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The present study was designed primarily to test the hypo-
thesis that the type of response elicited by the frustrating
omission of a reward is a significant determinant of the rate
of extinction of the original response. Furthermore, this
study was formulated to test the rates of learning of a com=-
patible jump response and extinction rates of that response
when the learning was elicited by different types of stimula-
tion. Fifty female Kooded rats werc employed, with thirty
Ss being run i1n a straight alley with food as a reward. For
extinction, they were divided into three groups according to
the type of response to be learned to the frustrating state of
affairs. During extinction one group learned a compatible jump
response from the goal box, while a second group learned a
directly incompatible response of recoiling from a goal box.

A third group was run according to traditional extinction pro-
cedure of confinement 1n the goal box for a 20-second period
after frustration.

Two additional groups of 10 Ss each were run on the
learning of the jump response only. The exploratory group
was taught the jump response with no reward, whereas, the
food group was taught to jump to a food reward.,

The results clearly demonstrate that resistance to ex-
tinction is a function of the type of response elicited by
frustration. A directly incompatible recoil response to

frustration produces rapid extinction of an approach response
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while a compatible escape response to frustration produces
1little or no extinction of the original response. Further-
more, the results indicate that the type of stimulation eli-
citing the jump response is a significant determinant of

both the rates of learning of that response, and the asymptote
reached in the learning.

The second part of the study was concerned with a deter-
mination of the relationship between number of reinforcements
and resistance to extinction in the framework employed above.

Thirty female hooded rats were trained as the experimen-
tal jump work, although one group received 12 reinforcements,
another 2li, and the third 36.

The results indicate that the number of reinforcements
seem to have an all or none effect upon resistaence to extinc-
tion. That is, if the habit is of sufficient magnitude to
produce frustration stimulation no extinction will take place.
On the other hand if the habit is too weak to produce frus-

tration, extinction will rapidly take place.
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INTRODUCTION = PART I

In contemporary psychology the weakening of a conditioned
response has been termed inhibition (13), while total elimina-
tion of a conditioned response due to the omission of the une
conditioned stimulus has been called experimental extinction (10).
Although there is a considerable amount of agreement concerning
the nature of innhibitory phenomena in general, the theoretical
explanation of how responses are weakened and finally eliminated
has been & major concern of psychological theorists,

Pavlov (10) in 1929 first attempted to give a theoretical
account of the nature of the extinctive process by defending
the position that inhibitory phenomena are exclusively cortical,
celluler, and inherent in any form of conditioned excitation (10).
After accusing Pavlov and his associates of taking too many
liberties with physiology, many other theorists accounted for
the same phenomena by reference to other constructs with varie-
gated conceptual properties. In his 1939 Psychologlical Review
article, Razran (1ll).reviewed seven explanations of extinction
in accordance with the manner in which they handled the facts
of extinction., His thoroughgoing analysis also revealed the
shortcomings of all the proposed explanations up to that date.

With the recent trend in psychology toward more formalized

theoretical structure, new formulations of the extinction






process have arisen, These theories, eschewing the incone
sistencies of past formulations, may generally be divided into
three types. The first type postulates some state in the
organism which develops during extinction and finally produces
the cessation of a given response. The second type holds that
extinction takes place by the learning of an incompatible re=
sponse. The third type of theory is a combination of the first
twoe.

The echief protagonists in contemporary psychological theory
are those who explain extinction by the type I formulation and
those who adhere to the type II position. The latter viewpoint,
generally referred to as interference theory, is held by Guthrie
(4), Wendt (15), Culler (1), end others (16), In general, this
view holds that the omission of the unconditioned stimulus leads
to irritation and excitement which in turn elicits new responses.
With continmuous omission the cues which formerly led to a re-
ward now become elicitors of responses which are incompatible
with the on=going response, and thus produce extinction. Howe
ever, this explanation of the extinction process is of a dise
tinotly ad hoc character, since it 1s impossible to specify a!
priori which response will be strengthened to the point of 1n£er-
ference with the original response. Thus, with the multiplicity
of responses which characteristically occur to the omission of
& reward, one cannot understand why one particular response gets

strengthened more than another. This would tend to reduce the






interference theories to verbal explanation of the phenomena
in question, and therefore would tend to obviate the eventual
theoretical significance of such a position.

In a somewhat more systematic fashion, Hull (5), a type I
theorist, has attempted to deduce the characteristic extinction
phenomena by postulating the development of inhibitory potential.
This is assumed to be composed of reactive inhibition, a tem=
porarily labile drive state, and conditioned inhibition which
develops upon the reduction of reactive inhibition, Since re-
active inhibition develops in reinforced and unreinforced trials
alike and dissipates within specified time intervals, it can
be used to explain such inhibitory phenomena as spontaneous
recovery, reminiscence, and others. True extinction occurs,
however, only when conditioned inhibition is generated to the
extent that it produces a response which competes with'the one
going excitatory response. Recent studies have shown, however,
that the concept of reactive inhibition upon which the concept
of conditioned inhibition is based, may be open to considerable
doubt as a possible explanation of extinction (7, 9). Since
conclusions following from false premises are indeterminate in
character, the theoretical significance of the concept of re-
active inhibition and the validity of the conclusions drawn
therefrom are strongly suspecte.

It is evident then, that most theories of inhibition, re-
gardless of the type of explanatory concepts involved, explain
experimental extinction as a result of the learning of interfering






responses, These theorlies do, however, differ as to the origin
of the interfering responses, and the principles of learning
involved., Hull (5) and Miller and Dollard (8), for example,
posit that interfering responses arise from the accumulation
of intrinsic inhibition resulting from sheer performance of

the learned response. These interfering responses are variously
described as resting responses, relaxation responses, response
of not responding, etc., and result in the reduction of the
accumulated drive state. On the other hand, pure interference
theories of extinction as represented by Guthrie () and others
(1, 15, 16) maintain that any new response which consistently
occurs during extinction will be learned and interfere with the
original response, since sheer contiguity of stimulus and
response are considered sufficient to produce learning. Other
theories maintain that interfering responses arise from fruse-
tration resulting from removal of the goal object (L4, 15).
These responses are reinforced and e ventually interfere with
the original response tendency.

The theoretical orientation of the present study (7) holds
that new responses are elicited by frustration stimulation (sf)
arising from the omission of food in a previously rewarded
situation. For the purposes of the present study a reinforcement
is defined as follows:

"A reinforcement will occur whenever there occurs a stimulus

or stimulus complex that elicits a characteristic response (r),






Given the occurrence of a reinforcement, there will result an
inerement to a tendency (S“B) for that complex to evoke a memw
ber of that response class (R)."

Frustration stimulation is defined as follows:

"Frustration stimulation (sp) will occur in a learned
sequence whenever the elicitation of a learned response re-
sults in the occurrence of a stimulation complex interrupting
performance of the learned sequence., s, will elicit members
of a characteristic class of responses (Rsr).“

It follows from the above definitions that a frustrating
state of affairs is a reinforcing state of affairs and that
Rspy will be conditioned to the stimulus complex blocking per=
formance of the original learned response, However, the capa=-
eity of these responses to interfere with the original response
tendency is dependent upon the type of skeletal response (Bsr)

eliclited by s The type of Rsr elicited will depend upon the

£
possibilities and limitations placed upon responding by the
enviromeent., Thus, some situations, such as those involving
conventional extinction procedures, can only elicit responses
that are incompatible with the original response, e.g., random
exploratory behavior in an enclosed goal box,

On the other hand, it also follows that the environment
may be manipulated so that it would require an Raf which
would not eventually interfere with the original response

leading to Bre Thus with continued non-reward, the anticipatory






occurrence of a compatible Rar would facilitate or "fixate"
the original response instead of resulting in "extinction"
or that response., Therefore, within the theoretical position
employed, it is entirely possible that non-rewarding learned
adient behavior could result in a wide range of behavior
ranging from rapid extinction of the response tendency to
facilitation or virtual fixation of the response tendency.

Specifically the first section of this study was designed
to compare the effects of three types of response to frustraw=
tion (Rsf) upon the rate of extinction of a simple running
response, A response of jumping from the goal box was cone
sidered relatively compatible to the original running response
since it could only occur after entering a distinctive goal
boxe A response of recoiling from the goal box into the alley
of the straight alley was considered a directly (direction=
ally) incompatible response since S cannot both approach and
recoll from the goal box at the same time. The third type of
response to frustration was that produced by the conventional
extincetion procedure of confining S in the goal box for a
specified time. This procedure was assumed to produce emotional
behaviors, e.ge, face washing, exploration, etc., which would
result in some intermediate degree of extinction.

Since, according to the above theoretical position, the
elicitation of responses by frustration stimulation (sf) cone
stitutes a reinforcement, it follows that these newly learned

responses should be highly resistant to extinction. Theoretically






the Jump response learned to the omission of food in a pre-
viously rewarded situation should exhibit 1little or no extinc-
tion unless the response elicited by the frustration stimulation
is somehow interfered with. Thus a comparison of the strength
of the jump response established by non-reward with the same
type of response set up through use of a food reward should

reveal differential extinction rates,






METHOD

Apparatus
The apparatus was a conventional straight alley maze,

The starting box section was 11 inches square, painted flat
gray and covered with a piece of 1/8 inch clear plate glass.
The 18 inches long, 5% inches wide, and 8% inches high
runway was of natural plywood color and covered by 1/ inch
herdware bloth. The goal box section was 1l inches square
and 10 inches high, painted black, and covered with a plece
of 1/8 inch clear plate glass. A natural plywood guilloe
tine door separated the goal box from the stralght alley and
a semi-circular piece of black bristol board (11l inches radius)
was mounted on top of the goal box on the side facing the
alley to prevent Ss viewing the rest of the maze when perched
on top of the goal box. A 2 inch black ledge was attached

to the top external part of the goal box on the three rew=
maining sides to facilitate perching after S had jumped from

the goal box,

Sub jects
The subjects were 50 experimentally naive female hooded

rats, 90«150 days old, from the colony maintained by the
psychology animal laboratory at Michigan State College.






Procedure (Table I)

The Ss were handled for seven days prior to introduction
into the maze, During this time they were put on a 23=hour
fesding schedule and received an average of 9 grams of Purina
Dog Chow checkers dally at the scheduled training time.
Throughout the course of the experiment all Ss were indivi-
dually fed 9 grams ten minutes after the end of the daily
run, On day 8, for 3 groups of 10 Ss each, Ss were introduced
into the maze and allowed free exploration for a one-hour
period, On day 9, acquisition trials began., All Ss were given
three spaced (10 minute intertrial interval) trials on the
first dey, four spaced trials on the second day, and six spaced
trials per day for five days thereafter, The time allowed for
eating during acquisition was gradually decreased. During the
latter phases of acquisition, a 20-second period after entering
the goal box was allowed for eating. All Ss ate the 1/5 gram
reward pellet within this time interval. Twenty seconds after
entering the goal box and securing the reward, Ss were removed
to running cages to awalt the next trial. Thus, each S re-
ceived a total of 37 spaced acquisition trials prior to ex~
tinetion. Running times were recorded to the nearest second
from the time S was placed into the starting box till S en-
tered the goal box section,

On the following day, Ss were divided into three groups
on the basis of their performances on the previous day and

given one rewarded warm-up trisl to indicate the control of
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group running times prior to extinction. On the next trial
(10 minute intertrial interval), extinction of the running
response was begun by removing the reward from the goal box.

The groups were differentiated by the type of response
allowed following the frustration resulting from non-reward,
For the jump group, the plate glass cover of the goal box was
removed to allow access to the ledge on top of the goal box,
After S had entered the goal box it was allowed a S-minute
period in which to escape by jumping to the top of the goal
box, After jumping, S remained on the ledge fér 20 seconds
before being returned to the individual running cages. If S
did not jump within the S~minute period, he was aided by E
in climbing to the top of the goal box by inserting a hand
into the box to serve as a step.

A second group, the normal extincetion group, was confined
for 20 seconds after entering the goal box and then returned
to the running cages. This method 1s frequently used as an
extinction procedure in learning studies in this area,

The third group, the recoill group, was allowed to recoil
out of the goal box after frustration by leaving the guillotine
door between the alley and the goal box open. Upon re-entering
the alley, the door was dropped behind him and 20 seconds later
S was removed from the alley or starting box and placed into
a running cage. It should be re-emphasized that the groups

were differentiated on the basis of the response which occurred
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after frustration of the original response and that all Ss
were retalned in the maze for a period of 20 seconds after
_the response to frustration had occurred.

The extinction period covered three days of 10 spaced
{10 minute intertrial interval) extinction trials per day.

If S did not enter the goal box within 120 seconds it was
removed, Two successive no response trials were considered
as an extinction criterion, even though Ss were given all 30
extinction trials. The running times during extinction were
recorded in the same manner as employed during acquisition,

To preclude the possibility that the obtained results
could have been due to the consummation of an exploratory
drive, a control group of 10 Ss was utilized. During the
acquisition phase the exploratory group was put into the en-
closed goal box but was never fed therein., All Ss were put
into the goal box for the same 20 seconds period as were the
other groups and then returned to the running cage to await
further trials. For the thirty extinction trials all con=
trol Ss were given identical treatment to the experimental
Jump group.

To show differences in learning and extinction rates bew
tween responses elicited by food deprivation and those elicited
by frustration stimulation, a control food group was run. The
10 Ss in this group were confined in the goal box for 20 secend
periods during the 37 training trials, and like the exploratory

group received no reward., When the experimental jump group
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began extinction trials the control food group was taught the
identical compatible response, but was rewarded by the placing
of food upon the ledge. Thus a direct comparison of the
learning of the jump response by the experimental, explora=
tory, and food groups was readily forthcoming,

On the day following the 30 trial extinction period, the
jump response learned under the various conditions underwent
extinction trials., The three groups involved were the experiws
rental jump group, the control exploratory group, and the
eontrdl food group. The procedure for all the groups was to
place each S in the goal box and await the jump. When S
had jumped and perched on the ledge for & period of 20 seconds
he was picked up and put back into the box. Thus each S
was handled in such a maenner until he remained in the box for
a S-minute no-jump period, or had gone through one hundred
trials. S8 were handled singly until one of the two extinc=
tion criteria had been met., Jump times during extinction

were recorded in the same manner as employed during acquisition.






RESULTS

The results of extinction of the straight alley response
are presented in Figure 1 and a statistical analysis for the
30 trials are presented in Table II. Figure 1 clearly shows
that the type of response elicited by frustration stimulaw
tion 1s a significant variable in the extinction of a simple
running response. A response to frustration which opposes
or is directly incompatible with the original response (re=

coil) produces very rapid extinction of the original response;
and a response which is compatible with the original response
(jump) produces little or no effect upon the original response
tendency within the limits employed in the present study.
Normal extinction procedures result in some intermediate ef=-
fect upon the original response,

Further evidence to support the differences obtained may
be found by an analysis of tﬁe number of trials to reach the
extinction criterion of two successive 120-second no=response
trials. All ten Ss of the recoil group, only four Ss of the
normal extinction group, and none of the jump group reached
this eriterion.

The results of the learning of the compatible jump
response for the experimental jump group, the control food,
and control exploratory groups, are presented in Figure 2 and

a statistical analysis of the 30 trials is presented in Table III,
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TABLE II

EXTINCTION OF STRAIGHT ALLEY RESPONSE AS A FUNCTION OF
TYPE OF RESPONSE ELICITED BY FRUSTRATION STIMULATION

#*#Mean of Trials to
Group median latency d=value . tinction
1. Experimental jump 5e75 30
dl, 2 = L‘,.6*
2¢ Normal extinction U475 dl, 3 = De0#% 2642
2, 3 % 1e3
3¢ Recoil 6030 16,0
%401 = 3440

##Numbers represent the mean latency score of the medians
taken from the median latency for blocks of five trials durilng
the thirty=trial extinction period,

TABLE III

LEARNING OF JUMP RESPONSE AS A FUNCTION OF THE
TYPE OF STIMULATION ELICITING THE RESPONSE

##Means of a4
Group median latency
1, Experimental jump 4490
dy, 2 = Lo
2o Control food 19460 dl 3 = 540
» ) »
dz’ 3 = )-|>07

3o Control exploratory 168,45

001 = 3,40

##Numbers represent the mean jump latency of the medians
baken from the median latency for blocks of five trials during
the thirty-trial extinction period,
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Figure 2 shows that the type of stimulation eliciting the jump
response is a significant determiner of the rate of learning

of a jump response, and differential asymptotic rates of

responding, Non-parametric statisticel analysis in Table III

reveals these differences to be significant beyond the .01

level of confidence., It would seem, therefore, a response

which is elicited by frustration stimulation produces very

rapid learning of a new response; and stimulation resulting

from the exploratory drive state produces little or no f
learning in most cases. Responses produced by stimulation
of hunger and rewarded by food are learned significantly
slower than a like response produced by omission of food in
a previously rewarded situation.

Further evidence to support the differential rates of
response learning as a function of different types of stimue
lation may be found by an analysis of the jump learning data,
Eight Ssin the control exploratory group failed to jump
spontaneously within the S-minute period, whereas 7 Ss in
the control food group, and only 3 Ss in the experimental
Jump group failed to negotiate the 10 inch jump within the
same specified period. It would seem therefore that the
stimulation arising from the omission of food in a previously
rewarded situation elicits decidedly different responses
initially, then does stimulation arising from other sources.

The results of the extinction of the jump response for

the three groups learning this response are presented in
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Figure 3 and a statistical analysis for the 100 trials are
presented in Table "IV, Figure 3 clearly shows that type

of stimulation eliciting a particular response is a signifie
cant determiner of the rate of extinction of that response,
Since, in the case of the experimental jump group, the Jump
response to the frustration stimulation was not interfered
with, that response shows no decrement in strength as measured
by latency of jump. The Ss in the exploratory control group
gll reached the S5e~minute no response criterion within the first
20 trial block which would be an indicator of the relative ine
stability of a jump response elicited by exploratory drive
stimulation. The food control group, on the other hand,
tended to exhibit an intermediate degree of extinction, and

is strictly analagous to the normal extinction group. Thus,
this group showed complete extinction whken the excitatory potential
for a newly learned incompatible response tendency surpassed
the strength of the on-goling response tendency.

Further evidence to support the latency differences
obtained may be found by an analysis of the number of trials
before the S5-minute no-response criterion was reached, The
control exploratory group responded an average of only 105
before complete extinction, whereas the control food jumped
an average of L2.,5 times. The experimental jump group showed
little effects of extinction with an average of 91.l1 responses

prior to extinctione.
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TABLE IV

EXTINCTION OF JUMP HABIT AS A FUNCTION OF TYPE
OF STIMULATION ELICITING THE RESPONSE

#Means of Trials to
Group median latency da extinction
l. Experimental
Jump Le78 91.1
dl, 2 = Lell
2+ Control food 18745 dl 3 = 5,0 U265
’
dz, 3= 3
3¢ Control
exploratory 271475 1045
o0l = 3,40

#Numbers represent the mean jump latency of the medians
taken from the median latency for blocks of twenty trials during
the 100-trial extinction of jump response periode
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DISCUSSION

The striking differences obtained during the extinction
of the adient straight alley response tendency would seem to
indicate that the type of response which the experimental
situation allows to be elicited by frustration stimulation
is an important variable in the extinction process. The re=
sults suggest that the extinction processz is one of competi-
tion between the original response tendency and the new
response tendency which is specified by the experimental pro-
cedure and reinforced through continued frustration during
the performance of the original reéponse sequence,

An alternative explanation might be that the differences
obtained were due to a differential delay in secondary reine
forcement through return to the running cages. However, the
use of a constant 20-second interval between the occurrence
of the response to frustration (Rsr) and return to the running
cages controlled the effects of this variable,

It should also be pointed out that both the jump and
recoll groups were required to learn specific responses with
respect to the non-reward state of affairs (sf). Therefore,

both groups remained in the frustrating situation for longer
periods of time in the initial stages of extinction than did
the normal extinction group. However, in the latter stages

of extinction, since learning of the response to frustration
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progressed with continued extinction, these groups spent less
time in the goal box as compared with the normal group. These
results tend to indicate that length of time in the goal box
per se did not produce the obtained differences,

The highly mechanistic hypothesis employed, and the
results obtained therefrom, would seem to be at odds with
conventional purposive or adaptive theories of the extinction
process. Tolman (1ll), for example, describes extinction as
a relearning of a signesignificate expectation. During ex-
tinction the maze (sign) comes to elicit an expectancy of
nonwreward (significate)., Since, in the present study the
expectancy of non-reward was constant for all groups, and
since marked differences in resistance to extinction of the
straight alley response did occur, it would seem that expec=
tancy of a particular goal 1s_not the essential variable
governing behavior in the extinction process.

This position may also be contrasted with the theory of
inhibition which posits intrinsic inhibitory states that pro-
duce inhibition of the original response independent of sub-
sequent learning. Hull (5), for example, posits that reactive
inhibition (Igz) is generated by repetition of the original
response and the amount of effort involved in the performance
of that response. The generation of IR during extinction in
turn produces conditioned inhibition (SIR) which in turn

serves to bring about the cessation of the original response,






In the present study the responses of the jump group clearly
involved the greater amount of effort in performance, since
the Ss had to negotiate a 10=inch jump in Addition to the
learned instrumental sequence. The fact that this group
exhibited 1little or no decrement in response strength within
the confines of the number of extinction trials employed is
contradictory to and unexplainable by Hull's theory.

However, Guthrie's interference theory (L) can handle
the extinction results of the present study, albeit by means
of ad hoc formulations. Guthrie holds that by taking the
animal out of the situation following the performance of an
instrumental response, one insures the strengthening and sta-
bility of the instrumental responses leading to the goal.
Thus, in the present study, the jump response learned by the
experimental jump group, served to withdraw the animal from
the situation in such a manner that the whole instrumental
action sequence was left intact. Therefore, little or no ex-
tinction should take place. The precise ordering of the re-
maining groups follow directly from the learning of incompatible
response hypothesis, and needs no reinterpretation and/or
extension,

From the present theoretical position, extinetion data
for the recoil group may also serve as & learning curve of
avoidance of a frustrating state of affairs (sg) in the face
of A strong competing approach response. This relatively
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rapid learning is in accord with the results obtained which
demonstrates, among other things, that the learning to eicape
a non-reward situation (sr) where there is no competition from
the original response, proceeds very rapidly, significantly
faster in fact, than learning through the use of a food re=
ward for hungry Ss not previously subject to frustration
stimulation. Thus, the fact that the jump group revealed
more spontaneous jumps, significantly faster learning of the
Jump response, and a higher asymptotic rate of responding
than did either the food or exploratory groups, would tend
to indicate both the operation of different stimulation
variables and the viewpolint that the omission of reward in

a previously rewarded situation attains the properties of an
unconditioned stimulus.

Further evidence of the acquisition of unconditioned
stimulus properties by cues previously associated with reward
is revealed by extinction of the jump response results. The
Jjump group showed practically no decrement in response
strength, as measured by latency of jump, throughout the
course of extinction, whereas the remaining groups did tend
to extinguish, It would seem therefore, that omission of
food took on properties characteristic of, for example, cues
associated with shocking S in an enclosed area where a jump
response was the only escape response possible, Thus so long

as no interference to the performence of Rs_ occurred, theoretice

: 2
ally, the animal should show relatively 1ittle decrement in
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response strength with continuing "extinction" trials., There=
fore, although somewhat elliptical, the present study also
provided a test for the definitions of reinforcement and
frustration stimulation.






INTRODUCTION « PART II

Studies in the area of instrumental conditioning have
demonstrated that the resistance to extinction of instru~
menteal act sequences is proportional to the number of pre=
viously reinforced responses, the conditions under which
reinforcement occurs, and the drive state of the organism
(5)e According to this formuletion individuals should tend
to exhibit differential tendencies to sustain instrumental
goal seeking behavior in accordance with the number and nature
of their previous successful experiences with particular in-
strumental actlion sequences, and in accordance with their
respective states of drive. However, as far as present deter
minations are concerned, these formulations may only be applice
able to the highly artificial situations which were r eferred
to as normal extinction procedures in the preceding section
of this paper,

The dependence of experimental results upon the structure
of a standard situation has been unequivocally demonstrated
in the first section of this paper. It has been shown that
when the environment is so manipulated as to allow more than
one type of elicited response, extinction scores will vary
from extremely rapld cessation of learned responses on the

one hand to virtually no extinction tendencies on the other.
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Thus, fallure on the part of many psychological theorists to
take into account responses made before and after the standard
experimental situation represents a serious control omission.

In keeping with the foregoing, the precise lawful relationship
between such variables as number of reinforcement and resistance
to extinction may only refer to certaln circumscribed areas,

and any application value of these results to more complex
situations would be mere speculation, or, more exactly, empiri-
cal questions,

The lawful relationship between the independent variable,
number of reinforcements, and the dependent variable, resistance
to extinction, in more complex situgtions is not determinable
within the bounds of aﬂy ma jor contemporary theory of behaviore
Even in the interference theory herein employed this relationw
ship is not explicitly stated. Therefore, an investigation
of these varliables must of necessity take on the character of
a phenomenal or pure empirical study. However, a brief recapi=
tulation of the theory which lay behind the results predicted
in the first section of this study may serve to give us a set
of predictive possibilities for the forthcoming investigation,

As previously mentioned all contemporary theories of
extinction are 1n the last analysis interference positions.
Extinetion takes place when responses learned to non-reinforcing
states of affairs become stronger than the ongoing response

tendency and, if sufficiently incompatible, produce a cessation
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of that response tendency. However, from the interference
position employed in the present studies, and in conjunction
with the Elicitation Hypothesis of reinforcement, the exact
manner in which any given response is selected and strengthened
may be treated on a molecular level., By dealing with the
theoretical structure of the process of response specification
it becomes possible to arrive at predictions concerning the
effect of habit strength (number of reinforcements) on resise
tance to extinction.

A straight alley paradigm would be of considerable
heuristic value at this point for the understanding of how
extinction takes place. First of all, the rat runs down the
alley and 1s reinforced by food reward in the goal box. When
the habit is sufficiently strong to elicit dominant approach
tendencies the reward is omitted. When the animal next runs
down the alley his responses do not lead him to former discrime
inable elements (food) and frustration stimulation arises.

The characteristic class of responses elicited by the frustra=
tion stimulation are reinforced, and upon successive elicita=
tions become the dominant response to the total stimulus come
plexes Thus, the cues of the starting box which were once
signals for approach responses now become signals for avoidance
responses, and extinction becomes complete,

However, as was demonstrated in the prior study, the
type of response to frustration stimulation may be experimenw
tally manipulated. In the ideal case this response may be
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so manipulated as to allow strengthening without the income-
patibility so necessary if extinction is to take place. In
such a case the cues of the starting box become signals to
the dominant compatible response, and no weakening of the
straight alley response i1s readily discernible. Thus, the
generic term extinction would seem to be nothing more than
an artifact of some experimental situation in which the enw
vironment is so structured as to obtain extinction. In the
cases where the anticipatory occurrence of a response to
frustration stimulation is compatible with the original in-
strumental action sequence little or no extinction should
result,

It seems to follow from the above that the crucial face
tors in extinction studies are: 1) a habit strength of
sufficient intensity to produce frustration stimumlation upon
a change in complex; 2) frustration stimulation with aefinite
elicited response; and 3) opportunities afforded by the en-
vironment for responses of varying degrees of compatibility.
From various interactions of these three factors one may ob=
tain the wide differences in extinction scores mentioned above.,

However, the first factor, a strong habit strength,
seems to 1mply that there is an optimal habit beyond which
frustration stimulation will arise and below which it will
fail to arise. With strong habit strength in a situation
which provides for a compatible response to frustration stimue=

lation, the anticipatory Hge should chain, or link, with the
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original response and thus produce little decrement in re-
corded response strength. In the cases where habit strength
is too weak to allow frustration stimulation to arise, the
result will be a lack of chaining of the on-going sequence
with the Rsf and extinction of the instrumental responsese
Statistically stated in terms of the apparatus utilized in
the first study with the compatible jump response group, if
a high correlation is obtained between the running response
and jump response no extinction will be evident; if the core
relation is low there will result rapid extinction of the
original response, '

Specifically, the present section of the study will be
concerned with an investigation of the effect of three levels
of hablt strength upon resistance to extinction of a straight
alley response. It is hypothesized that the effect of habit
strength will be an all or none effect rather than a nega=
tively accelerated function as found by Hull. If enough
habit strength 1s present to insure the linkage of the on-
~going with the compatible responses no extinction should
take place. If it 1s too week to permit linkage extinction

will rapidly take place,






METHOD

Apparatus
The apparatus utilized was identical to that used for

the initial study in this series of investigations.

Subjects

The subjects were 30 experimentelly naive female rats,
90~150 days old, from the colony maintained by the psychology
animal laboratory at Michigan State College.

Procedure

The procedure utilized in the present section of the
study exactly duplicates that used for the experimental jump
group in the first study, with one exception. Three groups
of 10 Ss each had different numbers of reinforcements upon
the straight alley running response prior to the onset of
the extinetion trials. The low habit group had 12 reinforce-
ments, the medium habit group had 2l reinforcements, while
the strong habit group had 36 reinforcements,

In the case of all three groups two successive non-response
trials on the straight alley was considered the extinction
criterion. If any S reached this criterion he was no longer
run in the straight alley, but was placed in the goal box for

his jump trials, The Jjump trials were thus carried on in
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keeping with the procedure outlined for the experimental jump
group, or until the Jjump extinction criterion of one five-
minute no=-jump response was met. Thus, the results of this

section are directly comparable with those of the first study.






RESULTS

The result which best indicates the prevalence of linkage
of the ongoing response with the compatible jump response 1is
the correlation between performance times. The coefficient
of correlation between the median running times on the orige
inal response and the median jump latency of the response to
frustration stimulation for the high and medium habit groups
was 90, The coefficient of correlation between those two
variables for the low habit group was 21l Since there was
no appreciable decrement in response strength for the former,
and complete extinction for the latter, the hypothesis that
linkage must take p lace prior to having an effect upon ex=
tinction tendencies is supported. Therefore, it would seem
that anticipatory occurrences of the compatible jump response
must completely generalize to the starting box for the chaine
ing of response fendencies to take place prior to the intere
ference from the generalization of some incompatible response
tendencye.

An alternative interpretation for the significant cor-
relation might be that we are dealing with but one variable
in the two groups, namely, speed of performance., That this
interpretation is omnipresent with utilization‘of the correlation

coefficient as a measure of relationship can scarcely be denied,
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However, the theoretical structure from which predictions

are generated 1s the’sole determinant of the menner in which
such measures are to be interpreted. Therefore, the only
valid criticism of the above interpretation from a logical
point of view is that of poor translation from the theoretical
structure into an empirical system. The only caution to be
observed, in this connection, 1s that utilized measures be
interpreted econsistently throughout the complete system.

The results of extinction of the straight alley response
are presented in Figure | and a statistical analysis for the
30 trials is presented in Table  V, These results are pre-
gsented in conjunction with the figures from the normel exe
tinction group and recoil group of the prior study in order
to facilitate comparisons. Figure 4 clearly shows that the
stroﬁg and medium habit groups exhibited no decrement in
response strength or, if any trend is present, it seems to
be in the facilitative direction. However, the data for the
low habit group show that by the 15th trial extinction of the
straight alley response was complete, Thus, the point at
which habit strength gains sufficient intensity to produce
frustration stimulation seems to vary somewhere between twelve
and twenty~four reinforcements., When the habit strength 1is
not sufficlient to produce a generalizing response it would
seem that extinction takes place very rapidly,

Further evidence to support these results comes from

observations of runway behavior., The rats in the high and
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TABLE V

EXTINCTION OF STRAIGHT ALLEY RESPONSE AS A FUNCTION OF
THREE LEVELS OF HABIT STRENGTH

Group mﬁgfggnlgiency d-Value
le Strong habit 5475 dj, 2™ ok 4, g =55
2e¢ Medium habit 3428 4y, 3 = 540 d3’ 5 = L8
3¢ Weak habit 117475 dy, 3 = 545
Lo Normal extinction L4745 dz, L= Se5
5e Recoil 60430 d3’ N = 540
001 = 3,40

s#tNumbers represent the mean latency score of the medians
taken from the median latency for blocks of five trials during
the thirty trial extinction period.
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medlium habit groups exhibited abortive Jjumping movements

from as far from the appropriate place as the starting box.
The glass cover on the starting box was utilized to prevent
any jump completions. However, the rats in the low habit
group extinguished before this response had genersalized backe
ward and, therefore, showed little or no incipient jump ree
sponses,

The significant difference between the medium habit group
and both the recoil and normal extinction group provides evie
dence for the assertion that resistance to extinction is not
a linear function of habit strength. Since the medium habit
group had but 2l reinforcements whereas the other two had 36,
the conclusion follows that the type of response elicited by
frustration stimulation is the important determinant of re-
gsistance to extinction. Thus, the application of laws of
habit strength to more complex situations demands the support
of careful research, before utilization may be unequivocally
accepted.

The results of the learning of the compatible jump
response for each habit strength group are presented in Figure 5,
and a statistical anelysis of this data combined with the ree
sults of the control food and control exploratory groups are
presented in Table Vi. Figure 5 reveals no differences between
the three main groups in the learning of the jump response to
frustration stimulation. However, these three groups show sige

nificant departures from the means of both type of control
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TABLE VI

LEARNING OF JUMP RESPONSE AS A FUNCTION OF
THREK LEVELS OF HABIT STRENGTH

Group #Mean of deVelue
median latency
d = 01
1. Strong habit 4490 1, 2
dlo 3F ol
20 Medium habit 6050 d2’ 3 = 2.5
3o Weak habit 1161 dp, )y = 3478
d2, 5 = 5.0
e Control food 1960 d3, L = 2Ll
d = 5,0
5e Control exploratory  168.45 3, 5
601 = 3,40
05 = 2,60

#%Numbers represent the mean jump latency of the medians
taken from the median latency for blocks of five trials during
the thirty trlal extinction period,
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groups. The weak habit group falls slightly shy of the 5
percent level of confidence in a comparison with the food
group, but all other comparisons reveal significant differe
ences. It would seem from the above that frustration stimue
lation may be set up strongly by utilizing any of the habit
levels used in the present experiment, but that the type of
stimulation eliciting the jump response is the significeant
determiner of the speed of learning of the jump response.

One question remains unanswered in this connection. If
the weak habit group rapidly learned to negotiate the Jjump
under elicitation by frustration stimulation, why did not
this variable have an effect upon the extinction of straight
alley response? One possible explanation, although speculae
tive,1s that in the case of the weak habit group, interference
by incompatible responses produced extinction before the come
patible response could generalize backward. Thus the compate
ible jump response became slowly strengthened through elicita=-

tion, but only after extinction had already taken place, and

thereby prevented anticipatory occurrences of the jump response
from chaining with the original response. The level of

habit strength, then, seems to affect the speed of generali-
zation of the incipient compatible response to starting box
cues more than affecting the production of frustration sfimu-
lation. An alternative interpretation may be that sufficient
habit strength must be present to insure stabllity of the
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original response so that enough trials can be run to permit
chaining of the two responses. However, since the evidence
points to almost instantaneous chaining by the high and medium
hablit groups the previous explanation seems to be the more
strongly borne out by the empirical findings.

The results of the effect of three levels of habit
strength upon the extinction of the jump response are pre-
sented in Filgure 6 and a statistical analysis is presented
in Table VII. Again in this case results from the control food
and exploratory groups are presented to facilitate comparisms.
'As can be seen from Table VI there are no statistically signi-
ficant differences between any of the three groups in speed
of reaction throughout the course of the 100 extinction trials,.
Thus, it would seem that within the habit strength levels
employed in the present experiment there is no systematic
contribution of number of reinforcements to resistance to
extinction of Rgee The important contributory variable seems
rather to have been the number of elicitations of the response;
80 that if the cues of the goal box have been sufficiently
reinforced to produce response elicitation the ma jor require-
ments for learning have been met,

However, analysis of Table VI reveals significant dife
ferences to exist between each of the habit groups and both
the food and exploratory groups in resistance to extinction

of the jump response, All three habit groups show significantly
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TABLE VII

EXTINCTION OF JUMP HABIT AS A FUNCTION OF
THREE LEVELS OF HABIT STRENGTH

##Means of « Trials to
-Group median latency deValue extinction
1, Strong habit 78 dj, 2 = 15 91411
dl 3 = 1067
2¢ Medium habit 2428 ’ 100,00
dz, 3= 83
3¢ Weak habit 3406 d2, N = }} 40 9647
d = 5,0
Lo Control food 187.5 2, 5 }245
d3, o = 30
50 Control d. = 5.0
exploratory 27175 3, 5 1045
o0l = 3.’4.0
05 = 2,60

s=tNumbers represent the mean jump latency of the medians
taken from the median latency for blocks of twenty trials during
the 100=trial extinction of jump response period.






*ST8TJI] UOT3OoUT}Xd Lquemj JO SX00TQq J0J SJI0OS UBTPOUW
ay3 jueseaded 93BUTPJIO oyyz uo 84074 °*esuodsasa dumf{ ey3
JO uoTqoutqxe uodn yjzdusJals 37aBY JO STOAST ©0JUjz JO 300JJd °9 °*3Td

SyVIAL MOIRIUIZNT 40 SHIO[F

oo/ od o9 o oz
Iﬁ'l III/
S > — —

lllll VIV YPIM
VIV MY PIW

219y byarzs

~ Q

)
Spuos3s v RoYazvy 2syodsay






45

faster jump reactions than either of the controls. Therefore,
within the confines of the groups employed, the type of elic=
iting stimulus seems to be the most important variable in the
determination of resistance to extinction scores. Since the
hebit groups performed their response under frustration stimue=
lation, while one control jumped to food and the other to
novel stimuli, omission of food in a previously rewarded situa-
tion presents more powerful stimulating conditions than do
either hunger or exploratory stimulation. This conclusion is
also supported by data concerned with speed of learning as
a function of the type of eliciting stimulus in the prior studye.
The trials to extinetion data of Table VI supports the
above contention. The three habit groups all revealed over
90 trials before extinction, whereas the two control groups
fell somewhere between 10 and 45 trials. Furthermore, obser=
vations by the writer suggest that when the tharee habit groups
ceased jumping it might have been more due to sheer exhaustion
than for any fact of theoretical significance to the present
study. After Ss had extingulished they were given a short
respite and then re-run. In most cases Ss began jumping once

more and continued for 100 more trials,






DISCUSSION

The differences obtained during the extinction of the
adient straight alley response tendency would seem to indi-
cate that the magnitude of habit strength is an important
variable in the extinction process. However, the results
obtained by analysis of simple experimental situations can=
not be utilized in explaining these more complex results.
The results suggest rather, habit strength to be an all or
none determinant of the resistance to extinction of any
response. If a habit magnitude of sufficient intensity is
present to insure stability of the original response until
generalization of the compatible response takes place, then
little or no extinction occurs. Further, if the habit strength
1s so weak as to allow the specification of an incompatible
response prior to the complete learning and generalization
of the compatible response extinction will take place fairly
rapidly.

The above results likewise lend credence to the suge
gestion that the extinction process may be fully explained
by an interference position, which holds that phenomenal ex=
tinction takes place through response competition, which is
specified by experimental environmental manipulation, and

which is reinforced by elicitation through frustration
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stimilation during performance of the original instrumental
action sequence, This, of course, obvigtes the necessity for
positing an internally labile drive: state such as IR, and 1is,
in general, a more parsimonious explanation of inhibitory
phenomena,

Latency of Jump response data for all groups may also
serve as an indicator of the unreliability of this measure
of response tendency as a determinant of magnitude of habit
strength. Since there was no significance between the three
habit strength groups in response latency, and since the numw
ber of reinforcements Ss received varied from L2 to 36, the
relationship of number of reinforcements to latency of response
as set forth by Hull (5) does not seem to be supported. An
alternative explanation may be that in the present study we
were working on the asymptotic portions of the habit strength
curve, and that should we reduce the number of employed reine
forcements we would obtain the predicted latency differences.
However, in view of the extfemely small number of reinforcements
employed, and in view of Hullian data which indicates an asymp-
tote to the acquisition of habit strength curve at around 30
reinforcements, the latter interpretation would seem to be
at once tenuous and strongly suspect. Therefore, these
studies, among other things, demonstrate that traditional
measures of habit strength may not be unqualifiedly applied

to more complex situations, and are further arguments for a






18

re=examination of the extremely limited traditional approaches
as to their former unquestioned importances

The above studies suggest that adaptive, adjustive, or
purpose theories purporting to explain behavior are very little
removed from the descriptive level., Such a statement as Dale-
lenbach's (2) "humans do not adapt to painful stimuli because
of its entiesurvival value" is an extreme case in point. Like=
wise, psychological concepts such as “adaptation", "adjust=-
ment", or "extinetion", are prime examples of the fallacy of
Darwinian thinking. It is true that these concepts are of
didactic, heuristic, or descriptive importance; but their
theoretical significance is open to considerable doubt. Withe
in the mechanistic theory employed we have seen that environe
mental conditions may be so manipulated as to obtain little
extinction or adaptation., In a similar manner we must work
on the other adjustive concepts to determine their para=
meters and conditions of operations. In short, we need empiri-
cal laws and the specification of operations by which we can
define concepts rather than the promiscuous use of "common

sense" data,
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The Application of the Theory of Extinction to Simple Learning,
and the Emergence of Discrimination as a Basic Concept in all

Learning

The following theoretical description of the role of
extinction in learning would be considerably enhanced by
reference to some standard experimental situation such as a
conventional Te=maze., Let us assume that we are trying to
teach a group‘of rats to turn right into Arm A, Utilizing
conventional break~in procedures, we begin by placing S into
the starting box. An approach response will soon be elicited
under stimulation of the situational novel cues, and the rat
will eventually end up in Arm A where he will be fed a pellet,
It 1s at this point that generalization will take place to
Arm B at & magnitude and rate corresponding to the stimulus
elements the two arms have in common. Now let us suppose
that on a succeeding trial the animal blunders into Arm B,
Since there has been some generalization of the approach response
tendency to that arm, the animal will now have commerce with
cues unlike those of Arm A (food, eating, etc.,)., Therefore,
the conditions for the arousal of frustration stimulation will
have been met and, since there 1s opportunity for only a re~
coil type response, that response will takeplace. According
to the elicitation hypothesis, the recoill response to the
frustration stimulation is reinforced, and the cues antece~=

dent in time attain the capacity to elicit those responses,
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We have seen that by allowing the animel a recoil response

to frustration Qtimulation very rapid extinction takes place,
Accordingly, the tendency to enter Arm B will rapidly extine
guish,

With continued reinforcement the cues at the choice point
become elicitors of both recoil to B and approach to A respmses.
Thus the animal operates on a discriminative cue basis, which
directs him away from one arm and toward another, Therefore,
the emergence of discriminative elements seems to take place
through the interaction of frustration and positive stimulation.

One of the implications of the above position is that by
positively reinforcing a habit which is later to become nega=
tive we enhance the learning of a discrimination. Goer (3)
tested this position and, in general, his data support the
above contention, although his results held up only within
certaln limitse. It was found that if the magnitude of the
positive habit structure to the negative side is too great
discrimination becomes very difficult.

This theoretical structure also explains simply the more
rapid learning of discrimination under the corrective technique
of learning as against the same problem learned under non=
corrective techniques, By allowing the animal a recoil
response we insure more rapid learning of the recoll response
and the subsequent more rapld emergence of discriminable elew
ments. Thus, the primary difference between the two techniques
seems to be a manipulation of the degree of compatibility of
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responses allowed to frustration stimulation. By experimenting
with the limits of manipulatory possibilities we theoretically
should be able to obtain results which vary from very rapid
learning at one extreme to no learning at all at the other,

There are those who feel that by making a theoretical
explanation of behavior extremely mechanistic one destroys
all the value and individual experiential content of 1living,.
For this reason theorists seem to have a marked proclivity
for introducing theoretical concepts such as pain, hot, etcs,
to connote certain feelings which cannot be scientifically
analyzable., However, just as in theoretical physics, explaine
ing light in terms of waves does not make us less able to see,
and explaining heat theoretically does not make a radiator
less hot, so explaining behavior molecularly does not make
1life less worth living. The purpose of the extreme mechanism
in behavior is to limit conceptualization to constructs by
which we can best understand behavior, while concomitantly
limiting ghost-like conceptions. The humorous jingle of
Bertrand Russell (12) best epitomizes the influence of mechan=
ism upon human thought:

There was a young man who said damn

I find with regret that I am

a creature which moves

in predestinate grooves

in short, not a bus, but a tram.
Thus, by employing a pure mechanistic philosophy we can ree
analyze widespread use of phenomenological constructs as

theoretical conceptions and work out the limits of stimulus
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parameters as affecting response parameters. Toward this
end the above conceptualization of extinction may serve as a

first steps






SUMMARY = PART I

The present study was designed primarily to test the
hypothesis that the type of response elicited by the frustra=
ting omission of reward is a significant determinant of the
rate of extinction of the original response. Furthermore,
this study was formulated to test the rates of learning of
the compatible Jump response and extinction rétes of that
response, when the learning was elicited by different types
of stimulation. Fifty female hooded rats were employed, with
thirty Ss being run in a straight alley with food as a reward.
For extinction, they were divided into three groups according
to the type of response to be learned to the frustrating
state of affairs (non-reward). During extinction one group
learned a compatible escape response of jumping from the goal
box, while a second group learned a directly incompatible
response of recoiling from the goal box. A third group was
run according to the traditional extinction period of confine=
ment in the goal box for a 20-second period after frustration.

The results clearly demonstrate that resistance to exe
tinction is a function of the type of response elicited by
frustration. A directly incompatible recoil response to fruse
tration produces rapid extinction of an approach response
while a compatible escape response to frustration produces

little or no extinction of the original response,
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Two additional groups of 10 Ss each were run on the
learning of the Jump response only. The exploratory group
was taught the Jump with no reward, whereas the food group
was taught to jump to a food reward, The results indicate
that the type of stimulation eliciting the Jjump response 1s
a significant determinant of both the rates of learning of
that response, and the asymptote reached in the learning.
Extinction scores for the jump response also revealed signile
ficant differences between groups, and tended to indicate
differential rates of extinction to be a function of differ-

ential stimulation,






SUMMARY « PART II

The second study was designed primarily as a pure
empirical research to discover the relationship between
number of reinforcements and resistance to extinctions. All
determinations of this functional relationship were made in
a more complex situation, as distinguished from the tradition=-
al approach. Specifically, this study compared the resistance
to extinction of a straight alley response by Ss with three
levels of habit strength, when the type of response elicited
by cues associated with the omission of food was a compatible
Jump response,

Thirty female hooded rats were run down a straight alley
with food as a reward. One group of 10 Ss were given 12 re=
inforcements, the second 2l reinforcements, and the third 36
reinforcements. For extinction all groups were treated exactly
as the experimental jump group of the prior study.

The results demonstrate that the low habit group (12 re=~
inforcements) reached the extinction criterion for the straight
alley response falrly rapidly. Neither of the other two groups
revealed decrements in response tendency within the number of
extinction trials employed. However, since there were no sig=
nificant differences between groups in either learning of the

jump response, or resistance to extinction of that response,
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it would seem that even 12 reinforcements creates a habit of
sufficient intensity to elicit compatible responses, There-
fore, the interpretation was made that the magnitude of habit
strength affects the speed of generalization, so that if the
generalization of incipient compatible responses is retarded,
extinction will teke place.

The results also lend additional support to the assere
tion that frustratlion stimulation i1s a more powerful elicitor
than either hunger or situational novel cues. Extinection
scores between the habit strength groups and the two control
groups revealed significant differences, and tended to indi=
cate the prevalence of differential stability of responses
as a function of the differential stimulation.

Learning in a simple T~maze situation was used as a
simple paradigm to demonstrate the role of extinction in
learning. Learning was described theoretically as an inter
action between positive reinforcement and frustration stimu-
lation, with the emergence of discrimination as the basic

process in all instrumental learning.
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