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INTRODUCTION

A certain number of reinforced training trials are required
to develop a stable conditioned response ( CR ) in acquisition. The
customary definition of a reinforced trial specifies the pairing of
a conditioned stimulus ( CS ) with an unconditioned stimulus ( US ).
In most cases the concept of 'paired sfimu?i“ is poorly defined,
However, the CS and US are usually regarded as‘being paired when the
time-period between CS onset and US onset ( CS-US interval )} is such
that conditioning occurs, For nonreinforced trials, the CS and US
are not paired, A partial, or intermittent, reinforcement schedule
is defined operationally as the presentation of both reinforced and
nonreinforced trials in acquisitién. Partial reinforcement schedules
are conventionally identified by their relative frequency of reinforced
trials, e.g., '"50% partial reinforcement" fefers to a training
schedule where half of the trials are reinforced, The relative fre-
quency of reinforcement in a partial schedule may vary between but
not include 0% ( extinction ) and 100% or ‘'‘continuous' reinforcement,

Another parameter that may be varied in & partial rein-
forcement schedule is the pattern of reinforcements; A random partial
reinforcement schedule is éne where reinforced and nonreinforced
trials are arranged fn a chance sequence, For alternating partial
reinforcement, the two types of trials occur in a regular alternating
sequence such that a given number of reinforced trials is followed
by an equal numbef of nonreinforced trials, with this péttern repeat-
ing throughout the schedule

A variety of methods for providing nonreinforced trials in

a partial reinforcement schedule have been used, The simplest and



most frequent procedure is to omit the US ( CS-alone trials ). This
means that, for an equ;l number of trials, a partial reinforcement
schedule contains fewer USs than does a continuous schedule, ’Such

a procedure is often termed a matched trials technique, To control
for between~schedule differences in number of USs, a matched rein-
forcements technique is sometimes emp?oyed. This method involves
giving the same number réinforced trials in both schedules ( often
with the same US<US intervals ) but more CS—aTone trials in the
partial sche&u!e.

Another method of providing nonreinforcement is the
"interpolated-US" procedure, In a partial reinforcement schedule,
nonreinforced trials of this type consist of a presentation of the
€S alone and then the US alone at the midpoint of the intertriat
( ¢S-CS ) interval, Interpolated-US trials equate the number of
USs for partial and centinuous reinforcement schedules but not the
number of reinforced trials,

The 'delayed-US" or 'extended-interval' method provides
nonreinforced trials by specifying a CS-US interval longer than that
for reinforced trials, The particular CS-US interval used is de-
termined empirically, and ideally is the minimum interval which
produces no conditioning, When considered in terms of operational
definitions, the extended<interval technique may be regarded as a
special case of fhe interpolated-US technique and omitting the US
as the limiting case ( infinitely long CS-US interval ),

Early evidence of the effects of partial reinforcement in

classical conditioning was obtained in a human eyelid conditioning
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study by Humphreys { 1939 ), He found that the levels of performance
in acquisition were not different for continuous and partial rein-
forcement groups., However, it was reported ihat the partial rein-
forcement group was superior in performance to the continuous group
during extinction, These results were interpreted as a serious
challenge to the then widely accepted view that level of performance
in acquisition and resistance to extinction were roughly comparable
indices of the amount of conditioning which was built up on rein-
forced training trials.

Since that time it has been established that partial rein-
forcement produces reliable effects'on the performance of human Ss
in certain eyelid conditioning situations, The effects in these
situafions are a lower level of performance in acquisition and
greater resistance to extinction for partial as compared to centinue-
ous reinforcement, However, the phrase ¥partial reinforcement effect!
( PRE ) by convention designates only the extinction result, This is
due to the fact that increased resistance to extinctfon following
partial reinforcement has been regarded as a general phenomenon
which was trans-situational in nature. In contrast, the acquisition
phenomena were thought fo be less general, and they have not been
included under the term "PRE', For purposes of the present discussion,
however, 'PRE" will refer to both the acquisition and the extinction
result unless it is specifically stated otherwise,

Grant and Schipper { 1952 ) obtained a set of results that
has come to be accepted as the standard PRE in acquisition and ex-

tinction for human eyelid conditicning, Perforimance was studied



under conditions of 0, 25, 50, 75, and 100 per cent reinforcement,
It was found that the frequency of CRs in acquisition was directly
related»to the percentage of Eefnforcement. During extinction, the
50% and 75% groups performed at higher levels than the continuous
reinforcement group, In a similar experiment ( Grant, Schfpper,
& Ross, 1952 ) where percentage of reinforcement and intertrial
interval were variéd, paftial reinforcement produced inferior acquisi-
tion performance and greater re;istance to extinction relative to
100% reinforcement,

The standard PRE for human Ss was also obtained by
Reynolds ( 1958 ) in an investigation where, for half of the Ss,
nonreinforcement was defined as a trdal with a 2400—mséc. €S-US
interval { delayed-US method ). Under all conditions, 100% rein-
forcement resulted in higher performance levels than partia& rein-
forcement during acquisition, 1In extinction, the performance of
the 50% groupsvwas superior to that of the continucusly reinforced
gfoups.

Recent evidence and a theorctical formnulation provided by
Spence and his associates (_Spence, 1966 ) suggest that the extinc-
tion PRE for human eyelid conditioning may be influenced to a great
extent by verbally-mediated ''set! factors and that it may be
abolished by certain experimental procedures which tend to prevent
the formation of such sets, This evidence will be considered with
Spence's model in a subsequent section which deals more directly

with theoretical aspects of the PRE,



In the case of classical conditioning with infra-humans,
which is the main topic of this paper, partial reinforcement has
produced variable results, Gonzales, Longo, and Bitterman ( 1961 )
made objective measures of the conditioned agitation response in
goldfish with three conditions of reinforcement, During acquisition,
a reinforced trial consisted of a paired presentation of CS and US
using a 4,5-sec, CS-US interval, A nonreinforced trial for one
group involved the omission of the US while, for another group, the
US was presented 30 sec, after (S onset, A 100% reinforcement group
performad slightly better than the 50% groups throughout acquisition,
alfhough this difference was not statistically significant, Similarly,
there were no reliabie differencs in extinction, The two nonrein-
forcement procedures had no differential effects during acquisition
or extinction, A second experiment‘that was discussed in the same
report invc?ved‘a 2 X 2 factorial design in which two percentages of
reinforcement and two amounts of training were cohpared. The various
treatments produced no differences in performance among the groups
during acquisition and extinction or in a series of retrainings
followed by .extinction.

A conditioned agitation response in pigeons was studied by
Longo, Milstein, and Bitterman ( 1962 ), Here all Ss were trained
to asym@totic levels o% performance with continuous reinforcement,
after which half of the Ss were given 50% partial reinforcement,
Comparison groups for matched trials and matched reinforcements
were included in the design, Following the shift to partial rein-

forcement, performance levels rose above those of a group that was



not shifted, During the 180 trials of extinction, the 50% group
performed at a slightly higher level than the 100% group and this
idifference was significant, In a second experiment, training condi-
tions were similar, except that the groups were given either 50%

or 100% reinforcement from the start of acquisition, This resulted

in superior performancerfor the 100% reinforcement group in acquisi-
tion and extinction, |

Another study of partial reinforcement in the classical

conditioning of fish ( mouthbreeders ) was conducted by Gonzales,
Eskin, and Bitterman ( 1963 ). A 1007% reinforcement group received
100 péirings of light and shock during acquisition, while a 50% group
was given 200 trials, half of which were presentations of the CS alone,
A second random partial reinforcement group received 40 trials of
continuous reinforcement followed by 60 trials with partial reinforce-
ment, Extinction consisted of 35 CS-alone trials for all groups,

The acquisition procédures resulted in significantly lower performance
levels for theYBO% groups, Both partial reinforcement groups showed
greater resistance to extinction than the consistently reinforced
group, This is one of the few studies to obtain the PRE with infra-
human Ss in classical conditioning,

A series of seven studies of partial reinforcement in gold-

fish was reported by Berger, Yarczower, and Bitterman { 1965 ),

The effects of intermittent reinforcement were investigated with
equated reinforcements and with equated trials, with constant and
with variable Cquéminterva?s, with long and with short runs of

nonreinforcement, with balanced and with biased patterns of partial



reinforcement, and with two different extinction procedures, The
only differential effects on extinction performance were produced
under conditions of Tong rQns of nonreihforced trials that tendad

to occur early in acquisition ( ear?y-biaséd partial reinforcement
schedule ), This effect was reflected in a Treatments X. Trials
interaction, with the continuous reinforcement group extinguishing more
rapidly than the partiaf reinforcement group that received Tong . runs
of nonreinforced trjals early in acquisition, The aufhors concluded
that an interaction of the type obtained in this investigation should
not be regarded as unequivocal évidence for a PRE in extinction,
Differential performance in extinction was analyzed in the context

of an "extinctive carroner” model which will be discuésed in a
subsequent section,

Stivka and Bitterman ( 1966 ) investigafed classical appeti-
tive conditioning in the pigeon with continuous and partial reinforce-
ment, The CS was a change in illumination and the US was a small
quantity of grain, On reinforced trials these stimuli were presented
with a 10-sec, CS-US interval, Conditioned responding was measured
as the difference between mean activity occurring in the €S-US
interval and that observed for an equal period of the intertrial
interval, Ouring acquisition, Ss were given 150 reinforced trials
and then either 100% of 50% reinforcement for 225 trials, All $s then
received 90 trials of extinction with the US omitted, Frequency of
reinforcement had no reliable effect in acquisition., There was no
significant overali difference in performance levels of the two

experimental groups during extinction, but a statistically significant



Groups X Trials interaction was obtained, Again it was concluded
that the interaction effect did not represent an extinction PRE,

The effects of partial reinforcement on a classically
conditioned eyelid response in rabbfts were investigded by Thomas
and Wagner ( 1964 ), One group of 10 Ss received 220 acquisition
trials in a 100% reinforcement schedule, A second group was given
LLO acquisition trials with 50% random partial reinforcement, The
CS was a 600-msec, tone and the US was a L-psi air puff, On rein-
forced trials these stimuli weré paired such that the US overiapped
the last 100 msec, of the CS, Nonreinforced trials consisted of
presentations of the CS alone, The rate of acquisition for the 50%
group was reliably slower than that of the continuously reinforced
group, although both groups reached approximately the same asymptote,
However, 60 trials of extinction revealed no differences between the
two éroups in CR!frequency, No reliabie betweenegroup-differences
in CR latency were obtained for acquisition or éxtinction. A detailed
analysis of the acquisition data revealed significantly lower (R
percentages on trials following nonreinforcements, It was concluded
that the PRE did not occur because infra-humans lack the complex
verbal processés which mediate the effect in humans,

The investigators whose research on infra-humans has been
reviewed here regard the PRE as being controlled by rather complicated
processes, such as differentdin] discriminations between reinforcement
schedules; These processes have becn proposzed to explain the failure
to obtain a PRE in certain situatiens, i.e., infra-humans are assumed

to be incapable of such complex discriminations, However, a number of
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experiments involving invertebrate Ss have reported an extinction PRE,
which suggests that the assumptions about its complex determinants
may be untenable,

Wyers, Peeke, and Hertz ( 1964 ) used a tactile CS and én
intense light as the US to condition a retraction or withdrawal re-
sponse in earthworms, A continuous reinforcement group received 150
reinforced trials, while a partial reinforcement group first received
20 reinforced trials and then 130 trials with 50% partial reinforce-
ment, The reinforcement procedures produced no differential effects
in acquisition performance, but the 50% group performed at a higher
level than the 100% group during extinction,

A subsequent study by these authofs ( Peecke, Hertz, & Wyers,
1965 ) involved the same specie of § and a similar experimental design.
Three levels of training ( 50, 100, and 150 acquisition trials ) were
made orthogonal to two reinforcement schedules ( 100 and 50 per cent ),
In addition, separatg conditions were provided to control for sensitiza-
tion and pséudo-conditicning. The results of their previous investi-
gation with earthworms were substantiated; for all levels of training,
Ss given partial reinforcement performed comparably to the groups
receiving consistent reinforcement during acquisition and showed
greater resistance to extinction than consistently reinforced Ss,

Crawford, King, and Seibert ( 1955 ) investigated the effects
of partial reinforcement on classicai conditioning in 20 planaria,

The CS was a 3-sec, light, and a l-sec, shock was the reinforcer.
For reinforced trials, these stimuli were paired using a 2-sec, (S$-US

interval, The experimental design included four treatment groups,
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A continuous reinforcement group received 120 light-shock trials in
acquisition, while a sensitization control group was given the same
number of trials with the CS and US unpaired (separated by 30 sec, ),
A 50% partial réinforcement group had CS-US pairings on 60 acquisi-
tion trials and 60 presentations of the C§ alone, The second sensi-
tization control group received 120 acquisition trials where the US
was éresent but not paired with the CS on half of the trials, All
groups were given 32 CS-alone trials in extinction., The performance
of the partial reinforcement group did not diffef from that of the
100% group in acquisition, A significant Treatments k Trials inter-
action was obtainad in extinction, with the 100% group extinguishing
more rapidly than the intermittently reinforced group,

Threé. groups of 6 planaria received 48 presentations of a
photic CS and L8 shocks per day for 5 days in a study by Kimmel and
Yarenke ( 1966 ), On conditioning trials, light and shock were paired
using a 2-sec, CS-US interval, The minimum intertr{al interval was
15 sec, A CR was defined as cephalic turning, curling, or contraction
during the first 2 sec, of the CS, ?or‘one group, acquisition
involved pairing Tight‘and shock on 1007 of the trials., Another
group received 50% paired presentations of light and shock, while 50%
of the trials consisted of the CS alone, A third group was given O%
reinforced trials in order to provide an estimate of sensitization
| and pscudo-conditioning levels, All groups received 50 extinction
trials on the sixth day of the experiment, Both the 100% and 50%
gfoups performed at levels that were significantly higher than the

control group during acquisition, There were no reliable differences
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between the acquisition performance levels of the two conditioning
groups, In extinction,.the 50% group exhibited higher response
percentages than the 100% and control groups, However, there was no
significant difference betweeﬁ the performance of the 100% group‘and
the control greoup in extinction, These results for invertebrates '
suggest than an extinction PRE may be observed under conditions where
it seems unlikely that complex discriminations could be an important
determinant of performance,

An experiment by Fitzgerald { 1963 ) dealt with an aversive
conditioned salivary response in dogs. The reinforcement schedules
employed were 25%, 50%, and 100%, The CS was a tone and the US was
dilute acetic acid., In this study, the acquisition performance levels
of both partial reinforcement groups were lower than those of the
continuously reinforced group, In extinction, a significant Groups
X Trials interaction was obtained, with the 1004 group extinguishing
more rapidly than the other groups., No reliable differences between
acquisition or extinction performance were observed for the two
partial reinforcemznt groups, |

Wagner, Siegel, Thomas, and Ellison ( 1964 ) investigated
the effects of partial reinforcement on en appetitive conditioned sali-
vary response iq degs. An auditory CS was paired with a food pellet
using a 20-sec, CS-US interval on reinforced trials., A 50 reinforce-
ment group tended to perform at lower levels than a continuously rein-
forced group in acquisition. A significant Groups X Trials interaction
was obtained during extinction indicating that the 50% group extinguished
moire slowly than the 100% group, There were no differences in

overall performance for the two reinforcement groups,
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Two experiments involving a conditioned heart-rate response
in dogs were reported by Fitzgerald ( 1966 ). A tone was the CS
and the reinforcement was provided by a shock, The reinforéement
schadules employed were 0%, 50%, and 100%, In the first experiment,
no PRE was obtained in acquisitién or extinction, The second experi-
ment, where the number of refnforcements was equatedAfor the two
experimental groups, produced a Treatments X Trials PRE in extinction,
No overall differences between the performance levels of the experi-
mental group were obtained in acquisition or extinction, Tha lack
of evidence for a PRE in the first experiment was explafnéd in terms
of the relatively small number of reinforced trials ( six ) occurring
in the partial reinforcement schedule, It was suggested that 6
reinforced and 6 nonreinforced trials established only a minimal
amount of response strength, In the second experiment, where both
the 1097 and 50% groups received 12 reinforcements, conditioning levels
were sufficient to reveal an interaction PRE,

Fitzgerald, Vardaris, and Teyler ( 1966 ) studied the
effects of partial reinforcement fo?dowed by continuous reinforce-
ment on a classically coﬁdftioned heart~rate response in dogs. In
one condition a group received partial reinforcement on the first
day of acquisition and was then switched on the next day to continu-
ous reinforcement, Another condition provided partial reinforcement
on both days, A group receiving continuous reinforcement on both
days was also included, In this experiment, partial reinforcement
produced a decrement relative to a 100 group on the first day of

acquisition, During extinction, a group that received only partial
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reinforcement in acquisition showed greater resistance to extinction
than did a continuously reinforced group, Subjects given partiaf
reinforcement and then continuous reinforcement before extinction
tended to extinguish more gradually than the 100% reinforcement
group, although the difference was not stétistica?ly significant,
Shifting from partial to continuous reinforcement presumably made
the extinction situation less similar to acquisition, and therefore
extinction should have been rapid as compared to the unshifted group,
It was conclﬁded that this evidence did not‘support explanations of
the PRE that postulate differential discrimination of extinction’from
acquisition as the mechanism underlying the effect,

Fitzgerald, Vardaris, and Brown { 1966 ) condlicted an exper-
iment in which classical conditioning of heart-rate was studied in
rats, For this investigation, t.uree different groups of Ss received
either 1007%, 50%, or 0% reinforcement, All groups were given 42 |
acquisition trials and 24 trials of extinction, The CR observéd
for the 100% and 50% groups was a dece]cfation in heart rate, In
acquisition, frequency of reinforcement had no differential effect
on performance, Because the extinction procedure failed to produce
performance decrements, it was not possible to assess the effects of
partial reinforcement in extinction,

The effects of frequency and pattern of reinforcement on
eyelid condition{ng in dogs were investigated by Vardaris ( 1967 ),

A continuous reinforcement group received 300 reinforced trials
( tonc paired with air puff ) in acquisition, while two groups re-

ceiving partial reinforcement each were given 150 reinforced and
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150 nonreinforced ( CS alone ) trials, One of the 50% groups was
trained on a random partial schedule whereas the other received an
alternating sequence of reinforced and nonreinforced triale, For
all groups extinction consisted of 200 presentations of the CS alone,
Although the 100% group received twice the number of reinforced
trials and twice as many USs in acquisition as the paftia? reinforce-
ment groupé, there was no reliable effect of percentage of reinforce-
mént during acquisition or extinction, S'milarly, pattern of rein=
forcement did not effect performance differentially. A statistically
significant Treatments X Trials interaction was obtained in extinction,
but this was due to multiple crossings of the performance curves
rather than differential rates of decrement.
Extinction of conditioned fear { as revealed by the degree
of suppression of bar-pressing in rats ) has been investigated‘after
partia?l and continuous reinforcement ( Wagner, Siegel, and Fein,
1967 ). Fear conditioh?ng was administered either in the bare-press
situation or away from this instrumental response situation, Under
the former conditions, a sizeable PRE was»obtained. This was indicated
by greater suppression of responding during extinction Tor the partial
reinforcement group than for the group given continuous reinforcement,
However, no PRE was observed in extinction when the fear conditioning
was administered away from the bar~press situation, The authors con-
cluded that the FRE is more likely to be observed when the aftereffects
of reinforcement and nonreinforcement are ''probable salient features of
the stimulus complex', It was argued that the PRE for infra-humans may
be due entirely to reinforcement-aftereffect mechanisms, so that extinction

occasions discriminably greater stimulus change for continuous than for
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partial reinforcement,

In summary it may be stated that many of the studies concerned
with partial reinforcement of the classically conditioned eyelid re-
sponse in humans have found that intermittent reinforcement produces
inferior performance in acquisition and more resistance to extinction.
The PRE in such investigations has taken the form of a significant
difference between treatment-group means, with a 100% group perform-
ing at higher levels than a partially reinforced group during acquisi-
tion and a 50% group performing above a continuous reinforcement
group in extinction,

The results for infra-human Ss have been much more variable,
Effects of partial reinforcement may be reflected in overall mean
differences, or Treatments X Trials interactions, Iﬁ some experiments
no differential effects of reinfcrcement schedule Qere observed, The
most common result in acquisition is one of approximately equal per=
formance 1evel§ for partial and continuous reinforcement groups,
Frequency of reinforcement did not affect acquisition performance
differentially in the majority of experiments using infra-humans,
whereas partial reinforcement often produced a decrement during acqui-
sition with humans, Only two studies obtained a result similar to
the PRE "in acquisition and extinction for humans { Gonzales, et al,,
1963; Fitzgerald, et al,, 1966 ). Although the acquisition findings
for infra-humans are relatively consistent from experiment to experi-
ment, the extinction results are not, In general, the type of result

obtained for extinction does not appear to be systematically related
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to the response system investigated or the species serving as Ss,
Increased resistance to extinction after partial reinforcement was
obtained in some of the experiments with animals, but other findings
such as interactions or no differences are retatively more common
for infra-humans,

It is clear that any comprehensive theoretical explanation
of the PRE in classical conditioning must be able to predict a number
of replicable findings in a variety of experimental situations, It
may be stated that at present no single theory is capable of explain-
ing all the results obtained in studies of classical conditioning with
partial reinforcement,

Humphreys' ''expectancy" hypothesis is an example of an early
theory that attemptéd to explain the PRE in a variety of situations,
His view was that an expectation”of consistent reinforcement is
acquired during conditioning trials involving regular presentatiéns
of US following CS., Humphreys assumed that it is easier to change
from an expectation of tﬁis kind to one of regular nonreinforcement
( extincticn ) than it is to change from an expectation of irregular
( partial ) reinforcement to regular nonreinforcement, The difficulty
in changing expectancies after partial reinforcement presumably would
produce the increased resistance to extinction exhibited by groups
receiving this treatment, It will be noted that his model is general
enough to explain the extinction PRE in some conditioning sifuations
but by the same token, it is so general as to be unamenable to precise

experimental test,
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The stimulus-generalization decrement hypothesis, which
was developed by Hull ( 1943 ) and later extended by Sheffield ( 1949 ),
provided another general explanation of the PRE, According to this
conception, the stimulus aftereffects of a reinforced trial become
part of the CS complex ( CS' ) acting at the start of the subsequent
trial, Similarly, the perseverative stimulus traces of nonreinforce-
ment become part of the CS complex operating during the following
trial, Such persisting cues of nonreihforcement are regarded as being
exactly those which follow the usual extinction trial where the US
is omitted, In partial reinforcement, the response becomes condi-
tioned to a combination of reinforcemsnt and extinction-like cues,
Acccording to the principle of stimulus generalization, the partial-
reinforcement CS' is then more similar to the extinction CS' than is
the continucus~reinforcement CS', Therefore, there is less generé]izan
tion decrement and more resistance to extinction following partial
reinforcement,

Bitterman has advanced a theoretical alternative to the
perseverafive-stimulus models ( Gonzales, Eskin, & Bitterman, 1963;
Gonzales S Bitterman, 1964 ), His notion is that "extinctive carry-
over' mediates the PRE in classical aversive conditioning with infra-
humans, As in other formulations, it is assumed that resistance to
extinction varies with similarity of extinction to acquisition, Two
hypothese are involved in this assumption: the greater the similarity,
the greater the resistance to extinction ( gereralization hypothesis );
the less the similarity, the less the resistance to extinction

( discrimination hypothesis ), Another assumption is that nonreinforcement
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during acquisition exerts an effect which is independent of its tend-
ency to produce extinction, This effect is a contribution to the stim-
ulus situation in acquisition, such that partial reinforcemant Ss are
reinforced in the presence of extincticn-like cues, Therefore, the
conditions of training and extinction are more similar for partial than
for continuous reinforcement, Extinctive carryover from acquisition
mediates the increased resistance to extinction that often is observed
after partial reinforcemsnt, It will be noted that the extinctive-
carryover model is similar in most respects to the stimulus-gencraliza=-
tion decrement hypothesis,

Another forrulation which considers the similarity of condi-

(23

tions in extinction to those in acgquisition is the discrimination hypo-
thesis that was advanced by howrer and‘Jones { 1945 ), Essentially, it
was contended that extinction may be prolonged by procedures in acquisin~
tion w%fch make it difficult for the § to discriminate between training
and extinction., Some of the conditions that were regarded as making this
discrimination ré!ative?y easy are continuous reinforcement, regular patt-
erns of partial reinforcement, and cﬁanges in the stimutus ( CS ) complex
from acquisition to extinction, Therefore, extinction would progress
relatively rapidiy after such proéedures. Random partial reinforcement
would tend to retard extinction because it would make extinction more
difficult to discriminate from acquisition., The underlying mechanisms of
this model are essentially similar to those of the stimulus-gencralization
decrement and extinctive-carryover theories,

Recently Spence { 1963, 1966 ) has extended and modified
the discrimination hypothesis to account for certain results obtained
in the human eyelid conditioning situation, In his discussion of

factors influencing extinction of the human eyelid CR ( 1966 ), it
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was pointed out that extremely rapid extinction is usuaily observed:
with human Ss, In contrast, infra-humans often extinguish‘at roughly
the same rate as they learn, It was suggested that the rapid decre~
ment in humans may result from an inhibitory ''set" which is adopted
when extinction procedures are begun, Some data that bear on this
aspect of human eyelid conditioning were provided by McAllister
( 1953 ). More gradual decrements were obtained under conditions
wheré the US was present on extinction trials and the 500~-msec, CS-US
interval in acquisition was extended to 2400 msec, in ektinction.
Training involved an 80% partial reinforcement schedule, The relatively
slow extinction was interpreted in terms of the US maintaining general
motivational levels on nonreinforced trials, However, recent findings
have suggested that the results are best understood as reflecting
the operation of a 'set' factor, Reynolds ( 1958 ) found that using
an extended CS~US interval decreased the rate of extinction only after
partia’ reinforcement in acquisition, Subjects who had received
continuous reinforcement during acquisition extinguished at the usual
rapid rate, These findings were substantiated in a more recent
investigation by Spence, Rutledge, aﬁd Ta?bﬁtt ( 1963 ), It has

been suggested that a sim.le motivatisnal interpretation of the
effects on extinction of the delayed-US technique is unsatisfactory
( Spence, 1963 ), since rapid extinction is obtained with this
procedure if the conditioning history involves continuous reinforce-
ment. Using a probability learning task and the long CS-US interval
to mask changes in the experimental situation when extinction was
initiated, Spence and Rutledge ( 1964 ) found that approximately one

third of the Ss did not extinguish at all, whereas the others
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stopped responding after the second or third extinction trial, It
was concluded that the delayed US is reinforcfng for some Ss and
therefore is not a satisfactory method of maintaining motivational
levels in extinction, Three methods of providing nonreinforcements
in extinction were compared in an experiment by Spencé ( 19686 ),
Two of the techniques were intended to maintain motivational 1evé!s
in extinction { delayed US and randomi zed presentations of CSaxd US )
while the third involved presentation of the usual CS-alone trials,
A1l conditioning procedureé were imbedded in a probability learning
situation, Subjects receiving C5-alone trials in extinction extin=-
guishéd very rapidly, Some Ss who were given trials with the US
‘delayed showed 1ittle or no decrement, while others receiving this
treatment extinguished immediately, Randomized presentations of CS
and US proved to be the most effective method for producing gradual
decrements in all Ss during extinction,
It has been mentioned that extinction of the human eyelid
CR normally progresses at an inordinately high rate., 1If nonrein-
forcement in extinction is accomplished by using a long CS-US
interval instead of omitting the US, the rate of performance de-
crement may be retarded, Apparently, the extended C5-US interval is
effective in retarding extinction only after partial reinforcement in
acquisition, It was hypothesized ( Spence, 1966 ) that partial
reinforcement provides Ss with the experience 6f nonreinforcement in
acquisition and, therefore, makes the extinction procedures less |

discriminable from acquisition, Subjects not receiving partial
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reinforcement in acquisition easily discriminate the extinction pro-
cedures and adopt an inhibitory 'set!, This set factor is assumed
to result from self-instructions on the part of Ss and explains the
precipitous course of extinction after continuous reinforcement,
Certain masking procedures such as a probability learning situation
have been effective in making extinction less discriminable from
acquisition., This is revealed by relatively slow extinctien in Ss
trained under such conditions., Spence's theoretical formulation
differs from other versions of the discrimination hypothesis in that
it introduces an inhibitory set factor and is speéifica!?y lTimited
to conditioning situations involving Ss with verbal capabi]ities;

Another specific model for the PRE has been developed by
Fitzgerald ( 1966 ). Although this conception was advanced to
explain certain results obtained for heart-rate conditioning in dogs,
it may be applicable to other organisms and response systems, Since
punishment is $uggested as the essential factor, the model is best
suited‘for experimental situations employing an aversive US, Accord-
ing to this notion, a partial reinforcement schedule in acquisition
provides.an opportunity for extinction=1ike responses to be condi=-
tioned to the CS on nonreinforced trials, In conditioning situatiens
where the reinforcer is aversive, these extinction-like responses
are punished by the US‘when they occur on reinferced trials, There-
fore, partially reinforced groups would be expected to show greater
resistance to extinction because responses assumed to produce perform-
ance decrements in extinction would have been suppressed by punishment

in acquisition,
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Capaldi ( 1965 ) has presented an anafysis of the PRE in
terms of sequential events that occur in a partial reinforcement
schedule, The model was develcped in the context of instrumental
conditioning, but has been extended to include other partial rein-
forcement situations. Tﬁe basic assu%ptions of the hypotﬁesis
are that nonreinforced trials ( with the US omitted ) produce a
distinctive '"internal' stimulus which is incrementally modified by
‘successive nohreinforcements, This stimulus-modificétion is assumed
to influence resistance to extiﬁction by means of three sequential
variables: length of runs of nonreinforced trials; number of runs
of differing Tength; number of occurrances of each different run-
length, A further assumption is that resistance to extinction is a
simple asymptotic growth function of the three variables either
singly or in combination, Althovgh it is not specified in the‘theory,
the increment in resistance to extinction resulting from the operation
of these variaSleswmst be relative to some specified value produced
by continuous reinforcement, This fact becomes evident when it is
considered that the three variables would be evaluated at zero in a
coﬁtinuous schedule, and there would be no resistance to extinction,
Since there is resistance to extinction after continucus reinforce=
ment, the operation of the sequential variables must be to increase
extinctién performance relative to performance after continuous
‘reinforcement. The predictions of this model take the form of
differences in rate of extincticn., In contrast, most of the other

theorists have attempted to predict overall mean differences in
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extinction'performance. The extinction PRE is usually defined in
terms of differences in asymptote rather than differences in rate
of approach to a common asymptote,

Clearly the majority of theories assuﬁe differential
stimulus change as the mechanism underlying increased resistance
to extinction following partial reinforcement., Another feature of
these theories is that they deal with extinction performance but do
not consider the effects partial reinforcement may have in acquisi=-
tion, It has been suggested thét the PRE is usually defined as
differential resistance to>extinttion. Howaver, it is evident from
the PRE in human and some animal experiments that partial reinforce-
ment frequently produces a differential effect during acquisftion.
Since many of the human studies have found that asymptotic acquisi-
tion performance is a positive fuiction of frequency of reinforce-
bment, it may be that most theorists feel the acquisition phenomena
are adequately explained by traditional reinforcement assumptions,
i.e., performance is a direct function of number o rate of rein-
forcements, Nevertheless, a suéstantiai proportion of the investi-
gations with infra-humans have found no significant differences in
acquisifion performance for consistentl} and intermittently rein-
forced groups. Such results are not consistent with current models
of reinforcement and seem frequent encugh to warrant further
theoretical analysis,

One of the difficulties with investigating the effects of
partial reinforcement in an aversive classical conditioning situation

is that the US serves both as a reinforcing stimulus and as a source



24

of motivation for behavior. It is often assumed that the US has
persisting and cumulative effects, such that the motivational level
at any given time is a function of the number or rate of US presenta=-
tions, Therefore a partial reinforcement schedule where nonreinforced
trials are provided by omitting the US would result in a lTower moti-
vational level than would a continuous reinforcement schedule, The
simple omission of the US for a given proportion of acquisition
trials produces a situation such that a partial reinforcement group
differs from a group feceiving continuous reinforcement both in
motivation and = number = of training trials, That is, associative
and motivational variables are confounded under these conditions,

As indicated ear]ﬁer, one of the techniques that has been
widely used with human eyelid conditioning to equate acquisition
motfvationa? Ievé}s in the partiel reinforcement situation is to
extend the CS-US interval, After demonstrating that little or no
conditioning occurred with a CS-US interval of 2400 msec, or longer,
McAllister ( 5953 ) used a partial reinforcement schedule where
nonreinforced trials consisted of a presentation of CS and US with
a 2400-msec, interstimulus interval, Reinforced trials involved ‘
the usﬁa! 500-msec, CQ-US interval, Since the US was present on
nonreinforéed trials, presumably nonreinforcement was accomplished
without a corresponding decrement in motivation ( Spencé, 1966;
‘Spence and Platt, 1967 ). However, Spence { 1966 ) found that the
extended-interval procedure may be reinforcing for some Ss, .In
contrast, Moore and Gormezano ( 1963 ) have reported that the extended

interval method may actually depress acquisition performance relative
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to other techniques for equating motivation., Taken togéther, these
findings argue against the use of the extended-interval method tov
equate motivational level, It may be mentioned also that thfs methqd
probably is inappropriate for conditioning of autonomicaily-mediafed
responses where it is known that relatively long CS-US intervals
produce reliable Tevels of conditioned responding ( cf,, Pavlov,

'1927; F%tzgera!d, 1963 ).

| Several of the previously discussed experiments involving
infra-human Ss used the matched reinforcements technique to control
ﬁotivation ( Longo, et al,, 1962; Gonzalez, et al., 1963; Thomas and
Wagner, 1964; Berger, et al,, 1965; Fitzgerald, 1966 )., This method
equates motivation by maintaining identical US-US intervals and the
same total number of USs for partial and continuous reinforcement
groups. An unavoidable éonsequence of the technique is that the CS-(S
intervals differ between partial and continuous reinfércement groups,
Thatvis, either the intertrial interval is shorter for a partial rein-
forcemeﬁt group, or, when intertrial interval also is controlled,
-the éxperiﬁenta] session is twice as long for the partial reinforce=
ment Ss. In Fitzgerald's investigation ( 1966 }, which was designed
so as ‘to evaluate the possible effect of such factors, it was found
that they did not influence performance differentially, However,
. the matched reinforcements technique did prove to be an important
variable, since a Treatments X Trials interaction was obtained for
extinction performance with reinforcements equated, whereas no such

effect was observed without the control for motivational level,



26

Another technique that has beenbempioyed to provide non-
reinforcement without omitting the US is the interpolated-US procedure,
As described above, this method consists of presenting the CS alone
followed by the US at the midpoint of the intertrial interval, Since
the US is presentron nonreinforced trials, the number of US presenta-
tions is equated for partial and continuous reinforcement, However,
fhe US-US and US-CS intervals differ between schedules, If it is
assumed that the motivational level at any given instant is a function
of the time between US presentations, then motivation is not necessarily
equated for the two schedules on a trial-to-trial basis, In addition,
if it is assumed that the US provides relatively persistant sensory
events whiéh become part of the stimulus complex for the subsequent
trial ( Sheffield, 194S ), it follows that between-group variability
in US-CS intervals is a possible source of experimental bias, One
seeminé?y appropriate experimental control for these factors is an
additional partial reinforcement schedule where nonreinforcément is
achieved by interpolating the CS at the midpoint of the intertrial
interval while maintaining the US-US iﬁtervals the sams as in the
continuous schedule, Thus the possible differential effects of
variable US-US and US-CS intervals produced by the interpolated-US
technique are controlled by counterbalancing with an iﬁterpo?ated—CS
technique,

It has long been recognized that simple omission of the US
is not the indicated method for investigating performance decrements

during extinction { Kimble, 1961 ), When the US is omitted to produce
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nonreinforcement in éxtinction, if is evident that performance
reflects decrements both in motivational and associative influences,
Therefore, it is’difficult te estimate the effects of 6nly one of
- the variables under such conditioné. A related consideration is that
omission of the US during extinction results in a change in stimulus
conditions from acquisition, Furthermore, this change is greater
%or contihﬁously reinforced Ss than for Ss receiving partial rein-
forcement unless the number of USs is equated in acquisition, It was
pointed out ﬁreviously that such relationships have been used as the
basis for the stimuluségeneralization decrement hypothesis ( Sheffield,
1949; Lewis, 1960 ).

As is the case for acquisition, it is possible to provide
nonreinforced extinction trials without omitting the US., However,
if the interpolated-US technique is used, even though the number of
USs in extinction will be the same as in acquisition, there will be
a change in US-US intervals from acquisition to extinction, The
indicated control measure would be to counterbalance the possible
effects of such changes with an interpolated-CS schedule where the
US-US intervals do not change from acquisition to extinction,

The present investigation was designed to study the effects
.of partial reinforcement on a classically conditioned heart-rate |
response in rats with motivational level and stimulus change con=
trolled, The intérpa}ated—US technique was adopted to equate motiva-
tion between groups in acquisition, Presence of the US on nonrein-

forced trials for some of the experimental groups in extinction
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permitted the investigation of performance decrements produced by
associative variables but presumably not affected by corresponding
decrements in motivational level, Possible effects of stimulus
change as a result of the interpolated-US procedure were controlled
by interpolated-CS treatments both in acquisition and extinction.

In addition, dffferentiai stimulus change from acquisition to
extinction was minimized by the interpolated-US technique. The
design includes ordinary continuous and partial reinforcement pro=
cedures as well as CS-alone trials in extinction, so that further

information concerning the traditional PRE might be obtained,



METHOD

Subjects

Subjects for the experiment were 200 Hooded Long-Evans rats
weighing 170-300 gm, They were purchased from Kilpack animal supp-
liers and housed in individual cages., Ad libitum feeding and watering

schedules were mairtained as well as a constant level of illumination,

AEEaratus

Two sound-attenuating ref%igerator shells served as the
experimental chambers, Each chamber contained two speakers, a house
light, a fresh air supply, leads for recording and stimulating, a
clear plastic holder to restrain the rats, and a movement transducer,
The plastic holder was contoured to fit tightly around the rat, Its
lengthAcoqu be adjusted to accomodate rats of different sizes by
means of flat plastic panels that were inserted into slots at both
ends of the holder, Since this device conformed closely to the general
body shape of the Ss, free movement was prevented without undus
discomfort, In addition, holes were drilled at appropriate points
along the sides of the holder for inserting recording and stimulating
electrodes,

Three 22-gauge hypodermic needles were used as ECG recording
electrodes, Two of the electrodes were placed in the skin bilaterally
on the lateral aspects of the mid-thoracic area, while a third
electrode was inserted more rostrally to ground the Ss,  An eight-
channel electronencephalograph was modified to display the ECG and
the stimulus events, Counting of the heart beats was accomplished by

29
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means of‘micro-switch closures which were produced by pen deflections
that corresponded to the R-wave of each beat, The micromswitch was
positiéned on a plastic platform above the pens such that the moveable
arm of the switch was in contact with the pen that traced the ECG,

This switch was adjusted to operate on the R-wave of the ECG complex,
Switch cIo#Ures activated a solid-state counter that was connected

to a digital printer, The printef was programmed to provide a per=-

- manent record of the number of beats in T-sec, time periods, To

~obtain a record of gross body movement, the rat holder was positioned
on strips of polyurethane foam such that the base of the holder rested
on the stylus of a stationary crystal phonograph cartridge., Movement
generated a voltage change in the cartridge which was integrated and
frequency-coded in terms of pulses, each having a duration of 100 msec,
These pulses activated a digital printout counter to provide a permanent
‘record of movement, Presentations of stimuli, intertrial intervals,
and heart-beat counting periods were timed and programmed automatically
Ey a three~-channel punched~film transport and solid-state logic
modules, The conditioned stimulus ( CS ) was a 7-sec, 1-kHz,, 100-db

{ sound pressure level ) tone presented against a background of 85 db
white noise and air hiss.2 A 1,8-mA, 60-Hz, AC shock of 1 sec, duration
served as the unconditioned stimulus ( US ), The US was delivered
through the ECG electrodes by means of a relay that switched the
recording leads from the $ into the shock circuit at the time of US

sresentation,

<5

[

Sound pressure levels were measured with a Rudmose Associates
Inc, Sound Analyzer, model RA-100, which was calibrated electronically
and acoustically to be accurate within + 0,5 db,
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Procedure

For the purposes-of the present investigation, a reinforced
trial was defined as a paired presentation of the CS and the US, The
CS-US interval on reinforced trials was 6 sec.vwith the US overlapping
the final second of the CS, The intertrial ( €S-CS ) intervals varied
randomly among 160, 180, and 200 sec, witﬁ a mean of 180 sec, Two
methods of providing nonreinforcement were used: a presentation of
the CS alone, or a presentation of the CS and then the US near the
midpoint of the intertrial interval ( 85, 90, or 95 sec, after a CS ).

Heart beats were counted in 17 l-sec, periods for each
reinforced trial, The first six counting periods preceeded the CS to
provide a measure of basal heart rate, and the next six periods
coincided with the b-sec, CS-US iﬁtervai. Heart beats were not
counted during the US ( when the EtG electrodes were switched into the
shocking circuit ) or during the l-sec, period immediately following
the US ( when the recording amplifier was partiaijy blécked'due to
swifching the input ), Post-US heart beats were counted in 5 consec=
utivé periods beginning 1 sec, after US offset, For the method of .
providing a nonreinforced trial where the US was omitted, the counting
sequence was similar to that for a reinforced trial, with the excep-
tions that heart beats were counted during the final second of the
CS and during the l-sec, period immediately following CS ostet;
For the second method, where the US was presented midway in the inter-
trial interval, a separate counting sequence was provided for tﬁe €8

and the US, Heart-beat counting for the CS on such trials was identical
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to that for reinforced trials, Subjects were trained in pairs in
separate refrigerator sheils, with both members of the pair receiving
the same experimental treatment, |

At the start of an experimental session, Ss received 30 min,

of adaptationAto restraint in the holders, During this time, 5
samples of heart rate were taken, each consisting of 19 Eonsecutive
f-sec. counting periods. The 5 samples were taken 0, 5, 10, 20,
and 30 min.'after adaptation to restraint was begun, Following
adaptation, 20 trials of habituation to the CS alone were given, with
a counting sequence consisting of 19 consecutive l-sec, periods for
each trial and a 90-sec, intertrial interval, After habituation to the
CS, Ss were given 30 tria}s of acquisition followed by 30 extinction
trials, Subjects receivea all adaptation, habituation, acqyisition,

and extinction procedures in ons experimental session which 1asted

approximately L hr,

Experimentalldesiqn

Pairs of Ss were assigned randomly to one of 5 treatment
groups for acquisition, each group consisting of 40 Ss. Figure 1
is a schematic representation of the reinforcement schedules employed
for the various groups during acquisition. This figure shows the
typical relationships between CS and US on 3 consecutive trials for
each group, One group ( 100% ) received 30 reinforced acquisition
trials, and this continuous~reinforcement treatment is illustrated
in paradigm I of Figure 1, Another group ( R-50% ) was given 50%

partial reinforcement, with 15 reinforced and 15 nonreinforced trials
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Figure 1, Schematic representation of the reinforcement
schedules used in acquisiticn, Paradigms for the 5 treatment groups

illustrate the relationship between CS and US,
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occurrfng in a random Gellermann order ( Hilgard, 1951 ), For this
‘group, nonreinforced acquisition trials consisted of a presentation
of the CS alone, The nonreinforcement technique for group R-50%
is represented in paradigm II of Figure 1, with the second trial being
nonreinforced, An additional 507% random partial reinforcement group
( RU-50% ) received the same sequence of reinforced and nonreinforced
trials in acquisition as group R=-50%, but the US was interpolated 85,
90, or 95.sec, after the onset of the CS on nonreinforced trials
( interpolated-US schedule ), Therefore, group RU-50% received the
same number of USs as the 100% group, which presumably would tend to
make the motivational levels comparable for the two groupé. However,
as may be seen from a comparison of paradigms I and III in Figure 1,
the intervals between USs for the RU-50% group were not the same as
in the continuous schedule, That is, although the intervals between
CSs for the two groups were the Same, the interpolated-US procedure
fér group RU-50% resulted in a situation such that the US-US intervals
dfffered. To control for this difference between the RU-50% and 100%
é;oups in US-US intervals, group RC-50% was given the same reinforce-
ment schedule in acquisition as groups RU-SO% and R-50j%, but on non-
reinforced tfia]s the CS was interpolated 85, 90, or 95 sec, before
the US ( interpolated~CS schedule ), Paradigm IV in Figure 1
illustrates the>fact that, for group RC-507, the US-US intervals were
identical to those in the continuous reinforcement schedule, but
the intervals between consecutive CSs differed from those for the

100% group, Group C served as a conditioning control group and
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received 30 nonreinforced trials of the interpolated-US type, As is
indicated in paradigm V of Figure 1, this group was given a sequence
of stimuli such that the US-US intervals were the same as for groups
100 and RC-50%, while the number of USs was the same as for the 100%,
and RU=50% groups., In addition, the CS-US and US-CS intervals were
identical to those employed for nonreinforced trials with the US
present in the partial reinforcement schedules,

Each of the 5 acquisition groups was divided into two sub-
groubs for extinction, One subgroup was giveh extinction trials where
the US was omitted, Tﬁe other subgroup received nohreinforced trials
with the US present., The percentage of nonreinforced trials with the
US present matched the schedule of reinforcement in acquisition, For
example, the US was p}esent on all extinction trials for a subgroup
tHat received 100% reinforcement in acquisition, whereas it was'present
on only half the extinction trials for a subgroup that was given 507
partial reinforcement in acquisition, The resulting subgroups were
further subdivided: half of each subgroup was given the interpolated-
us schedu]é, while the remaining half received the interpdlated-cs
schedule, For subgroups receiving extinction with the US omitted,
half the Ss were given the same CS-CS intervals as in the interpolated-
US schedule, In contrast, thelremaining Ss received CS-CS intervals
that were identical to those in the interpolated-CS schédule.

Figure 2<schemat5ca11y indicates the relationships among
stimuli on 3 typical extinction trials, The 4 basic paradigms that
were used to provide nonreinforced extinction trials are illustrated

in the figure, It may be seen that paradigms I and II contain only
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Figure 2, Schematic representation of relationships among
stimuli on 3 typical extinction trials. The & paradigms for

nonreinforcement in extinction are illustrated,
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CS-alone trials, whereas the US is present but not paired with the
CS in paradigms III and IV, The control for change in intervals
between stimuli from acquisition to extinction s ref?ected in the
differences between paradigms I and II or III and IV where the effects
of such changes are counterbalanced, Since each of the 5 acquisition
groups were divided into four subgroups for extinction, there were

20 different extinction groups, each consisting of 10 Ss,



RESULTS

Data processing

The nuiber of heart beats in l-sec, péridds was tabulated

- for each trial in the adaptation, habituation, acquisition, and
extinction phases of the experiment. These daéa were coded on IBM
punched cards in standard computer format and were entered into the
computer memory in tabular form as sums over either five or six
l-sec. counting periods, As part of a data screening program, the
mean, median, range, and standard deviation for each block of triats
were obtained, Inspection of these values for the individual experi-
mental groups revealed general trendsrin the data and facilitated the
selection of the appropriate statistical analyses, All statistics
were computed on sums of consecutive l-sec, periods,

An index of conditionedvresponding during acquisition was
calculated for each trial as a change in heart rate { HR ) relative
to a basal value, That is, the total number of heart beats occurring
in the 6 seé. preceediﬁg the onset of the CS ( pre«CS ) was sub-
tracted from the total for the 6-sec, CS-US interval, This calcu~
lation was done the same way for both reinfdrced,and nonreinforced
trials in acquisition and extinction, Since the CR was consistently
a deceleration in HR, the difference scores ( D-scores ) were of
negative sign, This same indzx was used dur?ng the habituation phase
of the experiment in order to show the.origina1 HR response to the CS,

Clearly the D-score index could be influenced either by responses to

1The raw data { number of heart beats in 1= 5
on standard IBM cards, are available from the au
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sec, periods ), punched
thor upon request,
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the CS or by systematic changes in pre-CS HR, or both, In order to
obtain an estimate of the extent to which Descores might have beeﬁ
affected by‘changing pre~CS HR,,ané?yses of the latter values were

also carried out,

Adaetation

Iﬁ the top half of Figure 3, mean HRs during the 5 consecu=
tive sampling periods during adaptation are plotted for all of the
main treatment groups. It may be seen from this figure that, in
general, there is a decreasing trend in the means over the 5 samples,
with an apparent difference in mean HR between groups, In order to
test the reliability of these effects, a standard analysis of variance
for repeated measures ( Winer, 1962 ) was computed. The only stat;
istically significant factor in the data was the change in HR over
samples ( F (4,780) = 7.14, p £,001 ), It was concluded that there
was a reliable decrease in basal HR as a function of timé during

adaptatibn.

Habituation

The bottom half of Figure 3 shmws the mean pre~-CS HR in
bloéks of 2 habituation trials for the 5 groups. A small decrease
in HR over trials may be seen in this figure., There also appear to
be differences in overall HR among the various experimental groups,
A Treatments X Trial-blocks analysis of variance revealed a signi-
ficant mean difference between groups ( F(4,195) = 7,92, p £ ,001 )
and a significant effect of Trial-blocks ( F(9,1755) = 2,56, p

L4008 .
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Figure 3, Pre;CS HR during adaptation and habituation,
The top half of the figure shows mean pre-CS HR in 5 sampling periods
for all 5 of the main treatmant g.-oups during adaptation. Mean
pre~-CS HR is shown for habituation in the bottom half of the figure,
where values are plotted for consecutive blocks of 2 habituation trials

for all 5 treatment groups,
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The mean D-score HR response of each group to 20 presenta;
tions of the CS alone are plotted for blocks of 2 trials in Figure
L, | Inspection of the figure reveals that the original response to
the CS was decelerative and that there is a pronounced decreasing
trend in the amount of deceleration as a function of CS presenta-
tions, The performance of one experimental group ( RU-50% ) appears
somewhat lower than that of the other 4 groups, The reliability of
these changes was tested in a Treatments X Trial-blocks analysis of
variance where the decreasing trend for Tria!;blocks was found to
be significant ( F(9,1755) = 70,35, p <,001 ), There also was a
significant Treatments X Trial-blocks interaction ( F(36,1755) =
2,32, p £.001 ), although the overall differences among groups were
rnot reliable, This outcome indicates that the habituation procedure
was effective in decreasing the L} response to the CS, The Treatments
X Triai-blocks inleraction indicates that the raée of habituation
was different for the 5 groups. Since the groups did not receive
differentiaT treatment duriﬁg habituation, it was concluded that the

significant interaction was attributable to sampiing error,

Acquisition

The left half of Figure 5 depicts the‘acquisition per -
formance for each of the 5 main treatment groups, The data-points
on the far left represent the mean heart rate responses to the CS
on the last two trials of habituation., The curves in this figure
are plotted in terms  of mean D-scores for successive 2-trial
blocks, It may be seen from inspection of Figure 5 that the various

acquisition treatments resulted in consistent performance differences,
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Figure &4, Mean D-score during habituation. Mean HR

onse to the €S during habituation is shown for all 5 main

ment groups,
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. Figure 5, Mean performance levels for acquisition and

extinction in blocks of 2 trials, The left
shows the average conditioned change in HR
Mean extinction performance is shown in the

A separate curve is p1otted for each of the

half of the figure
during acquisition,
right half of the figure,

main treatment groups.
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The 100} and R-50% groups attained the highest asymptotic values,

and thesz values are approximately the same for the two groups,
Performance of groups RU-50% and RC=50% is lower, and the differ=
ences between these two groups are relatively small,. Group €

( the conditioning control group ) shows the lowest level of response
in acquisition, its performance being well below that of the condi=
tioning groups., All 4 conditioning groups.exhibit an increasing
trend over trial-blocks, whereas the control group performance does
not show a consistent increase or decrease, In order to test the

cal reliability of these observed tendencies, a Trecatments

by

statist
X Trial-blocks analysis of variance was computed for the acquisition
D-scores, A significant effect of Treatments was found ( £(4,195) =
32,17, p «<..001 ), as well as a significant Treatments X Trial-blocks
interaction ( F(56,2730) = .75, 2 4 «001 ), These outcomes supported
the impression that there were differential overall performance levels
among the trea%nwnt groups and differential increasing trends,
Newman-Keuls Tests were applied to the differences between group

means as a comparisén of the performance for all possible pairs of
groups ( Winer, 1962 ), Each of the & conditioning groups performea

at reliably higher levels than the control group ( p £.05 ¥s w;i1e

the 100% and R-50% groups both were above the Ru=507% group ( p £ .05 ).
No other differences between group means were statistically significent
| Since all 4 conditioning Qroups were shown to differ in
performanice from the control group, an additional Treatments X Trial-
blocks analysis of variénce was‘computed for the D-scores of the 4
conditioning grours. As in the original analysis, the Treatments

effect was statistically significant ( F(3,156) = 9,69, p & 001 3,
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as well as the interaction of Treatments with Trial-blocks ( F(42,218L)
='3.835 p L=001 J, A Newman-keu!s procedure was used to test the
difference between group means for all possible pairs of groups.

This pattern of significant differences between the performance levels
of the 4 conditioning groups was identicé] to that obtained in the
test for all 5 treatment groups,
The mean pre-CS HR in blocks of 2 acquisition trials for

each treatment group is plotted in the left half of Figure 6. It
may be seen that all groups exhibit a large decrease in pré-CS HR
after the first few blocks of trials, Subsequently, the HR returns
to values that are comparable with those at the start of acquisition,
The magnitude of this transient decrease.differs among the groups,
and there ére differences in overall mean HR, A Treatments X Trial-
blocks analysis of variance was uséd to test the significance of
thess tendzancies. Thé difference in group means proved to be reliable
( F(4,195) = 3.54, p < .005 ), and the effect of Trial-blocks was
significant ( F(14,2730) = 42,31, p < ,001 ). The interaction of
Treatments with Triawaldcks also was statistically reliable

( £(56,2730) = 7.87, p <.001 ), These tests conffrmed the obser-
vation that the sudden decrease of prefS HR early in acquisition'
was differential for the various treaiment groups and that the

groups differed with respect to overall mean HR,

Extinction
The right half of Figure 5 shows the wean D-scores for the
5 main treatment groups in extinction, Al!l of the main groups

except the control group exhibit a general decrcasing trend in
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Figure 6, Mean pre-CS HR during acquisition and extinction
in blocks of 2-trials, The left half of the figure shows mean pre~CS
HR for each of the main treatment groups in acquisition, Mean pre-{S

HR during extinction is shown in the right half of the figure for each

of the groups,
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per%drmanca. Further inspection of the curves reveals that the
mean periormance levels of the various treatment groupsiare ordered
as in acquisition,

A complete factorial analysis of variance was computed for
the extinction D-scores in order to determine the effe;ts on extince
tion performance of the 5 acquisition treatments, presence or abe
sence of the US on nonreinforced trials in extinction, interpolatqd~
Uus or interpo?afedacs schedule in extinction and trial-blocks in
extinction, Since no significant higher-order interactions were
revealed in this analysis, the main effects and the Treatment X
Tria?;blocks interaction were tested, The influence of acquisition
treatments on extinction performance was reliable ( F(4,180) =
27,63, p £ .001 ), as was the effect of US present vs, US absent
in extinction ( F(1,80) = 6,27, p < .01 ), The general decreasing
trend over trials that waé observed for the 4 conditioning groups
proved to be sfgnificant ( F{14,2520) = 14,72, p £,001 ), as well
as the Treatrments X Tfial»biocks interaction { F(556,2520) = 4,11,

P £,001 ), A Newman-Keuls test was employed to test the reliability
of difference in overall means between pairs of the 5 main treatrent
groups, The pattern of significant differences was identical to.
that found with a similar test in acquisition: all 4 conditioning
groups were reliably above the control group ( p .05 ) while groups
R-50% and 100% performed at higher levels than the RU-50% group

L p a0 ),

Mean values of pre-CS HR in extinction are displayed for
all 5 treatment groups in Figure 6, Inspectioh of this figure

reveals that with the possible exception of the control group there
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are no consistent differences in pre-CS HR aﬁong groups during
extinction, However, there appears to be a slight decreasing
trend over trials, When tested by a factorial analysis of variaﬁce,
the only significant factor was that of Trial-blocks, ( F(14,2520) =
3.80, p < .001 ), |

The outcomes of these analyses indicate that some of the
acquisition treatments were effective in producing differential
levels of performance in extinction, It should be emphasized at
this point that the pattern of differences in overall mean D-scores
was the same in acquisition and extinction; the R-50%, 100%, RC-50%,
and RU-SO% groups all performed at higher lTevels than the control
group while both 100% and R-50% were above RU-50%, It was concluded
that reliable extinction had occurred for the conditioning groups,
and that the curves for the groups converged. In addition, the effect
of the US being present on nonreinforced extinction trials apparently
was to depress performance relative to that for extinction with the
US omitted, However, as Wle be shown below, this effect was the

result of initial differences between the groups in acquisition,

Extinction as a function of acquisition

In view of the fact that most of the sfgnificant‘effects-
in extinction closely paralleled those of acquisition, a more
detailed examination of acquisition performance was required, An
attempt was made to establish whether the observed performance
differences in extinction reflected differential resistance to
extinction as a function of the various experimental manipulations,

or whether the differences were primarily attributable to varying



by
acquisition performance levels for the extinction groups. When
rephrased in terms of curve parameters, the problem becomes one
of determining whether the slopes of the extinction functions differ
significantly when acquisition asymptote is controlled,

Although not all of the experimentaf variables in extinc=
tion were represented during acquisition, it was, of course, possible
to examine acquisition performance with the same factorial analyses
of variance that were used in extinction, t should be pointed out
that significant effects for experimental variables which were not
actually manipulated in acquisit{on may be attributed to sampling
error. When acquisition performance was analyzed factorially, two
additional significant effects were obsefved: a two-way interaction
of US present vs, US absent with trial-blocks { F(14,2520) = 2,04,
p< .025 }; and a three-way interaction of US present vs, US absent
with the 5 main acquisition treatments and with trial-blocks
{ F(56,2520) = 1,94, p £.001 ).

An analysis of covariance ( Winer, 1962 ) was used to
detect signiffcant differences between the 4 main treatment groups
in slope of the extinction curves with acquisition asymptote con-
trolled statistically. Before proceding with this analysis, it was
necessary to determine whether the observed relation of asymptote
to slope was re!iab]eVand whether this relaticn was of the linear
form that is assumed for analysis of covariance., Basically, the
method involved finding the acquisition asymptote { A ) and slope
of the extinction function { §' ) for each S, Values of A were

computed as the average Descore on thz last two blocks of acquisition
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trials, A Ieast~squafes technique was ecmployad toisolve'an equation
of the general from y = bX # ¢ for each S. When this set of equa-
tions was evaluated, the S's could be calculated directly ( S' = b
in the equation ), Using A as the independent variable and S' as the
dependent varfabie; a standard regression analysis was computed,

The ratio of mean-squares for regression to mean-squares residual
indicated that a straight line of the type S' = bA + ¢ was a

significantly good fft to the relationship between S§' and A ( F(1,158)
= 33.36, E*ﬁ..OO? ). This outcome indicated thatvit would be appre-
briate to assume a linear model for the analysis of covariance, and
that‘slope of the individual extinction curves was a negative linear
function of the individual acquisition a%ymptotes. Another interpreta-
tion of this result is that resistance to extinction was a negative
function of acqusition asymptote. In addition slope was negatively

correlated with asymptote; i,e., large nsgative values of slope were

o

associated with large positive values of asymptote, and small negative
values of slope were associated with large pbsitive values of
asymptote ( r =742, df = 158, p < ,001 ),

An analysis of covariance was then computed with A as
the covariate and S' as the criterion variate, This technique per=-
mitted partioning of the total variance in s?ope into components
related either to treatments or to error, A reliable effect of
acquisition treatments on slope of the extinction curves was found
( F(3,155) = 25,76, p <,001 ), That is, there were significant

differences in slope among the L main conditioning groups during

extinction even whan differences in acquisition were accounted for,
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éeparate analyses of covariance werc used to test the difference in
siope'for each combination of 2 groups, It was found that the 100%
and RC-50% groups differed reliably in slope ( F(1,77) = 39.09, p £
.001 ) such that 100¥% had a faster rate of extinction than RC-50%,
The 100} group extinguished more rapidly than RU-50% ( F(1,77) =
28,41, B'( ,001 ), There was no significant difference in slope
between the 1007 and R=~50% groups, In addition, group R-50% had a
reliably steeper extinction slope than the RC-50% group { F(1,77) =
47.77, p <« .001 ) and RU-50% ( E(1,77) = 28,60, p £ .001 ). There
was a slight but significant difference in slope between groups
RC-50% and RU=50% { F(1,77) = 6,14, p £ .05 ) with RC-50% extin-
guishing at a faster rate than RU-50%,

The effect on slope of US present vs, US absent for non-
reinforced trials during extinction was tested in a similar analysis
of covariance, These treatments did not influesnce rate of extinction
differentially when acquisition asymptote was controlled statistically,

It was concluded from the outcomes of these anéiyses of
covariance that two of the groups given partial reinforcement in
acquisition { RC-507 and RU-50% ) showed greater resistance to
extinction than the group receiving continuous reinforcement { 1007 ),
The "'standard' partial reinforcement group extinguished more rapidly
than either of ths groups given partial reinforcement with the US
present on nonreinforced trials, There was a difference in rate of
extinction between the two groups that received partial reinforcement
with the US present; the group given the interpolated-CS schadule in

acquisition extinguished more rapidly than the group receiving the
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%nterpolated-US schedule, The treatments where the US was present
on nonreinforced trials, or absent on such trials in extinction, did
not affect slope differentially, There was no reliable difference
in rate of extinction between the continuous reinforcement group and

the standard partial reinforcement group,



DISCUSSION

The major findings of the experiment are summarized below,

In this summary, effects on performance, as reflected by significant

differences in mean D-score, are listed for habituation, acquisition,

and extinction, The adaptation results are presented in terms of

absolute mean HR,

Adaptation
b
2)

Habituation

1)

2)

7)

There was an overall decrease in HR during adaptation,
Mo reliable differences between groups in mean hR

or in the amount of adaptation were observad,

Thé.rgsponse to the C§ alone during habftuation was

a deceleration in HR,

fﬁere was a decrease in the amount of this deceleration
as a function of habituation trials,

Although there was no overall difference between groups
in responding, a Treatments X Trial-blocks interaction

indicated that the groups habituated at different rates.

For acquisition the (R was a deceleration in HR,
The magnitude of this decelerative CR increased over

the course of conaitioning.
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4)

Extinction

1)

2)

3)

L)

5)
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There were overall differences in amount of conditioning
among the 5 main treatment groups, with all 4 conditioning
groups performing at higher levels than the control
group,
Both the group given continuous reinforcement ( 100% )
and the group receiving partial reinforcement with the
US omitted on nonreinforced trials { R-50% ) exhibited
more conditioning than the partial réinforcement group
that had the US present on nonrcinforced trials such
that CS-CS intervals were the same as in the continuous

reinforcement schedule ( RU-50% ).

As in habituation and acquisition, the HR response during
extinction wa§ decelerative,

There was an overall decrease in the amount of this de=
celeration as a function of nonreinforced trials in
extinction,

The 5 main treatment groups differed with regard to the
amount of conditioned responding shown in extinction

The pattern of between-group differences in overall
response was identical to that obtained for acquisition;
the 4 conditioning groups were above the control group,
while groups 100/ and R-50% were above RU~50%.

When differences in acquisition asymptote were controlled
by analyses of covariance, there was a reliable effect

of acquisition treatment on rate of extinction:
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a) The groups given partial reinforcement with the
US present on nonreinforced trials during
acquisition extinguished riore slowly than the
continuous reintorcemant group,

b) There was no difference in rate of extinction
between the continucus and standard partial
reinforcement groups,

¢) The groups given partial reinforcement with the
US present on nonreinfprced tfials dur ing
acquisition showed more gradual extinctioé than
the standard partial reinforcement group,

8) Of the two partial reinforcement groups receiv-
ing nonreinforced trials with the US present
during acquisition, the group given the inter-
polated-US schedule extinguished more slowly
than the group given thes interpolated-CS
schedule,

6) US present vs, US absent in extinction did not affect

rate of extinction differentialily,

Before discussing the principle results of this study, a
consideration of the experimental controls that werc employed is
warranted, Although the pre-CS measure of HR exhibited reliable
changes iﬁ all phases of the experiment, it may be shown that such
fluctuations were not related in any consistent fashion to experiment-
ally~-prcduced changes in D-score, Ffor example, there was a signif-

jcant decrement in pre~CS HR over the coursc of habituation, but
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the‘magnitude of the change was not great enough to account for the
large decrease in D-score that was observed, In addition, thse
reliable differences between groups on the pre-CS measure did not
occuf for the D-scores, It may be concluded that habituation per«
forinance was relatfve]y independent of fluctuations in HR,

Clearly the changes in pre-CS HR that §ccurred during
acquisition do not account for the experimental effects on D-score,
The change in pre-CS HR that occurred after the first few blocks
of training trials was in a direction that would tend to depress the
D-scores, It should be observed that this decrease in preCS rate
occurred at the point in acquisition where the mean D-scores were
increasing most répidly; Although the magnitude of the change in
prelS HR was diffefent for the various treatment groups, this effect
does not explain the group differences in acquisition performance,
since the gfoups showing the highest conditioning Ieve?s ( R=-50% and
100% ) also exhibited tﬁe greatest decrement in prelS HR of all the
conditioning groups, It may be concluded from these relationships
that the amount of conditioning‘was not related to any concomitant
changes in pre~CS HR,

A related finding was reported in the study by Fitzgerald,
Vardaris, and Brown ( 1966 ) which was discussed previously., The
conditioning groups in this experiment showed a marked loss in CR
magnitude between the First and second 2-trial blocks on the second
day of'acquisition. Sirice a similar decrease in pre-CS HR occurred
at the same time, and the HR levels during the CS did not change,
it was concluded that the transient depression of D-scores was

entirely attributable to this fluctuation in pre-CS HR, At no
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other time in the experiment were there reliable changes in pre-CS
HR over trials, nor were there any significant overall differences
between groups in this measure., The fact that the pre-CS level of
the control group decreased in a similar manner to that of the condi-
tioning groups was interpreted as indicating that the effect was not
a function of paired CS-US presentations. It should be noted that
the control group in the present investigation also showed the
transient decrease in pre-CS HR, This suggests that the decrease
was independent of conditioning effects, as was the case for the study
of Fitzgerald, et al,

Although the procedures of the two experiments differed
in several impor?ant respecis, it is possible to consicder an explana-
tion of the divergent results, For the experiment by Fitzgerald,
et al., the pre-~CS decrease occurred at a point in training where it
may be assumed that relatively stable levels of asymptotic periorm-
ance had been established. In contrast, the decreass in pre-CS
HR occurred near the beginning of acquisition for the present in~
vestigation, and coincided with the rapid increase in conditioned
responding to the €S, It may be that this strong excitatory tendency
which resulted from conditioning obscured the depressing effect of
non-specific decreases in prelS MR,

Although a reliable decrease in prefS HR was observed in
extinction, the magnitude of the efiect was relatively small and
couid.not account for the large decreases in O-score that occurred
in this phase of the expariment. Furthermore, there were no signifi-
cant differences in prelS HR among thz various treatment groups, while

a numher of reliable differences in D-score were ochserved, It was
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concluded from such relationships that there was no important in-
fluence of non-specific changes in pre-CS HR on performance during
habituation, acquisition, or extinction, This outcome is incensistent
Qith the "law of initial values" ( Lacey, 1956 ) according to which
the magnitude of an increasing autonomic reactfon to a stimulus is an
inverse function of the level of autonomic activity preceding the
stimulus, Where the autonomic reaction is a decrease, as was the
case in the presént investigation, its magnitude is a positive
function of the prenstimufus level., According to this law, a large
decrease in pre~CS values should resuit in a small response to the
€S, However, as has been mentioned previously, no such consistent
relationship was observed,

It should,not.be assumed that the pre-CS measure was
unnecessary, The fact that there were reliable fluctuations in
pre;CS Hﬁ suggests théf abso!ufe*dR'during the CS was subject to
similar %én-specific chanées. Therefore; c&mputing responses to
stimu!i as a ﬁifference between pre-~CS and CS tevels had the desir~

ng the data and filtering out non-specific

able effect of normaliz

S -

changes théﬁ é}@ost certainly would have contributed to variability,
The 6onditfoning control group was included in the experi=
ment to pkgvide a statistdeat estimafe of potential pseudo-condition-
ing and sénsitization. The performance of this control group is
relevant to a recent'tﬁeoretica! analysis of conditioning éontro?
groups by Rescorla ( 1957 ). He pointed out that a control procedure

%
-

'

of the type employed in the present investigation may in effect s
up & contingency where Ss learn that the CS will not be followed
by the US, That is, the (S signals a ''safe' period, According %o

this interpretation, such a control actually provides inhibitory
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training and may not be considered neutral, In addition it was
stated that‘”if inhibition cén be acquired it seems reasonable that
it can be extinguished', It should be pointed out that Rescorla's
predictions concernlng the inhibitory effect were derived to explain
béhavior in an instrumental conditioning situation, NeverthéIess,
the perforhance of the control group in the present investigation
may be examined to determine whether the inhibition was in fact
developed in acquisition and dissipated in extinction, It was
indicated previocusly that the control group exhibited no consistent
changes in performance during acquisition or extinction, and there~
fore the results do not appear to support Rescorla's theoretical
formulation, However, thé possibility exists that the acquired
inhibition functiéns to prevent changes ig HR, This interpretation

would be consistent with the performance of the control group,

Adaptation and habituation

Af?-experinentai groups exhibited a gradual decrease in
basal HR during adaptation, This indicates that the Ss adapted to
restraint in the apparatus and to the non-spscific stimulus condi-
tions of an unfamiliar environment, The relatively samll decrease |
for the present experiment ( an average of 8 bpm )} is in sharp
contrast to a value reperted by Black, Fowler, and Kimbrell ( 1964 )
where HR in rats was found to decrease by an average of 80 bpm over
a 20-min, adaptation period, They interpreted this large change as
being due to greatly elevated initial MR as a result of handling the
animals and a subsequent decline wheﬁ Ss became accustomed to thc small

testing chamber., The initial HR in their investigation ( 440 bpm )



60

was somewhat lower than that of the present experiment { 4397 bpm ),
It may be that the differences in initial rate and amount of adapta=
tion were due to differential effects of the restraining devices
emp1§yed, although there were a number of procedural variations that
might account for the difference,

| The continued gradual decrement in pre~CS HR over the course
~of habftuation for the present experiment indicates that the adapta-
tion process carried over into the second phasec of the experiment,
The originaI.HR response to the CS alone at the start of habituation
was a marked'deceTeration. This response became less decelerative
with repeated presentations of the €S, which indicates that a habitu-
étion procedure is desirable in experiments such as the present one
where the original response to the CS is similar to the CR, It is
conceivable that the early coursce of acquisition might have been
obscurcd without prior habituation because of the strong initial tend-
ency for a deceleration in HR to occur to the CS, Similar considera~
tions were reviewed by Black ( 1964 ) in a report where a HR response
in rats to single presentations of auditory stimuli was discussed,
He observed a reliable dece}eration as the original response during a
‘single stimulus, but thefe was a deceleration of much greater magnitude
that occurred after the offset of the stimulus, In the present
study, a tendency for large decelerative responses to occur with the
of fset of the first CS in habituation also was noted, This post-
stimulus responding was not observed for subsequent prescntéticns of

the CS during habituation,



61

Acquisition

There was clear evidence of conditioning for all 4 of the
experimentallgroups, with performance reaching asymptotic levels on
about the fifteenth acquisition trial, That the increasing magnitudé
of the CR during training did not reflect simple dishabituation of
theioriginal response as a function of US presentations was indicated
by the failure of similar increases to occur for the conditioning
control group, This Tack of change in performance for the control
group also suggests that pseudo~conditioning effects were negligible
in the present experiment, 4

The finding of a consistently deceTerative CR is in agreement
with the observations by Fitzgerald, Vardaris and Brown ( 1966 ) and
Holdstock and Schwarzbaum, (1965 ) in experiments which were similar
to the present study in many respects, However, a number of jnvestiga-
torrs have reported that the HR response for rats changed direction
such that an early decelerative CR was replaced by an acceleration
as training progressed ( cf., McOonald, Stern, & Hahn, 1963; Fehr &
Stern, 1965;>B1ack & Black, 1967 ). 1In these experiments, the Ss were
relatively frec-moving, while in the present study, as well as in the
investigation by Fitzgerald, et al, and Holdstock and Schwartzbaum,
Ss were restrained, It seems likely that the difference in diréction
of the conditioned chénge in HR is explainable in terms of the degree
of physical restraint imposed upon the Ss during training, The sugg~
estion is that a decelerative (R occurs when conditioning is carried
out on restrained Ss, whereas a (R which changes direction is

preduced in conditioning situations where Ss may move about
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relatively freely, Conceivébly, restraint might inhibit responses
of the skeletal musculature that would cause an acceleration in HR
indirectly ( Fitzgerald, et al,, 1966 } or it is possible that the
difference in form of the response is more directly related to emotional
factors which might be differentially affected by varying degrees
of restraint,

Despite the fact that the continuous reinforcement group
( 100% ) received twice as many reinforced trials as the standard
partial reinforcement group ( R-50% ) their acquisition performance
levels did not differ reliably, i.e., no PRE of the type usually
obtained with human Ss was observed in acquisition, This outcome
is similar to the results of several studies vhere the effects of
partial reinforcement on ciéssical conditioning were investigated‘in
infra-humans ( cf., VWyers, et al.,, 1964; Fitzgerald, Vardaris, &
Brown, 1966; Slivka & Bitterman, 1966; Vardaris, 1967 ), As was
indicated previously, such results are not consistent with the widely
accepted view that conditioning performance is a positive functionv
of the number or porportion of reinforced trials ( Hull, 1943;
Spence, 1956 ), For example, it would be predicted from the usual
assumptions concerning the effects of the number of reinforcements in
acquisition, that a group given partial reinforcement ( with the US
pmitted on nonreinforced trials ) would exhibit Tower asymptotic
levels of performance than a group given the same number of trials
with continuous reinforcement ( Spence, 1956 ), However, for a very
large number of trials, the partial reinforcament group might be
expected to rcach the same asymptotic level as the group given contin-

uous reinforcement, with the rate of -approach to asymptote bein
F ] & y () g
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slower for partial than for continuous reinforcement ( Spence, 1956 ).

Onz of the groups that received partial reinforcement with
the US present on nonreinforced trials ( RU-50% ) performed at
reliably lower levels than the éontinuous reinforcement groupvand
the group given partial reinforcement with the US omitted on non-
reinforced trials, It may be recalled that the groups which received
partial reinforcement with the US present on nonreinforced trials
were included in the experimental design to provide conditions
where motivational level and stimulus aftereffects were equated foh

partial and continuous reinforcement, It has been assumed ( Spence,

1963, 1956 ) that the presence of the US on nonreinforced trials during
partial reinforcement would tend to elevate performance relative to
that of a partial reinforcement group receiving nonreinforced trials
wfth the US omitted, A similar effect would be predicted from the
stimulus-gensralization decrement hypothesis { Mowrer & Jones, 1945;
Sheffield, 1949 ) since the presence of the US on nonreinforced
trials presumably would make the stimulus aftereffects of such trials
more like those of reinforced trials than would be the case for
partial reinforcement with the US omitted, That is, lower perform-
ance levels might be éxpected for a standard partial reinforcement
group because of the generalization decrement resulting from a
reduced effective CS after nonreinforced trials with the US omitted,
Obviously, the result obtained was inconsistent with both of these
theoretical notions,

Although there are rather important methodological differ-

ehces betwesn the present investigation and the one by Moore and
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Gormezano { 1963 ) which was discussed previously, it is possible to
consider certain similarities in the results of the two studies, |
In a standard human eyelid conditioning situation, Moore and Gormezano
compared 25%, 50%, and 75% partial reinforcement of the US-omitted
type with the same percentages of reinforcement where nonreinforcemenf
was provided by the delayed-US technique, It was found that the
delayed-US method led to lTower levels of performance in acquisition
and extinction than did omission of.the US on nonreinforced trials,
It was concluded that US-deIay.did not have the same effect as omitting
the US, i.e., there appeared to be some inhibitory factor operating
over and above non~-contipuity of‘CS and US under the former conditions,
‘Certain results were cited ( Reynolds, 1958; Ross, 1959; Ross &
Spence, 1960 ) where the conditioning performance of continuous
reinforcement groups was superior to that of groups given partial
reinforcement w%th the delayed-US technique, It was suggested that
the hse'of nonreinforced trials with the US delayed in these studies
ﬁay have resulted ih.over-estimation of the depreésing effects of
partial reinforcement during acquisition., As to the mechanism of
these effects, it was hypothesized that delaying the US on
nonreinforced trials may lead to the conditioning of a response that
is incompétib?e with the eyelid CR; A basic assumption was that the
‘nresentation of the US results in a covert emotional response ( Fa )
having a iong latency and certain stimulus consequences, For a
continuous reinforcement group this re would occur éfter the termina-
tion of each triai. The response-produced stimulation from re
elicits incompatible responses which also occur after cach trial,

Therefore, for a continuous reinforcement group being trained with a
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relatively short CS-US interval, the incoﬁpatib1e responses are never
reinforced by the US, However, in the case of partial reinforcement
with the delayed-US technique, the long-latency ro may occur in the
long CS-US interval, When this happens the response-produced

elicits the competing response such that it is

stimulation from Fe

reinforced by the US and may become conditioned. In contrast, partial
reinforcement with the US omitted on nonreinforced trials does not
provide the conditions where such a commeting response would be
reinforced,

I% has been mentioned that the delayed-US technique may be
regarded as a special case of the interpolated-US method which was
used in the present investigation., The above theoretical formulation
is applicable to the results of the present study only to the extent
that the two techniques of nonreinforcement ( and other experimental
conditions ) were simitar, It should be noted that the CS.US inter=
vals on nonreinforced trials‘for group RU»EO% were considerably
longer than for the delayed-US groups in the study by Moore and
Gormezano { 85, 90, or 95 sec, vs, 2400 msec, ). Since the exact
latency of r, was not specified, it is difficult to evaluate the
applicability of the model to the present results on the basis of
similarities or discrepancies in CS-US interval, However, it may
be recalled that the conditioning control group ( C ) received a
sequence of stimuli such that the CS-US intervals were identical to
those on nonreinforced trials with the US present in the partial
reinforcement schedule for group RU-50/, Therefore, any tendency
for incompatible responses to be conditioned during these leng CS-

US intervals might be revealed as a gradual decrease in performance
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for the control group during acquisiton, As has been pointed out
previously, no such consistent changes were observed, This suggests
that there was little or no conditioning of incompatible responses
on nonreinforced trials with the US present, An alternative inter-
pretation would be that incompatible responses actually were condi-
tioned and acted to suppress decelerative responses in the control
group and in the RU-50% group, The result of such influences would
be consisteﬁt with the observations-~lower performance levels for
RU-50% and no apparent éhange in the control group performance,

It sheould be noted at this point that Rescorla's formula-
tion, which was discussed previously, could conceivabfy explain the
depressed performance of group RU-50% during acquisitien, Essen-
tially his assumption was that Ss learn that the CS signals a
"safe' period on nonreinforced trials with the US present, Since
the conditioning schedule for RU-50% contained such trials it is
possible that this type of learning occurred during conditioning,

If that were the case, then the performance of the RU-50% group

might be e%pected to reflect an algebraic summation of excitatory

and inhibitory tendencies which were being built up during acquisition,
The performance would then be at som2 intermediate level bétween that
of the standard partial reinforcement group and the conditioning
control group, The relationships between the actual performance

levels of thesé tﬁree groups are censistent with this prediction,
However, as has besen mentioned previously, examination of the control
group performance revealed no evidence of a gradually acquired in-

hibitory tendency during the training period, Although there was no
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direct evidence of this type of inhibition in the control group
performance, the possibility remains that tﬁe acquired inhibition
acted to prevent change as such, i.e,, the inhibitory tendency may
have depressed performance for RU-50% without exerting an observable
effect on the performance of the control group.

Although both the RU-50% and RC-50% groups received partial
reinforcement with the US present on nonreinforced trials, only RU-50%
exhibited acquisiton performance levels that were reliably different
from those of the continuous reinforcement group and the group g%ven
partial reinforcement with the US omitted on nonreinforced trials,
1t may be recalled that the US-US intervals Qere the same for the RC-
50% and 100% groups, but differed for the RU-50; and 100/£ groups,
Since the performaﬁce of RU-50% was lower than that of 100i, there
is some indication that US-US inverval may have been an important
factor 'in determining acquisition performance levels, However, this

utcome Ts somewhat amﬁiguous due to the fact that there was no
reliable difference in performance between the RU-50% and RC-507%

groups,

Extinction

There was a reliable decrement in performance as a function
of extinction trials, although the terminal extinction levels for the
conditioning groups were somewhat higher than that of the control
group, In the experiment by Fitzgerald, Vardaris, and Brown { 1966 )
there was 1ittle evidence of decreasing performance during extinction.,

. It may be mentioned. that the present experiment included six more



extinction trials than in the study by Fitzgerald, et al,, Eut this
relatively small difference in numbar of trials does not seem
adequate to account for the divergent results, APossib]y the diff-
erence in extinction performance is attributable to other procedural
variat%ons_between the two studies,

It has been shown that the significant overall differences
in mean performance levels during extinction were similar to the over=
all differences during acquisition. In the interest of unambiguous
interpretation, it seemed adviseable to analyze the extinction data
such that the effects of differential acquisition performance were
controlled, It may be recalled that this was accémp?ished by
analyses of covariance, with acquisition asymptote as the covariate
and slope of the extinction curves for individual Ss as the criterion
variate, Significant effects then represented differences in slope
or rate of extinction,

Previously it was pointed out that the extinction PRE is
usually défiﬁed in terms of differencés in mean performance, with a
partial reinforcement group performing at higher levels than a group
given continuous reinforcement, In order to determine whether a
PRE was present in the extinction data, sign%ficant differences in
slope were regarded as reflecting similar differences in mean per=~
formance levels, This was made possibie by the analysis of covar=-
jance technique which, in effect, equéted the extinction curves for
point of origin ( acquisition asymptote ). It will be recognized
that if such curves differ reliably in slope, there nust a!so-be a
significant difference in mean levels, In more specific terms, a

difference between treatment groups in rate of extinction indicates
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that the groups also differ in overall mean level, and both differ-
ences méy be regarded as reflecting differential resistance to
extinction,.

From a preliminary regression analysiﬁ it was learned that
rate of extinction was.a negative linear function of acquisition
asymptote, In other words, the higher the acquisition asymptote, the
more negative the slope of the extinction curve, Therefore it was
concluded that acquisition performance levels influenced slopé of
the extinction curves as well as the mean performance levels during
extinction and that analyses of covariance were appropriate under
these circumstances,

An analysis of covariance was done on the slopes and
asymptotés of the L conditionihg groups, The results of this analysis
indicated that there were reIiabieAdifferences in resistance to
extinction among thé groups even though the differential influence
of acquisftion asymﬁtote had been removed, Further analyses were
aimed at detecting possible differences in resistance to extinction
betwéen the 4 conditioning groupé when they were compared fwo at
a time., It was Tound that the continucus reinforcement and standard
partial reinforcement groups did not differ reliably in rate of
extinction, This outcome is similar to the findings of other experi-
.ments on infra-humans where either there was no evidence of an extinc-
tion PRE or the evidence was ambiguous { cf,, Berger, et al,, 1965;
Fitzgerald, 1966; Vardaris, 1967 ). However, the results of the
present investigation for standard partial reinforcement are incon-
sistent with other results where froguancy of reinforcement in

acquisition did affect resistance to extinction differentially
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( Gonzales, Eskin, & Bitterman, 1983; Wyers, et at., 196L; Peeke,
&t al., 1965; Fitzgerald, Vardaris, & Teyler, 1966; Kimmel & Yarenko,
19663 vagner, et al., 1967 ), Tt may be mentioned at this point
that the experiments by Gonzales, et al,, Fitzgerald, et al,, and
Kimmel & Yarenko all equated motivational level between continuous
and partial reinforcement groups by.means of the matched reinforcements
technique, Since the number of studies in which motivation level
was controlled is equal to the numbar where this variable was not
cqntro?led,,ft appears unlikely that an unambiguous PRE in extinction
depends solely on equated motivational level,

For the current study, where a condition for equating moti=~
vational level was also provided, the groups given partial reinforce-
ment with the US present on nonreinforced trials during acquisition
exhibited a slower rate of extinction than the group receiving contin~
uous reinforcement in acquisition, This cutcome may be regarded as
clear evidencé of an ekfinction PRE; there was increased resistance
to extinction after partial reinforcement when the US was present
on nonrainforced acquisition trials, Since these groups also showed
greater resistance to éxtinbtion than the standard partial rein-
forcement group, the indication is that equating motivational level
was a crucial variable for the PRE under the conditions of the present
experimeﬁt. However, as was pointed out above; there is no clear
evidence that equated motivational level is either necessary or
sufficient Tor the occurrence of an unambiguous PRE in extinction
when comparisons between the results of previous studies are made,
That %s, the PRE in extinction has been observed for studies where

motivational level was controlled and for other investigations where
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there was no provision to equate motivation between continuous and
partial refnforcéwent groups,

Of the two groups that received.partia! reinforcement with
the US present, the interpolated-US group extinguished at a slower
rate than the interpolated-CS group, This indicates that equating
CS-CS interval between the continuous and partial reinforcement
groups préduced greater resistance to extinction as compared to &
group where the intervals differed for contiﬁuous and partial rein-
forcemsnt, It will be noted that this result is relevant to the
stimulus~generalization decrement hypothesis, One of the assumptions
of this hypothesis is that the effective CS on any given trial is
in part determined by the intertrial { CS-CS ) interval. That is,
the perseverative aspects of stimulation from trial n become pert
of the effective CS complex on trial n + 1, Since these persevera-
tive processes are assumed to decay over ting; the influence of
previous stimulus events on the effective CS complex for a given
trial are a function of the length of the intertrial interval, It
should be pointed out that the average intertrial interval for the
interpolated-CS group was longer than that for the intérpolatednUS
group, Therefore, it might be assumed that the effective CS complex
for the interpolated-CS group was different from that of the ‘inter-
polated-US group, From the assumptions of the stimulus-generalization
hypothesis these groups might be expected to show differences in
resistance to extinction, since there might be differential change in
the CS complex from acquisition to extinction, However, it will be
recalled that this type of chaﬁge was controlled in the present

experiment by providing scparate extinction treatments where the



CS-CS interval was either the same or different from that in
acquisition, These treatments did not affect rate of extinction
differentially, and therefore the stimulus-generalization decrement
hypothesis does not explain satisfactorily the increased resistance
to extinction when CS-CS interval was equated, Nevertheless, it is
conceivable that the difference in CS-CS intervals affecfed rate

of -extinction by some mechanism that has not been specified. as yet,

The analysis of covariance revealed that the gfoups ree
ceiving extiﬁction with the US present did not exhibif rates of
performance decrenment which were reliably different from those of
the subgroups given extinction with the US omitted, Simiiarly,
interpolated-CS vs, interpolated-US treatments during extinction did
not influence sleope differentially, It may be inferred from this
set of results that only "historical!' variables had a significant
effectjon resistance to extinction, That is, some of the acquisi-
tion treatments resulted in differential rates §F extinction, bul
none of the experimental manipulations during extinction affected
rate of extinction reliably,

For the preseht {nvestigation the PRE in acquisition and
extinction occcurred cnly when the US was present on nonreinforced
training trials,  Under these conditions, the acquisition perform-
ance of the group given partial reinforcement was depressed relative
to that of the coﬁt%nuous reinforcement group, and the partial
reinforcement group showed greater resistance to extinction than did
the group given continuous reinforcement, In centrast, no reliable

differences in performance between the continuous reinforcement and
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standard partial reinforcement groups were observed either in acquisi-
tion or in extinction., Clearly the presence of the US on nonrein-
forced trials acted to depress performance during acquisition and
yet produced increased resistance to extinction. This paradprcal
result could be attributable to certain possible inhibitory effects
of having the US present on nonreinforced trials during acquisition,

It may be recalled that when various mechanisms for this possible

-de

nhibition were considered, it was concluded that the evidence of
the present investigation did not support them unequivocably.

Including the current study, therz have been only three

ke

reports of an unambigucus PRE both in acqﬁisition and in extinction
for aversi?e classical conditicning with infra-humans, Each study
has employed & different specie of Ss: Gonzales, et al,, ( 1963 ),
used mouthbreeders; Fitzgera?é, Vérﬁaris, and Teyler, ( 1966 )} used
dogs; and rats were used in the present case, Furthermore, the |
procedural variations among the three studies were rather consider=
able, As a result if is difficult to estahlish whether there were
any treatnent§ cther than partial reinforcement vhich may have been
commen to the three investigations and which may account for the
occurrence of the PRE, However, all of these studies provided

some type oi control for differénces in motivational level between
continﬁous and partiél reinforcement groups., Altheough this similar-
ity in the three studies is suggestive, it may not be assumed that
the appearance of a PRE in acquisition and extinction depends on
equated motivational levels, since the extinction PRE has been

observed when this variable was not controlled,



SUMMARY

An experiment was conducted to determine the effects of
partial reinforcément on a classically conditioned HR response in
rats with motivational level and stirmulus change controlied, Three
percentages of reinforcement, 100%, 507, and C}% were employed in
acquisition, The following methods of paftial reiﬁforcenwnt were
compared: standard random partial reinforcement with the US omitted
on nonreinforced trials; random partial reinforcement with the US
present on nenreinforced trials and US-US intervals the same as in
the continuous reinforcement schedule; random parfial reinforcement
with the US present on norreinforced trials and CS-CS intervals the
samz as in the continuous reinforcement schedule, For éach acquisi=
tion treatment extinction performance was observed under conditions
of - the US'present or absent on extinction trials and CS-CS intervai
or US~-US interval equated,

The €S was a 7-sec,, 1-kHz, tone, and the US was a l=-sec,;
1.8 mA electric shock. The CS-US interval was 6 sec., with the US
overlapping the last second of the CS, A réinforced trial in acquisi-
tion was a paired presentation of CS and US, while a nonreinforced
trial was either a presentation of the CS alone or a presentation
of the CS followed by the US at the mid;point of the intertrial
interval, Onc treatment group received 1005 reinforced tFiais
( continucus reinforcement ) in acquisition, and a conditioning
control group was given 1007 nonreinforced trials where the US was
interpolated at the mid~point of the intertrial intefva]. One of
the partial reinforcemznt conditions involved random partial rein~
forcemant where 504 of the trials were reinforced and the remaining
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trials consisted of presenfations of the CS alone. Another partial
reinforcement treatment consisted of the same sequence of reinforced
and nonreinforced trials, but on nonreinforced trials the US was
‘interpoiated at the mid-point of the intertrial interval such that
the CS-CS intervals were the same as in the continuous reinforcement
treatment, The third partial reinforcement treatment also involved
the same reinforcement schedule, except in this case the US~US
intervals were identical to those in the continuous reinforcement
schedule; For extinction, each of the 5 acquisition groubs was

'divided into L4 subgroups so that presence or absence of the US on
extinction trials was made orthogonal to thelinterpoiatedaCS and
interpolated-US methods of providing nonreinforcement in extinction.
There were a total of 20 distinct treatment groups represented in
extinction, The experiment was zonducted in the following phases
all of ‘which cccurred in one experimental session: adaptation,
where 5 equally-spaced samples of basal HR were taken; habituation,
“in which HR responses to 20 presentations of the €S alone were
recordéd; acquisition, where 30 conditioning trials were 'given;
extin;tioﬁ, in which there were 30 nonreinforced trials, All responses
to stimuli were scored as differences in HR between the CS period

and an equal pre-CS pariod, The principle findings wers:

Adaetation

HR decreased slightly but reliably over the course o

£
i (=]

20-min, periocd of adaptation to restraint in the apparatus,



Habituation
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The decelerative original response to the CS alone in

habituation showed a significant decrease as a function of repeated

presentations of this stimulus,

Acguisition

Extinction

1)

2)

3)

1)

2)

A1l 4 conditioning groups exhibited reliable increases
in the magnitude of a decelerative CR as a function of
training trials.

The partial reinforcement group having the US present
on nonreinforced trials such that CS-CS intervals were
the same as in the continuous reinforcement treatment
performed at lower levels than the standard partial
reinforcement group and the continuous reinforcement
group,

There was no reliable difference in performance levels
between the continuous reinforcement and standard

artial reinforcement groups,
)

All 4 conditioning groups exhibitéd reliable decrements
in the magnitude of a decelerative CR as a functicn of
nonreinforced trials ih extinction,

The partial reinforcement groups given nonreinforcéd
trials with the US present in acquisition both showed
greater resistance to extinction than the continuous

reinforcement group,
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3) Of the two partial reinforcement groups showing in-
creased resistance to extinction, the group having
CS-CS intervals equated to those in the continuous
reinforcemeni schedule during acquisition extinguished
more gradually than the group with US-US interveals
equated,
L) The continuous reinforcement and standard partial
reinforcement groups did not differ in resistance
to extinction,
5) The various extinction treatments ( US present vs,
US absent, and equated~US vs, equated-CS ) did not

affect resistance to extinction differentially,

These results werc interpreted as indicating that the PRE
in acquisition and extinction occurred only when partial reiniorce-
ment was given with the US present on nonreinforced trials, The
results were discussed with regard to their relevance to the stimultuse-

eneralization decrement hypothesis and the concent of motivational
g b4 !

level,
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