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MEMORY MAÎ IPULATION 

by 

GENE ELVIN TODD, B.A., M.A. 

A DISSERTATION 

IN 

PSYCHOLOGY 

Submitted to the Graduate Faculty 
of Texas Tech University in 
Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

May, 1978 



A-
7: 

'V 

ACKNOWLEDGEMENT S 

The author wishes to acknowledge his gratitude to Dr. Dennis C. 

Cogan for his guidance and support during the evolution of this dis

sertation. Additional thanks are extended to committee members Drs. 

Robert W. Bell, Douglas C. Chatfield, William F. Landers, William 

Portnoy, and Kent Rylander for their service in the finalization of 

this study. 

ii 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ii 

LIST OF TABLES v 

LIST OF FIGURES . . 1 '. vi 

CHAPTER 

I. INTRODUCTION 1 

Experimental Rationale i2 

Experimental Design i^ 

Extinction Predictions ^^ 

II. METHODS 19 

Subjects •'-" 

Apparatus . i^ 

Procedures ^^ 

General Laboratory Protocol 20 

Acquisition Procedures 21 

Extinction Procedures 21 

III. RESULTS 22 

Acquisition ^^ 

Conclusion about Acquisition 22 

Extinction 23 

Start times 24 

24 Run times 

Goal times 

Total times 25 

iii 



Page 

IV. DISCUSSION . . . . . . . . . . . 30 

Conclusions , 34 

REFERENCES. . . . . . . . . . 36 

APPENDIX 43 

Group Means of Total Times During Extinction Over 
Blocks 44 

iv 



LIST OF TABLES 

TABLE 1 

TABLE 2 

Groups by Treatment Combinations, 

Predictions by Group , 

TABLE 3: Individual Comparisons for Subjects Run Under 
Conditions of Partial Reward 

TABLE 4: A Comparison of Predicted vs Observed Results 

Page 

16 

18 

29 

32 



LIST OF FIGURES 

Page 

FIGURE 1: Extinction Performance of all Groups Collapsed 
Over Blocks. 27 

FIGURE 2; Extinction Performance of All Groups Over Ten-
Trial Blocks 28 

vi 



CHAPTER I 

INTRODUCTION 

In the area of animal learning, one of the most consistent of 

phenomena is the partial reinforcement extinction effect (FREE). This 

FREE may best be explained by noting the procedures typically used in 

partial reward research. Two basic groups may be used: a group of 

animals trained under a schedule of continuous reward (reinforcement 

given after each trial or response), and a group trained under a sched

ule of partial reward (reinforcement given intermittently during the 

training phase). During the extinction phase, no reward is given for 

the learned response and the strength of the learned response is de

fined by how frequently or vigorously the subject continues to respond 

under the condition of nonreinforcement. Typically, the animals trained 

under the conditions of partial reinforcement are more resistant to ex

tinction (RTE) than the animals trained under continuous reward, and 

in so doing, demonstrate the FREE. 

The amount of theorizing purporting to explain the FREE has been 

considerable, and several excellent reviews exist which outline the 

gradual evolution of theoretical explanation (Jenkins & Stanley, 1950; 

Lewis, 1960; Robbins, 1971). One of the earliest published accounts 

of an experimenter delivering reinforcement on a schedule other than 

a continuous one was that of Platonov (1912), who noted that a con

ditioned flexor response could be maintained without presenting the 

unconditioned stimulus (shock) each time a response was elicited. Us

ing this method, he observed that reinforcement so administered was 
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more efficient in the maintenance of the conditioned response than re

inforcement administered after each trial, and outlined the need for 

research on the optimal distribution of reinforcement. 

Further research was done by Skinner (1938) with operant partial 

reward schedules, and by Humphreys (1939a, 1939b) with an "expectancies" 

theory of FREE, but ultimately these lines of research had no major 

theoretical impact (Robbins, 1971), 

The generalization-decrement hypotheses was used by Hull (1941) 

in order to account for the increased RTE in partially reinforced 

groups, relative to continuously reinforced groups. Briefly, Hull 

reasoned that for partially reinforced groups, acquisition training 

would result in the conditioning of the aftereffects of nonreward to 

the instrumental running response by the occurrence of reinforced 

trials present during the acquisition sequence (i.e., by the reinforced 

trial immediately following the nonreinforced trial). During extinc

tion trials, the stimulus compound will be more like the one conditioned 

in acquisition, as it included the aftereffects of nonreinforiiement. For 

animals receiving continuously reinforced acquisition training, no con

ditioning of aftereffects of nonreward would occur. Consequently, 

during extinction trials, the continuously reinforced group will en

counter a stimulus compound which contained fewer elements from the 

original stimulus which was conditioned to the instrumental running 

response. Due to this, the response would drop out much more quickly 

in the continuously reinforced animals than in the animals from the 

partially reinforced group. Initially, this analysis (Hull, 1941) 

was used to account for increased RTE in Humphreys' (1939a, 1939b) 



investigations of conditioned eyeblink response. No formal mention 

or incorporation of this theorizing appeared in Principles of Behavior 

(Hull, 1943), and it was not until the work of Sheffield (1949, 1950) 

that Hull's notion was tested and incorporated into A Behavior System 

(Hull, ]^52). 

Hull made the additional assumption that the stimulus traces of 

reinforcement and non-reinforcement would dissipate rapidly over time 

(Sheffield, 1949; Hull, l'-952). Following this line of reasoning, long 

intertrial intervals (ITIs) would allow the aftereffects of reward and 

non-reward to dissipate, and thus partial and continuously rewarded 

groups should extinguish at similar rates. Under short ITIs, however, 

a partial reward group would experience conditioning of the stimulus 

traces of nonreward from previous trials, and so display more RTE 

than the continuously reinforced group. 

A test of Hull's assumptions was conducted by Sheffield (1949, 

1950) who combined reward schedule and ITI using a 2 x 2 factorial 

design. Partial and continuously reinforced groups of rats were run 

with either a 15 sec or 15 minute intertrial interval during acquisi

tion training. If Hull's theorizing was correct, under massed train

ing the partial reward group should show greater RTE than the continu

ous reward animals. Under spaced training, partial and continuous 

reward groups should not differ with respect to RTE. The hypotheses 

were confirmed, and temporally bound stimulus aftereffects became an 

integral part of FREE theorizing. Over the next decade, however, the 

role of Sheffieldian aftereffects became the focus of considerable 

dispute. While Sheffield's findings were replicated by Rubin (1953), 



other research failed to find positive evidence in favor of Hull's 

(1952) position. For example, Weinstock (1954) ran rats under a 24 

hr ITI in order to maximize the dissipation of stimulus aftereffects, 

and> found increasing RTE as the percentage of reward varied from 80 

to 30% in the partial reward group. This finding is obviously not 

compatible with the Hull-Sheffield aftereffects theory, as a 24 hr 

ITI should provide sufficient time for the stimulus aftereffects to 

dissipate and become unavailable for conditioning. More evidence 

contrary to the generalization-decrement hypotheses was found by 

Wilson, Weiss, and Amsel (1955) and Lewis (1956) who reported that 

partial reward led to an increase in RTE relative to continuous re

ward, regardless of trial spacing. 

Little support, then has been found for the notion of rapidly 

decaying Sheffieldian aftereffects acting as a contributor to the 

FREE phenomenon. Indeed, from the standpoint of the Hull-Sheffield 

model, research using a 24 hr ITI would not be practical, as the FREE 

could not appear during extinction. Because of this lack of replica-

bility, and the devastating blow dealt this model by the long ITI 

paradigms (e.g., McCain, 1966; Weinstock, 1954, 1958), Sheffieldian 

aftereffects have been discarded as an explanatory device to account 

for RTE in the FREE literature (Lewis, 1960; Robbins, 1971). 

The concept of temporally fading aftereffects has since been re

placed by the notion of long-term aftereffects which remain functional 

until replacement by a subsequent aftereffect (Capaldi, 1966, 1967). 

As will be demonstrated, this theoretical change provides a much more 

powerful explanatory framework for investigating the FREE, and has 



paved the way for the introduction of memory processes (Capaldi, 1971) 

as explanatory constructs, 

A FREE theory based on the role of frustrative nonreward was ad

vanced by Amsel (1958, 1962, 1967) as an attempt to modify Hull's 

inhibition theory (Hull, 1^43) in order to account for phenomena that ' 

depended upon goal events such as nonreward (a major deficiency in 

Hull's reinforcement-based theoretical system). This approach empha

sized the role of classically conditioned responses in instrumental 

learning, and additionally attributed to these conditioned responses 

a capacity with which to provide feedback stimulation and incentive 

motivation, thus serving as major mediational mechanisms similar to 

models used by Spence (1956, 1958). 

In Amsel's system, reward and nonreward stimuli are of prime 

importance in the development of classical conditioning of anticipa

tory reward (r^) and anticipatory frustration (r^). As rewarded trials 

occasion the development of anticipatory reward, the resulting feedback 

stimulation process will evoke incentive motivation. Given the opera

tion of this reward-incentive motivation, an encounter with a nonrein

forced trial will elicit primary frustration (Rp). Cues arising from 

primary frustration are ultimately conditioned via rewarded tridls 

to the instrumental response, i.e., the approach reaction. If partial 

reward acquisition is carried on enough, anticipatory frustration 

produced cues (S^) come to evoke approach, as well as .avoidance. 

Continued approach is thus conditioned to the cues signaling non-

reward, i.e., the persistence mechanism is formed, thus providing the 

basis for continued approach to nonreward during extinction. 



Critical to Amsel's theory are the assumptions that (1) a minimal 

number of acquisition trials occur in order for frustration to build 

up, and (2) the sequence of rewarded and nonrewarded trials is unim

portant to RTE. Although Amsel and Ward (1965) reported that a minimum 

of 60 to 84 partially rewarded trials was necessary for such a buildup, 

McCain (1966) and Capaldi and Waters (1970) have reported a FREE with 

as few as two acquisition trials. Furthermore, the sequence of re

warded (R) and nonrewarded (N) trials has been demonstrated by Capaldi 

(1966, 1967). to exert a powerful influence upon RTE, contrary to 

Amsel's assumption. Because frustration theory is unable to satis

factorily account for this type of data, it has lost prominence, and 

is no longer regarded as a viable theoretical framework in which to 

investigate the effects of partial reward (Robbins, 1971). 

Currently, the theoretical framework which gives the best predic

tion and control over extinction effects of partial reward has been 

Capaldi's theory of sequential variables. Initially, Capaldi (1966, 

1967) modified the Hull-Sheffield aftereffects theory into a model 

positing sequential aftereffects as major determinants of the FREE. 

Since the Hull-Sheffield model proposed that what was learned during 

acquisition training was a direct function of the temporal spacing 

between trials, given ITIs short enough to allow the conditioning of 

the aftereffects of nonreward to the instrumental running response, 

performance in extinction was controlled by the degree of similarity 

between conditions of acquisition and those of extinction. The 

specific sequencing of rewarded and nonrewarded trials was not experi

mentally controlled, as the animal presumably responded to the general 



aftereffects of nonreward, and not to individual combinations of re

warded and nonrewarded trials. 

In the sequential processes theory, Capaldi (1966, 1967) notes 

that specific sequences of N and R trials contribute a powerful, pre

dictable influence upon RTE, and the aftereffects of nonreward have 

longer lasting properties than assumed from Sheffield's position. 

Additionally, Capaldi posits three sequential variables as major 

determiners of the degree of resistance to extinction: N-length, 

number of different N-lengths, and the number of occurrences of each 

N-length, (An N-length is defined as the number of nonreinforced 

trials occurring in succession without interruption by a reinforced 

trial). 

It should b.e readily apparent that the concept of N-length, alone, 

is a significant departure from the Hull-Sheffield (1952) position of 

generalized aftereffects. Further conceptual differences lie in the 

mechanism underlying the N-length variables, i.e., the role of 

stimulus aftereffects. Briefly, Capaldi (1966, 1967) indicated that 

R N 

the aftereffects of reward (S ) and nonreward (S ) have quite different 

stimulus properties, although both lie on the same sensory continuum. 

Reward, in this context, serves to (1) condition the aftereffects of 
N the previous trial(s) and (2) replace any currently operative S' with 

S^. Unlike S^, the aftereffects of reward remain in the same over 

successive R trials. The aftereffects of nonreward trials, however, 

are modified by successive nonrewarded trials. It is this successive 

modification of nonreward aftereffects that becomes the mechanism 

underlying the N-length variables. The aftereffects of an N-length 
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of two, for example, become somewhat distinctive from the aftereffects 

of N-length one, and N-length of three more so, and so forth. 

The theoretical soundness of Capaldi's thesis has been well docu

mented in a variety of research studies (e.g., Capaldi, 1964; Capaldi, 

1966, 1967; Capaldi & Spivy, 1964; Leonard, 1969) and has emerged as ' 

a powerful theoretical system able to account for partial reward ex

tinction effects (Robbins, 1971). As noted earlier, however, one 

major theoretical flaw of the Hull-Sheffield aftereffects model was 

that the theory was entirely based on the notion of rapidly dissipating 

aftereffects. Research which found a FREE using 24 hr ITIs (e.g., 

Capaldi, 1971; Capaldi & Spivey, 1964; Hulse, 1958; Wagner, 1964; 

Weinstock, 1954) has necessitated serious reformulation of the temporal 

decay properties of aftereffects of nonreward. Accordingly, Capaldi 

argued, in his initial position papers (Capaldi, 1966, 1967), the need 

for a mediating reaction which would develop very quickly, while the 

association of the stimuli eliciting this reaction with the response 

would develop at a somê T̂hat slower pace. The recent position state

ment of Capaldi (1971) takes this need into account, and replaces the 

decaying aftereffects with nondecaying memory processes. This hypo

thesis suggests (1) that the animal is endowed with a memory capacity 

(a notion supported by research on retention, e.g.. Spear, 1971), and 

(2) that this memory process may be functional during 'training. 

Specifically, when the animal runs down the alleyway and is nonrein

forced on the next trial, he will remember being nonreinforced. On 

the trial after nonreward, if he is reinforced, the memory of nonrein-

forcement will become conditioned to the instrumental response. Ex-



tinction serves to demonstrate the associative capacity of remembered 

reward stimuli to evoke the instrumental response. The memory model 

assumes that rapid, extensive changes occur in the animal's internal 

(i.e., memory) state as a function of reward or nonreward, an assump

tion quite different from the peripheral stimulus (e.g., food in mouth) 

one of the Hull-Sheffield hypothesis. Memory, moreover, is thought of 

as being acquired rapidly, not gradually, over time. The traditional 

learning framework assumes that many trials are needed for an antici

pation of the previous goal event (reinforcement or nonreinforcement). 

From the memory model view, however, such anticipations occur from 

the outset of training — from trial one onward. 

The Capaldi (1971) model proposes that internalized (remembered) 

•n 

reward (S ) occurs as a result of a previously reinforced trial upon 

returning to a similar external stimulus situation (e.g., the start-

box). Learning, thus, is thought of as a simple strengthening of the 

association of the remembered reward to the approach response (R^) 

upon subsequent reward trials. 

The strength of the memory hypothesis in theoretical arguement 

has been well demonstrated by Capaldi in a variety of situations, in

cluding long ITIs, N-length variables, small number of training trials, 

and discrimination learning (Capaldi, 1971). 

An illustration of the predictive power of the memory hypothesis 

may be found in the double alternation paradigm. As Bloom and Capaldi 

(1961) noted, the pattern of double alternation of reward and nonreward 

(e.g., RRNNRRNN) is quite difficult for the rat to learn if presented 

in an alleyway with constant stimuli — say, a uniformly black colora-
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tion. Taken from the standpoint of the memory model, this difficulty 

is logical. For example, given the sequence RRNNRRNN, in a black 

alley, the memory of rev/ard from trial one will be evoked on trial 

two, a reward trial, and on the next trial, which is nonrewarded. 

Similarly, the memory of nonreward will also occur on nonrewarded, and 

rewarded trials, making both S^ and S^ rewarded and nonrewarded. Under 

this confusion of stimuli, double alternation will be difficult for 

the animal to learn. Under the memory model of Capaldi, a situation 

may be described under which the animal can learn to double alternate 

relatively easily. Here, alleyway color alternates in a simple manner 

from trial to trial, as reward and nonreward double alternate in the 

following sequence of events: 

TRIAL 

8 

A l l e y c o l o r B W B W B W B W 
Reward outcome R R N N R R N N 

From Capaldi (1971, pg. 145). 

From the memory hypothesis, this is a reasonably straightforward 

test of the influence of the memory of the immediately preceding trial 

acting upon the instrumental response. As assumption is made by 

Capaldi (1971) that the animal will remember perfectly the event 

that occurred previously in that particular situation only if the 

situation is repeated identically, i.e., a failure to remember a 

particular situation in whole or part is thus seen in terms of a 
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failure of that situation to be repeated in all essentials. Follow

ing this reasoning, an animal will remember exactly the reward outcome 

associated with a particular brightness of goal box upon each successive 

encounter with that brightness. 

Thus, in the above sequence, for the regular groups the memory of 

trial one will be remembered on trial three (the black cue). On trial 

four (white cue) what will be remembered will be the outcome from the 

last white-cued trial, //2. Trials 3 and 4, then, will evoke the 

memory of reward, although those particular trials are nonrewarded. 

The same reasoning, then, may be applied to the remainder of the trials. 

On rewarded trials, the animal will remember nonreward, and the approach 

reaction will be conditioned to the memory of nonreward, or (S^-R.). 

On nonrewarded trials, the animals will remember reward, and no con

ditioning will take place. The memory of reward, then, signals a 

"nonapproach" situation, with the memory of nonreward signaling an 

approach, or "run" situation. 

Empirical support for the validity of this reasoning was found by 

Capaldi (1971) using the acquisition sequences in Figure 1 for one 

group and an irregular brightness sequence for a second group. Groups 

were run six trials per day for 42 days. As predicted, inspection of 

the total time acquisition curves revealed weak pattening in the 

irregular group, and strong patterning in the regular'group. 

If approached from a peripheral aftereffects position (Capaldi, 

1966; Sheffield, 1949) this learning could not be explained. The 

aftereffects of reward and nonreward would occur on both R and N trials, 

and no clear discrimination would be able to occur. The memory model. 
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however, suggests that the stimulus consequences of a particular re

ward condition would occur on a given trial only if the external 

stimuli which accompanied that reward condition are represented 

(Capaldi, 1971). The aftereffects position is unable to account for 

this data and must be rejected in favor of the memory model espoused 

by Capaldi (1971), 

Experimental Rationale 

To date, Capaldi's memory model has been tested with paradigms 

involving manipulations of external stimulus cues, and as noted, this 

technique has yielded positive support for the operation of memory 

processes in the formation of the FREE (Capaldi, 1971; Capaldi & 

Morris, 1974; Jobe & Mellgren, 1974). An alternative paradigm, how

ever, exists for the examination of the effects of memory processes — 

that of the administration of pharmacological agents at given points 

in the acquisition of a learned response (e.g., Deutsch, 1973; Dawson 

& McGaugh, 1973). While partial reward paradigms involving pharmaco

logical manipulation are not unknown, as evidenced by the use of 

amylobarbitone in the study of frustrative FREE components (Capaldi & 

Sparling, 1971; Gray, 1969; Gray & Dudderidge, 1971; Ison & Pennes, 

1969; Ison, Daly, & Glass, 1967; Ziff & Capaldi, 1971), paradigms in

volving pharmacological manipulation of memory processes have not been 

reported in the FREE literature. As Capaldi has supported the notion 

of memory components having powerful effects in the partial reward 

paradigm, the pharmacological manipulation of these memory processes 

should also be reflected in extinction performance. Indeed, the im

plications for memory manipulations within this theory become evident 
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in the statement that "...extinction is an index mainly of the associa

tive capacity of remembered nonreward stimuli to evoke the instrumental 

reaction." (Capaldi, 1971, pg. 113). 

It has been demonstrated (e.g., Dawson & McGaugh, 1973; McGaugh 

& Dawson, 1971; McGaugh & Petrinovich, 1965) that pre and post-trial 

injections of pharmacological agents can act upon ongoing memory pro

cesses of an animal put into a memory-sensitive paradigm, e.g., the 

learning of an avoidance task. Given the appropriate paradigm, then, 

one should be able to manipulate the FREE with the use of appropriate 

pharmacological agents. 

One of the more methodologically sound techniques for memory mani

pulation has been through post-trial injections of memory-facilitating 

and disrupting agents into animals during acquisition training (e.g., 

Dawson & McGaugh, 1973). Agents so administered do not have the con

founding variables commonly present in pre-trial injections, such as 

extraneous effects upon vision, motor responses, and so forth. Such 

a procedure would be expected to allow the drug(s) to exert effects 

primarily upon ongoing memory processes, and not upon acquisition of 

the task, per se. 

Mention must be made, however, of one problem inherent in this 

paradigm: it may be argued that a drug, if injected immediately after 

the final trial of acquisition, may potentiate or mitigate general 

arousal, in addition to affecting hypothesized memory processes. As 

these effects may carry over into subsequent extinction trials, one 

would be hard put to partition the effects of each running performance, 

as any change in RTE could be attributed to memory effects, residual 



arousal, or any combination thereof. One way to circumvent this 

problem is to lengthen the temporal interval between the last acquisi

tion trial and the injection of the desired pharmacological agent, 

thereby allowing arousal to decrease. 

The preferred choice of drugs for this paradigm is that of 

physostigmine salycilate (eserine) and scopolamine hydrobromide (hyocine)-

agents which act upon cholinergic synapses. This choice is supported 

by these findings: 

1. The use of these drugs to facilitate and block memory for re

cently learned appetitive learning tasks has been demonstrated (Stratton 

& Petrinovich, 1963; Weiner & Deutsch, 1968; Deutsch, 1973). 

2. These agents may be effectively administered from 1 to 3 days 

after the final acquisition trial, and retest given 24 hrs after in

jection (Stratton & Petrinovich, 1963; Weiner & Deutsch, 1968). 

3. Physostigmine, an anticholinesterase agent, and scopolamine 

hydrobromide, a cholinergic blocking agent, have been extensively used 

to investigate the role of cholinergic mechanisms in memory processes 

(e.g.. Squire, 1969, 1976; Deutsch, 1973; Biederman, 1970; Berger & 

Stein, 1969; Signorelli, 1976). 

The finding of facilitory and inhibitory effects upon the FREE as 

a result of administration of these two agents, then, would yield in

formation regarding the following issues: (1) The contribution of 

memory processes upon the FREE, and subsequent test of the memory 

hypothesis of the FREE (Capaldi, 1971), (2) the role of cholinergic 

mechanisms upon the memory processes contributing to the FREE, and 

(3) the possible role of cholinergic neurotransmitters in reward-non-

reward processes (e.g.. Stein, 1968). 
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These issues are well worth investigating, and this study can 

delineate brain-behavior processes heretofore unreported in the animal 

learning literature. 

Experimental design 

The primary thrust of the proposed research will be to examine the 

effects of memory enhancer and memory inhibitor pharmacological agents 

upon the partial reinforcement extinction effect in rats. The experi

mental task will be for albino rats to acquire and then extinguish the 

instrumental-running response in a straight alleyway, with the basic 

design consisting of two drug conditions plus a saline control group. 

Additional groups will include subjects receiving either random, partial, 

or continuous reward during acquisition phase of task. 

As may be noted in Table 1, injections for each animal were given 

24 hrs following the final trial of acquistion, with the first trial 

of extinction following 24 hrs after the injection. Thus, the initial 

trial of extinction followed 48 hrs after the last trial of acquisi

tion. 

There should have been no noticeable effects on performance during 

extinction from drug effects upon arousal, motor centers, and so forth, 

as each drug should be metabolized and excreted within 24 hrs of in

jection. In physostigmine, for example, while rate of metabolism and 

excretion from humans is incompletely known, serum cholinesterase of 

dogs injected i.v. with 1.8 mg/kg of physostigmine returns to normal 

within six hours (Krayor, Goldstein, & Plachte, 1944). As this dosage 

far exceeds typical dosages used in rats (.20 - .80 mg/kg), one could 

assume that most of the physostigmine injected into the rat would b^ 
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metabolized and excreted within 24 hours. In the case of scopolamine 

administration, 85 to 90% is excreted in the urine in the first 24 

hours after the injection. Metabolism is still incompletely under

stood, but about half of the drug is excreted unchanged, and the rest 

emerges as tropic acid esters, or tropine. Degradation is more rapid 

in rat and mouse (Westfall, 1976; Cullumbine, 1971). 

Extinction predictions 

Physostigmine-administration 

As a memory facilitator, PR animals administered physostigmine 

should display greater association of remembered nonreward; therefore 

the instrumental running response should be evoked to a greater degree 

than in the saline PR control group — greater RTE should be found 

here. Continuously reinforced animals, having no memory of nonreward, 

will be hypothesized to display equivalent to the other two CRF groups, 

i.e., the drugs should have no effect upon RTE. 

Scopolamine administration 

As a memory disruptor, PR animals receiving scopolamine should 

display a lesser association for remembered nonreward. According to 

the logic of the previous paragraph, resistance to extinction should 

be mitigated, relative to saline PR control group. As in the case of 

the physostigmine CR animals, scopolamine treated CR animals will be 

hypothesized to display little RTE, and should not significantly differ 

in RTE from physostigmine CR animals or saline CR animals. 

A priori predictions of resistance to extinction for the various 

groups are formally presented in Table 2. 



TABLE 2 

P r e d i c t i o n s by Group 

18 

Group RTE Group 

1. PR-Physos t igmine s ig . greater than PR-Saline 

2. PR-Saline s i g . greater than PR-Scopolamine 

3. PR-Scopolamine s ig . grea ter or equal to CR-Physostigmine 

4. CR-Physostigmine not s ig . different from CR-Saline 

5. CR-Saline not s ig . different from CR-Scopolamine 

6. PR-Physostigmine s ig . greater than 

7. PR-Saline s i g . greater than 

PR-Scopolamine 

CR-Saline 

8. CR-Physostigmine not sig. different from CR-Scopolamine 



CHAPTER II 

METHOD 

Subjects 

The subjects were sixty male albino rats obtained from Harlan 

Industries, Inc., of Indianapolis, Indiana. This particular strain 

of rat is denoted as Harlan Sprague-Dawley, Hap: (SD) BR. All sub

jects began acquisition training at approximately 75 days of age. The 

animals were housed in individual cages constructed of galvanized sheet 

metal/wire mesh design, with interior dimensions of 10.1 cm wide X 15.5 

cm deep X 30.5 cm long. Standard 240 ml water bottles and curved sipper 

tubes provided water to each animal. 

Apparatus 

The apparatus consisted of a gray straight alley runway covered 

with clear Plexiglas. The total length of the runway was 310 cm, and 

subdivided into three areas: a 40 cm long start box, a 230 cm long 

run section, and a 40 cm long goal box. All areas of the runway are 

10 cm wide and 13.5 cm deep. Start times were recorded from the open

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

times were recorded from 15 cm into the run section to 10 cm before 

the goal box. Goal times were recorded from 10 cm before the goal box 

to 30 cm into the goal box. Remotely controlled doors partitioning 

the three sections were used to prevent any possible retracing into 

previously occupied sections. Run times to the closest .01 second 

were recorded by three Standard Electric timers (Industrial Equipment 

Corporation), and initiated by floor contacts in the runway. The re-
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inforcement device consisted of a standard water bottle/sipper tube 

arrangement placed 8 cm above the floor of the goal box, and mounted 

on the distal wall of the goal box. Reinforcement consisted of a 16% 

(w/w) sucrose solution. 

PROCEDURES 

General Laboratory Protocol 

All subjects were given an initial four day acclimatization to 

the experimental laboratory. During this period any noticeably sick 

animals were discarded. All animals received administration of 

Terramycin in the drinking water to combat possible respiratory in

fection, and received £d̂  lib Purina Lab Chow. After acclimatization, 

Terramycin administration was discontinued, and all animals placed up

on a 22 hr food and water deprivation schedule for a period of ten 

days. Each subject was individually handled 5 min daily during this 

period. On day eleven, the animals were pretrained by being placed 

individually in the goal.box area and being confined for 30 sec with 

access to the reinforcement. Day twelve consisted of the same pre-

training precedure. The sucrose solution consisted of sugar and dis

tilled water mixed 24 hrs prior to each day's running. Due to the 

time constraints dictated by the massed-trial procedure, a staggered-

start technique was employed, with four animals beginning training 

per day. Subjects were housed under constant illumination for 24 hrs. 

Between animals, the runway was sponged with 2% Alconox solution to 

control odor cues. After each day's running, animals were given 2 

hrs £d lib access to Lab Chow blocks and water. The selection of 

animals to be run under a given condition was on a random basis. 
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Acquisition Procedures 

Subjects run under continuous reinforcement received forty re

inforced trials on day 13, Acquisition Day. Intertrial intervals 

(ITIs) were held to 15 seconds. The animal was placed in a holding 

cage during the ITI, while the experimenter recorded the run times 

and reset the timers. Animals run under partial reward received forty 

acquisition trials with reinforcement and nonreinforcement trials be

ing randomly distributed throughout the sequence. Twenty-four hours 

following the last acquisition trial, the animal was injected intra-

peritoneally (i.p.) with the appropriate solution (.09%) sterile 

saline, physostigmine (.5 mg/kg), or scopolamine (1.0 mg/kg) and re

turned to its home cage. 

Extinction Procedures 

Extinction procedures followed 48 hrs acquisition training, and 

generally paralled those of acquisition. All groups received forty 

nonreinforced trials, with ITIs remaining at 15 seconds. No injections 

were given. As in acquisition, all trials were given on the same day. 

Immediately following the last trial, the animal was returned to its 

home cage. 



CHAPTER III 

RESULTS 

Acquisition 

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

times over the last ten trials were analyzed with a split-plot factorial 

analysis of variance (ANOVA), a SPF-3, 2.2 (Kirk, 1968). As the raw 

data yielded large F values, the data were converted into log (x) 
max bQ\ y 

scores in order to fulfill the assumption of homogenity of variance for 

the ANOVA. The between variables were DRUGS and SCHEDULE, with the 

within variable, BLOCKS (the last ten trials were collapsed into two 

blocks of five trials each). 

The results of start, run, goal, and total times analyses yielded 

similar results. For economy of space, only the results of the analysis 

of total times are reported. 

There were no significant acquisition differences among the DRUG 

groups. All animals were running at approximately the same speed at 

the end of acquisition. Significant schedule effects did appear how

ever, (K £., = 27.86, £ < .01) with the partially rewarded animals 

running reliably faster at the end of acquisition training than the 

CRF animals. The BLOCKS main effect was also significant {¥, ^^ = 

7.7^, 2. '^ • 01) » reflecting a decrease in running speed from block 

#1 to block //2. No other reliable effects were found. 

Conclusion about acquisition 

The reliable SCHEDULE effect found replicates an effect of partial 

reward training upon acquisition performance in the massed-trials 

22 
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situation, noted by Goodrich (1959). Animals given continuous reward 

run faster early in acquisition than the partial reward animals. In 

later trials, the partial reward animals "catch up" with the CRF groups, 

and by the end of acquisition are funning faster than the continuous 

reward group. While not pertinent to the present discussion, interested 

readers may find an excellent discussion of this effect in Robbin's 

(1971) review of the FREE literature. 

The lack of differences within the partial and continuously re

inforced groups indicates that acquisition training had no differential 

effect upon the animals later given the injections of drugs. Differ

ences between drug groups in extinction found within a schedule , then, 

are not likely to have been a function of differing acquisition train

ing. The significant BLOCKS main effect reflects the fact that both 

PRF and CRF groups were slowing by the final trials of acquisition. 

Since all trials of acquisition were given in one session, it is pos

sible that some degree of satiation to the sucrose reinforcement had 

begun to occur. The CRF groups would suffer the most, since they re

ceived reinforcement on every trial. This would seem to be an in

escapable consequence of the massed-trial design used. The problem 

might be avoided, however, by spacing out acquisition over several days. 

Extinction 

Analysis of extinction data closely followed the procedures used 

on acquisition data. A split-plot factorial design was used, with 

the between variables being DRUGS and SCHEDULE, and the within vari

able being BLOCKS. The forty trials of extinction were blocked into 

four blocks of ten trials each. The final design followed that of an 
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SPF-3, 2.4 (Kirk, 1968). As with the acquisition data, the lowest F 
max 

values were found with a logg(x) transformation and these data are re

ported here. 

Start times 

Analysis of start time revealed no reliable DRUGS main effect, 

DRUGS X SCHEDULE interaction, DRUGS x BLOCKS interaction, SCHEDULE 

X BLOCKS interaction, or DRUGS x SCHEDULE x BLOCKS interaction effects. 

There was a reliable SCHEDULE effect (i;̂  5, = 25.98, ĵ  < .01), with 

the CRF animals starting more slowly than partial reward animals. Also, 

there was a reliable BLOCKS effect (F , ,̂  = 4.68, £ < .01), reflect-

ing a gradual decrease in running speed over the four blocks of trials. 

Run times 

Analysis of run times revealed a reliable DRUGS main effect (JF 

= 3.53, £ < .05). No other main effects or interactions were 

significant. A priori t-tests over the DRUGS main effect revealed a 

reliable difference between the physostigmine and scopolamine groups 

(t = 2.64, df = 54, £ < .01), with the physostigmine group being 

more resistant to extinction than the scopolamine group. 

Goal times 

Analysis of goal times revealed a significant SCHEDULE main ef

fect (F = 7.83, p < .01), DRUGS x SCHEDULE interaction effect (f̂  

-1,54 -

, = 5.95 p < .01), and SCHEDULE x BLOCKS interaction effect (p; 
2,54 ^ 

= 17.61. p < .01). No other main effects or interactions were 
3,162 -̂ '•"-̂ » ii 

significant. A priori t-tests performed on the DRUGS x SCHEDULE inter

action revealed that within the partial reward groups, the scopolamine 

group ran reliably slower than the saline control group (t = 2.14, df 
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= 54, £ < .05), and the physostigmine group ran reliably faster than 

the scopolamine group (t = 2.07, df = 54, £ < .05). No pairwise 

comparisons within the continuous reward group were significant. As 

predicted, the CRF groups were not reliably different from the 

scopolamine PRF group. The saline PRF group ran reliably faster than 

all CRF groups (t = 2.30, df = 54, £ < .05), reflecting the fact 

that the CRF groups were less resistant to extinction than all the 

PRF groups, save for the scopolamine PRF group. 

Total times 

The pattern of RTE in Total times was similar to that found in 

Goal times. Analysis of total times revealed a significant DRUGS main 

effect (_F2 54 ~ 3.45, £ < .05). An examination of 5 priori t-tests 

revealed that the animals given scopolamine were less resistant to ex

tinction than the physostigmine-dosed rats (t = 2.62, df = 30, £ < 

.01). This finding reflects the differences found in the partial re

ward groups, however, as the CRF groups did not significantly differ 

from each other. No other comparisons were significant. The SCHEDULE 

main effect was reliable (F, ,̂ = 16.03, p < .01), as the PRF rats 
—1,54 — 

were, on the average, more resistant to extinction than the CRF groups. 

Analysis of a reliable DRUGS x SCHEDULE interaction (F ,̂ = 4.39, 
^ —2,54 

£ < .05) revealed the PRF physostigmine animals to be more RTE than 

the PRF scopolamine group (t = 2.62, df = 54, £ < .05). The dif

ference between the physostigmine PRF and the saline PRF groups was 

not significant (t = .914, df = 54, £ < .15); however, performance 

was in the expected direction. The scopolamine PRF animals showed 

reliably less RTE than the saline PRF animals (t = 1.75, df = 54, £ < 
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.05), as predicted. Also as predicted, there were no significant dif

ferences between any of the CRF groups, nor was there a reliable dif

ference between the scopolamine PRF and any of the CRF groups. The 

saline PRF group was reliably more resistant to extinction than the 

CRF groups, as was the physostigmine PRF group. 

The BLOCKS main effect (£3 ^^2 " ^'^^* 2. ^ -01) reflected a 

decrease in speed across the four blocks of extinction for all groups. 

No other interactions were significant. Graphic display of the BLOCKS 

effect, and the DRUGS x SCHEDULE interaction may be found in Figures 

1 and 2. As the DRUGS x SCHEDULE interaction pools the individual 

trials, this interaction is shown in histogram form in Figure 1. 

Figure 2 displays the running performance for each group over the four 

blocks of extinction. 

Although the DRUGS x SCHEDULE x BLOCKS interaction was not signi

ficant (IV ,^2 = '32, £ > .05), post hoc Tukey's pairwise comparisons 

were of interest in order to examine possible differences in perform

ance among the PRF groups, over blocks. Procedures for the Tukey's 

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

and approximattions of the critical q' values for two and three step 

comparisons between orders means. The Tukey comparisons are shown in 

Table 3. Post hoc comparisons were not done for the CRF groups, as 

the a priori t-tests over the DRUGS x SCHEDULE interaction revealed no 

differences between these groups. 
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TABLE 3 

INDIVIDUAL COMPARISONS FOR SUBJECTS RUN UNDER 

CONDITIONS OF PARTIAL REWARD "'• 

Block 1 
Phy 

vjLuup rny 
Sal 
Scop 

Block 2 

Group Phy 
Sal 
Scop 

Block 3 

Group Phy 
Sal 
Scop 

Block 4 

n-rniin PViv 

Phy 

Phy 

Phy 

Sal 
Scop 

Sal 
.150(2) 

Sal 
.604(2) 

Sal 
1.077(2) 

Sal 
.756(2) 

Scop 
2.002(3)* 
1.850(2)* 

Scop 
1.709(3) 
1.105(2) 

Scop 
1.643(3) 
.567(2) 

Scop 
2.185(3)* 
1.429(2) 

3 
n 
'It 

.05 

The mean difference between groups of Total time log^ scores 
used to compute Tukey's q' values. The number in parentheses is 
the ordered step between means used in the comparison. 



CHAPTER IV 

DISCUSSION 

The results of the present study tend to support Capaldi's (1971) 

memoijy .̂ odel of FREE processes. It was hypothesized that the presumed 

memory processes underlying the FREE would he modified by injection 

of cholinergic agents known to affect memory in the rat (e.g., 

Biederman, 1970; Squire, 1969; Stratton & Petrinovich, 1963; Weiner & 

Deutsch, 1968). The predictions were advanced that any interference 

with remembered nonreward would lead to decreased resistance to ex

tinction. Conversely, enhancement of remembered nonreward would lead 

to increased RTE. Since animals given no nonreinforced trials (the 

CRF group) would have no memory of nonreward, the drugs should have 

had no demonstrable effect upon these groups, i.e. , all CRF groups i| 

would be expected to be equally resistant to extinction. 

Generally, the predictions were verified. It was predicted that 

the three CRF groups, those receiving physostigmine, scopolamine, and 

saline, would be statistically equivalent in RTE over the forty trials 

of extinction. This prediction was validated, as the three CRF groups 

did not differ in RTE. Also, in agreement with the predicted results, 

the scopolamine PRF group did not differ from any of the three CRF 

groups. These results are in line with those expected from a memory 

theoretical viewpoint of the FREE, as the memory .disrupting drug would 

have a detrimental effect upon the memory of nonreward, and in so do

ing, result in decreased RTE. The; "remembered" experiences of the 

animal would more closely resemble those of animals which had never 
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experienced nonreward, i.e., the CRF animals. This prediction was 

borne out by the results. 

The predictions also stated that the animals given PRF and physo

stigmine would be reliably more RTE than the animals administered 

scopolamine after PRF training. This prediction, too, was borne out. 

The physostigmine-PRF animals were significantly more resistant to ex

tinction than the scopolamine-PRF animals. According to the hypotheses, 

this would have occurred as a direct consequence of the memory of non-

reward.being facilitated during extinction trials. Having better re

membered the association between nonreward and the instrumental running 

response, the animals would be more RTE during extinction than a group 

given a memory disruptor drug. See Table 4 for summary of results. 

It was anticipated that the physostigmine PRF group would be more 

resistant to extinction than the saline PRF group. Although the dif

ferences observed were in the expected direction on all blocks of 

trials, they only approached reliability (£ < .15). One possible 

reason may be in the dosage parameters chosen. The present study used 

one dosage level of each drug, and it is possible they were not physio

logically equivalent in their effects. Parametric research in this 

area should provide interesting and valuable information on questions 

of this sort. 

A second possible explanation for the failure to reach statistical 

significance may lie in the fact that physiological limits of running 

speed had been reached. Given that the saline PRF group was running 

about as fast as normal these animals may have reached a plateau of 

performance in extinction. They may then not have been capable of 

111 
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running consistently fast enough throughout the forty trials of ex

tinction to be statistically different from the saline control animals. 

This reasoning can, of course, be validated only by empirical test. 

An unexpected finding was that the FREE occurred in all runway 

sections except for the "run" sector. This finding is of interest 

since the FREE is typically found in this runway section (Capaldi, 

1971), as well as the others. It may be that the large number of 

massed (short ITI) trials given in a single training session, an un

common procedure (Robbins, 1971), may have had a unique effect upon 

performance in the run section. More data comparing performance in 

massed trials, such as were used in the present study, with more con

ventional procedures are needed to clarify such questions. The use 

of a 48 hour interval between the final trial of acquisition and the 

first trial of extinction is also an atypical one. Systematic ef

fects of ACQ-EXT delay intervals have yet to be extensively investi

gated, but may affect extinction performance, also. 

The finding that differential RTE was displayed by the PRF groups 

given cholinergic drugs known to affect memory in the rat lends support 

to the notion that the partial reinforcement extinction effect is 

mediated by memory^processes sensitive to cholinergic agents; because 

of the 24 hour delay ACQ-EXT procedure, extraneous factors such as 

drug effects upon arousal, and residual effects in extinction may be 

considered minimal in effect. 

The presence of differential drug effect in the PRF groups, and 

lack of such effect in the CRF groups supports the notion that it is 

the memory of nonreward-instrumental response association which is 

11 
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one of the primary determining factors in resistance to extinction under 

conditions of partial reward. Clearly, the information contained in the 

nonreward-reward transition period is encoded into memory, and is amenable 

to chemical modification. 

It is intriguing that no CRF drug effect was observed, as outside 

of Capaldi's system one might expect the memories of reward aosociated 

with the goal box to be differentially affected by the drugs used, and 

thus result in differences in RTE within the continuous reward groups. 

Unlike the nonreward system, which seem to be cholinergic-based, the 

reward system invol-'Jed in the maintenance of CRF running does not seem 

to be particularly sensitive to cholinergic influence, as defined by 

the present study. The lack of effect is in itself of interest, and 

suggests the mediation of the reward system by noncholinergic trans

mission — an hypothesis in accordance with Stein (1968), who posited 

cholinergic dependence of the punishment (nonreward) system, and 

catecholaminergic dependence of the pleasure (reward) system. Given 

the validity of this hypothesis, then, the ladk(of effect by the 

cholinergic agents used here upon CRF runway performance would be pre

dictable. Whether or not such mechanisms, in fact, do serve to mediate 

elements of the FREE is unknown at this time. The possible role of 

such systems in partial reward phenomena, though highly speculative, 

is intriguing, and constitutes an area for future research. 

Conclusions 

The data from the present study support Capaldi's memory explana

tion of the FREE phenomenon. Animals given a memory enhancer, physo

stigmine, after partial reward training were more resistant to extinc-
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tion than animals given a memory disruptor, scopolamine, after PRF 

acquisition. The scopolamine PRF animals iwere less RTE than control 

PRF animals, thus supporting the hypothesis that scopolamine disrupted 

the association between the memory of nonreward and the instrumental 

running response during extinction. There were no observed differences 

among CRF drug and control groups. The FREE was observed between the 

PRF and CRF control groups, as expected. The data from this study are 

taken in support of the following points: (1) the memories of nonreward-

instrumental response association are the primary determining factors 

in resistance to extinction, (2) the partial reinforcement extinction 

effect is mediated by memory processes sensitive to cholinergic agents, 

and (3) the system mediating nonreward is cholinergic-based. Finally, 

it is hoped that these data will serve to suggest new directions of 

research into the mechanisms of partial reward by the use of pharmaco

logical agents and theories of behayior-neurotransmitter action here

tofore outside the theoretical realm of traditional animal learning 

theory. 
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APPENDIX : GROUP MEANS OF TIMES DURING EXTINCTION OVER BLOCKS^ 

GROUP Block 1 

Phy-PRF 4.57 (1.49) 

Sal-PRF 4.72 (0.98) 

Scop-PRF 6.57 (1.41) 

Block 2 

5.38 (1.29) 

5.99 (1.38) 

7.09 (1.85) 

7.02 (0.85) 

7.44 (1.24) 

6.91 (1.31) 

Block 3 

5.30 (1.46) 

6.38 (1.27) 

6.94 (2.00) 

7,05 (1.09) 

7.38 (1.88) 

6.59 (1.71) 

Block 4 

5.08 (1.73) 

5.83 (1.36) 

7.26 (2.51) 

6.95 (1.17) 

8.06 (1.77) 

7.14 (1.70) 

Phy-CRF 6.80 (1.04) 

Sal-CRF 6.70 (0.96) 

Scop-CRF 7.04 (0.72) 

The value in parenthesis after each mean is the standard deviation 
associated with that mean. 




