
CONDITIONED REINFORCEMENT
FROM SHOCK TERMINATION.

Item Type text; Dissertation-Reproduction (electronic)

Authors HIMADI, WILLIAM GEORGE.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:22:36

Link to Item http://hdl.handle.net/10150/184026

http://hdl.handle.net/10150/184026


INFORMATION TO USERS 

This was produced from a copy of a document sent to us for mi_crofilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 

submitted. 

The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 

2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photo
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps. If necessary, sectioning is continued again-beginning below the 
first row and continuing on until complete. 

4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 

5. Some pages in any document may have indistinct print. In all cases we have 
filmed the best available copy. 

Uni~ 
MicrOfilms 

International 
:mo N. I[[H riD, lINN AHllOf1, Mf ,lHl0[J 





8219869 

Himadi, William George 

CONDITIONED REINFORCEMENT FROM SHOCK TERMINATION 

The University of Arizona 

University 
Microfilms 

International 

PH.D. 1982 

300 N. Zeeb Road, Ann Arbor, MI 48106 





CONDITIONED REINFORCEMENT FROM 

SHOCK TERMINATION 

by 

William George Himadi 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PSYCHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 8 2 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by William George Himadi 

entitled Conditioned Reinforcement From Shock Termination 

and recommend that it be accepted as fulfilling the dissertation requirement 

for DOCTOR OF PHILOSOPHY 

Date 
I 

.(-/ v / r ~ 
I ' Date 

Date! 7 

Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 

reqUi~ e. r$p 
Dissertati~rector Date 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to bor
rowers under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or re
production of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the 
interests of scholarship. In all other instances, however, permission 
must be obtained from the author. 



ACKNOWLEDGMENTS 

I am indebted to Dr. Mary Wetzel for her professional guidance 

and support of this dissertation project throughout its various stages. 

Innumerable hours were spent with Dr. Wetzel in critical discussions of 

behavioral issues relevant to the present topic. These discussions 

were exciting and should provide a sound basis for future professional 

development. 

Special thanks go to Leon G. Howell for the theoretical and 

techni~al assistance that he provided since the inception of this 

project. This dissertation reflects l.eon's valuable contributions. 

I am also grateful to Alan Christo, Vicki Larue, and the rest 

of the staff of the animal laboratory for their assistance in the care 

of the animal subjects. Finally, Pat Kirkish and Vicki Larue deserve 

special recognition for giving me their encouragement and friendship 

during the past year. 

iii 



TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS 

ABSTRACT 

INTRODUCTION . . . . . . . . . . . . . . 
Behavioral Theory: A Brief Review 

The Scientific Unit •••••••• 
Three Classes of Behavior • • • • • • • • 

Conditioned ReflexeR and Operan.ts: What is Reinforced? 
Higher-Order Conditioning and Conditioned Reinforcement • 
Multiple Control of Behavior •••••••••• 
Conditioned Reinforcement from Shock Termination 

Literature: 1948-1961 ••••••••••••• 
Conditioned Reinforcement from Shock Termination 

Literature: 1961-1969 ••••••••••••• 
Conditioned Reinforcement from Shock Termination 

Literature: 1969-1975 •••••••••••• 
Discriminative Stimulus Hypothesis •••••••• 
Effects of Aversive Stimulation: Multiple Control 

Effects of Aversive Stimulation •••••••• 
Conditioned Reinforcement from Shock Termination: 

Multiple Stimulus Control •••••••• 
Stimulus Control Competing With Conditioned Reinforcement 
Test for Conditioned Reinforcement •••• 

METHOD 

Subjects ••••• 
Apparatus • 
Procedure • • • • • 

Introduction to Chamber 
Phase A: Pavlovian Conditioning •••• 
Phase B: Operant Response Shaping 
Phase C: Operant Discrimination-Test for 

Conditioned Reinforcement 

ADDENDUM TO METHOD 

.I 
Phase C: Operant Discrimination-Test for 

Conditioned Reinforcement with the False Partition 

iv 

Page 

vi 

vii 

1 

3 
3 
4 
8 
9 

13 

16 

16 

27 
34 
37 
37 

39 
42 
44 

48 

48 
48 
49 
49 
50 
52 

54 

57 

57 



TABLE OF CONTENTS--Continued 

RESULTS • 

Phase A: Pavlovian Conditioning/Baseline 
Phase B: Operant Response Shaping 
Phase C: Operant Discrimination-Test for 

Conditioned Reinforcement ••••••• 

. . . . . . . . 

Phase C: Discrimination Training With False Partition 

DISCUSSION 

Multiple Stimulus Control--Revisited •••• 
Successful Shaping Effect: Tone/Shock Offset Pairing • 
Unsuccessful Shaping Effect: Tone/Shock Pairing 
Discrimination Test for Conditioned Reinforcement •••••• 
Future Research Considerations 
Factors to Consider for the Successful Establishment 

of Conditioned Reinforcement 
Pavlovian Conditioning 
Discriminated Escape • • • • 

Species-Specific Variables •••• 
Test for Conditioned Reinforcement from Shock 

Termination: Maximize Existing Control • 
Conclusion 

REFERENCE NOTES 

REFERENCES 

v 

Page 

58 

60 
60 

64 
68 

70 

72 
73 
74 
77 
80 

81 
82 
83 
86 

87 
89 

91 

92 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Shock Offset/Tone Conditioning Components 40 

2. Details of Shock Offset/Tone Pairing 51 

3. Overall Results • 59 

4. Baseline Results 61 

Sa. Operant Response Shaping Results 62 

5b. Operant Response Shaping Results . . . . 63 

6a. Discrimination Test for Conditioned Reinforcement 65 

6b. Discrimination Test for Conditioned Reinforcement 66 

7. Discrimination Test for Conditioned Reinforcement With 
Partition in Place During Conditioning Trials . 69 

vi 



ABSTRACT 

This study addressed the question of whether or not a stimulus 

paired with the termination of shock would acquire a positive condi

tioned reinforcing function. Previous investigators have suggested 

that a stimulus paired with shock termination must increase the fre

quency of a response upon which it is made contingent. This test for 

conditioned reinforcement is incomplete because multiple stimulus 

functions will be established during conditioning trials that can 

influence the rate of responding. 

The solution to this multiple stimulus control problem involved 

the effects of reinforcement upon events antecedent to the criterion 

response. Reinforcement results in the establishment of discriminative 

stimulus control. The test for conditioned reinforcement from shock 

termination, therefore, would involve using the presumed conditioned 

reinforcer to establish discriminative control for a response. 

Subjects were four male albino rats of the Wistar strain. The 

experimental procedure was divided into three phases. The initial 

phase involved consecutive trials in which a tone was paired witn shock 

offset. The next phase continued tone/shock offset pairings and, in 

addition, the tone alone was presented sometimes for establishment of a 

lever press. In the third phase an attempt was made to bring the 

lever press under the discriminative stimulus control of a light. 

A successful response shaping effect was obtained for two of 

the four rats. There was no establishment of discriminative stimulus 

vii 
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control for lever pressing for the two rats who proceeded to the dis

crimination test for conditioned reinforcement. 

Conditioned reinforcement from shock termination was not 

revealed in this study. The establishment of stable discriminative 

control over the criterion response would require a strong reinforcer 

relative to the other established stimulus functions. Future research 

should concentrate on developing procedures to maximize the conditioned 

reinforcing properties while minimizing the control from competing 

stimulus functions. 



INTRODUCTION 

Operant conditioning laboratories typically use unconditioned 

reinforcers in the experimental analysis of behavior. These uncon-

ditioned, or primary, reinforcers are critical to the survival of the 

organism and include events such as food, water, and escape from 

aversive stimulation. It is apparent, however, that these biologically 

significant events are only distantly related to most of the behavior 

of organisms. With humans, complicated chains of behavior are main-

tained by money, social approval, and other events possessing no 

immediate biological consequence. These events presumably function as 

reinforcers for operant responses and acquire this reinforcing power 

through a history of association with primary reinforcers. 

These "conditioned reinforcers" have played a central role" in a 

number of behavioral theories. For instance, Hull (1951) stated: 

But the fact that the type of reinforcement here under con
sideration is secondary (i.e., conditioned), in no way sug
gests that it is unimportant. Actually the great mass of 
our everyday acts are initiated by secondary drives, and 
the most of civilized human learning apparently is effected 
through secondary reinforcement (p. 238). 

Skinner (1938, 1953) also relied heavily on conditioned reinforcement 

to account for the "great mass" of operant responses: 

Conditioned reinforcers are often the product of natural 
contingencies. Usually food and water are received only 
after the organism has engaged in 'precurrent' behavior-
after it has operated upon the environment to create the 
opportunity for eating and drinking. The stimuli gener
ated by this precurrent behavior become reinforcing. • • • 
This is important since only a small part of behavior is 

1 



immediately reinforced witb food, water, sexual contact, or 
other events of obvious biological significance (p. 76). 

The emphasis placed on conditioned reinforcement as an explanatory 

concept is significant. This single theoretical device apparently can 

successfully account for operant responding that is not immediately 

followed by primary reinforcement. 

2 

While conditioned reinforcement may be theoretically expedient, 

experimental demonstrations of this phenomenon are notoriously suspect. 

Experiments on conditioned reinforcement flourished in the 1950s and 

1960s. Since 1970, there has been a gradual decline of experimental 

interest. Numerous theories have been proffered throughout the years 

to account for conditioned reinforcement effects, and excellent reviews 

of the conditioned reinforcement literature may be found (e.g., Fantino 

and Logan 1979; Hendry 1969; Kelleher and Gollub 1962; Nevin 1973; 

Wike 1966). The ubiquitous theme found throughout this literature is 

that conditioned reinforcement has not been succ~ssfully isolated. 

There are certainly strong indications that the phenomenon exists (see 

Fantino and Logan 1979), but other interpretations are possible. As 

Wetzel maintained (Note 1), in most experiments of conditioned rein-

forcement, "it is plausible to suspect the operation of either an 

unidentified but still primary reinforcer, or else an unidentified but 

effective discriminative function, or both" (p. 519). The failure to 

isolate conditioned reinforcement effects from other controlling 

variables is the "Achilles heel" of experimentation in this area. 

One major contributing factor may be that demonstrations of 

conditioned reinforcement have utilized a response frequency criterion 



that is probably inappropriate. That is, conditioned reinforcement is 

purported to have been demonstrated if the conditioned reinforcer 

follows some response and there is a resulting increase in the fre

quency of this response class. The central thesis of this paper is 

that for an event to be classified as a conditioned reinforcer it must 

result in the establishment of discriminative stimulus control for 

responding. It will be shown that "to reinforce" means to establish 

new (acquired) stimulus control (e.g., Wetzel and Howell 1981). This 

test has not been attempted in the case of conditioned reinforcement. 

The purpose of this experiment was to attempt such a test. While this 

study involved a special "type" of conditioned reinforcement-

conditioned reinforcement from the termination of electrical stimula

tion--the methodological and theoretical issues are readily applicable 

to studies utilizing positive contingencies. 

Behavioral Theory: A Brief Review 

3 

An adequate account of the issues involved in the establishment 

of conditioned reinforcement from shock termination necessitates a 

brief look at the theoretical position underlYing this paper. This 

position is an elaboration of the behavioral theory proposed by Skinner 

(953). 

The Scientific Unit 

The experimental analysis of behavior can be enhanced if it is 

recognized that the response alone is not a scientific unit. Skinner 



(1953) has been clear on this point but it is often lost in operant 

conditioning experiments emphasizing response frequency. 
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The establishment of functional relationships is the sine qua 

non of science. While responses may be measured and described without 

reference to controlling variables, this descriptive analysis is only 

an initial step. A complete account must include the variables of 

which responses are functionally related. Responses of almost iden

tical topography (i.e., form) may be produced by different independent 

variables. For example, the salivary response may be produced by the 

eliciting stimulus of the reflex, the evoking stimulus of the condi

tioned reflex, or the discriminative stimulus of the operant. A 

response of similar topography, therefore, can be generated by stimuli 

possessing different controlling functions. These controlling func

tions are the result of either the evolutionary history of the species 

alone, or an explicit conditioning history with respect to properties 

of the world. 

Three Classes of Behavior 

The establishment of conditioned reinforcement from shock 

termination will involve a complex interaction of controlling stimuli 

with their resulting responses. A framework for understanding these 

interactions involves the three classes of behavior: reflexes, con

ditioned reflexes, and operants. A class of behavior is defined as a 

response and its corresponding controlling variable, and distinctions 

among these three classes of behavior are made on the basis of the 

origins of the controlling stimuli. 
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Reflex. One class of behavior is the reflex. Skinner (1953), 

influenced by Sherrington, recognized that the reflex was composed of a 

controlling event and the resulting response. An example would be the 

patellar reflex where a tap to the patellar tendon produced the 

familiar "knee jerk". The controlling stimulus in the reflex will be 

designated as the eliciting (i.e., unconditioned) stimulus to differ

entiate it from other stimulus functions and to indicate that it 

possesses its controlling function through an evolutionary history 

alone. That is, organisms are susceptible to this control exclusively 

on the basis of their genetic make-up. 

Conditioned Reflex. This second class of behavior also 

involves a response and a controlling event, but the control is 

acquired during the lifetime of the individual organism. Pavlov (1927) 

noted that a conditioning history is the essential requirement for the 

establishment of this control, and he maintained that this conditioning 

is a process of stimulus substitution. In the development of condi

tioned reflexes, therefore, some property of the world acquires the 

ability or power to evoke a response when it is followed (i.e., rein

forced) by the originally effective eliciting stimulus. This 

conditioned stimulus (es) could now evoke the response originally 

elicited by the unconditioned stimulus (ues). Actually the term 

stimulus substitution is somewhat imprecise because the relevant pair

ing is between a stimulus and a reflex. The term evoke (e.g., Wetzel 

and Howell 1981) will be assigned to the controlling function of the 

conditioned stimulus. 
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Operant. The third class of behavior also involves a correla

tion of a stimulus and a response but the relationship appears to be 

reversed. Skinner (1938, 1953) recognized that a reinforcing stimulus 

increased the frequency or probability of some response class upon 

which it is contingent. In fact, the designation of some stimulus as a 

reinforcer can only be made, according to Skinner, if this event 

results in an increasing frequency of some response class. Skinner 

(1953) avoids the problem of future events (reinforcers) causing prior 

events (responses) by making a distinction between a response and a 

response class. Skinner (1953) noted: "A response which has already 

occurred cannot, of course, be predicted or controlled. We can only 

predict that similar responses will occur in the future. The unit of a 

predictive science is, .therefore, not a response but a class of 

responses. The word 'operant' will be used to describe this class" 

(pp. 64-65). 

It appears, therefore, that operant responses can be described 

without reference to antecedent (i.e., controlling) stimuli. While 

some behavioral theorists have recognized this as a limitation (e.g., 

Catania 1973; Terrace 1973), the full implications of this assertion 

have·notbeen appreciated. The major theoretical position of this 

paper is that a controlling event must be specified for operant 

responses, and this controlling event is the discriminative stimulus. 

Skinner (1953) maintained that a discrimination is established 

when an operant is consistently reinforced in the presence of a 

particular environmental event. A three term contingency is thus 



established: that is, an environmental event is the occasion upon 

which a response is followed by reinforcement. Skinner (1953) 

asserted: 

Reinforcement achieved by adjusting to a given environment 
almost always requires the sort of physical contact which we 
call stimulation. The environmental control has an obvious 
biological significance. If all behavior were equally 
likely to occur on all occasions, the result would be 
chaotic. It is obviously advantageous that a response occur 
only when it is likely to be reinforced (p. 108). 

Skinner (1953) goes on to make an even stronger statement about the 

control exerted by discriminative stimuli: 

The discriminative stimulus, on the other hand, shares its 
control with other variables, so that the inevitability of 
its effect cannot be easily demonstrated. But when all 
relevant variables have been taken into account, it is not 
difficult to guarantee the result--to force the discrimina
tive operant as inexorably as the eliciting stimulus forces 
its response (p. 112). 

7 

Skinner (1953) makes °a direct and clear statement here. The control by 

a discriminative stimulus for an operant is as inexorable as the con-

trol exerted by the eliciting stimulus in the reflex. A fairly 

extensive search of Skinner's writings has revealed that the above 

quotation is the only emphatic statement regarding the inexorability of 

the control exerted by discriminative properties of the environment. 

A property of the environment will acquire a discriminative 

function if a response is consistently followed by reinforcement in the 

presence of this environmental property. This discriminative function 

is established by the reinforcement operation. A change in emphasis is 

required to clarify the effects of reinforcement. Skinner often stated 

that operants are emitted and that reinforcement strengthens an operant 
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in the sense of making that operant more probable or frequent. It is 

more effective to state that reinforcement results in the establishment 

of discriminative control for a response. It is assumed that responses 

of the operant class are discriminated whether or not one can point to 

the discriminative properties of the environment. To say "emitted" 

response is vague in that one hasn't clearly specified the controlling 

variables. To say "discriminated" response is clear and unambiguous. 

The source of the control results from the reinforcement but the con-

trol is acquired and subsequently exerted by the discriminative 

properties of the environment. The operant may now be defined as the 

property of the response upon which reinforcement is contingent plus 

the properties of the environment controlling the response. 

In summary, a controlling event and a response must be speci-

fied for all three classes of behavior. In the reflex, the eliciting 

stimulus elicits the response. The conditioned stimulus evokes the 

response in the conditioned reflex. The discriminative stimulus dis-

criminates the operant response. The eliciting stimulus is the 

exclusive result of phylogenetic contingencies, while the evoking and 

discriminative functions are acquired during the lifetime of the 

organism (i.e., ontogenetic contingencies). 

Conditioned Reflexes and Operants: 
What is Reinforced? 

The development of conditioned reflexes and operants is 

dependent upon an explicit conditioning history. One point of con-

fusion for these two classes of behavior involves the term 
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reinforcement. The same term is used for the conditioning operation in 

both classes. In the development of conditioned reflexes, Pavlov 

(1927) suggested that the control of the conditioned stimulus is rein-

forced through pairing with an effective eliciting stimulus and 

resulting response. The conditioned stimulus could now evoke the 

response originally elicited by the unconditioned stimulus. 

As previously mentioned, the causal sequence of response and 

reinforcer in operant conditioning is only apparently reversed. It is 

argued in this paper that responses or response classes are not what 

is reinforced; it is the control exerted by discriminative properties 

of the world that is reinforced. One does not reinforce a response. 

The control by the discriminative stimulus for a response is rein-

forced. One also does not extinguish a response by withholding 

reinforcement. The control by the discriminative stimulus is extin-

quished. 

In both Pavolvian and operant conditioning, control is acquired 

and subsequently exerted by events that formerly did not exert control 

over the behavior of the organism. This is accomplished by a correla-

tion with a reinforcing state of affairs. 

Higher-Order Conditioning and 
Conditioned Reinforcement 

One interesting point involves the extent to which these 

acquired controlling agents can themselves function as reinforcers. 

Pavlov (1927) noted a type of "conditioned reinforcement" involved with 

conditioned reflexes. A conditioned stimulus possessed a reinforcing 



function if it could establish a "second order" conditioned stimulus 

function for another stimulus. This process was termed higher-order 

conditioning. 
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Would the original "conditioned stimulus" in Pavlovian con

ditioning also acquire the ability to function as a conditioned rein

forcer for operant responses? This is the assumption held by many 

behavior theorists. Skinner (1953) noted that "the process resulting 

from the pairing of stimuli appears to be the same. If we have fre

quently presented a dish of food to a hungry organism, the empty dish 

will elicit salivation. To some extent the empty dish will also 

reinforce an operant" (p. 76). Hull (1951) also maintained this 

position when he stated that "a neutral receptor impulse which occurs 

repeatedly and consistently in close conjunction with a reinforcing 

state of affairs, whether primary or secondary, will itself acquire the 

power of acting as a reinforcing agent" (p. 28). 

It would seem, therefore, that the pairing of a stimulus with 

a reflex in Pavlovian conditioning can result in both higher-order 

conditioning properties of the stimulus plus conditioned reinforcing 

properties for operant responses. This situation, however, is not as 

straightforward as it appears. Razran (1955), for instance, noted that 

higher-order conditioning is "a rather uncommon and unstable phenome

non" (p. 327). Interestingly, even though Skinner (1938) doubted the 

existence of Pavlovian higher-order conditioning, he invoked the 

identical pairing procedure through which a stimulus could acquire a 

conditioned reinforcing function for instrumental or operant responses. 
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It is not too surprising, therefore, that demonstrations of conditioned 

reinforcement have also been questionable. One might assume that if 

higher-order conditioning was unstable, then a similar instability 

should be found in studies of conditioned reinforcement. 

Nevertheless, traditional theories of conditioned reinforcement 

have emphasized a Pavlovian pairing procedure as the sufficient and 

necessary condition for the establishment of a conditioned reinforcer. 

Fantino and Logan (1979) have termed this the "pairing hypothesis" of 

conditioned reinforcement and maintained that it is the most viable of 

the traditional viewpoints. Contemporary theories, based on an 

analysis of positive conditioned reinforcement utilizing complex 

schedules of reinforcement, include the information and delay-reduction 

hypotheses. Briefly, the information hypothesis of conditioned rein

forcement maintains that the strength of a conditioned reinforcer 

depends upon its degree of informativeness about the impending avail

ability of primary reinforcement. The delay reduction hypothesis holds 

that the conditioned reinforcing strength of a stimulus involves how 

remote a primary reinforcer has previously been to the onset of the 

conditioned reinforcer. While investigating additional temporal and 

presumed "information processing" parameters for the establishment of 

conditioned reinforcement in these contemporary studies, a pairing 

between a stimulus and a reinforCing agent remains the critical factor. 

This pairing of a stimulus with a reinforcing event raises a 

number of interesting questions with regard to conditioned reinforce

ment. Even assuming the existence of conditioned reinforcement, does 
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it apply to both positive and negative reinforcement? There appear to 

be four possibilities: 

1. The pairing of a stimulus with a positive reinforcer (i.e., an 

unconditioned stimulus that also functions as a primary reinforcer). 

2. The pairing of a stimulus with the removal of a positive rein

forcer. 

3. The pairing of a stimulus with a negative reinforcer (i.e., an 

unconditioned stimulus that also functions as an aversive stimulus). 

4. The pairing of a stimulus with the removal of an aversive 

stimulus. 

Two of these pairings (1 and 4) are presumed to result in the establish

ment of positive conditioned reinforcement, while the other two (2 and 

3) may acquire a conditioned negatively reinforcing function. 

Mowrer (1960) gave a considerable amount of theoretical atten

tion to the proposition that an event paired with the termination of 

an aversive stimulus would acquire a positive conditioned reinforcing 

function. Mowrer (1960) postulated two types of secondary (i.e., 

conditioned) reinforcement in his theoretical system. Both types of 

secondary reinforcement, for Mowrer, involve the reduction of fear. In 

secondary reinforcement Type I, fear is initiated by the onset of some 

danger signal and is reduced with its offset. The danger signal 

acquires its fear arousing properties through a history of pairing with 

an aversive stimulus. Type I secondary reinforcement, therefore, 

involves the experience of a satisfying state of affairs when a danger 

signal for some aversive event has been terminated. This, for Mowrer 



13 

(1960), was called "relief". In secondary reinforcement Type II, fear 

is generated by some unconditioned aversive stimulus and is reduced by 

the onset of a stimulus which signals that the aversive stimulation 

will terminate. Mowrer (1960) has termed this type of secondary rein

forcement "promise" or "hope". Events that are paired with the termi

nation of aversive stimulation would constitute a Type II secondary 

reinforcer in Mowrer's system and would generate "hope" in the behaving 

organism. Mowrer (1960) stated that "we may say that in secondary 

reinforcement Type 2 the subject will learn whatever behavior gets the 

safety signal" (p. 129). This safety signal now functions as a con

ditioned reinforcer and acquired this conditioned reinforcing function 

through its pairing with the termination of an aversive stimulus. 

Multiple Control of Behavior 

The recognition that responses are multiply controlled is an 

important facet of the experimental analysis of behavior. Multiple 

control may exist within and across all three classes of behavior. 

That is, one event may simultaneously function as an eliciting, 

evoking, and discriminative stimulus for one or more responses. Thus, 

an analysis of the response alone does not provide one with information 

regarding the controlling properties. 

This mUltiple control issue is critical for tests of condi

tioned reinforcement. If some event is presumed to possess a con

ditioned reinforcing function, the typical criterion for its effective

ness as a reinforcer has involved only an analysis of the response upon 

which the conditioned reinforcer is made contingent. For example, if 
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the purported conditioned reinforcer is presented following the occur

rence of some response and this response increases in frequency, it has 

often been assumed that this event functions as a reinforcer. However, 

other stimulus functions will be operating in this situation and may 

affect the frequency of responding. Attempts at teasing out these 

various stimulus functions to isolate the conditioned reinforcing 

effects are extremely difficult. 

A host of controlling variables, which will be outlined in 

detail later, will be operating during tests of conditioned reinforce

ment from shock termination and will influence the frequency of the 

criterion response. Major reviews of this area have been made by Beck 

(1961), Lolordo (1969), and Siegel and Milby (1969). They have all 

recognized, although not too effectively, that multiple stimulus func

tions will influence the frequency of the criterion response during 

tests of conditioned reinforcement from shock termination. While 

noting the difficulty in teasing out conditioned reinforcing effects, 

none of the reviewers, however, have made any substantive suggestions 

regarding improved methodological controls. 

As will become clear from the literature review, the method

ological problems encountered by researchers in this area were the 

direct result of the problems involved in defining reinforcement as 

directly affecting a response without considering the control exerted 

by the discriminative properties of the environment. During the 

various tests for the conditioned reinforcing function of an event that 

was previously paired with shock termination, a clear and unambiguous 
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interpretation of the results could not be made. Many of the studies 

showed that the presumed conditioned reinforcer increased the frequency 

of a certain response when it was made contingent on that response. 

Lolordo (1969) and Siegel and Milby (1969) correctly pointed out that 

this increased frequency may have been due to other stimulus functions 

present during the testing situation. The problems in methodology 

involved attempts to separate these various stimulus functions that 

might influence the results. Complicated experimental procedures were 

employed, and as will become evident shortly, none of them can be con

sidered to have been successful. 

The solution to this problem proposed here involved the effects 

of reinforcement upon events antecedent to the criterion response. 

While it is evident that multiple controlling functions will influence 

the rate of responding during tests of conditioned reinforcement, only 

the reinforcing function will result in the establishment of discrimi

native control for the criterion response. If the event that has been 

paired with shock termination is suspected to possess a reinforcing 

function, then it should be possible to use this event to establish 

discriminative control for some response. Since only a reinforcing 

event can do this, the test for conditioned reinforcement is accom

plished if discriminative control is established. This proposed test 

for conditioned reinforcement has been stated explicitly here before a 

literature review of the area is made, so that the reader may contrast 

it with the solutions proposed by previous investigators. 



Conditioned Reinforcement from Shock 
Termination Literature: 1948-1961 

In 1961, Beck presented a comprehensive review of the litera-
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ture concerned with the establishment of conditioned reinforcement from 

shock termination. This line of research was generated from the 

theoretical traditions of Hull, Mowrer, and Miller. In his review, 

Beck (1961) concluded that there was essentially no evidence to show 

that conditioned reinforcement could be established from the termina-

tion of an aversive stimulus. Beck (1961) indicated that the negative 

evidence may have been a result of methodological deficiencies which 

precluded a straightforward interpretation of the data in favor of 

conditioned reinforcement. The experimental evidence presented by Beck 

(1961) need not be discussed in detail here because the same issues 

were addressed by later reviewers. 

Conditioned Reinforcement from Shock 
Termination Literature: 1961-1969 

Since Beck's (1961) review, there have been numerous studies 

attempting to demonstrate the phenomenon in question. Two major 

reviews, Lolordo (1969) and Siegel and Milby (1969), examined experi-

mentation in this area that appeared after Beck's (1961) review. Both 

Siegel and Milby (1969) and Lolordo (1969) offered criteria that must 

be met for the successful demonstration of conditioned reinforcement 

from shock termination. Several of these were similar to those that 

had been advanced by Beck (1961). 

Siegel and Milby (1969) stated that the stimulus paired with 

shock termination must "exhibit the essential property of a primary 
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reinforcer: it must strengthen the behavior upon which it is made 

contingent" (p. 146). This stipulation required that the purported 

conditioned reinforcer follow the criterion response. Siegel and Milby 

(1969) indicated that many experimenters have allowed the stimulus, or 

its trace, to occur prior to the criterion response. This occurrence 

confounds a conditioned reinforcement interpretation with one of 

"elicitation" (i.e., a response-stimulus sequence is confounded with a 

stimulus-response sequence). 

Beck (1961) stated that elicitation involved the capacity of a 

stimulus to evoke or exert discriminative control over the criterion 

response. Elicitation for Siegel and Milby (1969), however, was 

expanded to include three possibilities. Unfortunately, these three 

types of elicitation are not well-defined. Elicitation appears to be a 

collective term for methodological issues from disparate experimental 

areas. Whenever possible during this literature review, elicitation 

will be reinterpreted in terms of the competing effects of eliciting, 

evoking, or discriminative stimuli. 

The first type of elicitation for Siegel and Milby (1969) was 

highly associative in nature and was said to occur when the test 

response is topographically similar or identical to the training 

response. The authors cited the generalization decrement argument of 

Bitterman, Fedderson, and Tyler (1953) to account for this class of 

elicitation effects. Briefly, this argument states that the "rate of 

extinction is inversely related to the similarity between conditions of 

training and extinction" (p. 456). This, of course, is merely 
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induction (i.e., generalization) of discriminative control from one 

situation to another. That is, during a test for conditioned rein

forcement utilizing an extinction procedure, the superiority of an 

experimental group over the performance of a control group may be 

accounted for by the increased similarity of conditions for the experi

mental group during training and test trials. The experimental group 

receives the purported conditioned reinforcer during both training and 

test trials, while the control group receives the stimulus only during 

training trials. Similar stimulus conditions should retard the rate of 

extinction, according to this argument, and would result in the 

enhanced performance of the experimental group. While Siegel and Milby 

(1969) refer to this class of elicitation effects in terms of simi

larity of response topographies during training and test trials, their 

main point appears to involve an argument against the use of extinction 

procedures as a test for conditioned reinforcement. 

The second type of elicitation involved the situation in which 

the training and test responses differ in topography, but the "elicited 

response may serve to facilitate the occurrence of the criterion 

response" (po 147). Siegel and Milby (1969) did not provide a clear 

account of the mechanism for this type of elicitation but they appear 

to be saying that the elicited response generates stimulation that 

serve as discriminative stimuli for the criterion response. 

Finally, elicitation was said to refer to the arousing or 

motivational properties of the stimulus. A study of Estes (1943) was 

cited by Siegel and Milby (1969) as an example of this motivational 



19 

effect. Rats were initially trained to bar press for food on a fixed 

interval schedule. Thirty trials of "discrimination training" followed 

where a tone was presented for 60 seconds, followed by the delivery of 

food. The bar was absent during this phase of the experiment. The 

rats were then divided into two groups for extinction of the bar press 

response. The tone was presented for bar pressing for two, ten minute 

periods during a one hour extinction session for the experimental 

group. The tone was never presented to the control group. Results of 

this study revealed that the tone produced an elevation in the rate of 

responding for the experimental group. This study is often cited (e.g., 

Kimble 1961; Siegel and Milby 1969) to demonstrate that the procedure 

to establish conditioned reinforcement (tone-food pairings) also 

results in the acquisition of incentive or motivational properties for 

the stimulus. Estes (1943), however, interpreted his results in terms 

of the discriminative control acquired by the tone for increased bar 

pressing. While Estes (1943) does not specify th~ discriminative 

properties of the tone, it is clear that tone-food pairings would 

result in the establishment of discriminative control for approaching 

the food magazine. During the extinction session, the introduction of 

the tone for the experimental animals would result in the animal 

running to the food magazine. There is, thus, a superimposing of one 

contingency (tone-food pairings) upon a previous history of bar 

pressing for food. This combination of contingencies resulted in an 

increased level of responding for the experimental animals. It may be 

plausible that, once at the empty food magazine following the 



presentation of the tone for bar pressing, there is some additive 

effect from this intermixing of contingencies that imbues the food 

magazine stimulus complex with the capacity for increased discrimi

native control for further bar pressing. 
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Speculations regarding the establishment of a motivational 

state that enhances the criterion response are open to question. 

Regardless, Siegel and Milby (1969) cited the Estes (1943) study as an 

example of incentive motivation that may have some relevance for con

ditioned reinforcement from shock termination. For Siegel and Milby 

(1969), the pairing of some stimulus with the termination of shock 

would result in the acquisition by that stimulus -of incentive or 

motivational properties that might facilitate the production of the 

criterion response during tests for conditioned reinforcement. 

In summary, the elicitation hypothesis is valuable because 

there is a recognition that other variables influence the rate of 

responding during tests of conditioned reinforcement. It is incomplete, 

however, because of an inadequate specification of these confounding 

variables. Siegel and Milby (1969) do not seem to recognize that any 

one of their classes of elicitation effects may involve one or more of 

the stimulus functions previously discussed. 

Lolordo (1969) stated that two types of criteria must be met by 

the experimenter attempting to demonstrate that a stimulus paired with 

shock termination possesses a conditioned reinforcing function. First, 

the stimulus in question must produce an increase in the probability of 

a response upon which it is contingent. As Lolordo (1969) maintained, 



this contingent presentation of the stimulus is a necessary condition 

of the increase in response probability. Secondly, the designated 

stimulus must have acquired its conditioned reinforcing function as a 

result of the conditioning"operation (i.e., from the pairing with 
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shock termination). The criteria offered by Lolordo (1969) indicate 

again the problem of defining reinforcement as affecting the frequency 

of a response without an appreciation of the discriminative stimulus 

control that should be established during this reinforcement operation. 

A sample of the published research addressed by the Lolordo 

(1969) and Siegel and Milby (1969) reviews will be presented to indi

cate the methodological problems involved in this type of research. 

The experimentation in this area since 1969 will also be presented. 

In the major reviews by Beck (1961) and Lolordo (1969), the 

experimental evidence was organized according to the particular method 

used in testing for conditioned reinforcement. The same type of format 

will be employed here. The research is organized along four major 

procedural lines: response acquisition, extinction procedures, 

preference-testing procedures, and chaining procedures. 

Response acquisition refers to a testing procedure in which the 

experimental subjects were required to make a new response during the 

testing phase. The presumed conditioned reinforcer was made contingent 

upon this response for the experimental groups. Control groups 

received no stimulus or some neutral stimulus. An experiment by Murray 

and Strandberg (1965) offers an example of this type of procedure. 

Murray and Strandberg (1965) initially trained three groups of rats to 
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bar press to escape shock. A buzzer and electric shock were presented 

together, and both events terminated with the bar press. The experi

mental group received a three-second presentation of light following 

the bar press. The light signal was not presented for the two control 

groups. There were a total of ten of these training trials with an 

inter-trial interval of five minutes. The apparatus for the testing 

phase consisted of a 10-foot alley with a start and goal box. 

Experimental and control subjects were placed in the start box. A 

buzzer began with the opening of the start-box door and terminated when 

the subject entered the goal box. A three second light signal came on 

in the goal box for the experimental and one control group. The light 

was not presented for the other control group. All subjects were run 

up to a potential limit of four hundred trials, and the inter-trial 

interval was slightly under one minute. Results of this study revealed 

that the experimental group completed more trials than either of the 

two controls. Murray and Strandberg (1965) offered this result as 

evidence that the light had acquired a conditioned reinforcing func-

tion. 

The Murray and Strandberg (1965) study was criticized by both 

Siegel and Milby (1969) and Lolordo (1969). Siegel and Milby (1969) 

argued that the light signal presented to the experimental rats could 

have functioned as an arouser that potentiated the conditioned aversive 

effects of the buzzer and facilitated running down the alley on suc

cessive trials. The authors stated that the inter-trial interval 

during the test for conditioned reinforcement was too short (approx. 



40 sec.) to allow for the dissipation of this arousal state prior to 

the next trial. Lolordo (1969) maintained that an additional control 

group was required to control for non-contingent effects of the light 

during test trials and additional groups to serve as associative con

trols during the training phase. 
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It is significant to note that Siegel and Milby (1969) consid

ered the Murray and Strandberg (1965) study to be the best designed of 

all the studies they reviewed. Additional experiments employing the 

response acquisition procedure include Forrin (1966) and Kinsman and 

Bixenstine (1968). All contained serious methodological flaws, as 

pointed out by the reviewers, that precluded a conditioned reinforce-

ment interpretation. 

A number of studies have used extinction procedures to demon

strate conditioned reinforcement from shock termination. This pro

cedure essentially involved a comparison of the rate of extinction with 

and without the purported conditioned reinforcer. A study by Evans 

(1962) was representative. In the first phase of this study, rats w~re 

trained to bar press in one operant chamber. The bar press was fol

lowed by a tone signal, the click of the magazine, and the presentation 

of a reinforcer (sucrose solution). Three conditions were used in the 

second phase, which employed another operant chamber: 

1. The tone-click signal was presented simultaneously with shock 

onset. 

2. The tone-click signal was presented simultaneously with shock 

termination. 
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3. Shock only. Tone-click withheld. 

Each subject was run through all three conditions with counterbalanced 

orders across subjects. The test phase, which proceeded in the operant 

chamber used for establishing the bar press, was instituted following 

exposure to one of the conditions. Each rat was exposed to the "teRt" 

condition following each of the three training conditions. During the 

test for conditioned reinforcement the animal was returned to the first 

phase of the study where tone-click was contingent upon bar pressing. 

Food was withheld. Results indicated that the greatest number of bar 

presses occurred for the rats who had previously experienced the tone

click, termination of shock condition. Evans reported that through 

this condition the tone-click combination acquired a conditioned rein

forcing function. 

The Evans study was also criticized by both Siegel and Milby 

(1969) and Lolordo (1969). Siegel and Milby (1969) indicated that 

reinforcement was confounded with elicitation. In the type of massed 

trials test procedure used by Evans (1962), the bar press was preceded 

by the tone-click as often as it was followed by the signal. It was 

impossible to tease out the arousal from the reinforcing effects of the 

stimulus with this type of procedure. Lolordo (1969) noted that the 

lack of associative controls during training and a control for the non

contingent effects of the tone-click during testing left a conditioned 

reinforcement interpretation of their results open to question. 

Finally, it appeared that the "generalization decrement" argument of 

Bitterman et al. (1953) could be raised against the use of extinction 
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tests for conditioned reinforcement. Additional studies using this 

extinction procedure included those by Wagman and Allen (1964), Wenrich 

and Cahoon (1965), Wenrich, Cahoon, and Moher (1965), and Hughes and 

Adams (1967). While these studies provided variations of the extinc

tion procedure, they were methodologically inadequate for a demon

stration of conditioned reinforcement from shock termination. 

The third procedural category was preference-testing. In this 

procedure, a particular environment was paired with escape from shock. 

During testing, this environment was matched with another one and the 

animal's preference for a particular environment is recorded. Lawler 

(1965) utilized the preference-testing procedure and found that rats 

that had escaped shock by running into a distinctive escape chamber 

preferred the escape chamber to a novel chamber during the preference 

test. Lawler (1965) presented this as evidence for conditioned rein

forcement. 

This study gave inconclusive findings because one cannot make 

an unequivocal statement that the escape chamber possessed only a con

ditioned reinforcing function. Lolordo (1969) and Siegel and Milby 

(1969) indicated that again reinforcement was confounded with elicita

tion. One could easily argue that the escape chamber was controlling 

this "preference response" by functioning as a discriminative stimulus. 

Two other preference-testing studies (e.g., Wahlsten, Cole, and 

Fantino 1967a; 1967b) are subject to similar criticisms. 

The final method for demonstrating conditioned reinforcement 

from shock termination was the use of chained schedules. Chaining 
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procedures involved a technique for the development and maintenance of 

a conditioned reinforcer with a test of its effectiveness. The general 

procedure was as follows: 

1. An animal escaped shock by making a response (Rl). 

2. R1 was then brought under the control of a particular dis

criminative stimulus (Sd). Rl would terminate the shock only in the 

presence of the Sd and would not do so in its absence. 

3. The presentation of the Sd was made contingent upon the 

occurrence of another response (R2). 

4. It was asserted that the Sd had a conditioned reinforcing 

function if the frequency of R2 was maintained. 

Lolordo (1969) pointed out that the Sd could be shown to have a 

conditioned reinforcing function only if the reinforcing effect of 

shock termination upon R2 was ruled out. Investigators that have used 

this procedure included Dinsmoor and Clayton (1963, 1966) and Milby 

(1968). All three studies have utilized complicated control procedures 

to eliminate the reinforcing effect of shock termination upon R2. In 

his review, Lolordo (1969) indi~ated that the control procedures used 

by these experimenters were not sufficient and that alternative inter

pretations for their results remain. Siegel and Milby (1969) cited 

arguments by Herrnstein (1964) and Wike (1966) that chaining studies 

involve an inherent confounding of conditioned with primary reinforce

ment. 

Siegel and Milby (1969) and Lolordo (1969) concluded that 

evidence for the establishment of conditioned reinforcement from shock 
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termination was lacking. Siegel and Milby (1969) stated that "today's 

state of the art is little advanced over that discovered by Beck in 

1961--the evidence remains unconvincing" (p. 153). 

Conditioned Reinforcement from Shock 
Termination Literature: 1969-1975 

The evidence appearing since 1969 is also unconvincing. An 

extensive literature search revealed that only four studies have been 

performed in this area since the two 1969 reviews. 

Siegel and Milby (1969) considered the Murray and Strandberg 

(1965) study to be close to the ideal experiment and indicated that 

"given test trials more widely spaced in time, t.heir design would seem 

to be impeccable" (p. 155). Siegel and Q'Bannon (1969) attempted a 

partial replication of the Murray and Strandberg (1965) study using 

subjects that were tested under spaced and massed inter-trial inter-

vals. They failed to replicate the study and did not show any evidence 

for conditioned reinforcement from shock termination. 

A chaining procedure was employed by Davenport (1970) in an 

attempt to demonstrate conditioned reinforcement from shock termina-

tion. The author reported that the chaining procedure used by Dinsmoor 

and Clayton (1963) was subject to criticism because they tested for 

conditioned reinforcement while primary reinforcement (i.e., shock 

termination) was present. The Davenport (1970) study attempted to con-

trol for this situation. 

Davenport (1970) used a complicated procedure during the train-

ing phase of his experiment. Four rats were used as subjects. The 
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first phase of training was a "fear training" procedure. Rats were 

placed in a standard operant chamber and a light signal was turned on 

for two minutes and off for two minutes. During the light-on segment, 

electric shocks of one-half second duration were presented at the rate 

of six per minute. Escape training followed where a nose press in the 

presence of light and irregularly presented shocks would terminate the 

light signal and shocks for a period of time. A chain of behavior was 

eventually established such that, in the presence of light and inter

mittently presented shock, a lever press would produce a tone. A key 

press in the presence of the tone would result in time out from light 

and shock. A diagram of this final chain is as follows: 

light, shock on •••••••• lever press. tone on •••• key press •• 

light, shock off. 

Davenport (1970) then introduced a double-intermittent rein

forcement schedule to strengthen the chain. Davenport (1970) stated: 

IIA wide variety 6f parameter values for shock intensity, shock fre

quency, length of time out from light plus shocks, utilizing both 

variable interval and variable ratio schedules were used to obtain 

stable values ll (p. 149). At this point in the study two subjects were 

discarded, presumably because stable values were not obtainable. 

Training continued with the remaining two subjects with the following 

procedure. A light signal was presented concurrently with a .8 rnA 

shock of one-half second duration on a variable interval (VI) thirty 

second schedule. A lever press produced a tone on a variable ratio 

(VR) five schedule. On 50% of the tone presentations, a key press 
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terminated the tone, light, and shock for sixty seconds. On the 

remaining 50% of the tone presentations, a key press only terminated 

the tone. Furthermore, an irrelevant auditory stimulus (a click) was 

presented on an independent VI two minute schedule during both the safe 

and shock periods. The author mentioned, and this is a point to be 

discussed later, that there was no attempt to prevent accidental con

tingencies from occurring with any of the various events. This train

ing phase lasted for one month with sessions run for four to six hours 

every other day. 

Subjects received four hours of training immediately preceding 

the testing phase. A lever press extinction session followed for one 

hour in which the lever press was ineffective in producing the tone. 

Next, the effectiveness of the lever press in producing the tone on a 

VR five schedule was reinstated. An ABBA design (i.e., tone, clicker, 

clicker, tone) was used during the test for conditioned reinforcement. 

The tone, as a discriminative stimulus, or the neutral clicker was the 

auditory stimulus presented on a given testing session. The nose 

press terminated the auditory stimulus but the light and the inter

mittently presented shocks continued. Each testing session was one 

hour long. The comparison was between rates of bar pressing with the 

Sd or with the neutral stimulus as a consequence. 

After the testing sessions the subjects were retrained on the 

original training schedule for another test. The second testing 

session was procedurally similar to the first, with the exception that 
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the neutral stimulus (i.e., clicker) was now presented in a position to 

be the Sd and the tone became the "irrelevant" stimulus. 

Each subject completed eight, one hour tests. There were four 

tests with a neutral stimulus and four tests with the auditory stimulus 

as the Sd. Results indicated that when the tone or clicker was used as 

the Sd, nose press responding was greater than when the tone or clicker 

was used as a neutral stimulus. The mean number of responses when the 

lever press produced the Sd (or conditioned reinforcer) was 136.6 per 

hour. When the neutral stimulus followed the lever press, the mean 

number was 16.9 per hour. Davenport (1970) took these results as 

e~idence that the stimuli functioning as discriminative stimuli also 

acquired a conditioned reinforcing function. 

While this study produced dramatic results, there are a number 

of points worth considering. First of all, Davenport (1970) mentioned 

that he was attempting to eliminate the possibility of the maintenance 

of lever pressing by the presence of primary reinforcement (i.e., shock 

termination). He appears to have failed to do this. His procedure 

involved presenting shocks on an irregular schedule. Since the author 

made no attempt to control for accidental contingencies, it is quite 

possible that a lever press sometimes occurred prior to, or simul

taneously with, the termination of shock. This may have occurred often 

considering that the experiment took a year to complete. Secondly, 

there was no discussion of why two subjects had to be discarded from 

the study. One must assume that the original behavior chain could not 

be established and/or maintained with these subjects. Finally, 
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Davenport's (1970) procedure was extremely complex and not well speci

fied. It would probably be impossible to replicate this study. Given 

these considerations, it is not warranted to conclude that lever press

ing was maintained by the conditioned reinforcing properties of the 

tone. 

Fantino (1973), citing an unpublished study by Fantino and 

Sharp, suggested that their discriminated escape procedure resulted in 

the successful demonstration of conditioned reinforcement from shock 

termination. During training, a light was established as a discrimi

native stimulus for a bar press to escape shock. Shocks were presented 

to the animals on the average of every 30 seconds and remained on for 

approximately 5 seconds. A chain-pull was the criterion response, and 

it was followed by a 1.5 second presentation of the light. To control 

against the adventitious correlation of chain-pulling and shock offset, 

shock offset was delayed for 1.5 seconds following light offset if a 

chain-pull occurred during the presence of shock. Additional controls, 

not specified by the authors, were used to control for superstitious 

responding and response elicitation. Results indicated that signifi

cantly more chain pulls were made by a group of rats for whom the light 

had been an Sd to escape shock than for control rats where the light 

was not an Sd. 

This study is difficult to evaluate because Fantino (1973) did 

not present sufficient information for a critical analysis. The 

control procedure for the adventitious conditioning of chain-pulls and 

shock offset seems, however, to be inadequate. Doubt remains. 
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The most recent study in this area was performed by Bellingham, 

Storlien, and Stebulis (1975). Their test for conditioned reinforce

ment would be categorized as "response acquisition". The procedures 

used in this study to control for elicitation effects appear to be the 

best designed of all the studies reviewed. The experimenters used a 

T-maze in which the start box was used as the training chamber. The 

general procedure was as follows: 

1. All subjects were placed in the start/training box. 

2. A warning tone sounded which terminated with shock onset. 

3. Experimental subjects: A light signal occurred one second 

prior to shock termination and the light terminated one second follow

ing shock offset. 

4. Control subjects: Light was never paired within five seconds 

of shock onset or offset. 

The testing phase was preceded by two non-reinforced trials. 

During "the first trial, a warning tone sounded and the subject was 

allowed to escape from the start/training box. The subject was allowed 

entrance into either a white or black goalbox. After the subject 

entered one of the goalboxes, a door to the goal chamber closed and the 

tone terminated. In the second pretest trial, the subject could only 

enter the goalbox on the opposite side. During the test for condi

tioned reinforcement, the procedure was the same except that the subject 

could enter either goalbox. Five seconds of flashing light would occur 

following entrance into the goalbox opposite to that entered during the 

first pretest trial. 
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Results indicated that experimental subjects entered the flash

ing light goalbox Significantly more often than the control subjects. 

The authors took this as evidence that the light had acquired a con

ditioned reinforcing function. They stated that it "seems highly 

unlikely that the result can be attributed to elicitation effects of 

either an energizing or associative variety" (p. 328). Bellingham et 

al. (1975) noted that motivational effects from the flashing lights 

were irrelevant because the criterion response involved correct choice 

rather than running speed. In addition, elicitation effects due to the 

discriminative function of the lights do not appear to playa role. 

Bellingham et al. (1975) seem to have met the criteria set forth by 

Siegel and Milby (i969) for the demonstration of conditioned reinforce

ment from shock termination. The interpretation of their results, 

however, are open to question due to an inappropriate comparison 

between the experimental and control group. 

The authors used a two-tailed T test and the differences 

between the experimental and control groups were significant at the .02 

level. A closer look at their data indicate that the percentage of 

correct choices for the experimental group (i.e., how often they 

entered the flashing light goal box) averaged somewhat over 60%. A use

ful comparison would have been how significant this difference was 

from chance (i.e., 50% entry to one box). The authors do not discuss 

this. One interesting finding of which the authors make no mention was 

that control subjects' correct choices averaged around 40%. This was 

less than chance and the authors offered no explanation reasons why this 
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should have occurred. These factors seem to preclude an interpretation 

of a successful demonstration of conditioned reinforcement. 

A review of the literature in this area reveals that the 

establishment of positive conditioned reinforcement from the termina

tion of an aversive stimulus has not been successfully demonstrated. 

The research into this phenomenon has spanned some thirty years and 

included a large number of studies. While a majority of these studies 

obtained positive results, they were always subject to alternative 

interpretations. Beck (1961), Lolordo (1969), and Siegel and Milby 

(1969), considered the methodological problems in detail and concluded 

that methodological deficiencies prevented researchers from making 

straightforward interpretations of their results. Bellingham et ale 

(1975) offered a procedure that appeared to circumvent many of the 

methodological problems, but their results, as discussed earlier, are 

open to criticism. 

Discriminative Stimulus Hypothesis 

One theory of conditioned reinforcement should be examined 

because it bears on the establishment of conditioned reinforcement from 

shock termination: the "discriminative stimulus hypothesis". Keller 

and Schoenfeld (1950) proposed that the conditioned reinforcing func

tion of a stimulus is dependent upon its establishment as a discrimi

native stimulus. They stated that "In order to act as a conditioned 

reinforcer for any response, a stimulus must have status as a dis

criminative stimulus for some response" (p. 236). Two studies are 

widely cited in relation to this hypothesis. Dinsmoor (1950) trained 
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rats, in the presence of light (the Sd), to bar press for food. During 

extinction, the discriminative stimulus followed bar presses for one 

group of rats and was presented prior to responding for another group. 

Results of this study revealed that comparable number of responses 

occurred for the two experimental groups. Dinsmoor (1950) concluded 

that the strengths of the conditioned reinforcing and discriminative 

functions covaried. Schoenfeld, Antonitis, and Bersh (1950) trained 

two groups of rats to lever press for food. The experimental group 

received a one-second light during ingestion of the food pellet. The 

control group did not receive the light. Following four extinction 

sessions, two testing sessions were run where each lever press produced 

a one-second light for both groups. Results revealed no significant 

differences between the groups in number of lever presses produced 

during the test trials. These authors stated that merely pairing a 

stimulus with primary reinforcement may not be sufficient for the 

establishment of conditioned reinforcement. Schoenfeld et ale (1950) 

suggested that explicit discrimination training may be necessary to 

establish a particular stimulus with conditioned reinforcing properties. 

In his 1961 review of the literature of conditioned reinforce

ment from shock termination, Beck argued that the lack of positive 

evidence at that time was relevant only to the proposition that pairing 

a stimulus with reinforcement was sufficient for the establishment of a 

conditioned reinforcing function because no studies utilizing a dis

criminated escape proced~re had been performed. That is, the event to 



be used as a conditioned reinforcer must first be established as a 

discriminative stimulus for escape from shock. 
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Since Beck's (1961) review, a number of studies have employed 

discriminated escape procedures (e.g., Hunter 1961; Kinsman and 

Bixenstine 1968; Wenrich and Cahoon 1965; Wenrich et ale 1965). While 

these studies obtained positive results, alternative interpretations of 

their data remain. Studies that merely paired a stimulus with shock 

termination (e.g., Evans 1962; Lawler 1965; Murray and Strandberg 1965; 

Wagman and Allen 1964; Wahlsten et al. 1967a, 1967b) also obtained 

positive, but differentially interpretable results. 

Results from Dinsmoor and Clayton (1963, 1966) presented evi

dence directly relevant to the discriminative stimulus hypothesis. 

They found that a discriminated escape procedure was not a necessary 

condition for imbuing a stimulus with conditioned reinforcing proper

ties. In summarizing this particular issue, Lolordo (1969) maintained: 

IIthere is no unequivocal evidence that an Sd for escape from shock 

becomes a positive conditioned reinforcer, though there are data which 

suggest that conclusion. Furthermore, there are additional data which 

suggest equally that a stimulus simply paired with shock termination 

becomes a conditioned reinforcer ll (p. 197). Finally, Fantino and Logan 

(1979), in their review of the positive conditioned reinforcement 

literature, maintained that a,stimulus will continue to function as a 

conditioned reinforcer while no longer functioning as a discriminative 

stimulus for responding. 
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Effects of Aversive Stimulation: 
Multiple Control 

The previous literature review should have made it apparent 

that there are a number of critical issues to consider for the suc-

cessful demonstration of conditioned reinforcement from shock termi-

nation. Since multiple controlling effects will be established in this 

situation, a survey of these potential effects should prove valuable. 

This can most effectively be accomplished by first outlining the 

stimulus functions established during the presentation of an aversive 

stimulus. Then the special effects resulting from the offset of 

aversive stimulation maybe considered. Since these multiple con-

trolling variables will be operating simultaneously, the behavior of 

the organism may be seen as the result of a: "summation" effect of these 

controlling functions. A brief discussion is required, therefore, of 

the procedures used to minimize the competing effects of these other 

variables to allow for the increased effectiveness of the purported 

conditioned reinforcing function. 

Effects of Aversive Stimulation 

The effects of the delivery of an aversive stimulus to an 

organism may be divided into four major categories. 

1. Aversive stimuli elicit reflex responses. The administration 

of an aversive stimulus, such as shock, to an organism will produce a 

variety of reflex responses. This should include skeletal muscle con-

traction, autonomic contraction involving smooth and cardiac muscle, 

hormonal secretions, and the perceptual experience of pain. This 
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"reflexive" or eliciting function of electrical stimulation exists due 

to the genetic make-up of the organism. No conditioning history during 

the life of a particular individual is involved here. 

2. Aversive stimuli evoke conditioned reflex responses. Environ

mental properties that are temporally contiguous with an aversive 

stimulus should acquire a conditioned stimulus (i.e., evoking) func

tion. These properties will include the "obvious" ones manipulated by 

experimenters (e.g., lights, tones, buzzers). There are also, however, 

stimuli generated by the behavior of the organism (i.e., response

produced stimuli) that could include a complex mixture of extero

ceptive, proprioceptive, and interoceptive stimuli. 

3. Conditioned negative reinforcement. Properties of the environ

ment that accompany aversive stimulation may acquire the capability to 

function as conditioned negative reinforcers. In this formulation, 

responses of the organism which terminate or reduce this conditioned 

aversive stimulation should. increase in frequency. The termination of 

aversive stimulation, conditioned or unconditioned, is a reinforcing 

state of affairs. Consistent with the definition of reinforcement 

presented earlier, the termination of these unconditioned and condi

tioned aversive stimuli should imbue these very same properties (and 

others) with the power to function as discriminative stimuli for 

responses that terminate them. Again, these conditioned aversive 

stimuli will include experimentally manipulated properties and any 

stimulation produced from the responses of the organism. 
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4. Aversive stimulation as an emotional operation. Skinner (1953) 

maintained that emotional operations are produced as a result of 

aversive stimulation. These emotional responses would, in part, 

involve the actions of the three classes of autonomic effectors (i.e., 

smooth muscle, cardiac muscle, and glandular secretions) and could 

occur under reflexive, conditioned reflexive, and, to some degree, 

operant control. Skinner (1953) also stated that an emotional opera-

tion results in a displacement of normal probabilities of behavior. 

This may be usefully reinterpreted as altering the current stimulus 

control exercised by select environmental properties. It is difficult 

to determine whether this effect should be discussed separately from 

the specific stimulus functions that are established. Wetzel (Note 1) 

noted: "It is not clear whether it is better to speak of this indirect 

effect upon other stimuli as different from its direct stimulus func-

tions, or to speak of it as a 'supraordinate' stimulus function. The 

facts are clear in any case, because they show altered control of 

stimuli other than the shock itself" (p. 533). 

Conditioned Reinforcement from Shock 
Termination: Multiple 

Stimulus Control 

The basic conditioning procedure in the present study involved 

repeated pairings of a tone with the termination of shock. This con-

stituted a forward conditioning procedure in Pavlovian conditioning and 

was assumed to be the means by which positive conditioned reinforcement 

is established in an aversive situation. Fig. 1 outlines the essential 
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Tone ------------------------------~\ on 

Fig. 1. Shock Offset/Tone Conditioning Components 

The critical components presumably encompass 1) the time between the 
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dashed lines where the tone and shock occur simultaneously and, 2) the 

time in which the tone is paired with shock offset. It may be reason-

able to postulate two relatively independent sets of stimulus functions 

on the basis of these two components. 

1. Tone-Shock Presence. During each pairing, the tone and shock 

coincided for 250 ms. in the present study. One would expect all the 

stimulus functions listed in the previous discussion of the effects of 

aversive stimulation to be established here. The tone should acquire 

the capacity to evoke all (or most) of the responses elicited by the 

shock. In addition, response-produced stimulation will also acquire 

this evoking capacity. One interesting possibility would be that the 

tone becomes a conditioned negative reinforcer. From its pairing with 

an unconditioned aversive stimulus, the potential exists for the 

establishment of this function. Wetzel (Note 1) maintained that "this 

possibility is unsatisfactory, because the characteristic with which 

the to-be-conditioned reinforcer is paired is not that which possesses 

the primary negative reinforcement power, namely shock termination" 
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(p. 534). Perhaps, as Wetzel suggested, events that cluster near the 

onset of aversive stimulation acquire a negatively reinforcing func

tion, while those near its termination become positive conditioned 

reinforcers. Regardless, the 250 ms. overlap of tone and shock pro

vides the conditions for the potential establishment of conditioned 

negative reinforcement. The previous discussions of response-produced 

stimulation are also, of course, relevant here. 

2. Tone-Shock Offset. The contingency of interest here is the 

pairing of the tone with the termination of shock. One would expect 

the offset of shock to produce a variety of behavioral effects. 

Shock offset should function as an eliciting stimulus for a 

variety of reflex responses. These responses should involve glandular 

secretions, muscle activity, and perceptual responses. The eliciting 

function of shock offset is due to the absence of aversive stimulation 

following its presence, and a number of such "rebound" effects have 

been documented since the time of Sherrington (1906). 

Conditioned reflexes will also be established due to the 

Pavlovian conditioning of attendant events with the eliciting stimulus. 

The tone should acquire the capacity to evoke whatever responses shock 

offset elicits. Other environmental properties should also function as 

evoking stimuli. 

The critical function for this research is the possible 

establishment of conditioned reinforcement from shock termination. It 

has been postulated that an event that is paired with a reinforcing 

state of affairs should acquire a positive. conditioned reinforcing 
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function. Shock offset is negatively reinforcing; so an event paired 

with the termination of an aversive stimulus might be expected to 

become a conditioned reinforcer. In addition, the tone (and other 

stimuli) are in the appropriate temporal relation to reinforcement 

(i.e., shock offset) to acquire status as discriminative stimuli. The 

animal will be responding during the interval between presentation of 

the tone and shock offset. That is, the tone becomes the occasion upon 

which some response is followed by reinforcement. Future presentations 

of the tone would be expected to act as discriminative stimuli for 

responses that were occurring at the moment of shock termination. 

Finally, the onset and offset of electrical stimulation should 

result in a complex set of emotional operations that would alter the 

control exerted by current environmental properties. How, then, can 

all these functions be distinguished experimentally? Solutions are 

proposed in the following section. 

Stimulus Control Competing With 
Conditioned Reinforcement 

It should be clear now that events paired with the offset of 

aversive stimulation will result in a number of controlling variables 

for responses from the three classes of behavior (i.e., reflex, condi-

tioned reflex, and operant). These various controlling variables 

(i.e., stimulus functions) must be assumed to be operating simul-

. taneously, and the resulting responses of the organism will be a result 

of a IIsummation effect ll of these multiple variables. 
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The problem of demonstrating conditioned reinforcement from 

shock termination involves 1) the strength of the conditioned rein

forcing function relative to all of the other established stimulus 

functions, and 2) the strength of conditioned reinforcement alone. In 

reference to the second point, it may be possible that there i~ no 

conditioned reinforcement from events paired with the termination of an 

aversive stimulus, or that this conditioned reinforcing strength is 

minimal. 

Even if a strong conditioned reinforcing function is estab

lished, the competition from the other controlling variables could 

reduce its effects, perhaps markedly. Two classes of competing effects 

seem especially relevant. As previously discussed, the tone is in a 

temporal relationship to shock offset that may establish the tone as a 

conditioned stimulus for responses that are elicited by shock offset 

and to also function as a discriminative stimulus for responses that 

are followed by shock termination. Preliminary work with two pilot 

subjects revealed that shock offset (and onset) produced a general 

IIfreezing effect". Since a tone was to be paired with shock termina-. 

tion, it was probable that the tone would acquire a conditioned 

stimulus and discriminative function for this freezing effect. These 

two stimulus functions would only interfere with the attempt to use 

the tone as a conditioned reinforcer. To circumvent this problem, a 

specific response requirement was introduced during the pairing of tone 

with shock offset. In the presence of shock, the animals were required 

to locomote forward. During this forward movement, the tone sounded 
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and, 250 ms. later, the shock terminated. Since the animals would be 

locomoting forward when the shock terminated, the tone would be 

expected to function as a discriminative stimulus for movement. 

Freezing effects from the shock and subsequent acquisition by the tone 

through Pavlovian and operant conditioning principles should be effec

tively eliminated. 

Test for Conditioned Reinforcement 

Reinforcement is the establishment of discriminative control by 

properties of the environment. This control is established only by the 

reinforcement operation. For an event to be a reinforcer, it must 

result in the acquisition of discriminative control by properties of 

the environment. If no discriminative control is acquired, the event 

is not a reinforcer. The appropriate test for conditioned reinforce

ment from shock termination, therefore, is clear. An event (e.g., a 

tone) that has been previously paired with shock termination is sus

pected to have acquired a positive conditioned reinforcing function. 

If it can be demonstrated that this event results in the establishment 

of discriminative control by some other specified property of the 

environment, then a conditioned reinforcing function has been demon

strated. If this occurs, there are no other interpretations of the 

results. 

The postulated conditioned reinforcer may have acquired other 

stimulus functions during its pairing with shock termination. These 

other functions may even affect the frequency of the response upon 

which the event is made contingent but, and this is the critical point, 
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they will have no bearing at all on the establishment of discriminative 

control. 

Before entering a discussion of the specific procedural details 

of this experiment, it is necessary to look at the general procedure to 

be used for the establishment of discriminative control, since it will 

also be used as the test for conditioned reinforcement. The standard 

approach for the establishment of a discrimination is exemplified by 

the familiar example of a rat pressing a lever. Once the bar press 

has been established by a shaping procedure, a light, for example, is 

introduced into the operant chamber. Reinforcement is then presented 

for bar pressing when the light is on but withheld when the light is 

off. The bar press will eventually come under the exclusive control ~f 

the light. That is, the light has acquired discriminative control for 

bar pressing through a differential reinforcement procedure. 

In this study the environmental event to be paired with shock 

termination during conditioning trials was next used to shape a bar 

press and to bring this response under the discriminative control of a 

light. It was critical that the most effective shaping procedure be 

employed. This was particularly important because the literature on 

conditioned reinforcement suggested that events paired with shock 

termination have unstable and transitory reinforcing effects. A pre

liminary study, therefore, was undertaken to determine the most 

effective procedure for the establishment of discriminative control. 

While the standard shaping and discrimination training pro

cedure has been utilized for years, it has not had enough empirical 
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scrutiny. Three different shaping procedures were evaluated by Himadi, 

Howell, and Wetzel (Note 2) to determine the most efficacious pro

cedure to establish discriminative control. Three experimental and 

one control group were compared, as follows. 

1. Traditional. This was a common, almost "standard" procedure in 

which pellets are presented to an animal for successive approximations 

to a lever press. After the lever press was established a light was 

illuminated and food was available for lever pressing during the light

on periods. No food was presented to the animals for responding during 

the light-off intervals. 

2. Non-differential history with respect to the light. This pro

cedure was identical to the traditional approach, except that the light 

was illuminated throughout the shaping period. The alternating light

on light-off sessions followed. 

3. Differential history with respect to the light. The alter

nating light~on light-off sessions were introduced and maintained 

throughout the experimental procedure. That is, prior to the estab

lishment of the bar press the alternating light-on light-off sessions 

were in effect. Food was presented to the animal for successive 

approximations to the bar press during the light-on interval. Shaping 

did not proceed during the light-off intervals. Once the bar press was 

established, the alternating light-on light-off sessions merely con

tinued. 

Results from this study revealed a substantially higher pro

portion of responses occurred during the light-on intervals for the 



traditional and differential reinforcement procedures over either the 

non-differential reinforcement or control groups. In addition, the 

traditional procedure had a decided advantage over all of the other 

procedures in terms of the amount of time taken to reach given pro

portions of responding to the light-on intervals. 

47 

Since the traditional procedure was the most effective overall, 

it was selected as the preliminary "test" for conditioned reinforce

@ent from shock termination. An event (i.e., tone) paired wi~h shock 

termination would be the purported conditioned reinforcer. This event 

was to be used to establish a lever press by means of a standard 

shaping procedure. Once the lever press was established, a differ

ential reinforcement procedure with respect to the light would occur 

next. That is, in the presence of the light the tone would follow 

lever pressing. No tone would be presented when the light was off. If 

the light acquired stable discriminative control for lever pressing, 

the test for conditioned reinforcement was then complete and the tone 

would have acquired a conditioned reinforcing function. 



METHOD 

Subjects 

The subjects were f0ur experimentally naive male albino rats of 

the Wistar strain. These animals were approximately eighty days old at 

the start of experimentation, and they were individually housed and 

given ad lib access to food and water. 

Apparatus 

The apparatus for conditioning and training consiRted of an 

operant chamber, 25 cm. x 30 cm. x 28 em., enclosed ~'ithin a sound 

attenuating box. A standard response lever was mounted on the right 

side of one wall of the chamber. A small lamp for discrimination 

training was placed 5 cm. above the response lever. This lamp and the 

house light were powered by a regulated power supply at 10 v. Shock 

was presented b~' a Lehigh Valley shock generator/scrambler (BRS-LVE 

SGS-004) to a grid floor (one-eighth in. metal rods spaced one-half in. 

apart). A Lehigh Valley 2.8 kc. fixed tone gener2tor was used to 

present an auditory stimulus at approximately 75 db. Pairings of shock 

offset with tone, and conting~ncies for discrimination training were 

controlled automatically by a variety of electronic devices including 

relays, timers, and a programming tape. Lever presses, number of 

tone/shock offset pairings, and number of tone presentations were 

recorded automatically on counters and by a cumulative recorder. The 

tone was presented manually d~ring shaping of the lever press. 
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Procedure 

Before the main portions of the experiment, the reinforcjng 

efficacy of the tone prior to pairing with shock offset ~'as assessed 

with one additional rat. No reinforcing effect was noted following a 

one-hour shaping period in which the tone was presented for successive 

approximations to a lever press. 

Introduction to Chamber 

The four experimental rats were first individually introduced 

to the operant chamber for 30 minutes. This conventional procedure was 

assumed to reduce the emotional operations resulting from handling by 

an experimenter and introduction to a novel environment. 

The experimental procedure was divided into three phases that 

are first summarized and then descr~bed in detail in the following 

sections. Only two of the fOllr experimental rats proceeded from the 

second to the third stage. The initial phase (A: Pavlovian condi

tioning) involved consecutive trials in which the tone was paired with 

shock offset. These sessions were designed to establish the con

ditioned reinforcing properties of the tone ana to give a base rate of 

the number of lever presses that occurred prior to the test for 

conditioned reinforcement. The next phase (B: operant response 

shaping) co~tinued consecutive pairings of the tone with shock offset 

to maintain the reinforcing power of the tone. In addition, the tone 

alone was presented sometimes for establishment of the lever press. 

The third phase (C: operant discrimination-test for conditioned rein

forcement) involved discrimination training in which an attempt was 



made to bring the lever press under the ~ontrol of a light through a 

differential reinforcement procedure. 

Phase A: Pavlovian Conditioning 

1. Three 50-min. sessions for rats 1-4. 

2. Twenty shock offset/tone pairings plus 20 minutes without the 

presentation of tone to permit comparison with Phase B (Fig. 2). 

3. Interpairing interval (IPI): range of 1-2 minutes; mean of 

1.5 minutes. 
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This initial conditioning phase involved mUltiple pairings of 

the tone with termination of shock. Shock level was adjusted on the 

shock generator/scrambler by the use of a built-in calibration circuit. 

By depressing a calibrator switch, the current could be adjusted to any 

level between 0 and 10 rna. Preliminary work with pilot subjects indi

cated that settings below 2 rna. had few aversive effects, when the rats 

were required to produce an escape response (barrier jumping) to termi

nate the shock. The 2 rna. setting produced consistent escape responses 

with minimal visible emotional side effects. For all experimental 

animals, the calibration was checked before each experimental session. 

The shock level was set at 2 rna., and this produced the following 

values at the shock grid: unloaded voltage-47v.; average current-.09 

rna.; charge-.74 microcoulombs. 

The rats were placed in the operant chamber and the shock was 

presented to them through the grid floor. Each rat was required to 

locomote forward in the presence of the shock. During this forward 

locomotion, the tone sounded and 250 ms. later ( ± 5 ms.) the shock 
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terminated. The tone continued for an additional 500 ms. Shock dura

tion varied from pairing to pairing due to the forward locomotion 

requirement but averaged approximately 2.5 seconds. The intervals 

between these shock offset/tone pairings were randomly selected from a 

series of intervals with a range of 1-2 minutes and a mean of 1.5 

minutes. 

As previously discussed (Skinner 1953), multiple stimulus func

tions are known to be established through the pairing of tone with the 

termination of shock. The requirement to locomote forward in the 

presence of shock prevented the animals from freezing during shock 

offset/tone pairings. 

Phase B: Operant Response Shaping 

1. a. Five 50-min. sessions for rats 1, 4. 

b. Twenty-three, 50-min. sessions for rats 2, 3. 

2. Conditioning and test trials were pre~ented alternately within 

each session. 

a. Conditioning trials: Twenty shock offset/tone pairings. 

b. Test trials: Five, 4-min. (approximately) shaping periods 

where the 750 ms. tone was presented for successive approx

imations to a lever press. 

There were 20 shock offset/tone pairings and 20 minutes of 

shaping per session. 

The maintenance of the purported conditioned reinforcing func

tion of the tone and the preliminary "test" of its reinforcing effec

tiveness occurred within each experimental session. These two 
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experimental components were arranged on the following oasis. A rat 

was placed in the operant chamber and, after approximately 1.5 min., 

six shock offset/tone pairings were given. A shaping procedure was 

then employed for approximately the next four minutes. The 750 ms. 

tone that previously had been paired with shock offset now was pre

sented manually to the animal for successive approximations to a lever 

press. Following this initial shaping phase, conditioning trials were 

reinstated to maintain the conditioned reinforcing function of the 

tone. This alternating procedure was continued until the animal had 

received a total of 20 shock offset/tone pairings and approximately 20 

minutes of shaping with the tone. The remaining 14 shock offset/tone 

pairings were presented in units of 5, 4, 3, and 2, presented randomly 

within each experimental session. The varying number of randomized 

shock offset/tone pairings was included as a control measure for the 

possible establishment of discriminative control for responses based on 

an equal number of shock offset/tone pairings; these responses may have 

interfered with the test for conditioned reinforcement. 

Example of one Phase B Session 

a. 6 shock-offset/tone pairings 

b. four min. shaping period 

c. 3 shock-offset/tone pairings 

d. four min. shaping period 

e. 5 shock-offset/tone pairings 

f. four min. shaping period 

g. 4 shock-offset/tone pairings 



h. four min. shaping period 

i. 2 shock-offset/tone pairings 

j. four min. shaping period 

Phase C: Operant Discrimination-Test 
for Conditioned Reinforcement 

1. Eighteen 1 hr. sessions for rats 1, 4. 
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2. Conditioning and test trials were presented alternately within 

each session. 

a. Conditioning trials: Twenty shock offset/tone pairings. 

b. Test trials: Discrimination training 

1) Light-on: 750 ms. tone presented for lever pressing. 

2) Light-off: No tone for lever pressing. 

There were 10 light-on and 10 light-off intervals per session 

(approximately 1.5 min. per interval). 

Once the bar press was established with the previous shaping 

procedure, and it occurred at some relatively stable rate, the dis-

criminative control phase was initiated. Conditioning and test trials 

continued to be presented alternately. The only change was the intro-

duction of discrimination training during the test trials. A lever 

press would be followed by the tone only when the light above the 

manipulandum was illuminated. When the light was off, no tone was 

presented for lever pressing. This constituted a differential rein-

for cement ~rocedure with the tone as the reinforcer. These light-on 

light-off intervals were selected randomly from a series of intervals 

with a range of one to two minutes and a mean of 1.5 minutes. There 



were two light-on and two light-off intervals before a return to the 

shock offset/tone pairings. There was, therefore, a total of ten 

light-on and ten light-off intervals during an experimental session. 

A special contingency was arranged for the alternating light

on light-off intervals. Any lever pressing during the last six 
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seconds of any light-off interval delayed the onset of the light-on 

interval for another six seconds. This contingency prevented the 

light-on interval, together with a potential press and subsequent tone, 

to immediately follow lever pressing during the light-off interval. If 

the tone functioned as a conditioned reinforcer, discriminative control 

might be extended even to the light-off condition. Any such increased 

lever pressing during the light-off interval would distort the results 

of this discrimination phase. 

Example of one Phase C Session 

a. 6 shock offset/tone pairings 

b. test for conditioned reinforcing properties of the tone 

(i.e., establishment of discriminative control for bar 

pressing). 

1. light-off: mean duration of 1.5 min. 

2. light-on: mean duration of 1.5 min. 

3. light-off: mean duration of 1.5 min. 

4. light-on: mean duration of 1.5 min. 

c. shock offset/tone pairings 

d. test for conditioned reinforcement (see b above) 

e-j. repetitions of the above. 
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It should be noted here that although the bar was present 

during all conditioning trials, at no time did a response terminate 

shock. Some responses did occur between the shock offset/tone pairings 

in both the operant response shaping and discrimination test phases 

(i.e., B and C). The analysis of the responses during the operant 

response shaping phase (B) did not include the responses occurring 

during the conditioning trials. This seemed to be the most appropriate 

and conservative course since this would only inflate the shaping effect 

of the tone-produced responses. These responses were included, however, 

in the analysis of the light-off segments during the discrimination 

test for conditioned reinforcement phase (C). - This was done because 

any responses occurring during the conditioning trials were responses 

to a "light-off" condition and, again, this appeared to be the con

servative approach. 



ADDENDUM TO METHOD 

Following Phase C for rats 1 and 4, a new procedure was 

employed for an additional six sessions. The operant chamber was modi-

fied to include a "false partition" that could be inserted into the 

chamber to prevent access to the bar during the shock offset/tone pair-

ings. Since the bar was present during conditioning trials in previous 

phases, it is possible that the bar may have acquired some conditioned 

aversive properties that interfered with or minimized the conditioned 

reinforcing effects. The barrier would prevent establishment of any 

such aversive control for the various physical properties of the bar. 

Phase cr: Operant Discrimination-Test 
for Conditioned Reinforcement 

with the False Partition 

Training continued for rats 1 and 4 for six final se~sions with 

th~ partition in place during the shock offsetftone pairings. All 

other contingencies were identical to Phase C. 

To control for the previous training history of these two rats, 

two experimentally naive rats (5 and 6) were run through all phases of 

the study with the partition in place during all conditioning trials. 

There was a total of 22 sessions for these rats. Only rat 5 proceeded 

from the operant response shaping phase (B) to the discrimination test 

for conditioned reinforcement (C). 
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RESULTS 

Fig. 3 presents the overall results of the study for the 

experimental animals (rats 1-4). The data were analyzed in terms of 

the median number of responses per phase. The median was used as the 

measure of central tendency due to the skewed nature of the results. 

The vertical lines with brackets (I) indicate the average deviation of 

the responses in each phase. The results are organized according to 

whether or not a response shaping effect was obtained during Phase B. 

The two upper records (rats 2 and 3) indicate no successful shaping; 

the two lower records (rats 1 and 4) reveal successful shaping. 

Inspection of the baseline (Phase A) reveals low levels of 

responding for rats 1-4. Phase B involved operant response shaping, 

with the tone as the purported conditioned reinforcer. No definitive 

shaping effect was noted for rats 2 and 3 (i.e., the two upper records) 

across 23 experimental sessions. Rats 1 and 4 (i.e., the two lower 

records), however, showed marked increases in the number of lever 

presses over baseline levels (rat 1: median number of responses = 31; 

rat 4: median 14). 

Phase C involved discrimination training, which was used as the 

test for conditioned reinforcement. Rats 2 and 3 did not proceed to 

Phase C because stable levels of responding could not be obtained in 

the prior phase. Results for rats 1 and 4 indicated that discriminative 

control by the light for bar pressing was not established. In fact, 

there was a greater median number of lever presses during the light-off 
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segments (rat 1: median number of responses to light-on = 1.50, 

light-off = 2.00; rat 4: median light-on = 7.5, light-off = 20.5). 
I 

Phase C involved discrimination training with the false par-

tition in place during all shock offsetftonepairings. Low levels of 

responding occurred during both the light-on and light-off segments to 

show that no discriminative control was established for rats 1 and 4. 

Phase A: Pavlovian Conditioning/Baseline 

Fig. 4 presents details of the baseline levels of responding 

across training sessions for rats 1-4. It is evident that little 

responding occurred for the four experimental rats across the three 

baseline sessions, and there was no upward trend in any of the four 

baseline records. 

Phase B: Operant Response Shaping 

Fig. 5a presents detailed results across. training sessions for 

the operant response shaping phase. No substantial shaping effect was 

noted for rats 2 and 3 (i.e., the two upper records). Rat 2 showed 

erratic but low rates of responding during the first five sessions. 

With the exception of two lever presses at session eleven, no addi-

tional responses occurred during this phase. A similar pattern of 

responding occurred for rat 3. 

Marked increases over baseline levels were noted for rats 1 and 

4 (i.e., the two low~r records). Results for ret 1 indicated minimal 

pressing during the first two sessions, followed by a marked increase 

with stable level~ for sessions 3, 4, and 5. Rat 4 showed a steady 
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increase in the number of lever presses for sessions 1 through 3. A 

slight diminution in responding occurred at session 4, but the terminal 

performance at session S resulted in 37 presses. It appeared, there-

fore, that the tone had an effect in increasing levels of responding 

over baseline performance. 

The results for rats Sand 6 are ~ included in Fig. Sb. 

Recall that these rats were used in a "post hoc" procedure to control 

for the possible establishment of a conditioned aversive function for 

the.manipulandum, which may have interfered with the presumed condi-

tioned reinforcing properties of the tone. If this played an important 

role, one would expect a substantial shaping effect in phase Band 

increased likelihood of the establishment of discriminative·control in 

Phase C. The two lower record~ reveal that only rat S showed a shaping 

effect. Following eight sessions of minimal pressing, this effect was 

evident during sessions 9 through 13. Rat 6 maintained low levels of 

responding throughout 23 sessions; no shaping was produced. These 

results are consistent with those for rats 1-4 in that only one-half 

of the sample showed an increase in responses across sessions. 

Phase C: Operant Discrimination-Test 
for Conditioned Reinforcement 

Fig. 6a presents the results for the operant discrimination test 

for conditioned reinforcement. The dashed lines with open triangles 

(A-----~) indicate the number of lever presses to the light-on 

periods. Solid lines with dots (-.-------) reveal the number of presses 

to the light-off periods. Results of this discrimination training for 
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rat 1 (i.e., the upper record) revealed no acquisition of discrimina

tive control for lever pressing during the light-on segments. There 

were a few sessions in which the number of presses to the light-on 

segments were greater than those to the light-off (e.g., sessions 1 

and 6) but this difference was not maintained. The number of lever 

presses decreased to low levels at session 7 (light-on = 1; light-off 

= 3) and remained low until the end of this phase. 
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Results for rat 4 (i.e., the lower record) revealed a high 

variability in the number of lever presses across experimental ses

sions. As was true for rat 1, there was no substantial acquisition of 

discriminative control during the light-on phases. Inspection of these 

data reveal that there were only four sessions where a greater number 

of responses occurred to the light-on periods. The 92 and III lever 

presses to the light-off intervals at sessions 4 and 7 seemed to be the 

result of an "emotional" burst of responding bearing a similarity to 

~hock-induced aggression (e.g., Azrin, Hutchinson, and Sallery 1964). 

As was true for rat 1, number of responses decreased to both the 

light-on and light-off segments across the experimental sessions. 

There were nine sessions of discrimination training for rat 5 

(i.e., Fig. 6b). No consistent discriminative control can be claimed 

to have been established for the light-on segments. Unlike rats 1 and 

4, a partition had prevented rat 5 from access to the bar during the 

conditioning trials of this phase. 
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Phase C: Discrimination Training 
With False Partition 

Discrimination training was continued for rats 1 and 4 for six 

additional sessions with the partition in place during all shock 

offset/tone pairings. Fig. 7 indicates that this manipulation had no 

effect on the number of lever presses for either rat 1 or 4. Both 

rats continued to respond to the light-on and light-off segments at 

low or zero levels. 
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DISCUSSION 

The distinctive feature of this study was the test for condi

tioned reinforcement. According to a stimulus control formulation, 

conditioned reinforcement may be claimed only if the purported con

ditioned reinforcer results in the establishment of discriminative 

control over some response. As outlined previously, a response fre

quency criterion alone is probably inadequate for tests of conditioned 

reinforcement. Beck (1961), Lolordo (1969), and Siegel and Milby 

(1969) suggested that a number of stimulus functions will be estab

lished during conditioning trials that may influence the frequency or 

occurrence of some criterion response. The central concern of previous 

investigations was to control for these additional stimulus function in 

order to isolate the conditioned reinforcing properties. As noted by 

Lolordo (1969) and Siegel and Milby (1969) controlling for, or 

separating out, these competing effects through either group designs or 

single-subject chaining procedures is difficult. In fact, with the 

possible exception of Bellingham et ale (1975), none of the control 

procedures utilized by previous investigators can be considered suc

cessful. 

Besides the conditioned reinforcement test itself, an addi

tional deficiency of this research is that a comprehensive survey of 

the stimulus functions established during the pairing of an event with 

the termination of shock had not been made. These variables need to be 

specified to allow for appropriate experimental control procedures. 
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The present study included such a specification, and the implications 

of this for future research will be discussed shortly. 
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Tests of conditioned reinforcement that incorporate the 

acquisition of discriminative control eliminate the interpretative 

problems inherent in tests using only a response frequency criterion. 

Only reinforcement may establish discriminative control over a 

response; if the purported conditioned reinforcer does this, then con

ditioned reinforcement has been demonstrated. If not, conditioned 

reinforcement may not be claimed. This discriminative control test is 

a significant departure from previous research in that it appears to 

allow for an isolation of conditioned reinforcing properties. There 

remains, however, the problem of isolating or minimizing the effects of 

all other possible stimulus functions that may successfully compete 

with the conditioned reinforcing properties. 

The results of this study demonstrated successful response 

shaping for three of the six subjects during the operant response 

shaping phase (B). The tone that had previously been paired with 

shock termination did increase the frequency of a lever press it fol

lowed. Phase B of this study was, therefore, a replication of previous 

studies employing response acquisition procedures. Interestingly, no 

shaping effect was evident for the other three rats. This apparently 

was a function of the competing variables operating in this situation, 

and apparently is not an uncommon occurrence in this type of research. 

Half of the subjects in Davenport's (1970) chaining study had to be 

discarded because the relevant contingency did not take effect. In 
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addition, the majority of the studies in this area utilized group 

designs with various types of statistical comparisons across groups. 

One can assume that a fair degree of within-group variability probably 

occurred with respect to the criterion response. 

The critical feature of this study, of course, involved the 

discrimination test of conditioned reinforcement. The tone could not 
\ 

establish discriminative stfmulus control by the light over lever 

pressing for the three rats who proceeded to the discrimination test 

phase (C). Thus, no successful demonstration of conditioned reinforce-

ment from shock termination was revealed in this study. 

Multiple Stimulus Control--Revisited 

The interpretation of the present results necessitates a 

reexamination of the various stimulus functions that are established 

during repeated pairings of an event with the termination of electrical 

stimulation. As mentioned previously, two sets of stimulus functions 

may be assumed to be established with this type of conditioning pro-

cedure (cf Fig. 1, p. 40). One set results from the 250 ms. interval 

during which the tone and shock occurred simultaneously. These 

stimulus functions appeared to provide most of the competing control 

against the establishment of the lever press and subsequent acquisition 

of discriminative control by the light. The other set of functions 

involves the pairing of the tone with shock offset, and is presumably 

responsible for any shaping and establishment of discriminative control 

effects during the discrimination test for conditioned reinforcement. 
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During the operant response shaping phase (B), these various 

stimulus functions should have been operating simultaneously, and it is 

assumed the resulting behavior of the organism would be due to an 

jnteraction, possibly "algebraic summation" of these controlling 

variables. Since only half of the subjects demonstrated a shaping 

effect, it might be instructive at this point to analyze the factors 

operating either for or against the successful establishment of the 

lever press. 

Successful Shaping Effect: Tone{Shock 
Offset Pairing 

1. Conditioned Reinforcement. The most' obvious factor, of course, 

is the conditioned reinforcement function. It may be plausible that 

the tone functioned as a conditioned reinforcer and acquired this 

function through pairing with the termination of shock. 

2. Discriminative Stimulus Control. Another stimulus function 

that may have produced the shaping effects involves discriminative 

control. Recall that a forward locomotion was required for shock 

termination. That is, the tone sounded and shock terminated as the 

animals were moving forward. It is plausible that during the shaping 

segments of Phase B the tone (and movement-produced stimulation) dis-

criminated movement toward the lever. Once a lever press was produced, 

the tone might discriminate further pressing. This discriminative 

control, and the other stimulus functions, would be maintained in 

strength due to the intermittent return to the conditioning trials. 
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3. Conditioned Stimulus Control. The same type of analysis may be 

made for the evoking function (i.e., conditioned stimulus function) of 

the tone. Presentations of the tone during shaping trials might evoke 

some forward movement or increased activity of unconditioned stimulus 

origin that may facilitate the occurrence of a lever press. This, 

admittedly, does not appear to be too likely; the conditioned rein-

forcing and/or discriminative functions seem to be the most plausible 

explanation. 

4. Emotional Operations. A fourth factor involves "emotional 

variables". The above functions, and the aversive functions to be 

discussed, may combine to produce an emotional effect. Rat 4, for 

instance, did occasionally show a delayed "shock-induced aggression" 

toward the bar (e.g., Azrin et al. 1964). Those episodes may be best 

described as attacking the bar. This, however, was not maintained in 

rat 4, and the effect was not noted with the other rats. 

Unsuccessful Shaping Effect: 
Tone/Shock Pairing 

There are. also, of course, various stimulus functions that 

should interfere with the establishment of the lever press. These, 

presUmably, resulted from the simultaneous occurrence of the tone and 

shock for 250 ms. during the conditioning trials. 

1. Conditioned Negative Reinforcement. The most obvious inter-

fering function involves conditioned negative reinforcement. That is, 

the tone may have acquired a conditioned negative reinforcing function 

during the mUltiple conditioning trials. Any response of the organism 
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which terminated this conditioned aversive stimulation should be 

negatively reinforced. Consistent with the definition of reinforcement 

as establishing discriminative control for some response, the termi

nation of these conditioned aversive properties will result in the 

acquisition of discriminative control by these same aversive stimuli 

and other properties of the environment for responses which terminate 

the conditioned aversive stimuli. Any movement-produced stimulation 

which had acquired a conditioned aversive function would operate in a 

similar manner. If the tone had functioned as a conditioned negative 

reinforcer, responses of the organism which terminated it would become 

more frequent. This mechanism could only have a detrimental effect on 

the shaping of a lever press in a situation in which tone was used as 

a suspected positive reinforcer. 

2. Conditioned Stimulus Control. Events that are paired with 

shock should acquire status as conditioned stimuli via Pavlovian 

mechanisms. These events would include the tone, various properties of . 

the chamber, and movement-produced stimulation. Since these events 

will acquire the capacity to evoke the responses that shock elicits, it 

seems reasonable to assume that these controlling variables would not 

facilitate the shaping of the lever press. 

3. Emotional Operations. Finally, it is possible that some com

plex interaction of the conditioned negatively reinforcing, discrimi

native, and conditioned stimulus functions will produce emotional 

effects detrimental to the shaping process. Any established control 



76 

conducive to the shaping of the lever press may be effectively altered 

by these emoti~nal effects. 

In summary, repeated pairings of a tone near the termination of 

electrical stimulation will produce a number of stimulus functions that 

will influence the responding of the organism. The tone/shock offset 

component should produce controlling stimuli conducive to the shaping 

process, while the tone/shock segments should interfere with the 

establishment of the lever press. All of these functions may be 

operating simultaneously during the shaping phase. One interesting 

effect that was observed for the majority of the rats was the com

petition between the conditioned aversive and either discriminative 

and/or conditioned reinforcing properties of the tone. Occasionally 

during the presentation of the tone for successive approximations to 

the lever press, one could observe a vascillating back and forth 

toward the bar. This presumably resulted from the competition among 

these various functions of the tone and some potential controlling 

functions of the bar. 

One can only spe~ulate as to the factors responsible for the 

finding that only half of the sample demonstrated a lever-press shaping 

effect. The strength of these various functions were probably changing 

with respect to one another during the course of the experiment. Even 

though three rats did not press at a stable rate, some responses did 

occur, and a significant amount of time was spent hovering near the 

bar during the shaping phase. These response strengthening effects 
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also were transitory in that response levels fell to near zero for all 

rats by the end of the experiment. 

Some authors have suggested that there is a delicate balance 

between the conditioned reinforcing and the suppressive effects of the 

shock. Wagman and Allen (1964) and Hughes and Adams (1967) maintained 

that after some intermediate number of pairings, the conditioned rein

forcing properties of the event that was paired with shock termination 

reach an apex. With continue~ pairings, the suppressive effects of the 

shock gain ascendancy and overwhelm the conditioned reinforcing 

properties. Thus, one may assume that the aversive properties are 

cumulative in tQeir effects (e.g., Weiss 1972) and effectively neutral

ize any conditioned reinforcing and/or discriminative effects conducive 

to the shaping process. 

Discrimination Test for Conditioned Reinforcement 

No discriminative control was established for the three rats 

who proceeded to the discrimination test of conditioned reinforcement. 

The tone, therefore, cannot be said to have acquired status as a con

ditioned reinforcer. There may be a number of factors responsible for 

this outcome. First of all, a conditioned reinforcing function may not 

have been established with this conditioning procedure. That is, there 

may be no conditioned reinforcement from shock termination. Another 

possibility is that the conditioned reinforcing properties, if existing 

at all, may be weak and transitory. The establishment of stable dis

criminative control would require a strong reinforcer relative to the 

other established stimulus functions, and the conditioning operation 
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does not seem to be conducive to this. A definitive test of condi

tioned reinforcement must insist that the criterion response come under 

strong and precise control of the discriminative property. Ideally, 

responses should only occur when the discriminative stimulus is on. 

The control by the discriminative stimulus may even be narrowed (i.e., 

abstracted) to the point where there is a one-to-one relationship 

between this property and the criterion response. In this case, one 

response would occur to a brief onset of the discriminative stimulus 

and this would be followed by the conditioned reinforcer. 

One puzzling result of this study involved the continued 

responding during the light-off segments of Phase C (of Fig. 5). If 

the lever press was established from the conditioned reinforcing 

properties of the tone, one would expect extinction of discriminative 

control for lever pressing during the light-off segments. Recall that 

during this phase the tone followed lever pressing in the presence of 

the light but not in its absence. One would expect that the majority 

of presses would occur in the presence of the light. However, a 

greater median number was produced during the light-off segments. This 

may, in part, be accounted for by an appeal to "emotional variables". 

As mentioned previously, the analysis of light-off presses during Phase 

C for rats 1 and 4 also included any responses that occurred to the 

conditioning trials (a functional light-off condition). Some of the 

lever presses during the light-off condition may be the result of 

"shock-induced aggression" or "enhanced arousal" during these condi

tioning trials. 
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These emotional effects may also have been operating during the 

discrimination test trials, disrupting the controlling properties of 

the environment. If the presses during the conditioning trials played 

an important role, however, one would expect that the results for rat 5 

would be different. Rat 5 had no access to the bar during conditioning 

trials and yet a greater number of presses occurred during the light

off segments. 

Another possibility involves proprioceptive control. One can 

assume that movement-produced stimulation acquired conditioning rein

forcing, discriminative, and conditioned stimulus functions during the 

conditioning trials. Since the animals were required to locomote 

forward to terminate shock during a "light-off" condition, these func

tions should have been operating during the test for conditioned 

reinforcement. To the extent that the control for lever pressing and 

locomoting forward were similar, induction of this control may have 

occurred and maintained the lever pressing during the light-off phases 

of the discrimination test (i.e., Phase C). This control would have 

been maintained in strength due to the periodic return to the condi

tioning trials. One would still, however, expect that the tone/ 

movement-produced stimulus complex to be the most effective during the 

light-on segments, especially if the tone was functioning as a con

ditioned reinforcer. Irrespective of the factors responsible for the 

light-off pre~ses, a conditioned reinforcement interpretation is not 

favored. 
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Future Research Considerations 

The results of this study raised a number of important issues 

for the conditioned reinforcement literature. The major contribution 

of this study involved the test for conditioned reinforcement. All 

previous studies of conditioned reinforcement, whether dealing with 

positive or aversive contingencies, have utilized a response frequency 

(or choice) criterion to infer the operation of a conditioned rein

forcing function. This is an inadequate test because other functions 

probably cannot be entirely eliminated that may contribute to the 

production of the criterion response. The requirement that discrimi

native control be established may provide a means by which to isolate 

conditioned reinforcing effects. 

A related contribution involved the theoretical specification 

of some of the stimulus functions established during the pairing of an 

event with shock termination. The present survey of these possible 

functions requires extensive empirical investigation to determine the 

extent of their effects. In addition, experimental procedures need to 

be developed to maximize the purported conditioned reinforcing proper

ties while minimizing the competing effects of other established 

stimulus functions. 

The major impediment to an effective analysis of conditioned 

reinforcement results from confusion about reinforcement and the 

definition of the operant. Reinforcement has been redefined here as 

the establishment of discriminative control for some response or chain 

of responses. If a conditioned reinforcement function exists and is 
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relatively robust, discriminative control should be acquired. If the 

conditioned reinforcement function is weak, one needs to investigate a 

variety of conditioning parameters and minimize competing control. A 

program of research should determine whether purported conditioned 

reinfor~ers from both positive and aversive contingencies can result in 

the establishment of discriminative control for responses. 

It seems likely that discriminative control established from 

events paired with primary reinforcers will be difficult to achieve. 

This follows from the typically unstable effects obtained from tradi-

tional tests of conditioned reinforcement and the results from the 

-Pavlovian higher-order conditioning literature (e.g., Fantino and Logan 

1979; Nevin 1973; Razran 1955). The trend of research findings may be 

clear enough at this point to call for a theoretical reformulation of 

conditioned reinforcement. 

Factors to Consider for the Successful 
Establishment of Conditioned 

Reinforcement 

Regardless of the viability of conditioned reinforcement as an 

explanatory concept in behavioral theory, there are a number of factors 

to consider for the successful demonstration of conditioned reinforce-

ment from the termination of aversive stimulation. There appear to be 

three fundamental issues to address; the strength of the conditioned 

reinforcement function, multiple stimulus control, and the selection of 

responses and stimuli consistent with phylogenetic contingencies. The 

first two factors will be discussed within the context of the two basic 



conditioning procedures utilized for the establishment of conditioned 

reinforcement from shock termination. 

Pavlovian Conditioning 
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The majority of studies have used a forward Pavlovian condi

tioning procedure in which an event, such as a tone or light, is pre

sented immediately prior to shock offset. A number of conditioning 

parameters may be important for the conditioned reinforcement function. 

Shock intensity and duration would be two important variables to 

investigate. Since the relevant pairing involves some event with the 

termination of aversive stimulation, it would seem reasonable to employ 

a level and duration of shock that would maximize the negatively 

reinforcing properties without producing an excess of aversive side 

effects. Thus, the first step involves a series of investigations to 

accentuate the negatively reinforcing properties of the shock. Another 

factor is the temporal relationship between the to-be conditioned 

reinforcer and the termination of shock; the timing of the introduction 

of this event may be critical. 

A straightforward Pavlovian conditioning procedure without 

regard to the nature of elicited responses does not appear to deal with 

the competing stimulus control problem too effectively. The condi

tioned aversive properties may be minimized through a judicious selec

tion of shock intensity and duration, but the discriminative and con

ditioned stimulus functions of the event that is paired with the 

termination of shock may remain problematic. A useful rule to follow 

would be to engineer the conditioning trials to facilitate the 



occurrence of the criterion response. That is, the various stimulus 

functions should contribute, if possible, to the production of the 

criterion response. This may be effectively accomplished with a dis

criminated escape procedure, as described in the next section. 

Discriminated Escape 
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The second major type of conditioning procedure that has been 

used involves discriminated escape. In this approach, the animal is 

required to make a response in the presence of an explicit discrimi

native stimulus to terminate shock. In the absence of the dis

criminative stimulus, the response would not terminate shock. Accord

ing to' the discriminative stimulus hypothesis (e.g., Keller and 

Schoenfeld 1950) this discriminative stimulus will also function as a 

conditioned reinforcer. In fact, Keller and Schoenfeld (1950) main

tained that the conditioned reinforcement function of a stimulus is 

dependent upon its prior establishment as "a discriminative stimulus 

for some response" (p. 236). While Fantino and Logan (1979) noted that 

this discriminative stimulus hypothesis "has not proven to be a 

generally adequate theory of conditioned reinforcement ll (p. 194), a 

discriminated escape procedure may have some advantages with respect to 

engineering the stimulus control to facilitate the production of the 

criterion response. When employing a discriminated escape procedure, 

the event that is purported to possess conditioned reinforcing proper

ties also will have discriminative control for the escape response. If 

this control facilitates the occurrence of the criterion response 

during tests for conditioned reinforcement, then a potential competing 
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variable will have been eliminated. One disadvantage of discriminated 

escape procedures is that the duration of shock cannot be controlled 

too well. If this is a critical variable, a Pavlovian pairing pro

cedure may prove to be more efficacious. That is, a certain duration 

of shock may be important for accentuating the negatively reinforcing 

properties of shock offset. In a discriminated escape procedure, the 

animal is required to make a response to terminate shock in the 

presence of a discriminative stimulus, and shock continues in its 

absence. It is obvious, therefore, that the duration of shock is not 

well-controlled with this type of procedure. 

There is also a more serious consideration with the use of a 

discriminated escape procedure. The discriminative stimulus acquires 

its controlling properties from the termination of shock, a primary 

reinforcing event. The discriminative stimulus controls the escape 

response in the presence of shock. The critical issue here is whether 

or not the discriminative stimulus will be effective in producing the 

escape response in the absence of shock and thus facilitate the 

occurrence of the test criterion response. 

The same issue may be raised with respect to the purported 

conditioned reinforcing function. If the event that possesses a dis

criminative function for an escape response in the presence of shock 

also acquires a positive conditioned reinforcing function, would one 

expect this conditioned reinforcing function to be effective in the 

absence of shock? This is an important issue because a number of 

studies utilizing discriminated escape procedures have tested for 



conditioned reinforcement in the absence of shock (e.g., Wenrich and 

Cahoon 1965; Wenrich et ale 1965). 
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Mowrer (1960) recognized this issue, but within a different 

theoretical context. He suggested that in studies of conditioned rein

forcement using positive contingencies, necessary levels of deprivation 

(i.e., food or water deprivation) had to be used when testing for 

conditioned reinforcement. In the case of conditioned reinforcement 

from shock termination, Mowrer (1960) suggested that the appropriate 

"drive" conditions be present during tests for conditioned reinforce

ment. That is, shock had to be present during these tests. The 

deprivation-like effects of aversive stimulation have been noted before 

(e.g., Skinner 1953) but this issue may be more effectively addressed 

by reference to the conditions under which the various stimulus func

tions aTe established. While it seems reasonable to test for a par

ticular function under the conditions in which the stimulus function 

was established, there are two critical problems in testing for con

ditioned reinforcement in the presence of shock. Responses of the 

organism during these conditioned reinforcement tests may produce 

postural adjustments that minimize the aversive effects of the shock. 

That is, the criterion response may be reinforced by the reduction of 

aversive stimulation. In addition, the presence of shock during test

ing introduced a host of competing variables that should effectively 

disrupt the criterion response. There seems to be no way around these 

problems, and studies using shock during tests of conditioned 
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reinforcement (e.g., Kinsman and Bixenstine 1968) are necessarily con

founded by these factors. 

Regardless, discriminative control and the purported condi

tioned reinforcing function may be operative in the absence of shock. 

Another area for investigation, therefore, would involve a determina

tion of whether a discriminative stimulus for an escape response would 

be effective in the absence of shock. If it is, then one might suspect 

that the conditioned reinforcement function is also effective. It is 

also plausible that these two functions are independent of one another 

and are differentially effective under a variety of conditions. These 

are all matters for empirical investigation. 

Species-Specific Variables 

The importance of species-specific variables in aversive 

situations have been noted by a number of authors (e.g. Bolles 1970; 

Dinsmoor 1977). These variables may be important for tests of condi

tioned reinforcement from shock termination. One factor to consider 

involves the selection of certain species. Different species may be 

differentially susceptible to the effects of shock, and it would seem 

reasonable to select members of a certain species that are especially 

susceptible to the negatively reinforcing properties of shock offset 

with a minimum of emotional effects. A second consideration involves 

the choice of environmental properties (e.g., lights, tones, buzzers, 

etc.) to be used for conditioning. That is, there are a variety of 

events that can be used as the conditioned reinforcer and for the dis

criminative stimulus for the criterion response. Selection of these 
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events should be consistent with the biological susceptibilities of the 

organism. 

Another variable that has received insufficient attention in 

this literature involves the aversive stimulus. To date, shock has 

been exclusively used for this research problem. This, presumably, is 

due to the high degree of control that the experimenter has over the 

relevant shock parameters (i.e., intensity and duration). It may be 

possible that shock produces too many aversive side effects that dis-

rupt conditioned reinforcement control. Other types of aversive 

stimulation may prove advantageous in this respect, and aversive sounds 

may provide a viable option. 

Finally, selection of the criterion response may be an impor-

tant variable. The offset of aversive stimulation should produce a 

variety of reflex responses. Events that are paired with this aversive 

offset will acquire discriminative and conditioned stimulus control for 

these responses. A response pattern consistent with the production of 

the criterion response should facilitate the eventual emergence of the 

test response. 

Test for Conditioned Reinforcement from 
Shock Termination: Maximize 

Existing Control 

The main emphasis in this paper involves a stimulus control 

analysis. Responses do not exist independently of environmental con-

trol, and this control should be capable of being programmed to facili-

tate the demonstration of conditioned reinforcement from shock termi-

nation. One area involves the test for conditioned reinforcement. 
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In the present study, a lever press had to be initially shaped 

and then brought under the discriminative control of th~ light. This 

involved a large number of conditioning trials. If it is true that 

aversive effects are cumulative, then by the time discrimination train

ing started the disruptive effects of multiple conditioning trials may 

have successfully interfered with the conditioned reinforcing proper

ties. Given these considerations, it would seem reasonable to already 

have control established for the criterion response that will later be 

brought under the control of a discriminative stimulus. If, for 

example, a lever press was initially established through positive con

tingencies (e.g., food), this would eliminate the necessity to shape 

the bar press with the purported conditioned reinforcer. The condi

tioned reinforcer could then be used to bring the already established 

lever press under the control of another property (e.g., a light). 

Once this phase of the experiment was begun, food would never again 

follow bar pressing. If the conditioned reinforcer could bring the 

lever press under the control of the light, conditioned reinforcement 

will have been demonstrated. 

The previous discussions suggest the following experiment. 

Conduct the study with an operant chamber with a retractable manipul

andum. First, establish a lever press with a food reinforced con

tingency. Once lever pressing was occurring at some stable level, 

begin a discriminated escape procedure. During this phase, the bar 

would be retracted so that the animal would have no access to it. Con

ditioning trials would involve the onset of shock and, in the presence 
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of a tone, some specific response requirement would be followed by 

shock termination. In the absence of the tone, the response would not 

terminate shock. This escape response might involve barrier jumping or 

some other response that would not interfere with lever pressing. 

After some number of conditioning trials, the lever would be returned 

to the chamber and discrimination training initiated. From the 

previous history of food reinforcement, one would expect that the lever 

had acquired a substantial degree of discriminative control for press

ing. This time, however, food would not follow lever pressing. In the 

presence of a light, the tone would follow lever pressing. In its 

absence, a response would not produce the tone. Conditioning trials 

would, of course, have to be intermittently reinstated to maintain the 

supposedly conditioned reinforcing properties of the tone. If lever 

pressing is brought under the discriminative control of the light, the 

test will be complete and conditioned reinforcement demonstrated. 

This particular approach could also be used with a Pavlovian 

conditioning procedure rather than discriminated escape during con

ditioning trials. This may be important if strict control over shock 

duration is required. 

Conclusion 

Conditioned reinforcement from the termination of aversive 

stimulation involves a number of complex problems. It is not surpris

ing, therefore, that this phenomenon has never been adequately demon

strated. 
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Future research should concentrate on the following factors. 

1) Tests of conditioned reinforcement should incorporate the establish

ment of discriminative control over the criterion response. This may 

be the only effective way to isolate conditioned reinforcing proper

ties. 2) The negatively reinforcing effects of shock termination need 

to be investigated to isolate an intensity and duration of shock that 

should maximize the conditioned reinforcing function of the event that 

is paired with shock offset. 3) A detailed specification of the com

peting variables produced from this conditioning procedure is required, 

with a means for minimizing their effects. 4) Finally, the experi

mental procedure should be designed to maximize eXisting control over 

the criterion response and to select responses and conditioning events 

consistent with phylogenetic contingencies. 
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