

tion S^. Then during extinction, a black start chamber, should pri

marily evoke S , which will control extinction responding. If another 

subject starts, and runs, in the presence of cues associated with non-

reward (i.e., a black start and run section) during acquisition and is 

then extinguished using a black start chamber and runway, any differ

ence in RTE between these groups could be attributed to the effects 

of S-̂ . A similar analysis for determining S could be incorporated 

for groups trained under the internal stimuli of reward, S . These 

groups together with additional factorial combinations of internal 

stimuli manipulations, should provide a means of estimating the con-

R N I tribution of S , S , S , to RTE, and their place, if any, in a memory 

theory of extinction performance. 
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Experimental Rationale 

The recent theoretical proposal that memories of unique stimulus 

attributes may contribute differentially to RTE (Capaldi & Haggbloom, 

1975) makes it important to determine at this time whether: a) each 

such "internal stimulus" so specified has memory characteristics, and 

b) the relative degree of control each memory construct exercises in 

determining the PREE. Capaldi and Haggbloom's attempt to verify their 

theoretical proposal by varying temporal cues, ITI lengths, while not 

a complete failure yielded somewhat equivical finding due to problems 

with their procedures which have been discussed. The present research 

should provide a direct investigation of the relative strength of S^ 

as compared to S^ and S goal events. 

At present, it appears crucial to the viability of this new 

theoretical position that S clearly posses memory capabilities to 

control subsequent extinction behavior. If it does not, then we are 

forced to return either to an undefined conceptualization of a rela

tively permanent process, or, at best, to a limited, and hence un

satisfactory, memory model for only goal events. However, if S , 

R N 

together with S and S , exerts behavioral control as a memory com

ponent, then future investigations of the PREE will require precise 

control of the total trial experience/environment. 

Group Notation and Predictions 

The fourteen groups can be broken down into four major divisions. 

These divisions are shown in Table 2. Groups 1-4 are trained and/or 

extinguished under conditions associated with nonreward (-). The 



TABLE 2 

GROUP DESIGNATIONS: CONDITIONS IN 

ACQUISITION AND EXTINCTION 
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Group Designations: 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 

13. 

14. 

( ) 

(0—) 
(-0-) 
(00-) 

(-H+) 
(Ohf) 
(-KH) 
(00+) 

(-H-) 
(-+-) . 
(+-+) 
(+--) 

PR-NC 

CR-NC 

Start 

N-WHT 
0-GRAY 
N-WHT 
0-GRAY 

R-BLK 
0-GRAY 
R-BLK 
0-GRAY 

N-WHT 
N-WHT 
R-BLK 
R-BLK 

Partial 

(-) 

(0) 
(-) 

(0) 

(+) 
(0) 
(+) 
(0) 

( - ) 

( - ) 

(+) 
(+) 

Conditions 

Run 

N-WHT 
N-WHT 
0-GRAY 
0-GRAY 

R-BLK 
R-BLK 
0-GRAY 
0-GRAY 

R-BLK 
R-BLK 
N-WHT 
N-WHT 

reinforcement-

Continuous 

(-) 

(-) 

(0) 
(0) 

(+) 
(+) 
(0) 
(0) 

(+) 
(+) 
( - ) 

( - ) 

in ACQ 

Goal 

BLK-R/WHT-N* 

-nonconsistent cues 

reinforcement— •nonconsistent cues 

EXT 

Start 

N-WHT ( 
N-WHT ( 
N-WHT ( 
N-WHT ( 

R-BLK ( 
R-BLK ( 
R-BLK ( 
R-BLK ( 

R-BLK ( 
N-WHT { 
R-BLK ( 
N-WHT ( 

BLK/WHT 

BLK/WHT 

: - ) 

: - ) 

: - ) 

: - ) 

:+) 
:+) 
:+) 
:+) 

:+) 
: - ) 

:+) 
: - ) 

*Brightness cues will be balanced such that for half of all subjects 
BLK-R and WHT-N, and for half BLK-N and WHT-R 
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complimentary conditions occur for groups 5-8. These subjects are 

trained and/or extinguished under conditions associated with reward (+). 

Groups 9-12 are run under mixed, but consistent, conditions of reward 

(+), and nonreward (-) during acquisition and extinction. Groups 13 

and 14 comprise the control groups: PR-NC is a partically reinforced 

group. The reward notation occurs in three positions. The first two 

positions represent acquisition conditioning, while the third deals 

with extinction conditions. Thus in Group 1 ( ), the subject starts 

(-, , ), and runs (-, -,) in the presence of cues associated with non-

reward during acquisition, and is then extinguished in the presence 

of start cues associated with nonreward (-, -, - ) . Group 2 (0—) 

starts in a neutral chamber (0, , ), runs in the presence of nonre

ward (0, - , ) , and is then extinguished using a start chamber associated 

with nonreward (0, -, - ) . Similar logic applies to groups three and 

four as well as the remaining groups (+ of course indicates cues 

associated with reward). 

Specific extinction predictions can be derived from the sequential-

memory position, and its modifications which include goal (S^ or S ), 

and response (S ) events. Secondary predictions can be derived from 

the sequential-aftereffects position which are somewhat different from 

those derived from the more recent memory modification, and permit 

empirical assessment of the two positions. 

In predicting RTE the sequential-aftereffects position relies 

heavily on intertrial characteristics such as the N-R transition, 

while the sequential-memory position stresses the internal stimulus 
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state of the organism with respect to reward/nonreward associated con

ditions. Thus, the sequential-memory position postulates that subjects 

trained to run in the presence of nonreinforcement associated cues 

during acquisition should be more RTE than subjects trained to run in 

the presence of cues associated with reward. In addition, groups 

trained and/or extinguished in the presence of consistent R/N associated 

cues should be more RTE than those trained under inconsistent cues. 

Based on these assumptions subjects in Groups 1, 2, 3, 4 who are trained 

to start and/or run solely in the presence of cues associated with non

reinforcement should be the most RTE of all groups. To a lesser extent 

subjects in Groups 9, 10, 11, 12 who are trained to start (9, 10), or 

to run (11, 12) in the presence of cues associated with nonreinforce

ment should be more RTE than subjects trained to start or run with 

cues associated with reinforcement (5, 6, 7, 8). 

N R 
If during extinction goal events (S , S ) are more important than 

response events (S ), the subjects in Groups 2 and 3 should be equally 

RTE (see Table 1). In addition, subjects in Groups 2 and 3 should be 

less RTE than subjects in Group 1, which includes both alley conditions; 

S^ for start and run. Of the four groups (1, 2, 3, 4), Group 4 should 

be the least RTE since it was not run in specified conditions of R or 

N during acquisition. 

la. Groups 

( 1 ) > ( ( 3 ) = ( 2 ) ) > ( 4 ) 
( ) > ( (-0-) = (0~) ) > (00-) 
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Groups 9, 10, 11, 12 are trained under mixed, but consistent, R 

or N cues associated with start and run sections. Consequently, if 

goal events are the major determiners of RTE, then subjects trained 

to start in the presence of N (9, 10) should be more RTE than subjects 

trained to start in the presence of R (11, 12). In addition, subjects 

extinguished in the presence of cues previously associated with R 

(9, 10). Therefore, the following predictions can be made: 

lb. Groups 

( 10 > 12) > ( 9 > 11) 
(-+- > H—) > (-++ > +-+) 

Subjects trained solely under the presence of reward-associated 

cues (Group 5) should be less resistent to extinction than subjects 

trained under the partial presence of reward-associated cues (Group 6 

and 7). If goal events are again the principal determiners of RTE 

than Group 7 should be equally resistant, when run under the reward-

associated cues, to Group 6. Of the four groups (5, 6, 7, 8) run 

under the reward-associated condition during extinction, Group 8 

should be the most RTE since it was not run in specified conditions 

of R or N during acquisition. 

Ic. Groups 

(8) > ((6) = (7)) > (5) 
(000) > ( (0++) = (+0+) ) > (+++) 

Predictions under la, b, c are based on the hypothesis that goal 

events are more potent than response events in determining RTE. Pre

dictions 2a, b, c deal with response events as exercising the critical 

control in determining extinction rates. Thus, if response events are 
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dominant in determining RTE than Group 2 subjects that ran in the 

presence of N associated cues during acquisition should be more RTE 

than Group 3 subjects that started in presence of N associated cues 

(see Table 1). 

2a. Groups 

( 1 ) > ( 2 ) > ( 3 ) > ( 4 ) 
( ) > (0—) > (-0-) > (00-) 

Using similar reasoning, if response events are the main determiners 

of RTE then Group 12 should be more resistant than Group 10, with Group 

11 more RTE than 9. 

2b. Groups 

( 12 > 10) > ( 11 > 9 ) 
(H— > -+-) > (+-+ > —H-) 

Finally, if response events prove to be the dominant factor in 

determining RTE in the reward-associated cue subjects then: 

2c. Groups 

( 8 ) > ( 7 ) > ( 6 ) > ( 5 ) 
(OOf) > (+0+) > (04-f) > (-H-f) 

The predictions under 1 and 2 contrast the role of goal events 

(S^, S ), and response events (S ), and their relative strengths in 

determining RTE when manipulated using factorial combination of R 

or N events. 

Group 13, the partial reinforcement group with nonconsistent re

ward cues, and Group 14, the continuous reinforcement group, both serve 

as control groups. Group 14 being the CR group should be the least 

RTE. Thereby replicating the basic partial reinforcement extinction 

effect. 
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3. Groups 

(1-13) > (14) 

This prediction is based on the fundamental premise of sequential theory 

that N-R transitions are the main source of RTE. Group 14 being the 

CR group never experiences nonreinforcement during acquisition, much 

less an N-R transition, should therefore be less RTE than the remain

ing groups. 

n. 



CHAPTER II 

METHOD 

Subjects 

One hundred and twelve male albino rats, approximately 70 days 

old at the beginning of the experiment were obtained from Harlan In

dustries, Cumberland, Indiana. The subjects were individually housed 

in galvanized steel cages measuring 30.5 cm long x 10.1 cm wide x 15.5 

cm deep. 

Apparatus 

The apparatus was a straight alley runway measuring 230 cm long 

X 10 cm wide x 13.5 deep. In addition to the above run section, a 40 

cm X 10 cm X 13.5 cm start section, and a 40 cm x 10 cm x 13.5 cm goal 

section was attached at right angles to the respective run section. 

All sections were covered with clear Plexiglas. The start and goal 

sections had replaceable inserts (40 cm x 8 cm x 13 cm). Each of the 

three inserts for each alleyway section were painted either black, 

white, or gray. Start times were recorded from the opening of the 

start box door to a point 15 cm into the run section of the alleyway. 

Run times were recorded from a point 15 cm into the run section to 15 

cm before the goal box. Goal times were initiated from 15 cm before 

the goal and terminated 25 cm into the goal box. Times for each sec

tion were recorded by .01 minute interval timers (Industrial Timer 

Corporation), which were triggered by Microswitches and floor contacts 

built into the runway. The reinforcement device was a lick tube 

27 
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identical to the lick tube on the water bottle in the subjects' home 

cage, placed 8 cm above the floor of the goal box. The reinforcement 

solution was a 16% (by weight) sucrose solution. The run insert was 

200 cm X 8 can X 3 cm. 

Procedures 

General Comments 

The experimental data were collected in two complete half repli

cates of 56 subjects each. The procedures described below were used 

during each replication. All subjects were maintained on a 24 hr. 

light on cycle in a holding room adjoining the experimental laboratory. 

A typical day's running schedule began at 2:00 p.m. and usually ended 

at 2:00 a.m., followed by two hours access to food and water. This 

schedule was selected in order to insure quiet, uninterrupted running. 

Pre-Acquisition 

Following the subjects arrival, they were individually housed and 

allowed ^ lib access to Purina Lab Chow pellets and water for four 

days. After this acclimatization period, the animals were placed on a 

22-hour per day food and water deprivation schedule for a period of 

ten days. During this deprivation period subjects were individually 

handled for five minutes on a daily basis, at approximately the same 

time of day that they would undergo acquisition and extinction training. 

Acquisition 

On day 1 acquisition training began. The subjects were randomly 

assigned to one of fourteen treatment groups, as defined by the factorial 

combination of start box and/or runway cues (i.e., brightness cues). 
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The schedule of reinforcement for all but the continuously reinforced 

subjects (i.e.. Group 14) consisted of a 50% random reward schedule 

across trials. Each of the daily sessions consisted of four rewarded 

and four nonrewarded trials for a total acquisition period of seven 

days. The daily random sequence of reward and nonreward remained con

stant across all groups for each day. The continuously reinforced 

group (Group 14) experienced consistent reward on all trials during 

the acquisition period. 

The groups were designated such that subjects were trained to 

start, and/or to run, in the presence of brightness cues associated 

with a particular reward condition. Thus, for example. Group 1 ( ) 

having experienced nonreward in a white goal box, would start in a 

white goal box ((-) — ) , and run in a white runway (-(-)-) during ac

quisition. Conversely, Group 5 (+++) would start ((+)++) and run (+(+)+) 

in the presence of brightness cues associated with reward. Each of the 

above conditions were further explored by having the subjects either 

start only (+0+), (-0-), or run only (0++), (0—) in the presence of 

cues associated with respective reward outcomes (see Table 1). In 

addition to these six groups, subjects were also trained to start/run 

in the presence of contradictory cues. For example. Groups 9 and 10 

were trained to start in the presence of brightness cues associated 

with nonreward and run in the presence of cues associated with reward. 

Groups 11 and 12 would start in the presence of reward cues, and run 

in the presence of nonreward cues. For all groups brightness cues 

were counterbalanced such that half of the subjects experienced reward 
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in a white goal box, nonreward in black; while the other half experienced 

reward in black, nonreward in white. Group 13, the partial reinforcement 

control group did not have specific cues associated with reward or non-

reward. The continuously rewarded group. Group 14, experienced random 

brightness cues in different portions of the alleyway, similar to Group 

13. 

The subjects were run in the following manner for each trial. To 

initiate a trial the subject was placed in the start box facing away 

from the run section. After 3 sec, the start box door opened. If the 

subject failed to leave the start area and enter the run section within 

60 seconds, he was gently urged forward. Following entry into the run 

section the start box door was closed to prevent retracing. If the 

subject failed to traverse the run, or goal sections within the allotted 

60 sec. he was urged through these sections. 

On rewarded trials the subject was allowed 10 seconds access to 

the 16% sucrose solution, while on nonrewarded trials the subject was 

confined to the goal box for 10 seconds. Following each trial the 

subject was placed in a side box for the 20 second intertrial interval. 

Extinction 

Subjects were extinguished for 4 days at 8 trials per day using 

handling procedures similar to those in acquisition, except that no 

reinforcement was administered. All subjects were extinguished in 

identical run and goal box chambers. However, start box cues were 

manipulated such that conditions previously associated with reward or 

nonreward were established. 



31 

The following group descriptions together with Table 2 (p. 21) 

should clarify the extinction procedures employed. Group 1, 2, 3, 

and 4 experienced start box brightness cues associated with nonreward 

as previously found in acquisition. Group 5, 6, 7, and 8 experienced 

a reward associated start box in extinction, as previously experienced 

in the goal chamber during acquisition. Group 9 and 10 experienced 

reward associated start box cues (Group 9), and nonreward associated 

start box cues (Group 10) respectively, during extinction. Group 11 

and 12 were complimentary to Groups 9 and 10 in acquisition, and similar

ly Group 11 experienced reward associated cues, while Group 12 experienced 

nonreward associated cues during extinction. The control groups, 13 and 

14, experienced random start box manipulations during extinction. These 

manipulations are clarified in Table 2. 



CHAPTER III 

RESULTS 

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

total runway times were analyzed according to split-plot factorial 

analyses of variance (Kirk, 1968). 

Acquisition 

The data from each runway section (start, run, goal) and total 

times over the last two days of acquisition were converted to speed 

scores (i.e., reciprocal transform, 1/time) to fulfill the homogeneity 

of variance assumption of the analysis of variance. The analyses re

vealed similar results for the three runway times and total times, 

therefore only the speed scores for total times are reported. 

Total Times in Acquisition 

The major analysis for total times in acquisition included two 

between variables (REPLICATIONS, GROUPS) and two within variables 

(DAYS, TRIALS), and took the form of a SPF - 2,14.2,8 N = 4 design. 

The analysis indicated no significant REPLICATIONS main effects (F^ 

= 1.71, 2 > .05), nor did the REPLICATIONS variables interact with 

GROUPS (F,« Q, = .523, £ > .05). Reliable overall differences were 

found for the DAYS main effect (F^ g^ = 31.17, £ < .05) , the TRIALS 

main effect (F^ ̂ gg = 35.56, £ < .001), together with a DAYS x TRIALS 

interaction (F_ .^^ = 2.72, £ < .01). However, no significant GROUPS 
7,588 

main effect (F^^ ̂ ^ = .64, £ > .05), nor GROUPS x DAYS i^i^.SU = •'̂ l* 
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£ > .05), or GROUPS x TRIALS (F^^ ̂ gg = .74, £ > .05) interactions were 

found during acquisition. These results clearly indicate that subjects 

in each of the 14 groups were performing at approximately the same rate 

at the end of acquisition. 

R/N Goal Discrimination Analysis 

During acquisition training it was assumed that the twelve experi

mental groups would discriminate R and N trials on the basis of goal 

box cues (i.e., running faster into R associated goal box cues, slower 

into N goal box). To test this assumption another split-plot factorial 

analysis of variance was computed. This analysis included three within 

variables (R/N, DAYS, TRIALS), with the between variable being GROUPS, 

and took the form of a SPF-14.2, 2,4 N = 8 design. The major results 

of this analysis were a reliable GROUPS x R/N interaction (F-,̂  gg = 

8.44, £ < .001), and a GROUPS x R/N x TRIALS interaction (F̂ g 294 "̂  

2.15, £ < .001). However, the GROUPS x R/N x DAYS interaction (F-ĵ3 ̂ g 

= .77, £ > .05) was not significant, nor was there a significant GROUPS 

X DAYS interaction (F^^ ̂ g = .844, £ > .05). Thus although each group 

was performing at approximately the same rate over the last two days of 

acquisition, subjects in the experimental groups were discriminating 

between R and N goal conditions on the basis of goal box brightness 

cues. The discrimination performance of all groups on R/N trials is 

presented in Figure 1. 

Conclusions About Acquisition 

There were no replication differences for total times during 

acquisition, nor did the replication variable interact with the various 
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groups. In addition, there were no terminal acquisition differences 

among the experimental groups, nor did the groups interact differentially 

over days. The finding that brightness cues associated with reward out

come in the goal chamber were discriminable suggests that these cues did 

gain control over the subjects responding. 

Extinction 

The data from each runway section (start, run, goal) and total 

times over the four days of extinction were converted to speed scores 

(i.e., 1/time), and analyzed according to a split-plot factorial 

analysis of variance (Kirk, 1968). The initial analysis incorporated 

REPLICATIONS and GROUPS as the between variables, with DAYS and TRIALS 

as the within variables. This analysis took the form of a SPF-2,14.4,8 

N = 4 design. Collapsing across REPLICATIONS a second analysis con

centrated on the experimental groups incorporating the REWARD STIMULI 

(NONREWARD/REWARD/MIXED) that subjects had previously experienced in 

acquisition, together with GROUPS as the between variables. DAYS and 

TRIALS were the within variables for this analysis which took the form 

of a SPF-3,4.4,8 N = 8 design. 

General Analysis 

Analysis for start times revealed no significant REPLICATIONS main 

effect (F-, gi = .068, £ > ^05), nor a REPLICATIONS x GROUPS interaction 

(F^^ = .408, £ > .05), nor did REPLICATIONS interact significantly 

with GROUPS X DAYS. Collapsing over REPLICATIONS, the second analysis 

for start times revealed a GROUPS x DAYS interaction (F^ 252 " l-^^. 



36 

£ = .06), together with a significant DAYS x TRIALS interaction (F 
^ ^ » 

^^^^ = 3.00, £ < .001). 

Run time analysis indicated a significant GROUPS main effect (F 

13,24 " 2.02, £ < .05), together with a TRIALS main effect (F ^gg = 

26.9, p < .001), and a TRIALS x DAYS interaction (F =2.228, 
~ 21,1764 

£ < .001). There were no significant REPLICATIONS main effect, nor did 

REPLICATIONS interact with GROUPS, or any other variable. A priori 

t-tests on the GROUPS main effect indicated that the PR-NC group (sub

jects trained under a partial reinforcement schedule with nonconsistent 

brightness cues) was more RTE than the CR-NC group (continuous rein

forcement with nonconsistent cues) thereby demonstrating the PREE. In 

addition, all other comparisons with CR-NC were significantly different, 

except for Group +++. Group +++ was trained during acquisition under 

constant reward- associated runway cues, while Group CR-NC was run under 

constant reward and consistent internal R cues. The constant presence 

of reward cues either due to internal representations resulting from a 

CR schedule, or external reminders of R resulting from consistent bright

ness cues may have effected RTE in a similar manner for both Groups +++, 

CR-NC. It should be noted that the above analysis was for RUN times 

in extinction, a TOTAL time analysis found that Group 1-13 were more 

RTE than Group CR-NC. This relationship was expected since during 

extinction Group +-H- would be more likely to re-enter a nonrewarded 

goal box (having experienced 50% N trials during acquisition) than 

Group CR-NC which did not experience nonreward trials during acquisi

tion. This finding supports prediction //3 (p. 26). 
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Goal analysis again demonstrated a GROUPS main effect (F 
13,84 

2.695, £ < .001). Although there was a significant REPLICATIONS main 

effect (F^ 34 = 8.9, £ < .05), REPLICATIONS did not interact with 

GROUPS, or with the GROUPS x DAYS interaction. Analysis collapsing 

over REPLICATIONS revealed a significant GROUPS x DAYS interaction 

(FQ 2CO ~ 2.33, £ < .05), together with an interaction approaching 

significance for GROUPS x REWARD STIMULI (F, g, = 2.05, £ = .06). 

Analysis of total times revealed no significant REPLICATIONS main 

effects (F^ = .001, £ > .05), nor did REPLICATIONS interact with 

GROUPS, or with GROUPS x DAYS interaction. Collapsing over REPLICATIONS 

revealed no significant REWARD STIMULI (Nonreward, Reward, Mixed Groups) 

main effects (F2 g/ = .586, £ > .05), nor did PvEWARD STIMULI interact 

significantly with DAYS or TRIALS variables. However a significant 

GROUPS X DAYS interaction was found (Fg 252 " 1-̂ 8̂ » 2 "̂  '̂ ^̂  ^°^ total 

times in extinction. The above results indicated individual group 

differences, and therefore necessitated additional tests following the 

analysis of variance. 

Statistical analysis of the total time interactions were investi

gated using Tukey*s Test procedures, since a number of pairwise com

parisons among means were of interest. Procedures for the Tukey's 

were conducted as described by Kirk (1968), utilizing a pooled error 

term and approximations of the critical q' values for two, three, and 

four step comparisons between ordered means. 
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Groups Extinguished with Nonreward Cues: , -0-, 0—, 00-

Groups 1-4 were extinguished in a start chamber (, , (-)), that 

had previously been associated with nonreward either in the start ( (-) 

, , ) or the run chamber ( , (-) , ) during acquisition (start and run 

respectively), while the third valence sign refers to start box condi

tions in extinction. Mean values for subjects in Group 1-4 may be 

found in Table 3. The subjects trained to run in the presence of cues 

associated with nonreward during acquisition (0, (-), - ), were less 

RTE than subjects trained to start in the presence of nonreward ( (-), 

0, -) during acquisition. Group -0- was also more RTE than Group • 

In addition Groups 0~, -0-, and were all more RTE than Group 00-. 

These findings may be summarized as: 

Empirical Groups 3 > ( 2 = 1 ) > 4 

-0- >. (0~ = ) > 00-

The relationships among the predictions to the empirical results will 

be discussed in Chapter IV. 

Group Extinguished with Reward Cues: -t-H-, +0f, 0+-f, 004-

Using the previous valence designations Groups 5-8 were extin

guished in the presence of start box cues ( , , (+)) previously 

associated with reward. The important finding was that Group 0+H- was 

more RTE than Groups +0f, 00+, and +++. In addition. Group -hH- was 

less RTE than Groups +0+ and 00+. Finally Group +0f was more RTE than 

Group 0O+-. These findings may be summarized as follows: 

Empirical Groups 6 > 7 > 8 > 5 

Of+ > +0+ > OOf > ++f 



TABLE 3 

INDIVIDUAL COMPARISONS FOR SUBJECTS RUN UNDER 

NONREWARD CONDITIONS"*" 

GROUPS 1-4 
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Day 1 

Day 

Day 

Day 

Group 

2 

Group 

3 

Group 

4 

4 
1 
2 
3 

4 
1 
2 
3 

4 
1 
2 
3 

00-
— 

0-
-0-

oa 
— 

0-
-0 

00 
-0 
0-

Group 4 
1 
2 
3 

00-

0— 
-0-

00-

00-

00-

00-

.318(2) 

.553(2)* 

-0-
.478(2)* 

• 261(2) . 

0 — 
.548(3)* 
.230(2) 

0 — 
.607(3)* 
.054(2) 

0 ~ 
.644(3)* 
.166(2) 

0 ~ 
.596(3)* 
.335(2) 

-0-
1.179(4)* 
.861(3)* 
.631(2)* 

-0-
.615(4)* 
.062(3) 
.008(2) 

.666(4)* 

.188(3) 

.022(2) 

-0-
.676(4)* 
.415(3) 
.080(2) 

.05 

^The mean difference between groups of Total time/Speed scores used to 
compute Tukey's q' values. The number after each mean value is the 
order step between means used in the Tukey comparison. 
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Acquisition Levels (A). 
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Groups Extinguished With Mixed R/N Cues: -++, -+-, +-+, -•— 

Significant q' values occurred only on the first day of extinc

tion for Groups 9-12. In this analysis Group H— was more RTE than 

Group -+-, while Group H—\- was more RTE than Group -++. In addition 

Group H — was more RTE than Group -++. These findings may be summarized 

as follows: 

Empirical Groups 12 > ( 10 = 11) > 9 

H — > (-+- = +-+) > -++ 

Subjects were also compared across groups. The major differences 

were: (a) Group 00+ more RTE than Group 00-, (b) Group 0+f more RTE 

than Groups 0~, -0-, (c) -0- more RTE than +04-, and Group more 

RTE than +++. All Tukey comparisons were at the £ = .05 level. The 

mean values for the major Reward Groups appear in Table 3, 4, 5. 



TABLE 4 

INDIVIDUAL COMPARISONS FOR SUBJECTS RUN 

UNDER REWARD CONDITIONS"'-

GROUP 5-8 
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Day 1 

Day 

Day 

Day 

Group 

2 

Group 

3 

Group 

4 

Group 

5 
8 
7 
6 

5 
8 
7 
6 

5 
7 
8 
6 

5 
7 
8 
6 

+++ 
00+ 
-f0+ 
0++ 

-H-f 
+0+ 
00+ 
OH-

+++ 
+0+ 
00+ 
0++ 

++f 
+0+ 
00+ 
0++ 

++ 00+ 
.062(2) 

00+ 
.160(2) 

+CH-
.160(2) 

+0+ 
.355(2) 

+0f 
.766(3)* 
.704(2)* 

+0+ 
.354(3) 
.294(2) 

00+ 
.541(3)* 
.381(2) 

00+ 
.717(3)* 
.362(2) 

0++ 
1.059(4)* 
.988(3)* 
.284(2) 

0++ 
1.393(4)* 
1.333(3)* 
1.039(2)* 

OH-
.762(4)* 
.602(3)* 
.221(2) 

0++ 
.980(4)* 
.625(3)* 
.263(2)* 

< .05 

^The mean difference between groups of Total time/Speed scores used to 
compute Tukey's q' values. The number after each mean value is the 
order step between means used in the Tukey comparison. 
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TABLE 5 

INDIVIDUAL COMPARISONS FOR SUBJECTS RUN UNDER 

MIXED REWARD CONDITIONS"'-
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Day 1 

Group 9 
10 
11 
12 

Day 2 

Group 10 
12 
9 
11 

Day 3 

Group 10 
11 
12 
9 

Day 4 

Group 12 
10 
11 
9 

*£ < .05 

I r r U - . ^r^r.^ A-iffai 

-++ 
-+-
-l~+ 
-\— 

-+-

-+f 
+-+ 

-+-
+-+ 
H 
-++ 

^ — 

-+-
+-+ 
H 

ronrp hpt 

-++ 

-+-

-+-

+ ~ 

:ween i 

GROUP 9-12 

.216(2) 

^ — 

.113(2) 

+-+ 
.213(2) 

.261(2) 

r̂oups of Total 

+-+ 
.620(3)* 
.404(2) 

-++ 
.115(3) 
.002(2) 

H— 
.232(3) 
.019(2) 

+-+ 
.287(3) 
.026(2) 

time/Speed scores 

H 
.777(4)* 
.561(3)* 
•157(2) 

+-+ 
.311(4) 
.198(3) 
.196(2) 

-++ 
.409(4) 
.196(3) 
•177(2) 

• \ — 

.287(4) 

.026(3) 

.000(2) 

used to 

compute Tukey's q' values. The number after each mean value is the 
ordered step between means used in the Tukey comparison. 
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CHAPTER IV 

DISCUSSION 

The PR-NC group was more resistant to extinction than Group CR-NC, 

replicating the partial reinforcement extinction effect. In fact, the 

CR-NC group was less resistant to extinction than any of the 50% random 

reward groups for the total times analysis. The one exception to this 

general finding was with respect to Group +++ for the analysis of run 

times. Group +++, although trained under a 50% random reward sequence, 

was run during acquisition under conditions which were designed to 

R fully reinstate the memories of reward (S ). In effect, like Group 

CR-NC, Group +++ ran in the presence of internal cues associated with 

reward until the beginning of extinction. Consequently, if these condi

tions were effective during extinction, subjects in Group +++, and CR-

NC would have performed comparably. That these two groups were not 

different in RTE (resistant to extinction) replicates the previous 

findings of Nicholls (1975) who found that subjects run under massed 

partial reinforcement schedules with brightness cues consistantly 

associated with reinforcement perform similarly to subjects trained 

under CR. The decreased RTE of the +++ group with respect to the other 

PR groups may also be viewed as demonstrating that the memories of an 

external cues' association with R or N can acquire strong behavioral 

control over subsequent extinction performance. 

Among the four groups extinguished under reinstated cues associated 

with nonreward (-0-, 0~, — , 00-) the most important finding was that 

46 
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Group -0- was more RTE than Group 0—. This finding demonstrates that 

brightness cues which evoked memories of nonreward at the start of a 

trial gain greater control over extinction behavior than cues which 

are presented while the instrumental response is being performed. The 

decrease in RTE as a result of associating instrumental response com

ponents (S ) with nonreward (S^), is also found in Group (memories 

I N 
of both S and S are conditioned). Subjects in this group were less 

RTE than subjects in Group -0- (memories of only S conditioned). The 

various stimulus components conditioned (x) during acquisition are 

shown in Table 6. 

The relationship among the extinction rates for Groups -0-, 0—, 

, 00- were unanticipated, and, in fact, in some disagreement with 

the data presented by Capaldi and Haggbloom (1975). Their explanation 

for Group 24-3 being more RTE than 24-0 was based primarily on the 

assumption that the effects of S were facilitory. The results of 

the present study clearly demonstrate that the presence of S reduces 

RTE (i.e., -0- > 0 — ) . This disagreement may have stemmed from an 

erroneous assumption that S exerts little or no behavioral control 

over RTE. Thus, by default, S must have been responsible for the 

increased RTE of Group 24-3 in their study. 

In the present study S factors were excluded from the training 

conditions of experimental groups, -0-, 0—, and . Thus the effects 

M T R 

of S^ and S were examined independent of any S confounding, and under 

such conditions the relatively deleterious effects of S^ stand out 

clearly. Not only was Group 0— less RTE than -0-, but Group , 



TABLE 6 

R N I 
VALUES OF S . S^, AND S CONDITIONED 

FOR GROUPS 1-4 

48 

.R ,N 

Groups: 3 

2 

1 

4 

- 0 

0-

— 

00 X 

X 

X 

X 

X 

X 

X 

X 

Empirical Results: 3 > 2 , 

-0- > 0~ , 

1 > 4 

> GO-
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which again experienced both S^ and S^ during acquisition was also less 

RTE than Group -0-. In summary, when subjects are trained with the 

memories of nonreward-associated cues during acquisition, the inter

action of these nonreward memories with the run response (S^) decreases 

RTE. 

In contrast to the conditions specified above, when subjects are 

trained under conditions in which the memories of reward-associated 

cues are evoked during acquisition (0++, +0+, 00+, +4+), the memories 

of stimuli associated with instrumental responding tend to increase 

RTE. Under such conditions Group 0++ (run with the memories of both 

R T 

S and S ) was more RTE than Group +0+ (trained with only S^ memories). 

The various stimulus components conditioned (x) during acquisition are 

shown in Table 7. 
Capaldi and Haggbloom reported no significant differences between 

t) 

their Groups 2-3 and 2-0, which differed in the presence of the S 

component. The present findings clearly demonstrate that when sub

jects are run in the presence of memories of reward, the presence S 

tends to increase RTE, while S alone decreases RTE. In addition, 

the present findings cast serious doubt on the interpretation given 

by Capaldi and Haggbloom that the differences between Groups 24-3 and 

24-0 were due exclusively to S . The present results suggest that the 

I R Increased RTE in Group 24-3 was due to both S and S being present, 

and not due to S alone. In summary, the present findings suggest 

that when subjects are trained under stimuli associated with reward 

during acquisition, the introduction of S components associated with 

reward tends to increase resistance to extinction. 



TABLE 7 

VALUES OF S^, S^, AND S^ CONDITIONED 

FOR GROUPS 5-8 
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.R .N 

Groups: 6 

7 

8 

5 

0-H-

+0+ 

00+ 

+4+ 

X 

X 

X 

X 

X X 

X 

Empirical Results: 6 > 7 > 8 > 5 

0++ > +0+ > 00+ > ++-

J "UIM 
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Groups , 00-, and +++, 00+ served as control groups for their 

respective nonreward/reward counterparts. The finding that Group 

was more RTE than Group 00- was predicted and supports the basic assump

tions of the memory model (Capaldi, 1971). The model states that sub

jects trained with the memory of nonreward (i.e., ) tend to be more 

RTE than subjects not so trained (i.e., 00-) during acquisition. Under 

the reward condition similar reasoning would predict that Group 00+, 

having experienced S in addition to S^ (see Table 6) would be more RTE 

than Group -f++ which experienced only reward (S ) associated cues. 

However these cues exerted such pervasive control over behavior, over

shadowing all the stimuli of nonreward, that this group (+++) was no 

more RTE than Group CR-NC for run times. 

The groups trained under mixed reward/nonreward conditions 

necessitate an even more complex analysis. Under these mixed condi

tions subjects extinguished with start chambers designed to evoke 

memories of nonreward (+-(-), -+(-)) were generally more RTE than 

subjects extinguished with start cues designed to evoke the memories 

of reward (+-(+), -+(+))• Within this general effect, subjects run 

in the presence of memories of nonrewarded associated run cues during 

acquisition were more RTE than subjects run in the presence of reward 

associated run cues, +(-)- > -(+)-, and +(-)+ > -(+)+• These results 

were expected and predicted. Table 8 charts the specific stimulus 

N R N I R 
components conditioned (x) in start (S or S ) and run (S + S , S + 

S-*-) chambers during acquisition. 



TABLE 8 

VALUES OF S^, S^, S^ + S^, AND S^ + S^ 

CONDITIONED FOR GROUPS 9-12 

Empirical Results: 12 > 10 11 > 

> -+- , +-+ > 

12 > 9 
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S^ S^ S^ + S^ SN + S^ 

Groups: 12 •^— X X 

1 0 - 4 - X X 

11 +-+ X X 

9 -++ X X 

0vvfwvptia_ 
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The most RTE of the four mixed groups was Group +--. During 

extinction the start box cues were expected to evoke memories of the 

instrumental response being made in the presence of S^ and S^. Sub

jects in Group -+- however, experienced only S^ + S^ cues during 

acquisition and consequently in extinction (S^ evoked) would slow 

down more abruptly. In comparing Groups -f-+, and -+f similar mechanisms 

may have been at work. Although for these two groups reward memories 

were evoked during extinction, the subjects in Group •f-+ did experience 

N I 

S + S memories during acquisition while subjects in Group -++ experi

enced S + S . In extinction subjects in Group -++ experienced S^ + 

S for the first time, yielding decreased RTE for this group. It 

would seem that subjects extinguished under S were more RTE than sub-

R jects extinguished under S . Within each group subjects extinguished 

under memories of S + S were more RTE than subjects extinguished 

R I 
under S + S . As previously discussed Capaldi and Haggbloom would 

have great difficulty integrating these findings and, in fact, com

parable information is unobtainable using their ITI paradigm. 

The results for groups H—, -+-, H—H, -++ have shown that the 

presence of S and S components lead to greater RTE than the presence 

of S^ and S^ associations (S^ + S"'" > S^ + S"""). The results for groups 

N 

0—, -0-, , 00- demonstrated that the S associations leads to in

creased RTE when compared to S* + S (S > S + S ) associations. 

The results for groups +0+, 0++, -4++, 00+ on the other hand demonstrated 

R T 
that the presence of S + S increases RTE when compared to groups in 

which S^ associations alone were present (S^ + S^ > S^). These rela-
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t ionsh ips may be summarized as fo l lows : 

s^ > s^ + s^ > sR + s^ > sR 

> indicates reliably greater RTE 

The relative contribution of S^ and its interaction with S^ and 

N 
S in determining RTE was anticipated for the mixed groups where 

memories of R and N were present. However for subjects trained under 

exclusive R or N memories the effects of S memories were unexpected 

and surprisingly strong. These effects suggest several possibilities 

for further research. A fundamental question concerns the role that 

extraneous stimulus components, the memories of which have not been 

systematically conditioned in acquisition, may exert on RTE. Subjects 

experiencing 0- for start/run cues during acquisition might be extin

guished under reward-associated memories (0-+), nonreward-associated 

memories (0—), or neutral runway cues (0-0). Similar manipulations 

could be used with -0 conditions (i.e., -0+, -0-, -00). These manipu

lations would provide additional information on the exact nature of 

•n 

the control that secondary cues (S in this case) exert on extinction. 

This analysis would also be especially helpful in determining the role 

of S , memory of nonreward, for groups run and extinguished under 

reward cues i.e., +0+, 0+4-. Unlike the nonreward-associated groups 

where subjects are extinguished in the presence of nonreward-associated 

cues from acquisition, subjects extinguished in the presence of reward-

associated cues from acquisition undergo the conflicting presence of 

nonreward during extinction. These subjects are running with the 

memory of past reward but in current nonreward conditions. The groups 
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proposed above, together with the present procedures for controlling 

specific memories may clarify the unique behavior that occurs in such 

conflicting situations. 

Additional investigations using varied numbers of training trials, 

or varied reward magnitudes should prove interesting. Both manipula

tions could affect the degree to which the instrumental response, S , 

would be associated with R or N. Thus increasing magnitude of reward 

may increase the rate of the instrumental response, consequently affect

ing S^ and leading to increased RTE. Similar effects may be evident 

by increasing or decreasing the number of trials in acquisition, there

by again affecting the relative strength of the S^ component. Studies 

of this type would permit the extension of the memory hypothesis to 

areas other than the study of partial reinforcement. 

Conclusion 

The data from the present experiment demonstrate that memories 

of the instrumental response, S^, interact differentially with goal 

events to determine RTE. Subjects trained to make the instrumental 

response in the presence of the memory of reward-associated cues are 

more RTE than subjects trained to start with the memories of reward. 

However, subjects trained to make the instrumental response in the 

presence of the memories of nonreward are less RTE than subjects 

trained to start in the presence of the memories of nonrewarded cues. 

Subjects performing under mixed memory conditions (R/N), when trained 

to perform the instrumental response in the presence of the memory of 

nonreward-associated cues were more RTE than subjects trained in the 

presence of the memory of reward-associated cues. These findings 
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support the major assumptions of Capaldi's (1971) memory hypothesis, 

and indicate that the role of S (memories associated with performing 

the instrumental response) in determining RTE is more complex than 

indicated in earlier work (Capaldi & Haggbloom, 1975). The data also 

validate the use of the present methodology in delineating the contri

bution to RTE of the various stimulus components found in discrete 

trial learning. 
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APPEITOIX A 

SOURCE TABLE-*- FOR RECIPROCAL TOTAL 

TIMES IN ACQUISITION 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 

20 

1 A 
B 
C 
D 

Source 

A 
B 
AB 
S W Groups 

C 
AC 
BC 
ABC 
C X Subjects 

D 
AD 
BD 
ABD 
D X Subjects 

CD 
ACD 
BCD 
ABCD 
CD X Subjects 

TOTAL 

= REPS 
= GROUPS 
= DAYS 
= TRIALS 

SS 

.49.180 
239.251 
149.714 
2405.339 

86.136 
2.105 
25.581 
32.175 
232.089 

418.5988 
15.829 
113.862 
127.521 
988.828 

29.011 
6.837 

161.194 
174.294 
895.183 

6197.738 

df 

1 
13 
13 
84 

1 
1 
13 
13 
84 

7 
7 
91 
91 
588 

7 
7 
91 
91 
588 

1791 

MS 

49.180 
18.403 
14.978 
28.634 

86.136 
2.105 
1.967 
2.475 
2.762 

59.799 
2.261 
1.251 
1.401 
1.681 

4.144 
.976 

1.771 
1.915 
1.522 

3.460 

F-Ratio 

1.717 
0.643 
0.523 

31.175** 
0.762 
0.712 
0.896 

35.560** 
1.345 
.744 
.833 

2.722** 
.642 

1.164 
1.258 

* * !£ < .01 
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APPENDIX B 

SOURCE TABLE-̂  FOR RECIPROCAL TOTAL 

TIMES IN EXTINCTION 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 

20. 

1. 

*£ 
*.*£ 

Source 

A 
B 
AB 
S W Groups 

C 
AC 
BC 
ABC 
C X Subjects 

D 
AD 
BD 
ABD 
D X Subjects 

CD 
ACD 
BCD 
ABCD 
CD X Subjects 

TOTAL 

SS 

21,274 
87.434 
145.361 
1524.89 

76.209 
8.271 
44.070 
52.402 
622.933 

29.944 
20.223 
41.833 
67.450 

1033.524 

101.665 
50.858 
93.883 
194.598 
2570.453 

6787.289 

A = REWARD, NONREWARD, MIXED 
B = GROUPS 
C = DAYS 
D = TRIALS 

< .05 
< .01 

df 

2 
3 
6 
84 

3 
6 
9 
18 
252 

7 
14 
21 
42 
588 

21 
42 
63 
126 
1764 

3071 

GROUPS 

MS 

10.637 
29.144 
24.226 
18.153 

25.403 
1.378 
4.896 
2.911 
2.471 

4.277 
1.444 
1.992 
1.605 
1.757 

4.841 
1.210 
1.490 
1.544 
1.457 

2.210 

F-Ratio 

.586 
1.605 
1.335 

10.277** 
.558 

1.981* 
1.178 

2.434* 
.822 

1.133 
.914 

3.322** 
.831 

1.023 
1.060 
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APPENDIX C 

GROUP MEAiqS DURING EXTINCTION^ 

Group Day 1 Day 2 

1. 1.82 
2 . 2 . 0 5 
3 . 2 .68 
4 . 1.50 

5 . 1 .31 
6. 2.36 
7. 2.08 
8. 1.37 

9. 
10 . 
1 1 . 
12 . 

1 3 . 
14. 

1.26 
1.48 
1.88 
2 .04 

2 . 0 8 
1.25 

( 1 . 5 8 ) 
( 1 . 7 1 ) 
( 2 . 0 5 ) 
( 1 . 2 6 ) 

(1^54) 
( 1 . 9 4 ) 
( 1 . 7 4 ) 
(1^47) 

(1^40) 
(1^23) 
( 1 . 6 7 ) 
(1^46) 

(1^77) 
(1^48) 

1.76 
1 .81 
1.82 
1,20 

1.19 
2 .58 
1.54 
1.25 

1.52 
1.40 
1.71 
1 .51 

1.74 
. 80 

( 1 . 4 9 ) 
( 1 . 2 5 ) 
(1^42) 
(1^03) 

( 1 . 4 1 ) 
( 1 . 9 9 ) 
( 1 . 3 1 ) 
( 1 . 1 1 ) 

(1 .51 ) 
( 1 . 3 4 ) 
( 1 . 5 8 ) 
( 1 . 2 8 ) 

(1 .50 ) 
( . 72) 

Day 3 

1.74 ( 1 . 5 6 ) 
1.72 ( 1 . 5 9 ) 
1.55 (1 .45 ) 
1.07 ( .88) 

1.19 (1 .68 ) 
1.95 (1 .70) 
1.35 (1 .40) 
1.73 (1 .60 ) 

1 .51 (1 .66 ) 
1 .11 (1 .16 ) 
1.32 (1 .34 ) 
1.34 (1 .19 ) 

Day 4 

1.32 ( 1 . 3 2 ) 
1.66 ( 1 . 3 3 ) 
1.74 ( 1 . 4 5 ) 
1.06 ( .81) 

.96 ( 1 . 1 0 ) 
1.94 ( 1 . 4 2 ) 
1.31 ( 1 . 4 4 ) 
1.68 ( 1 . 5 7 ) 

1.40 (1 .27 ) 
1.38 ( 1 . 4 3 ) 
1.40 ( 1 . 1 9 ) 
1.12 ( 1 . 0 8 ) 

1.60 
.68 

(1 .37) 
( - . 5 9 ) 

1.83 
.87 

( 1 . 7 4 ) 
( .67) 

"The number i n p a r e n t h e s e s a f t e r each mean i s t h e s t a n d a r d d e v i a t i o n 
a s s o c i a t e d w i t h t h a t mean. 
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