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Introduction 

A rather striking characteristic of the literature on punishment 

is the large and still growing disparity between the volumes of theore¬ 

tical and experimental contributions. For example, one finds in Boe's 

bibliography (this volume, Ch. ) than the very greatly accelerated 

output of research on punishment during recent years is accompanied 

by no similar trend with respect to theoretical or interpretive articles. 

Also, in most of the major learning theories of the past few decades, 

treatments of punishment axe either brief and casual (Guthrie, 1952; 

Skinner, 1938) or missing altogether (Hull, 19*0; Spence, 1956; Tolman, 

1932). The reason for this curious state of affairs may be in part 

that, whereas the interpretation of such processes as acquisition and 

retention is universally taken to be a primary task for learning theory, 

the treatment of punishment is frequently regarded as seconder;/, or 

derivative. 
I 

The concept of punishment is defined, not with respect to any 

unique class of events involved, but only with respect to a particular 

relationship of contingency. The types of stimuli used as punishers 

all occur in other situations as unconditioned stimuli for classical 

defense, escape, or avoidance conditioning. Ordinarily we speak of 

punishment only if stimulus which could serve as a basis for one of 

these types of conditioning is instead made contingent upon occurrence 

of some specified response. Although it is a logical possicility tnat 

punishing stimuli have some basic and unique property, for example that 
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of reducing associative strength, which appears only when they are 

made contingent upon response occurrences, theories based on such an 

assumption have not fared well. The principal alternative view is that 

the effects of punishment should be entirely predictable from properties 

of punishing stimuli which can be determined independently in studies 

of conditioning which do not involve punishment contingencies. The 

series of experimental studies of punishment which led to my earlier 

monograph (Estes, 1944) seemed to call for interpretation of the latter 

type. While some interpretations of this type have proven viable, all, 

including my own first attempt, have in the course of time revealed 

major shortcomings. 

In attempting to assimilate the factual input from the effervescence 

of research on punishment during the last few years, I have come to 

feel that converging iám lines of evidence triangulate quite specifically 

the point at which current interpretations of punishment require revision. 

What I should like to accomplish in the present paper is to indicate 

the nature of this needed revision and to sketch in outline how it 

leads to my own second approximation to a theory of punishment. 

By way of general organization, I propose firstly to review the 

main experimental facts leading to my 1944 interpretation; secondly, to 

evaluate and criticize that; formulation in the light both of facts 

available at the time and of others which have come to hand subsequently; 

thirdly, to offer a revised interpretation; and finally, to make at 

least a start on the job of assaying the merits of my second approximation 

for handling the much larger body of data now available. 

2 
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I. Empirical Context of Original Formulation 

Like most psychologists of my generation I was educated on an 

interpretation of punishment growing out of Thorndike's development 

of the law of effect. However. I was not at all comfortable with the 

asymmetry of Thorndike's later formulation, which held that rewards 

have a direct positive effect on strength of the preceding response 

whereas punishments act only indirectly by somehow increasing varia¬ 

bility of behavior (Thorndike, 19J1> 1935). My dissatisfaction arose 

from both theoretical and empirical considerations. On the one hand, 

it was hard to see why qualitatively different mechanisms should have 

evolved to mediate the influences of the two kinds of after effects on 

learning; on the other, the various stages of development and modification 

of the law of effect as it pertains to punishment were based almost ex¬ 

clusively on studies using punishments which involved little or no 

element of pain or trauma, usually merely indications of incorrectness 

vf response. The one published study of punishment in an operant 

situation prior to 19^0, that of Skinner (1938), yielded results in 

seeming agreement with Thorndike's conclusions, but also involved only 

very mild punishment. 

Thus my own series of studies on punishment, leading to the 19^4 

monograph, was initiated with a view to seeing whether more severe 

punishments would not yield effects comparable in uniformity and 

magnitude to those of rewards. These experiments were unequivocal in 

showing that a more traumatic stimulus, electric shock, administered 

,f 
inmediately consequent upon bar pressing responses by rats; yielded 
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reliable end uniform suppression of responding, the degree and duration 

of suppression being directly related to the intensity of the shock and 

the duration of the period of punishment. These results, which have 

been replicated many times by ocher investigators, led me to feel that 

I might have been wrong and that the effect of punisliment was simply 

the opposite of that of reward, namely to exert a direct weakening 

effect on the strength of the punished response. 

Just one bit of evidence from these studies did not quite jibe 

with this conclusion and ultimately led to my principal series of 

studies on punishment. In all respects but one the effects of punish¬ 

ment seemed to be simply an amplification of the usual effects of non- 

reward on a previously food rewarded response. The exception had to do 

with recovery from punishment. If, following training of a response 

with food reinforcement, a series of sessions of extinction is given, 

frequency of responding simply declines in regular fashion from one 

session to the next as seen, for example, in the control curve of 

Figure 1. If, however, responses during the first extinction period 

are punished., then, under some conditions, the curve of response frequency 

per period does not decline regularly during subsequent sessions of 

unpunished extinction but rather exhibits recovery, semetimes rejoining 

the control curve at seme point, as in the case of the lower experimental 

curve in Figure 1, and sometimes exceeding it (compensatory recovery) 

as in the case of the upper experimental curve in Figure 1. This figure 

is based on data from Experiment F of my 1^ monograph. The essentials 

of the experiment are that the control group and one experimental group 
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received one hour of four-minute, fixed-interval food reinforcement for 

bar pressing after initial conditioning and the other experimental group 

five hours; then all groups received a forty-minute period of extinction 

during which both experimental groups were punished with shock for all 

responses; finally, on four consecutive days all groups received one 

hour periods of extinction. 

Aside from the partial recovery from the effects of punishment, 

another feature of this result bears emphasis, namely the fact that 

resistance to the effects of punishment varies directly with the 

amount of previous training. This relationship has been somewhat 

obscured by later studies which have shown in sane instances that 

resistance to punishment is essentially unaffected by different amounts 

of '•.raining under conditions of 100^ reinforcement. I do not know of 

any results in the literature, however, which throw any doubt on the 

generalization that resistance to punishment is an increasing function 

of the amount of training when training is given with intermittent 

reinforcement. 

The findings concerning recovery suggested strongly that punishment 

must involve a process distinct from simple extinction and following a 

different time course. If punishment and extinction were two alternative 

conditions yielding the common result of weakening response strength 

(so that the addition of punishment simply accelerated the course of 

extinction), then the curves for the experimental groups should have 

continued to decline following the period of punishment and, in 

particular, should never have crossed the control curve. One par- 
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simonious interpretation can be formulated in terms of stimulus 

generalization effects. Since the introduction of punishment involves 

a novel stimulus, electric shock, which was not present during acquisition, 

the shift frcm punishment plus extinction to simple extinction returns 

the organism from a stimulus situation differing drastically from that 

of acquisition to one more similar to that of acquisition. However, 

this hypothesis would imply a greater relative recovery effect following 

more intense punishment. Another superficially plausible interpretation 

involves the effects of changes in relative reward value of the outcomes 

of responses. Presumably the combination of punishment and absence 

of food reward would be the outcome of lowest reward value; thus a 

shift from punishment plus extinction to simple extinction would in¬ 

volve an increase in rate of responding. As in the case of the general¬ 

ization hypothesis, however, this interpretation would imply greater 

relative recovery following more severe punishment, which is certainly 

contrary to fact. 

A more promising interpretation was suggested by some independent 

sources of evidence which came to hand at just about the time of the 

studies of punishment and recovery. I refer to the initial experiments 

on the establishment of the conditioned emotional response (CER) 

(Estes & Skinner, 19^1) which showed that a stimulus which precedes 

a noncontingent shock acquires the capacity of suppressing ongoing 

behavior. In view of this finding, it appeared that the effects of 

punishment must be due at least in part to the establishment of a CER 

to cues which were rormally part of the discriminative stimulus complex 
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for the response, and thus necessarily paired with shock on punishment 

trials. 

Two major testable implications of this assumption came immediately 

to mind. The first was that it should be possible to mimic the effects 

of punishment to some extent simply by giving periodic electric shocks, 

uncorrelated with the animal's behavior, during a period when it was 

engaged in responding for food reward. Experiments of this type were 

done and the results were generally confirmatory, the effects of non¬ 

contingent shocks being to generate a suppression of operant behavior 

with time courses of suppression and recovery generally similar to 

those of response contingent punishment. More importantly, it should 

be possible following a period of response contingent punishment to 

accelerate greatly the course of recovery by giving a period of adap¬ 

tation in the apparatus with the manipulandum for the operant response 

removed but with opportunity for extinction of the CER to other cues 

normally a part of the discriminative stimulus complex for the response. 

Results of experiments of this type are exemplified by the one portrayed 

in Figure 2 (from Experiment J of my 19^^ monograph). Following training 

on four-minute fixed interval food reward for bar pressing, both groups 

were given a ten-minute period of response-contingent punishment for 

al 1 responses, reward being discontinued; then the adaptation group 

was olaced in the boxes with the levers removed for two one hour 

periods in order to permit extinction of the CER to cues of the 

experimental situation, the no adaptation group not being exposed to 

the apparatus during these periods. During the subsequent six hourly 

periods of simple extinction, recovery from the effects of punishment 
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was very greatly accelerated in the case of the adaptation group, 

providing rather cogent support for the idea that at least a ma^or 

portion of the nomal effect of punishment may he accounted for in 

terms of the establishment of a CER. 

II. First Approximation to a Theory of Punishment 

The set of results just described, together with those of the 

classical experiments already in the literature concerning effects of 

delay of punishment and the like, all seemed to point, to an inter¬ 

pretation in terms of a theory which assumes the primary mechanism in 

punishment to be the establishment of a CER. Upon an occurrence of 

punishment of a response, the punishing stimulus provides a basis for 

establishing a CER to any cues inmediately preceding the evocation of 

the punished response, such as experimentally controlled discriminative 

stimuli, cues associated with the manipulandum involved, and to a lesser 

extent general background stimuli. Then on subsequent occasions, when 

the animal is exposed to these same cues, the CER will be evoked, leading 

to suppression of ongoing operant behavior, including, in particular, 

the previously punished response. The differences between effects of 

response contingent and noncontingent punishment would be interpreted 

simply as a matter of differential opportunities for establishing a 

CER to cues closely associated with occurrence of th¿ punished response, 

— in the case of lever pressing, cues associated with the lever and 

the movement of the lever itself. 

This mechanism by itself would appear to account for the usual 

suppressive effects of punishment and their functional relationships 
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Figure 2. — Recovery from effects of punishment of a previously rewarded 

response in relation to opportunity for adaptation to apparatus 

cues between the period of punishment and the first period 
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to intensity of the punishing stimulus, duration of period of punish¬ 

ment, delay of punishment, and differences between contingent and 

noncontingent punishing stimuli. Further, it allows for difierent 

rates of recovery following different amounts of punishment and also 

for the acceleration of recovery by fdaptation to stimuli in the 

experimental situations during a period when the punished response is 

prevented from occurring. 

The principal limitation of the CER interpretation, relative to 

the facts available at the time of its formulation, was the difficulty 

of accounting for instances in which recovery from effects of punishment 

could evidently be delayed indefinitely by a prolonged period of severe 

punishment. What seemed to me at that time the most parsimonious aug¬ 

mentation of the theory to handle this observation was to assume that 

with adequate opportunity a withdrawal response, incompatible with 

execution of the punished response, might become conditioned to the 

cues previously leading to the former; that is the organism would estab¬ 

lish a conditioned avoidance response (CAR). 

III. Evaluation of the CER-CAR Theory 

The two factors, CER and CAR, in varying combination, seem to 

characterize most interpretations of punishment espoused by other 

investigators down to the present. Both are prominent, for example, 

in the major recent reviews of the field by Church (1963)» an<i b 

Folomon (1964). The most popular version seems to be a two-stage 

combination: The first instances of punishment lead by classical con¬ 

ditioning to establishment of a CER; then some response which terminates 
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the conditioned stimuli for the CER, or removes the animal from them, 

is reinforced by this termination (reduction of fear or anxiety). The 

instrumental avoidance response thus established being in direct com¬ 

petition with punished response, results in its suppression. Different 

versions of this interpretation have been presented by Dinsraoor (195*0, 

though in somewhat different terms, and Solomon (196*0, among other«. 

The CAR component of the dual process interpretation has proven, 

in my estimation, to be the weak link. Firstly, the notion that 

suppression of a response by punishment is primarily the result of its 

displacement by a competing avoidance response was never founded in 

direct observation of the supposed process of avoidance conditioning. 

Secondly, the uniformity with which a response is suppressed by punish¬ 

ment of sufficient intensity does not jibe with the extreme difficulty 

observed in many situations in establishing avoidance responses with 

similar shocks as unconditioned stimuli. Further, the time courses of 

the two classes of phenomena are not at all similar. Only under a very 

few special circumstances does one ever observe rates of avoidance 

conditioning comparable to the rates at which suppressive effects of 

punishment appear under a wide range of conditions. Finally, the 

effects of the same punishing stimulus are often observed to be quite 

different depending upon whether the punished response has been main¬ 

tained by a positive reward, such as food, or by escape or avoidance. 

Frequently responses previously reinforced on an avoidance schedule 

are not suppressed by punishment and may even be facilitated. All 

this is not to say that in some situations involving punishment active 
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avoidance responses may not ultimately be established. However, the 

weight of the evidence seems to me to indicate that the conditioning 

of active avoidance responses cannot be a necessary condition for 

suppression of a response by punishment, and further, that probably 

the immediate suppression of ongoing behavior by punishment is a 

facilitating, if not necessary, condition for the establishment of 

active avoidance responses in the same situation. 

The notion of suppression of ongoing behavior by a CER consequent 

upon the occurrence of punishment seems descriptively sound so far as 

it goes. The conditions under which prompt and uniform suppression of 

responding by punishment occurs are precisely those known to be favorable 

for establishment of a CER. However, there is a basic conceptual weak¬ 

ness: Namely, it has never been spelled out in detail why and how a CER 

suppresses ongoing behavior. Most investigators in this area have been 

content to note that the animal "freezes" upon occurrence of a stimulus 

which has preceded shock. However, the notion of freezing simply 

describes a behavioral phenomenon without elucidating the process or 

mechanism involved. 

My own original assumption, though not spelled out either in the 

Estes & Skinner (19^1) article or in my 19*+^ monograph was that a CER 

exerts its effects on ongoing behavior essentially via stimulus generali¬ 

zation decrement. A stimulus which precedes shock will become a CS 

for a variety of visceral and skeletal reactions all carrying characteristic 

interoceptive and perhaps also proprioceptive stimuli. Then upon the 

occurrence of that CS in an operant situation, this barrage of stimuli, 

11 
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novel to that situation, will suddenly be elicited and, simply by 

changing the stimulus conditions under which the operant behavior has 

been learned, will lead to a decrement in response rate. 

In hindsight I can see three major weaknesses in this interpreta¬ 

tion. Firstly, as in the case of the avoidance interpretation, 

independent evidence for the assumed process ha not been forthcoming. 

Secondly, the time course of suppression of behavior by a CER or by 

punishment does not prove similar to the time course of a disturbance 

of behavior by simple extraneous stimulation. In the case of the latter, 

the maximum effect is always manifest upon the very first trial in 

which the extraneous stimuli are introduced, with a monotone course of 

recovery as the new stimuli become conditioned under the continuing 

reinforcing schedule. Contrariwise, the effects of punishment generally 

increase with repetitions and, if the stimulus is of sufficient intensity, 

no recovery is observed so long as punishment is continued. Thirdly, 

the effects of CER have turned out to depend upon the nature of the 

baseline behavior, the stimulus for the CER suppressing ongoing behavior 

if it has been maintained on a positive reward schedule but facilitating 

ongoing behavior if it has been maintained on an avoidance schedule 

(Herrnstein & Sidman, 1948; Waller & Waller, 1963). This last result 

could be brought into harmony with a generalization decrement hypothesis 

by means of some plausible additional assumptions, but I think it ma., 

be better simply to take it as a straw in the wind pointing toward a 

more satisfactory interpretation of a somewhat different character. 
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IV. Second Approximation to a Theory of Punishment 

In order to simplify the following exposition, I shall begin with 

a few demurrers, for the theory to be outlined is not intended to be 

complete enough to provide a full and detailed interpretation of a 

wide range of experiments on punishment. Firstly, the conditioning 

of active avoidance responses in punishment situations is not an 

integral part of my interpretation; however, this is not to deny that 

such conditioning may occur. When conditions are such as to facilitate 

establishment of a CAR, the effects of punishment will naturally be 

prolonged, but I believe it possible to account for the main facts 

about punishment without appeal to the learning of competing responses. 

Secondly let us understand that, as Church has brough out nicely in 

his 1963 review, the punishing stimulus has properties of stimuli in 

general as well as those peculiar to its class, and, further, that in 

most situations punishing stimuli will have greater weight than ordinary 

background cues or discriminative stimuli. The notion of weight may 

be equated roughly with "attention value" or, in the context of stimulus 

sampling theory, the number of associated stimulus elements. (The 

ideas involved are precisely those that 1 have previously developed 

in connection with drive stimuli [Estes, 1958]). Thus, the interpre¬ 

tation to be sketched in the sequel will be limited to the primary 

process believed to mediate the distinctive effects of punishment 

which cannot be accounted for simply by the effects of the punishing 

stimulus por se. 

In the light of the ensuing quarter century of research, I believe 
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no» th.t I was right hath In the early 1^0's, both in assuming that 

the effects of reward and punishment should be essentially synnetrlcal, 

and also In concluding that Interpretation of punishment mulres a 

separate process rather than a simple weakening of associative strength. 

I think that where I went wrong, in the Illustrious company of Thorndike, 

Skinner, and Hull, among others, was in assuming the effects of reward 

to involve a simple, direct strengthening of associative ccnnections, 

and thus in looking for the wrong kind of symmetry. What I wish now 

to outline is a dual process Interpretation of both reward and punish¬ 

ment, with an associative process ccmmon to both but with reward and 

puniahment each Involving separate, though symmetrical, effects upon 

performance. 

Unfortunately for convenience of exposition, the organism's behavior 

is not so compartmentalized that one can present a theory of punishment 

without reference to other processes having to do with discrimination, 

drive, and reward, among others. As a compromise for our present purposes, 

I shall begin by sketching seme modifications in the general statistical, 

theory of learning presented in earlier papers (e.g., Estes, 1950, 1959) 

that seem to be called for by new sources of evidence on reward and 

punishment and then shall indicate how some of the principal phenomena 

of punishment can be treated within the new framework. 

A convenient point of departure is my paper concerned with the 

stimulus sampling interpretation of drive (Estás, 1958). The primary 

assumption was that the organism's behavior at any time is jointly 

controlled by stimuli of external origin, discriminative stimuli or 
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cues, and by stimuli of internal origin, drive stimuli. At any moment 

the stimulus population available for sampling by the organism was 

assumed to comprise elements of both types, the number of cue elements 

being a function of such experimental manipulations as the presentation 

of discriminative stimuli and the number of drive elements being a 

function of such variables as deprivation time. Any individual stimulus 

element of either type was assumed to be associated with (or, "connected 

to") exactly one response at any given time and the probability of a 

response was assumed to be equal to the proportion of the elements 

currently sampled, regardless of origin, associated with the given 

response. That is, cues and drive stimulus elements were assumed to 

be strictly interchangeable and to combine additively in their effects 

on behavior. Further, th*» determination of response probability by 

the stimulus sample was assumed to be exhaustive. That is, given the 

makeup of the stimulus sample, response probability was fully specified; 

variables having to do with drive or motivation could influence behavior 

only insofar as they might control the set of stimuli in the current 

sample. 

Within that framework, there were basically only two ways in 

which punishment could modify behavior: (l) by directly changing the 

state of conditioning of stimulus elements previously associated with 

the punished response; or (2) by evoking behaviors incompatible with 

the punished response under conditions conducive to counter-conditioning. 

But the many lines of accumulating evidence uriefly surveyed above have 

convinced me that the former of these conceptions is incorrect and 

15 



the latter insufficient. Rather, it appears that the effects of 

punishment must primarily be exerted via the weakening of motivational 

support for the punished response in a manner not provided for by 

earlier associationistic theories. 

I now propose to replace the assumption of simple, additive stimulus- 

response connections with what may be termed a summation or stimulus 

amplifier, hypothesis. In the reformulation, it will be assumed that 

the occurrence of response requires a summation of input from stimulus 

and drive sources. Regarding the latter, the primary function of 

drives and rewards is to act as, so to speak, stimulus amplifiers. 

Except perhaps in the case of certain reflexes, response evocation 

requires that the stimuli associated with the given response as a 

result of previous learning or innate organization summate with internally 

generated amplifier elements. It would be natural to refer to these 

as "drive elements" but a new term without so many associations may 

help avoid confusion with the closely related conception of ordinary 

discriminative elements which arise from drive-related operations such 

as eating and fasting. 

The principal addition to the structure of earlier stimulus 

sampling theory is that of a source, or generator, of amplifier elements 

associated with each of the principal drive systems, e.g., hunger, 

thirst, pain. It will be assumed that each of these generating sources 

provides a certain base rate of input of amplifier elements ' nder a 

given deprivational or stimulating condition and that local changes 

in the input are evoked by the occurrence of traumatic stimuli, 
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Stimuli for consummatory behaviors, and the like. 

Although the precise form of quantification is not of central 

importance for our present purposes, the response evocation process 

conceived in the new theory may be most easily clarified by comparing it 

with that of earlier versions of stimulus sampling theory. In the former 

(see, e.g., Estes, 1959; LaBerge, 1959) it is assumed that on any trial 

of a learning experiment the organism draws (-perceives-) a sample of 

the available discriminative cues, seme of which may be connected to the 

reference response as a result of preceding learning, some to competing 

responses, and perhaps some to neither. Elements which are not connected 

either to the reference response or to alternative competing responses 

which may occur in the given situation are customarily termed -neutral- 

elements (LaBerge, 1959). Having drawn a sample of elements, the organism 

scans these singly, the scanning continuing until an element is processed 

which is connected with a permissible response, and then that response 

is made overtly. Thus, response latency depends upon the density of 

neutral elements in the sample, and the probability of a given reference 

response is equal to the proportion of nonneutral elements in the sample 

which are connected with that response. 

In the revised theory, the sampling and scanning processes are 

assumed to proceed in the same way, but with one major qualification. 

Namely, when a nonneutral element in the stimulus sample is processed, 

it will evoke a response only if an amplifier element is sampled simul¬ 

taneously. Under any given drive-reward condition there is some pro¬ 

bability that any given element in the sample will be processed 

simultaneously with an amplifier element. The latency of the evoked 
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response will vary inversely with this probability, but the probability 

of a given reference response relative to competing responses will be 

unaffected. However, as will be developed in more detail in the sequel, 

different stimuli in an experimental situation may, as a result either 

of innate organization or of learning, have different probabilities of 

being accompanied by amplifier inputs; thus, in effect, the stimuli will 

have different weights in response determination. 

The way in which amplifier elements enter into learning can be 

elucidated in terms of one of the positive drive systems, say that 

associated with hunger, and a negative system, say that associated with 

pain. It will be assumed that prior to any learning experiences the 

amplifier input of a given system is connected to a family of stimulus- 

response units, those having to do with consummatory behavior in the 

case of hunger, those having to do with escape, attack, and other 

defensive behaviors in the case of pain. When for example, an animal 

becomes hungry, the base rate of input of amplifier elements to the 

appropriate family of responses increases; this in itself does not lead 

to overt response occurrences, but it provides a basis for summation of 

amplifier elements with any unconditioned or conditioned stimuli for 

consummatory responses which may become available. 

Although we cannot go into detail in this paper, it may be seen 

that the proposed mechanism for combining effects of discriminative 

and drive inputs will account in a natural way for a number of phenomena 

which have been awkward to handle in the earlier theory. One of these 

is the ccmmonly observed disparity between the strong control of rate 

and speed of responding in simple operant situations by deprivation 
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conditions and the difficulty of developing discriminations based upon 

different deprivation conditions. The former relation results, in the 

present model, from the direct relationship between input of drive 

amplifier elements and the probability that currently available dis- 

criminative cues will receive the summation necessary to lead to response 

evocation. The difficulty of discrimination arises from the fact that, 

although the amplifier inputs associated with two drive conditions, say 

hunger and thirst, may be quite distinct they do not by themselves evoke 

overt responses, and the populations of interoceptive or proprioceptive 

cues associated with different deprivations have high proportions of 

element in common. Secondly, the covariation in strength, or probability 

of occurrence, of families of responses as a function of such operations 

as deprivation is more readily handled in the revised theory, since it 

is no longer assumed that any particular amplifier element can be 

associated with only one response at a given time. Thirdly, the 

dissociation between thresholds determined electrophyBiologically and 

thresholds determined by behavioral preference tests fits naturally 

into the present schema. For example, adrenalectcmized rats show a 

markedly reduced threshold for salt in preference tests but no difference 

from normals in electrophysiological determinations (Pfaffmann & Bare, 

1950); in the present terms, the result of adrenalectomy is to increase 

the input of amplifier elements to a consummatory response system 

involved in the ingestion of salt solutions, while the sampling pro¬ 

babilities of gustatory stimuli are unaffected. 

The two additional revised assumptions of greatest import have to 
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do with reciprocal inhibition and with conditioning. Regarding the 

former, it is assumed that the activity of the negative, flight-attack 

system results in reciprocal inhibition of the activity of generators 

belonging to positive drive systems. Thus, whereas in many extant 

theories (including Thorndike's formulation of the law of effect, I93I; 

Guthrie's contiguity theory, 1952; previously published accounts of 

statistical learning theory, as Estes, 1959; and perhaps also Hull's 

theory, 19^3* 1952) an account of the suppression of positively motivated 

behavior by punishment must involve appeal to competing responses, in 

the present theory the immediate effect of punishment is to reduce the 

supply of amplifier elements needed for maintenance of the positively 

motivated behavior. This I am inclined to regard as a considerable 

advantage in view of the long history of meagre success on the part 

of many investigators in attempting to pin down the specific competing 

responses evoked by various punishing stimuli. 

The assumed conditioning process needs to be spelled out in some 

detail since it differs somewhat frem that embodied in my own earlier 

theory and, to the best of my understanding, from those of other extant 

learning theories. Considering first a positive system, such as that 

involved in hunger and food ingestion, the generation of amplifier 

elements is assumed to be jointly controlled by deprivation conditions, 

which by themselves provide a relatively steady base rate of amplifier 

input, and by stimuli, gustatory in this instance, which initiate con- 

summatory behavior. Occurrence of the latter yields a momentary 

increase in amplifier input, which in turn provides a basis for summation 
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and thus facilitation of subsequent components of the chain of consummatory 

responses. Through conditioning by contiguity, the capacity of certain 

stimuli to evoke changes in drive input is transferred to other stimuli 

which immediately precede them; over a series of occasions the facilita- 

tory effects move backward, that is begin to occur anticipatorily. At 

a later stage in the conditioning process, cues which occurred prior 

to those evoking the rewarded response will generate an input of amplifier 

elements facilitating approach to the latter, and so or. Thus, after 

establishment of the behavior chain leading to reward, the first member 

occurs when the organism is exposed to the appropriate discriminative 

stimulus and this summates with amplifier elements generated by the 

existing deprivation condition to evoke the first response of the chain. 

The feedback consequence of this response is to generate an increase 

in amplifier input which provides a basis for summation, and thus 

facilitates occurrence of the behaviors which follow in the chain. 

In the case cf a negative system, say that associated with an 

electric shock stimulus, the generation of amplifier elements is 

originally controlled only by the painful stimulation itself, the 

consequence of this input being to provide a basis, for summation and 

thus to facilitate the occurrence of members of the flight-attack 

family of behaviors which might occur in the presence of the shock. 

As a result of conditioning by contiguity, this control of what may 

be termed negative amplifier input is transferred from the shock to 

stimuli immediately preceding it. The anticipatory occurrence of 

the negative input entails facilitation of the family of initial responses 
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to shock and at the same tjme inhibition of the activity of any positive 

drive systems which might have been controlling the organism's behavior 

Just prior to the shock. 

Thus the consequences of variations in drive input are quite 

different in the two types of situations. When the hungry animal tastes 

food, the result is a generation of facilitative feedback that locks the 

animal in on the stimulus which initiated the consummatory activity and 

helps insure that the chain of consummatory behavior will run to comple¬ 

tion. When the animal makes a response which brings it into contact 

with a painful stimulus, the result is the generation of feedback which 

increases the probability that the organism will break contact with 

the painful stimulus. 

It should be noted that conditioning can occur between as well as 

within positive and negative drive systems. Thus, if a shock is 

followed by food, the result will be that the increase in amplifier 

input to consummatory behaviors normally following food intake will 

come to be evoked by the shock as a conditioned stimulus, attenuating 

the normally negative effects of the shock. Conditioning will occur, 

of course, only if shock is not so intense as to inhibit entirely the 

normally positive response to food which follows. Conversely, if 

food precedes shock, the negative drive input evoked by shock will 

come to be evoked by stimulation from food or cues which preceded it, 

thus leading on subsequent occasions to inhibition of the facilitative 

support for the hunger motivated behavior which initially led to 

approaching and ingesting food. A qualitative implication of this 
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assumed conditioning process is that if a response is followed by both 

reward and punishment, say food and shock, and the shock is not so 

severe as to inhibit hunger motivated behavior entirely, the animal 

should learn to delay the ingestion of food until after the shock occurs. 

V. Interpretations of CER and Punishment in the Revised Theory 

In order to give a full account of experiments involving punishment 

it would be necessary to discuss the representation of acquisition and 

extinction within the revised stimulus sampling theory in more detail 

than is feasible in the present paper. Thus in order to bring out some 

of the distinctive implications of the new theory for phenomena of 

punishment, specifically, let us simply assume an experimental situation 

in which a positively motivated operant response has been established 

and is occurring at some stable rate under the joint control of dis¬ 

criminative stimuli and deprivation-produced amplifier input. If, now, 

the organism is subjected to the usual CER conditioning procedure in 

a different situation, an originally neutral CS being presented and 

followed by a noncontingent shock, conditioning will occur such that 

after this training the CS will evoke the negative amplifier input 

originally produced by the shock. When, now, the CS is tested in the 

operant situation, the consequent generation of negative elements will 

have two effects. Firstly, via the summation process assumed in the 

theory, the probability of occurrence of responses belonging to the 

flight-attack family will be increased. Secondly, regardless of 

whether any specific overt responses occur which would be incompatible 

with the ongoing operant behavior, the increase in activity of the 
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negative drive system will reciprocally inhibit the positive system 

which had provided facilitation for the positively motivated operant 

response, thus producing a decrease in probability of the latter. 

The degree of response suppression will be a Joint function of the 

intensity of the shock and the prevailing level of positive drive input. 

An aspect of the CER experiment which has generally escaped explicit 

comment needs discussion in view of the recent study by Rescorla (1968), 

who has demonstrated the importance of the discriminative contingencies 

involved. During CER training a CS is followed by shock, and after 

conditioning has occurred negative drive activity is increased during 

both CS and shock presentations with the consequent inhibition of 

positive amplifier input. However, termination of the CS and shock 

are in consequence uniformly followed by a decrease in negative input, 

with the resulting elimination of the reciprocal inhibition and an 

increase in positive amplifier input to the prevailing level. Thus 

termination of the CS and shock become a conditioned signal for increase 

in the positive input, and over a series of occasions the suppression 

of behavior by the CS becomes progressively more sharply confined to 

the period during which the CS and shock are present. If, on the 

contrary, training were entirely nondiscriminative, that is shocks 

simply being given intermittently in the experimental situation without 

a preceding signal, then the activity of the negative amplifier system 

would became conditioned to a variety of cues in the experimental 

situation, all of which would come to have suppressive effects; on the 

other hand no stimuli would be uniformly correlated with shock termination 
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and the recovery of positive input. The result to be expected in this 

case would be a diffuse suppression of responding throughout the experi¬ 

mental session. 

As in the earlier theory, the primary mechanism of punishment is 

assumed to be the establishment of a CER, the role of the CS being 

taken on by cues which originally led to the occurrence of the punished 

response and thus were temporally contiguous with the onset of the 

punishing stimulus and its attendant increase in negative drive input. 

In this interpretation the well known importance of temporal contiguity 

between response and punishment is simply a corollary; the critical 

relation is that between the cues originally initiating the punished 

response and the onset of the punishing stimulus. Experimental arrange¬ 

ments which insure that the punishing stimulus will follow closely upon 

the response also improve the temporal contiguity between the punishing 

stimulus and the discriminative cues. 

As soon as conditioning has occurred, so that cues originally 

leading to a punished response have taken on the function of a CS for 

a CER, the occurrence of these cues will lead to an increase in negative 

amplifier activity. During presentation of this CS, the organism will 

suffer inhibition of the positive input which must be available to 

summate with discriminative stimulation in order to evoke the response. 

Whereas effects of noneontingent shocks may be expected to be eliminated 

entirely during a period of adaptation to the experimental situation 

without shock, when conditioned associations between various 

apparatus cues and negative amplifier activity can extinguish, recovery 

will generally be incomplete during a similar period of adaptation 



following response contingent punishment. In the latter case, not all 

of the cues involved in the initiation of the response will be present 

during the adaptation period , so that the CER will be protected from 

complete extinction. For example in the studies of this type that I 

reported earlier (Estes, 1944) the punished response was bar pressing 

and the adaptatior period involved exposure to the apparatus with 

the bar removed. During this period the animals might explore the 

vicinity of the bar and make some of the movements normally involved 

in approaching it, but could not expose themselves to all of the 

stimulation previously entailed in bar pressing. 

Unlike the earlier theory, the new formulation predicts quite 

different effects if CER or punishment procedures are imposed on a 

baselim of negatively rather than positively motivated behavior. 

Suppose, for example, that a CER is established in the usual way but 

that the effects of the CS are then tested during a period when the 

animal is operating a response manipulandum in order to escape shock 

rather than in order to obtain food. In this case, the increase in 

negative amplifier input during the period of the CS will add to rather 

than subtract from the level of facilitative input supporting the response. 

Although just as in the case of a hunger motivated response, the CS for 

the CER will lead to inhibition of any prevailing positive drive input, 

the only relevant effect of this will be to reduce further the pro¬ 

bability of occurrence of positively motivated responses which might 

otherwise occur in this situation in competition with the escape 

response. 
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The effects of response contingent punishment of an escape response 

are too complex to be handled in any general way at a qualitative level. 

It is clear that the suppressive effects of punishment would be less than 

for an otherwise comparable positively motivated response and that the 

degree of suppression would depend on the relative intensities of the 

stimulus being escaped and the punishing stimulus. Specification of 

the functional relationships involved and of the conditions under which 

facilitation rather than suppression of the punished response might be 

expected (as observed in studies of "vicious circle" behavior by Brown, 

I9Ö+; Martin, et al. 1964) must wait upon further examination of the 

new theory by mathematical or computer simulation methods. 

Similarly the effects of shock for correct responses in discrimination 

learning (Muenzinger, 1954; Fowler & Wischner, I968) depend upon a 

balance of parameter values and cannot be satisfactorily analyzed at 

a qualitative level. If the shock is sufficiently intense, so that 

its effects persist into the subsequent consummatory activity and reduce 

the positive drive stimulus input that would normally occur, then the 

probability of the correct response would necessarily be reduced as 

compared to an otherwise similar case in which correct responses were 

not followed by shock. However, if the intensity of the shock were 

lowered sufficiently and its effects did not diminish the positive input 

associated with subsequent ingestive behavior, then the shock would 

became a CS for activity of the positive system. The net result in 

this instance would be amplification of the effects of discriminative 

cues associated with the correct choice and a consequent improvement 
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in performance. 

Phenomena having to do with recovery from effects of punishment 

are of special interest in relation to alternative theories. Although, 

again, detailed account of the Implications of th'. present formulation 

cannot be given without mathematical analysis, some major qualitative 

predictions can be indicated and the importance of a major distinction 

between two types of experimental situations elucidated by means of the 

illustrative curves presented in Figures 3 and 4. Although the curves 

were derived from a quantitative formulation of the ideas presented 

in this paper, the curves can be understood without reference to the 

derivations. Let us consider first an experiment conducted with discrete 

trials, for example a runway experiment in which each trial terminates 

with the occurrence of the reference response. If, following a period 

of positively rewarded training, simple extinction is initiated, the 

probability of the previously rewarded response should decline along 

a negatively accelerated curve of the form indicated for the control 

condition in Figure 3. The associative relationship previously estab¬ 

lished between discriminative cues for the response and stimuli for 

consummatory behavior extinguishes over the sequence of trials when 

reward no longer follows the response; and, as the organism's tendency 

to anticipate positive ampl .ier activity following a response decreases; 

so also does the input of positive elements needed to facilitate response 

occurrence. If, during the initial portion of the extinction series 

each response is punished, then, as indicated in the upper panels of 

Figure 3, the animal learns to anticipate shock following response 
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occurrences. Conditioning of the tendency to anticipate shock follows 

a negatively accelerated course at a rate which is directly related 

to intensity of the punishing stimulus. The immediate consequence of 

this learning is that negative amplifier activity comes to be evoked 

by the cues which formerly led to the punished response, reducing the 

level of facilitative support for the response, and thus its probability 

of occurrence, below that of the control group. The value of response 

probability on any trial n for a given punishment curve in Figure J 

is obtained by multiplying the value of the control curve on trial n 

by l-&n, where an denotes the value of the corresponding anticipation 

of shock function in the upper panel. 

If at some point, following trial 10 in the example, punishment is 

discontinued, then the tendency to anticipate shock also undergoes 

extinction as shown in the right-hand side of each of the upper panels 

of the figure. As this extinction lowers the activity of the negative 

system which inhibited the positive input during the period of punishment, 

the input of positive elements again becomes available and the curves 

of response probabilities for the punished animals approach those of 

the controls, as shown in the right-hand side of each of the lower 

panels. The general qualitative predictions for this situation are 

that, following the discontinuation of punishment, recovery will occur 

but that the rate and extent of recovery will be a function of the 

intensity of punishment. Further, recovery will be delayed according 

as experimental conditions during punishment (e.g., intermittency of 

shock) favor resistance to extinction of the anticipation of the 
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punishment. The left and right panels of Figure 3 differ only with 

respect to the parameter governing rate 0 extinction of shock anticipation 

(decrease in an) following the terminati. of punishment. Conversely, 

recovery will be accelerated according as previous conditions of 

reinforcement favor resistance to extinction of the punished response. 

It should be noted, in particular, that for the discrete trial situation, 

with the assumption that each trial continues until the reference response 

occurs, there can never be compensatory recovery, that is recovery 

which would carry the curves for the previously punished animals above 

the curve for the control condition. 

A comparable analysis is presented in Figure 4 for a typical free 

responding operant situation in which probability of the reference 

response is recorded as a function of time in the experimental situation 

(all parameter values being the same as those of the corresponding 

curves of Figure 3). The course of conditioning of anticipation of 

shock and the effects of this upon response probability are essentially 

the same as in the discrete trial case. The important differences 

appear following the discontinuation of punishment. The predictions 

of the theorji* are that, as illustrated in the figure, for the same 

parameters of reward and punishment, recovery will in general be delayed 

longer following the termination of punishment in the free responding 

situation, but on the other hand compensatory recovery may occur, with 

^Derivations are more difficult than in the discrete trial case, and 

the Illustrative curves of Figure 4 were obtained by computer simulated 

runs of groups of 100"statistical subjects. 
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the curve of response probability for previously punished animals 

ultimately crossing the control curve and running above it for a 

time before they ultimately converge to a common asymptote. 

The reason for these differences in the free responding case is 

that extinction of the conditioned associative relationship between 

cues involved in the response occurrence and the activity of the 

negative drive system evoked by shock can be extinguished only on 

occasions when response occurs so that the cues are present in the 

absence of shock. In the free operant situation the punished animal 

may cease responding for a considerable period, during which the 

tendency to enticipate punishment following responses is protected 

from extinction, thus delaying recovery; but at the same time the 

tendency to anticipate reward following occurrences of the reference 

response is protected from extinction, thus setting the stage for 

compensatory recovery when the effects of punishment do ultimately 

extinguish. Both the delay in recovery and the compensation will be 

functions of the frequency and intensity of the punishing stimulus 

during the preceding period of punishment; with punishment of low 

intensity recovery may be early with substantial compensation; with 

punishment of high intensity, recovery may be so delayed that no 

appreciable compensation is ever observed. 

VI. Comparison of the present Approach with Others 

In one respect the present theory represents a simplification of 

the currently most widely accepted interpretation of punishment, since 

the two principal factors of CER-CAR theory come down to one in the 
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present formulation. In my own earlier theory (Estes, 19*^) and in 

the approach espoused by such recent investigators as Church (I963) 

and Solomon (1964), the principal effects of punishment involve two 

stages, the establishment of a conditioned emotional state, which may 

be termed fear or anxiety, and then the learning of avoidance responses, 

the reinforcement for this learning being a reduction of the emotional 

state. The interpretation of Dinsmoor (1954) was similar except that 

Dinsmoor preferred to speak of the acquisition of aversive properties 

by stimuli preceding the punished response and the learning of competing 

behaviors which enabled the animal to escape from the aversive stimulation. 

In the present theory the establishment of a CER to cues associated 

with the initiation of a punished response is the primary mechanism 

and it is assumed to be a sufficient basis for the characteristic 

phenomena of punishment. Although under suitable circumstfjices active 

avoidance responses may indeed be learned in situations involving 

punishment, I believe that these are not necessary to account for the 

suppressive effects of punishment. Rather than accounting for the 

suppressive effects in terms of avoidance learning, I would say that 

the suppression normally occurs first and sets the stage for avoidance 

learning. The main contribution of the latter is to delay or prevent 

recovery from the effects of punishment if the avoidance response keeps 

the organism from re-exposing itself to the stimuli which originally 

evoked the punished response. 

The present interpretation of drive differs in one major respect 

from my own earlier formulations (Estes, 1958). In the initial development 
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of a stimulus sampling theory of drive. X remained carefully noncommittal 

as to whether drive-indue tag operations, such as deprivations, affect 

the probabilities of occurrence only of Interoceptive or of both intero¬ 

ceptive and exteroceptive stimuli. Dow I propose specifically to 

assume the latter. The Immediate effect of an increase in activity of 

any drive system in the generation of an input of facultative, or 

amplifier, elements which summate with ( in the terminology preferred 

by some Investigators, e.g., Campbell & Sheffield, 1953, lower the 

thresholds of) the set of stimuli, Internal or external in origin, 

associated with the system. One consequence of this facilitatory 

input will be increased sampling probabilities of visceral cues whidr 

provide the basis for drive discriminations, toother will be the 

Increased probability that behaviors associated with the system, e.g., 

consummatory responses, will be evohed by their discriminative stimuli. 

unlike Hull's (1943) theory, the present formulation assumes no 

general energizing factor. Rather, activity from a particular drive 

system will -energize," that is facilitate the occurrence of, seme 

classes of responses and suppress others. The innate organization of 

the organism's drive systems is assumed to be such that activity in 

any one system originally leads to facilitation of a family of responses, 

consummatory responses in some cases, flight and attack responses in 

others. Then through conditioning these facilitative effects 

extended to other stimuli and additional stimulus-response units are, 

so to speak, assimilated into the system. On the other hand, one of 

the divergences between my original formulation and that of Hull has 
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been reduced. Whereas in the model sketched in my I958 paper, effects 

of drive variables and discriminative stimuli can only comtine additively 

in the determination of response probability, the present assumption is 

that the facilitative effect of drive input upon stimulur sampling 

probabilities is multiplicative as in the combination of drive and 

habit factors in Hull's theory. There is no basic distinction in the 

present theory corresponding to that between drive and incentive (D and 

K) in Hull's system, except perhaps, the recognition that variation^ 

in activity of drive systems are influenced both by long term conditions 

such as deprivation and more local ones such as unconditioned stimuli 

for consummatory behaviors. 

The idea of a reciprocal interaction between mechanisms of reward 

and punishment has been put forward, with considerable supporting 

evidence, by several recent investigators working within a more 

physiological framework, notably Miller (I963) aid Stein (1964). In 

each of these proposals, it has been tentatively assumed that rewards 

arouse a "go," or activating mechanism, possibly hypothalamic in locus, 

which intensifies ongoing behaviors; that punishments arouse a "stop" 

mechanism, which exerts precisely the opposite effect; and that these 

mechanisms are to some extent mutually inhibiting. These notions have 

impressed me as exremely promising, and the analyses advanced by Miller 

and Stein have influenced the direction of my own reformulation. 

However, as indicated in preceding sections, a model differing in 

seme specific assumptions from those hitherto proposed appeareto have 

some advantages with regard to simplicity and the range of phenomena 
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that cam be handled. Concerning the suppressive effects of punishment, 

in particular, it seems to me that a "stop“ mechanism operating directly 

on responses would have a more disorganizing effect on behavior than is 

ordinarily observed, and would not readily yield the qualitatively 

different effects of punishing stimuli that are well known to occur 

under different motivating conditions. 

Finally, the notion of feedback is important in the present theory, 

as in a number of other contemporary approaches. However, the primary 

feedback relation in the present theory is different in important respects 

from that assumed by, e.g., Mowrer (i960) and Stein (I96I+). In both 

of the latter approaches, it is assumed that, as a result of a learning 

process, responses which have been followed by rewards or punishments 

come to evoke facilitatory or inhibitory feedback. However, the 

critical relation is that between the feedback and the response vrhich 

evoked it. Thus, Mowrer's approach has been criticized by Miller (I963) 

on the grounds that this type of feedback does not account for the 

effects of reward or punishment upon response selection, since the 

response must occur before it can generate the positive or negative 

feedback. In the present theory, the feedback operates primarily in 

a forward rather than a backward direction; that is, a response which 

has previously been rewarded comes to instigate the activity of a 

positive drive system which facilitates the occurrence of behaviors 

that normally follow in the consummatory chain. 

Upon being returned to a situation in which reward ht. been 

obtained, the organism is not required by the present model to search 
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its entire response repertoire until it finds a response carrying 

positive feedback, as is apparently the case in Mowrer's scheme. 

Rather, wh ;n the organism samples some cue in the situation, the last 

associated response is activated, simply as a result of conditioning 

oy contiguity. If this response was a member of a sequence leading to 

reward, facilitative feedback will be generated, increasing the probability 

that the given sequence will run to completion. If not, the stimulus 

sampling process continues. The stimulus amplifier theory assumes a 

major role for a scanning, or VTE, process in response selection, but 

it is the set of available stimuli which is scanned, not the set of 

possible responses. The function of rewards occurri’'» on previous 

trials is, in effect, to alter the relative weights of the various 

ftv®il®kle stimuli, and thus to bias the scanning process in favor of 

stimuli whose associated responses have led to reward. 

Summary 

The theories of punishment considered in this chapter fall into 

three main categories which may be denoted, for brevity, (l) unlearning, 

(2) new learning, and (3) suppression theories. Accumulating evidence 

appears to support the decision, arrived at through various routes by 

most cheorists from Thorndike onward, against a theory of the first 

type, which would attribute to response-contingent punishing stimuli 

a unique property of weakening stimulus response associations. The 

most influential theory of the second type in recent years has been 

one assuming a two-stage process, the immediate effect of punishment 

being to establish a conditioned emotional state which *n turn leads 
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to the reinforcement of avoidance responses through fear or anxiety 

reduction. Although the learning of avoidance responses, as envisaged 

in this interpretation, doubtless occurs in some situations involving 

punishment, I believe no satisfactory case has been made for such a 

process as a necessary condition for the principal phenomena oi 

punishment. According to the third view, cues originally evoking a 

punished response become conditioned stimuli for a conditioned emotional 

reaction which suppresses the ongoing behavior directly, the effect not 

necessarily being mediated by any type of direct competition between 

approach and avoidance responses. The conclusion of the present review 

is that the suppression theory is descriptively adequate, but that 

earlier versions are incomplete in that they provide no adequate 

theoretical basis for the suppressive effects. 

In the revised suppression theory outlined in this paper, the 

primary mechanism of punishment is not a competition of responses but 

rather a competition of motives. The principal assumptions are (l) 

that maintenance of any type of non-reflex behevior involves the 

suianation of discriminative or conditioned stimuli with the input of 

amplifier or, facilitative, elements from drive sources, and (2) that 

the activation of negative drive systems by pain or the anticipation 

of pain reciprocally inhibits amplifier input from positive drive 

sources. Thus, a stimulus which has preceded a traumatic event, e.g«» 

shock, as in the typical CSR or punishment paradign, acquires the 

capacity of inhibiting the input of amplifier elements from sources 

associated with hunger, thirst, and the lik-i. If, then, while the 
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animal is performing an instrumental response for, say, food reward, 

this conditioned stimulus is presented, the facilitative drive input 

will be reduced and so also the probability or rate of the instrumental 

response. If, on the other hand, the same stimulus is introduced while 

the animal ^.s performing a response for escape from shock, there will 

be no similar reciprocal inhibition between drivt sources and thus no 

suppressive effect. 

Tne revised theory accounts for the classical parametric relation¬ 

ships of punishment studies, including effects of delay and intensity 

of punishment, and amount of previous training of the punished response, 

the differences between response contingent and noncontingent punish¬ 

ment, and the attenuation of punishment by adaptation to stimuli in 

the absence of opportunity for responding. Also, detailed predictions 

are derivable regarding the course of recovery from punishment following 

different types of training, including specifications of conditions 

under which compensatory recovery may be expected. Finally, the 

revised formulation appears to represent a distinct advance over my 

earlier one in that it provides a means of interpreting temporal and 

order effects in situations involving both reward and punishment, and 

a rationale for the differential effects of punishment upon behaviors 

maintained by appetitive and aversive sources of motivation#. 



References 

Boe, E. B. Bibliography on primary punishment. In R. M. Church and 

B. A. Campbell (Eds.), Punishment and aversive behavior. New York: 

Appleton-Century-Crofts, in press. 

Brown, J. S., Martin, R. C., & Morrow, M. W. Self punitive behavior 

in the rat: Facilitative effects of punishment on resistance to 

extinction. J. comp, physiol. Psychol., 196^, 57, 127-153- 

Campbell, B. A., & Sheffield, F. D. Relation of randan activity to 

food deprivation. J. comp, physiol. Psychol., 1953, 320-322. 

Church, R. M. The varied effects of punishment on behavior. Psychol. 

Rev., 1963, 70, 369-^02. 

Dinsmoor, J. A. Punishment: I. The avoidance hypothesis. Psychol. Rev., 

195^, 61, 3^6. 

Estes, W. K. An experimental study of punishment. Psychol. Monogr., 

1944, ¿7, (2> whole n0, 2^)- 

Estes, W.K. Toward a statistical theory of learning. Psjrçhol. Rev., 

3950, 57, 9^-107- 

Estes, W. K. Stimulus-response theory of drive. In M. R. Jones (Ed.), 

Nebraska symposium on motivation. Lincoln, Nebraska: Nebraska 

Univer. Press, 195Ô, 35-68. 

Estes, W. K. The statistical approach to learning theory. In S. Koch 

(Ed.), Psychology: A study of a science. Vol. 2. New York: 

McGraw-Hill, 1959, 380-491. 

Estes, W. K., & Skinner, B. F. Some quantitative properties of anxiety. 

J. exp. Psychol., 1951, 22, 390-^00- 

39 



Fowler, H., & Wischner, G. J. The varied functions of punishment in 

discriminption learning. In R. M. Church and B. A. Campbell (Eds.), 

Punishment and aversive behavior. New York: Appleton-Century-Crofts, 

in press. 

Guthrie, E. R. The psychology of learning. New York: Harper, 1952. 

Herrnstein, R. J., & Sidman, M. Avoidance conditioning as a factor in 

the effects of unavoidable shocks on food-reinforced behavior. 

J. comp, physiol. Psychol., 1958 , 51, 380-385. 

Hull, C. L. Principles of behavior. New York: Appleton-Century-Crofts, 

1943. 

Hull, C. L. A behavior system. New Haven: Yale Univer. Press, 1952. 

LaBerge, D. L. A model with neutral elements. In W. K. Estes and 

R. R. Bush (Eds.), Studies in mathematical learning theory. 

Stanford, California: Stanford Univer. Press, 1959* 

Martin, R. C., & Melvin, K. B. Vicious circle behavior as a function of 

delay of punishment. Psychonomic Sei., 1964, 1, 4l5-4l6. 

Miller, N. E. Some reflections on the law of effect produce a new 

alternative to drive reduction. In M. R. Jones (Ed.), Nebraska 

symposium on motivation. Lincoln, Nebraska: Nebraska Univer. Press, 

1963, 65-112. 

Mowrer, 0. H. Learning theory and behavior. New York: Wiley, i960. 

Muenzinger, K. F. Motivation in learning: II. The function of ele cric 

shock for right and wrong responses in human subjects. J. exp. 

Psychol., 1934, 17, 439-448. (b) 

Pfafftnann, C., & Bare, J. K. Gustatory thresholds of normal and 

adrenalectomized rats. J comp, physiol. Psychol., 1950, 43, 320-324. 



Rescorla, R. A. Probability of shock in the presence and absence of 

CS as determinants of fear conditioning. J. comp, physiol. Psychol., 

1968, in press. 

Skinner, B. F. The behavior of organisms. New York: Appleton-Century- 

Crofts, 1938. 

Solomon, R. L. Punishment. Amer. Psychologist, 1964, 12, 239-254. 

Spence, K. H. Behavior theory and conditioning. New Haven: Yale Univer. 

Press, 1956. 

Stein, L. Reciprocal action of reward and punishment mechanisms. In 

R. G. Heath (Ed.), The role of pleasure in behavior. New York: 

Harper & Row, 1964. 

Thorndike, E. L. Human learning. New York: Appleton-Century-Crofts, 

1931. 

Thorndike, E. L. The psychology of wants, interests, and attitudes. 

New York: Appleton-Century-Crofts, 1935. 

Tolman, E. C. Purposive behavior in animals and men. New York: 

Appleton-Century-Crofts, 1932. 

4l 



UNCLASSIFIED 

DOCUMENT CONTROL DATA • R&l 
(IbtuMlv tlbbtllltbiian ti IIHr body ol abalracl ond Induing mnolo'lon mutt bo on 

) 
lorod vybon Iho ovo toll ropon It (. looolllod) 

1 OeiOIMATINO ACTIVITY (Coiporolo oulhori 

Stanford University 
Institute for Mathematical Studies in the Social 
Sciences, Stanford, California 94305 

2ft RCPORT StCUftlTV CLASSIFICATION 

UNCLASSIFIED 
t b «NOUA 

1 niBOMT TITL« 

Outline of a Theory of Punishment 

« DliCaiPTIvR NOTH (Typo ol ropon ond Inthiolvo doloo) 

Technical Report, October I967 
1 AUTHOarSj (Loot nomo. Ural nomo Inlllol) 

Estes, W. K. 

• NCNO NT DATE 7ft TOTAL no of RAGCt 

• ft contract or GRANT no 

Nonr-225(73) 
b PROJtCT NO 

NR 154 218 
c. 

I t* OniOINA TOH'I HC*0*T MUMBCWSJ 

Technical Report No. 123 

(6 OTHCM *C»onT no(S) (Any othtr numbirt l/iti m»y bt 
mit nport) 

10 AVAIL ABILITY /LIMITATION NOTICII 

Distribution of this document is unlimited. 

M »U» It IPONIOftlNO MILITARY ACTIVITY 

Office of Naval Research 
Personnel and Training Branch, Code 458 
Washington, D. C. 20360_ 

11 A BIT MAC T 

In the revised surjpression theory outlined in this pape.:, the primary 
mechanism of punishment is not a competition of responses but rather a 
competition of motives. The principal assumptions are, (l) that maintenance 
of non-reflex behavior involves the summation of discriminative stimuli with 
the input of amplifier or, facilitât.ve, elements from drive sources, and 
(2) that the activation of negative drive systems by pain or the anticipation 
of pain reciprocably inhibits amplifier elements from positive drive sources. 

The revised theory accounts for the classical parametric relationships 
of punishment studies, including effects of delay, intensity, and amount of 
previous training of the punished response, the differences between response 
contingent and noncontingent punishment, and the attenuation of punishment 
by adaptation to stimuli and the absence of opportunity for responding. Also, 
detailed predictions are derivable regarding the course of recovery from 
punishment following different types of training, including specifications 
of conditions under which compensatory recovery may be expected.1 — 

\ 

DD FORM 
1 JAN 94 1473 UNCLASSIFIED 

Security Claitification 



U NC LAS s IF KD _ 

canty Cl«»«»fic«tion 

KEY •ONDE 

Punishment 
Suppression Theory 

Feedback Model 

LINK A 

HOLS NT 

LINK B 

HOLE »T 

LINK C 

ROLE 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY Enter the neme end eddrees 
of the contrector, eubcontrector, grentee, Depertment of De¬ 
fence ectlvity or other orgenieetion (corporate author) ieeuing 

the report. 
2., REPORT SECUHTY CLASSIFICATION; Enter the over- 
ell eecurltv cleeelflcetton of the report. Indícete whether 
"Reetrlcted Dete" le included Merhln* 1» to be In eccor* 
ence with epproprtete eecurlty refuletione. 

26. GROUP; Autometic downfredln* le epecUled In DoD Di¬ 
rective 5200.10 end Armed Forcee Induetrlel Menuel. Enter 
the group number Aleo, when eppticeble, ehow lhe! optionel 
merktnge heve been ueed for Group 3 end Group * e» euthor- 

tied. 
3 REPORT TITLE: Enter the complete report title in ell 
cep I tel lettere. Tttlee In ell ceeee ehould be undeeelfied. 
U e meeningful title cennot be eelected without cleeeific 
Hon. ehow title cleeelflcetlon In ell cepitele in perentheeie 
immedietely following the Utle. 

DESCRIPTIVE NOTES; If ^propriété, enter ^he type of 

Impoeed by eecurity cleeeiflcetion, ueing etenderd etetemente 
euch ee 

(1) "Quelifted requeetere mey obteln coplee of tble 
report from DDC." 

(2) “Foreign ennouncemei.t end dleeeminetlon of thle 
report by DDC le not euthortied.” 

(3) 

(4) 

(5) 

“U S Government egenclee mey obteln 'Of1** 
thle report directly from DDC. Other quellfled DDC 
ueere ehell requeet through 

“U S. militer y egenclee mey obteln coplee of thle 
report directly from DDC Other quellfled ueere 
ehell requeet through 

“All dietnbutlon of thle report le controlled, 
ified DDC ueere ehell requeet through 

Quel- 

4. DtOL-Kir l 1 vc. -n-v -- - 
report, e.g.. interim, progreee, eummery, ennuel, or fi»*1- 
Give the inclueive detee when e epeciflc reporting period 

covered. 
5. AUTHOR(S): Erter the neme(e) of euthoke) ee ehown on 
or in the report. Entei leet neme, fleet neme, ‘ 
If mllltery, ehow renk end brencl- of eervlce. The »«me °f 
the principe! «uthor le en ebeelute minimum requirement 

6 REPORT DATE. Enter the dete of the report ee dey. 
month, yeer; or month, yeer. If more then one dete eppeere 
on the report, uee dete of publicetlon. 

7,. TOTAL NUMBER OF PAGES: The toiel pege count 
ehould follow norm el pegtnetion proceduree. Le., enter the 
number of pegee conteinlng Informetion. 

7h. NUMBER OF REFERENCES Enter the totel number of 
referencet cited in the report. 

8. CONTRACT OR GRANT NUMBER: If «.propriété, ente, 
the applicable number oí the contract or grant under which 
the report wai written. 
86 8c, «i 8d PROJECT NUMBER Enter the epproprlete 
militery depertment identifieetlon. euch ee project number. 
eubpro)ect number, eyetem number., teek number, etc. 

9e. ORIGINATOR’S REPORT NUIIBIR(S); I£Bt« the offi¬ 
ciel report number by which the document *IJ> »>• 
end controlled by the ougtnetlng ectlvity. Thle number muet 
be unique to thle report. 

96 OTHER REPORT NUMBERfS): If the report he. been 
eeeigned eny other report number, feilher 6y the orfginelor 
or by tho »pontor), alao antar »Sia numbarta). 

10. AVAILABILITY/LIMITATION NOTICES; Enter eny 11»- 
itetione on fiether dleeeminetlon of the report, other then tho.e 

If .he report he» been furmehed to the Office of Technical 
Service., Depertment of Commerce, for eele to the public, Indí¬ 
cete thle feet end enter the price, if knowtu 

1L SUPPLEMENTARY NOTES; Uee for eddltlonel eKplene- 

tory note». 
12. SPONSORING MILITARY ACTIVITY: Erker the name of 
the depart mantel project office or laboratory eponjortng (par 
ing for) the r.eeerch end development Include eddreee. 

13 ABSTRACT: Enter en ebetract giving » brief and factual 

eummary of the document Indicative of the report, even though 
it mey aleo appear alaeerhere In the body of the technical re¬ 
port If additional epece le required, a continuation »heat ehell 

be attached 

It t* highly deeirabie Ihet the ab.treet of claeeified '•I*»'« 
be unclaaeified Each paragraph of the ebetract ehell a“d with 
en indication of the militenr eecurity cla.e.ficaUon »“ha In¬ 
formation in the peragreph, repreeented ee fT»), fS). (C). or (U) 

There ie no limitation on the length of the ebetract. How¬ 
ever, the euggeeted length ie from 150 to 225 word»- 

14 KEY WORDS Key word» ere technically meeningful term, 
or ehort phr.ee» that charectarlea a report and mey b# ueed ee 
index en trice for cataloging the report Key word» muet be 
.elected eo that no eecurity claeaiflcation la required »anti- 
fi«rt, iuch at aquipmant modal daai^iation. tiada nama, military I 
projact coda name, geographic location, may be uaad aa kay I 
words but will be followed by an indication of technical con¬ 
text. The assignment of links, rales, and waights ia optional 

FORM 
1 JAN «4 1473 (BACK) UNCLASSIFIED 

Security ClBiaificBtion 



(Continued from infido front cover) 

r 
r 
r 
r 
r 
[ 
[ 
t 
[ 
c 
c 
i 
i 
i 
i 
i 
L 
l 
1 

îfc G. H. Bower. Rmdom« strenithwnd choic« proUbllit» A conildtratlon of two combination rulti. Oicirt.r 19, 19b0. (In E. , P. Suop«, 

»nii A. Tarski (Ed».), I09IC, Methodology .nd PbMotoph, ol Scl.nc«: Procwdin,« o( th« 1960 lnt»fn<tlon.l Conÿm. SUnfofd Uni*. Pr«s, 

1°62. Pd. 4CC-412) 
37 G. H. Bower. Application of the ell-or-none conditioning model to the leemini of compound reipome». June7,19fcl. 

38 P. Suppes end M. Schleg-Rey. Test of some learning models for dooble contingent reinforcement. August 15, 1961. (fjjcho.*_£p.-» 

39 P. Suppes and R. Ginsberg. A fundamental property of all-or-none models, binomial distribution of responses prior to conditioning, with 

application to concept formation in children. September 20, 1961. (Psychol. Rev ■, 1963.^, 139*1611 

40 J. Thelos. A three-state Marko» model lor learning. September 22, 1961. (Simple conditioning as two-stageall-cr none learning, Psychol. 

Rev., 1963, 70, 403-417) 

41 G, M, Bower General three-state Markov learning models. September 26, 1961. 

42 R. C. Atkinson. A variable threshold model for signal detection. November 17, 1961. 

43 R. C. Atkinson. Mathematical models m research on perception and learning. Pecember 25, 1961. (In M. H. Mar« (Ed.I, Theories in_ 

Contemporary Psychology. New York: Macmillan Co., 1963. Pp. 551-564) 

44 P. Suppes. Towards a behavioral foundation of mathematical proofs. January 2, 1962. (In K. Ajduk.ewici (Ed.), Jhe Foundations of 

Stalcnents and Decisions: Proceedings of the International Colloquium on Methodology of Sciences, September 18-23, 1961. Vkarsrawa: 

PWN-Pollsh Scientific Publishers, 1965. Pp. 327-341' 

45 P. Suppes and J. L. Zinnes. Basic measurement theory. March 15, 1962. (Chapter 1 in R. R. Bush, E. H. Galanter, and R. 0. Luce (Eds.), 

Handbook of Mathematical Psychology, Vol. I. New York: John Wiley, 1963) 

46 R. C. Atkinson. E. C. Carterette, and R. A. Kmchla. Sequential phenomena in psychophysical ludgments: a theoretical analysis. April 20, 

1962. (Institute of Radio Engineers Transactions on Information Theory, 1962, IT-8, S 155-162) 

47 R. C. Atkinson. A variable sensitivity theory of signal detection. May 18, 1962. (Psychol. Rev., 1963, 70, 91-106) 

48 R. C. Atkinson and W. K. Estes. Stimulus sampling theory. July 1, 1962. (Chapter 10 in R. R. Bush, C. H. Galanter, and R. D. Luce 

(Eds.), Handbook of Mathematical Psychology, Vol. II. New York: Wiley, 1963) 

49 P. Suppes, E. Crothers, R. Weir, and E. Träger. Some quantitative studies of Russian consonant phenome discrimination. September 14, 1962. 

50 r! C. Atkinson and R. C. Callee. Mathematical learning theory. January 2, 1963. (In B. B. Wolman (Ed.), Scientific Psychologjr. New York: 

Basic Books, Inc., 1965. Pp. 254-275) 

51 P. Suppes, E. Crothers , and R. Weir. Application of mathematical learning theory and linguistic analysis to vowel phoneme matching in 

Russian words. December 28, 1962. 

52 R, C. atkmson, R. Callee, G. Sommer, W. Jeffrey and R. Shoemaker. A test of three models for stimulus compounding with children. January 29, 

1963. U. e»p. Psychol., 1964, 67, 52-58) 

53 E. Crcthers. General Markov models for learning with mter-trlal forgetting. April 8, 1963. 

54 J, L. Myer. and R. C. Atkinson. Choice behavior and reward structure. May 24, 196 3. (Journal math. Psycho1., 1964, 1, 170-203) 

55 R. E. Robinson. A set-theoretical approu-h to empirical meaningfulness of measurement statements. June K 1963. 

56 E. Crothers, R. Weir and P. Palmer. The role of transcription in the learning of the orthographic representations of Russian sounds. June 17, 1963 

57 P. Suppes. Problems of optimization in learning a list of simple items. July 22, 1963. (In Maynard W. Shelly, II and Glenn L. Bryan (Eds.), 

Human Judgments and Optimality. New York: Wiley. 1964. Pp. 116-126) 

58 R. C. Atkinson and E. J. Crothers. Theoretical note: all-or-none learning and Intertrial forgetting. July 24, 1963. 

59 R. C. Callee. Long-term behavior of rats under probabilistic remfo-cement schedules. October 1, 1963. 

60 R. C. Atkinson and E. J. Crothers. Tests of acquisition and retention, axioms for paired-associate learning. October 25, 1963. (A comparison 

of paired-associate learning mod.Ts having different acquisition and retention axioms, J. math. Psychol., 1964, 1, 285-315) 

61 W. J. McGill and J. Gibbon. The general-gamma distribution and reaction tines. November 20, 1963. (J. math. Psychol., 1965, 2, 1-18) 

62 M. F. Norman. Incremental learning on random trials. December 9, 1963. O. math. Psychol., 1964, 1, 336-351) 

63 P. Suppes. The development of mathematical concepts In children. February 25, 1964. (On the behavioral foundations of mathematical concepts. 

Monographs of the Society for Research m Child Development, 1965, 30, 60-96) 

64 P. Suppes. Mathematical concept formation in children. April 10, 1964. (Amer. Psychologist, 1966, 21, 139-150) 

65 R. C. Calfee, R. C. Atkinson, and T. Shelton, Jr. Mathematical models for verbal learning. August 21, 1964. (In N. Wiener and J. P. Schoda 

(Eds.), Cybernetics of the Nervous System: Progress in Brain Research. Amsterdam, The Netherlands: Elsevier Publishing Co., 1965. 

Pp. 333-349) 

66 L. Keller, M. Cole, C. J. Burke, and W. K. Estes. Paired associate learning with differential rewards. August 20, 1964. (Reward and 

information values of trial outcomes In paired associate learning. (Psychol. Monogr,, 1965, 79, 1-21) 

67 M. F. Norman. A probabilistic model for free-responding. December 14, 1964, 

68 W. K. Estes and H. A. Taylor. Visual detection in relation to display size and redundancy of critical elements. January 25, 1965, Revised 

7-1-65. (Perception and Psychophysics, 1966, 1, 9-16) 

69 P. Suppes and J. Donio. Foundations of stimulus-sampling theory for continuous-time processes. February 9, 1965. 

70 R. C. Atkinson and R, A. Kmchla. A learning model for forced-choice detection experiments. February 10, 1965. (Br. J. math slat. Psychoi., 

1965, 18, 184-206) 

71 E. J. Crothers. Presentation orders for items from different categories. March 10, 1965. 

72 P. Suppes, G. Groen, and M. Schlag-Rey. Some models for response latency in paired-associates learning. May 5, 1965. U. math. Psychol., 

1966, 3, 99-128) 

73 M. V. Levine. The generalization function in the probability learning experiment. June 3, 1965. 

74 D. Hansen and T. S. Rodgers. An exploration of psychollngu ic units in initial reading. July 6, 1965. 

75 B. C. Arnold. A correlated urn-scheme for a continuum of responses. July 20, 1965. 

76 C. Izawa and W. K. Estes. Reinforcement-test sequences in paired-associate learning. August 1, 1965. 

77 S, L. Blehart. Pattern discrimination learning with Rhesus monkeys. September 1, 1965. 

78 J. L. Phillips and R. C. Atkinson. The effects of display size on short-term memory. August 31, 1965. 

79 R. C. Atkinson and R. M, Shiffrln. Mathematical models lor memory and learning. September 20, 1965. 

80 P. Suppes. The psychological foundations of mathematics. October 25, 1965. 

(Continued on back cover) 



ei 
82 

83 

M 
85 

8fc 

87 

88 

89 

90 

91 

92 

93 

94 

95 

9b 

97 

98 

99 

KP 
101 

102 
103 

104 

10» 
10b 

107 

108 

109 

110 
111 
112 
11» 
114 

11» 
11b 

117 

118 

119 

120 

121 

122 
123 

(Conllnuttf from intld* bêch covtf) 

P Sup«**. CompuUt-m.itrt.n.l/utlion.i. th.ichool«: »rcbl.««, (*»«P»ct.. Ociobtr 29, 19b». ^ . . 

R. 4. Kinchla, J. Twanaand, J. Vtllotl, Jr., and R. C. Alkinaon. Induanca ol coralaiad «Huai cua. w auditory »H«al datKtloo. Novaabar 2, 

19b5. tParcaptiou and Paychophyaica, 19bb, 1, b7-73) 
P.Suppaa.M. Jarman, and C. Groan. Amh. tic drllla and ravla» on a computar-baaad talatypa. Novanba- 5, 19bS. 

P. Suppaa and L. Hyman, Concept leerninp with non-verbal jaometrical atimull. November 15, 19b5. 

P Holland. A variation on the minimum chi-aquare teat. November 18, 19b5. 

P. Suppaa. Accelerated propram ,n elementary-achool mathamatlca - the aecond year. Nove-be- 22, 19b5. 

P Loraneen and F. Binlord. Loplc aa a d.aloplcal «ama. November 29, 19b5. 
L. Keller, W. J. Thema on, J. R. T-eedy, and R. C. Atklnaon. The '«ecla ot remlorcema.it interval or ihe acqu.aition ol pu.red-aatociate 

responses Oecemtier 10, 1965. . .. lü.. 
J. I. Yellott, Jr. Some effects on none ont .«»«ent success m human probab.l.ty learning. Oece.nber 15, 1V65. 

p Supp., añd C. Groan. Some ccnmlinp models lor hrat-prade performance data on aimple addition lacta. January 14, 19bb. 

P. Suppaa. Information procesamp and choice behavior. January 31, 19bb. 

G. Groan and R. C. Atkinaon. Models lor ootlmUmp the learninp procaaa. February 11, 19bb. 

R. C. Atkinson and 0. Hansen. Compuler-aaaiated instruction in Initial raadmp: Stanford proiact. March 17, 1966. ,.- 

P. Suppaa. Probabilistic inference and the concept ol total evidence. March 23, 19bb. 

P Suppaa The aulomatlc method In hlph-school mathematics. April 12. 19bb 
R c atklnaon, J. Vk. Bralslord, and R M Shlffrln. Multi-process models lor memory «,th applications to a continuous prasantatlon 

task. April 13,1966. .Q. , 
P Suppes and Í . Crotfiers ¿orne remarks on stimulus-response theories of la'xjuagt leamuui. June 12. 19^6. 

R Bjork. AM-or-none sulfprocesses "t if* learning of complc* sequences, June 22. 1966. 

E Gammon. Tha statistical datarminalion of linpuialic umii July 1, 19bb .. .... 
Suppaa L . Hyman, and M Jarman Llnaar structural models lor roaponae and lalancy perlorma"« m arllhmatlt. July 2*. 1966. 

I. y oui i p Effects of Intervals btlmeen re.nlorcamenta and last trials in Rsired-associala laarnlnp. Aupust 1, 19bb. 

A. Wilson. An Invoslntatlon of llnpuisllc unit sits In mamory prxassas. Aupust », 1966. 

T. Townsand, Choice haliayior in a cued-ecopmlion laak, Aupust 8, 19bb, 

H. Batchaldar. A matliamaileal analyals ol multl-lavtl verbal laarnlnp. Aupust 9, l'»6b. 

A. Taylor Tho obaorvlnp rtaponat In a cued paychopfiyaical task. Aupual 10, i°66. ,,,. ., n toAn 
A. BiOfk laarnlnp and abort-term rtipnilm of paired aaaociatoa In rolation to .pacifie sfRuancai ol mt^peeMni.iion imwy.lp. Aupusi , 1H6. 

C Atklnaon and R. M. Sbiffrln. Soma Too-proceas modtls lor memory. Soptombor »0, 196b. 
Sua«ta SmTC* Ihrko. Acc.laeaWd propr.m In alomantar,-acl^ mothamatica-tb. .bird y«r, Janu^y »0, 1H». 

Suppaa and I, Roaanlhdl-Hlll. OMNI kf kindar^rtan childron In a card-eortin, ^ ' 

c Atklnaon and R M »biffrln Human memory a proposed system and Its control procassaa March II, 1967 

Theodora S. Rodpors. linpuletlc considerations In II« doslpn of the Stanford computer-based curriculum in Initial rtadlnp. June 1, 19b7 

Jack M. Knutson. Spolllnp drills usinp a computor-aislswd Instructional system. JuneSO, 19b7. 
R, C. Atkinson. Instruction In initial roodlnp under computer control; tho Sunford Pro)»«. July 14, 1967. „ ,0fc7 

J W »Olslord, Jr. end R. C. Atkinson. Racall of poirod-ass«latos ss o luncllon ol ovoft and eovprt rohoarsal procadia.s July 

J ' H.'sttlMf, »otb* rbsults concarnlnp subtvetnrp probabllHy sbuctiRts «Ith ppmlordpps. Aupust 1, 1967. 
0. E. Rumalhart TI« ,(fact, of Intarprasaidalion Inwrvals on performance In a continuous palrtd-ast«lata Usk, Aupust 11, 1967, 

E J. Fishman, L. Keller, and R E. Atkinson. Massed vs. distributed pwetlee In computwliad »oolllnp drills. Auousl 18. *96', 

G. J Groan, An liiveellpation of ton« couiilhip alpwlthms lor simple addition problems. Aupusi 21, 1967. 
'h A Wilson and R. C. Alklnaon. Crnnputar-basad inatrucllon In Initial rtadlnp: a proprpaa report on Ihp Stpnlord ProiKl. Aupusi 15, 1967. 

F. S. Roberts and P. Suppes. Some problems In II« ueomeiry ol visual parcapllon. Aupuat 31, 1967. 

0. Jamison. Baytsian docislons undnr lolal and partial ipnoranco. 0. Jamison and J. KoaltlKkl, »pbjtctiva probabilities under lota 

uneartalnly. Saptambar 4, 1967. _ 
R C. Atkinson. Computenrod instriictlon and lhe Iam lind process Saptambar IS, 1967 

W, K. Estes. Outline ol a llmory of punishment, Oeubar 1, 1967. 

P 

J. 

H. 

J. 

W. 

H. 

R. 

R. 
R, 

P. 

R 




