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When a discrimination is trained using the method of
successive presentations of stimuli, subjects are shown only
one of two discriminative stimuli on each trial and reinforcement is
typically given only in the presence of one stimulus while it
is not with the other. With this procedure the subject learns
to respond in the presence of one stimulus (the one associated
with reinforcement), and to not respond in the presence of the
other stimulus. This may be viewed as a combination of two
simple procedures: conditioning and extinction. This fact was
used by certain classical theorists (Spence, 1936; 1937; Hull,
1943) to propose an explanation of discrimination learning.

Spence (1937) for example, postulated five basic principles
of discrimination learning when the problem involves a stimulus
dimension of a continuous nature. (1) As a result of rein-
forcement, there is an increase in the excitatory tendency to
approachlthe positive (reinforced) stimulus. (2) There is
generalization of this acquired excitatory tendency to similar
stimulus objects. (3) The lack of reinforcement in the presence
of one stimulus results in an increment of the inhibitory
tendency to other stimulus objects. (5) The effective excitatory
strength of a stimulus is the algebraic summation of these two
positive (excitatory) and negative (inhibitory) tendencies. 1In
addition, Spence was forced to assume that the magnitude of the
inhibitory gradient is less than that of the excitatory one.

Unless additional principles are invoked, conditioning-
extinction theory leads to certain specific predictions, some of

which were tested by Gynther (1957). The prediction with which
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we will be most concerned involves the level of conditioning to
the positive stimulus in a discrimination situation. From the
five assumptions one would predict that the generalization of
inhibition from the negative stimulus to the positive should
theoretically result in a reduction of response strength to the
positive stimulus. This effect is known as negative induction.
Gynther (1957) using differential eyelid conditioning, found an
induction effect, i.e., a greater percentage of CRs were given
to CS+ if single stimulus training was used than if discrimination
training was given. In addition, Gynther found that if pre-
training to CS+ was given prior toldiscriminatipn, then there
was an initial decrease in response strength to CS+ once dis-
crimination training began. These results are completely in
accord with the predictions of conditioning-extinction theory.

Henderson (1966) reported another example of induction using
rats in a runway with two discriminative stimuli. In the
presence of one stimulus (Sl1), reinforcement was presented 100%
of the time while the other stimulus (S2) had a smaller percentage
of trials reinforced. Results show that as the running speed to
S2 decreases, there is a corresponding decrease to Sl. A
similar study was done by MacKinnon (1967) except that magnitude
rather than percentage of reward was varied in the presence of
82. The results are similar to Henderson's in that an induction
effect was shown. Although these data may be explained in other
ways, they are at least compatible with the generalization of

inhibition prediction derived from conditioning-extinction theory.
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There are, however, a large number of discrimination studies
that do not demonstrate generalization of inhibition. Not only
is this effect absent in these studies, but a completely opposite
reaction tends to appear. In these cases, as the response
strength to the negative decreases there is an increase of
response strength to the positive stimulus. Folloﬁing Skinner
(1938), we will call this effect positive behavioral contrast.
A great deal of evidence has been accumulated to show that con-
trast is a real effect. The earliest demonstration of it was by
Pavlov (1927), who first noticed that if a positive trial imme-
diately followed a negative, there was an increase in response
magnitude to the positive. Verplanck (1942), using rats, showed
an increase in running speed to S+ when a discrimination is
established in a runway. A similar effect on jump-stand latency
was reported by Solomon (1943). The vast majority of contrast
studies, however, have been conducted with a free operant
discrimination in which the subject is free to respond at any
rate during the positive and negative stimulus components. In
this case, a subject will respond frequently to the positive and
greatly decrease responding to the negative. Using rats in such
a situation, Smith & Hoy (1954) demonstrated contrast although
the overall rate of responding remained constant as the discrim-
ination was formed. The authors stated that this was due to a
shift in responding from the negative periods to the positive ones.

The first investigation of contrast using pigeons in a free
operant situation was conducted by Reynolds (1961). In this

study, Reynolds showed that contrast would occur whenever S+ was



correlated with a variable interval schedule of reinforcement
and when S- was a specific stimulus light or simply a time—oﬁt,
which immediately produced a near zero rate of response.
However, contrast did not oc¢ur when S2 was correlated with a
differential reinforcement of other behavior (DRO) schedule, in
which reinforcement is contingent upon not responding. This
schedule produced very low response rates, but did maintain a
high frequency of food presentation. Based on these data,
Reynolds (1961) hypothesized that frequency of reinforcement is
the variable that controls the contrast effect. "The frequency
of reinforcement in the presence of a given stimulus, relative

to the frequency during all of the stimuli that successively

control an organism's behavior, in part determines the rate of

responding that the given stimulus controls (p. 70)."

After examining these data, other investigators (Amsel,
1971; Terrace, 1966; 1968) arrived at different conclusions
about the contrast effect. More specifically, Amsel (1971)
believes that if trials follow each other in rapid succession,
the frustrative effects of nonreward should operate to increase
the level of responding to an immediately succeeding S+ and this
accounts for contrast. If, however, £he trials are spaced, the
temporary, labile effects of frustration should dissipate, leaving
the more permanent associative effects of generalized conditioned
inhibition. This, in turn, yields a relative reduction in
response strength to the succeeding positive stimulus. With this
theory, Amsel can account for the results of many of the pre-

viously cited studies. For example, Verplank (1942) and Solomon
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(1943) demonstrated contrast using a discrete trials procedure
and each study used a relatively short intertrial interval.
Also, sinée an operant procedure involves the use of either short
or no intervals between stimulus presentation, operant studies
are not incompatible. Although Henderson (1966) and MacKinnon
(1967) demonstrated induction effects, these studies utilized
intertrial intervals in the range of 15-20 minutes which are long
enough for the effects of frustration to dissipate. Thus, these
studies are all in accord with the predictions of the Amsel (1972)
theory. The only results antagonistic to the theory are those of
GYnther (1957). However, it should be pointed out that Gynther's
is the only classical conditioning study in the group and this
fact may have accounted for his results of an induction effect
under a short intertrial interval.

The Terrace (1966; 1968) position is similar to that of
Amsel (1971) except that response suppression is viewed as the
necessary condition for contrast. Specifically, Terrace feels
that response suppression results in emotional behavior which is
manifested as instrumental responding during the positive
component. . He agrees withlAmsel in proposing that the emotional
reaction has its effect on immediately subsequent behavior. At
the same time, however, he states that the differential rein-
forcement procedure is an even more important factor.

As support for this position, Terrace cites evidence that
contrast does not occur when a discrimination is learned without
errors. He also states that contrast will occur when a mult VI

DRL schedule is used even though at least 50% of the reinforcements
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are gained during the DRL component. This position has, however,
come under attack recently. For example, Sadowsky (1973)
demonstrated a contrast effect during an errorless discrimination.
Also, Freeman (1971)Pointed out that response suppression never
occurred during the DRL component of the multiple schedule of
Terrace's 1968 study. In that particular study, S2 was always
correlated with a DRL and the response rate was never high
enough for any suppression to occur. As a result, Freeman (1971)
stated that until a method is developed which adequately sepa-
rates the effects of reinforcemtn frequency aha rate of responding,
it is impossible to choose between those two interpretations of
contrast. Due to these and other criticisms, Terrace (1972)
amended his theory to state that active inhibition of responaing
must occur in order for contrast to develop.

There have, however, been other recent hypotheses concerning
contrast. Referring to the paradigm of nondifferential followed
by différential training, Premack (1969) suggested that contrast
will not occur in the second phase unless S2 is capable of
generating inhibition or aversiveness. That is, contrast occurs
only if an inhibitory gradient can be_obtained along the dimension
to which 582 belongs. He states that "contrast results if and only
if there is a change in the aversiveness associated with one of
the components in the schedule (p. 136)." Premack continues by
saying that inhibition and contrast are two sides of the same coin
and that the necessary and sufficient conditions for the two

phenomena are the same.
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Although this interpretation appearé to be very similar to
Terrace's (1972) latest theory, there are some major differences
between them. In the first place, the exact cause of contrast
is different in the theories. Terrace implies a chain of events
leading to contrast. That is, due to non-reinforcement for
responding during S-, emotional responses develop. These
emotional responses are then said to be aversive and the animal
learns to avoid this by making responses which are antagonistic
to the instrumental act. This is seen as an active withholding
of responding and is defined as inhibition. Contrast is presumed
to be an aftereffect of withholding responses to S-. Thus,
Terrace feels that withholding responses is a sufficient condition
for the establishment of contrast.

This explanation would appear to be invalidated by the
previously mentioned study of Sadowsky (1973). In this study,
it was demonstrated that contrast would occur when a time out
or black out was used as the negative stimulus, even though thé.
subjects never responded in fhese conditions.

The Premack (1969) explanation, however, is much more vague
than that of Terrace. Although he argues that an increase in
aversiveness associated with one component is necessary for both
contrast and inhibition, he never specifies the conditions in
which there is an increase of aversiveness. In this case, Premack
does not really "explain" the contrast effect. He merely invokes
a pseudoexplanation which cannot be refuted. For any demonstra-
tions of contrast, he states that there was an increase in
aversiveness in the variable component and thus can account for

virtually all demonstrations of the effect.
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The final hypothesis we will considér here and the one with
which this study is concerned was first suggested by Gamzu &
Schwartz (1973). This willibe referred to as the autopeck
explanatioh of contrast. Very briefly, Gamzu & Schwartz demon-
strated that reliable key pecking could be obtained with pigeons
using a multiple schedule in which periods of reinforcement
presented on a variable time schedule alternated with periods
of extinction. A variable time schedule is one in which reinforce-
ments are presented at varying intervals of time on a response
independent basis. Gamzu & Schwartz explained this effect by
stating that pecking is produced whenever food is delivered to a
hungry pigeon. Pecks were directed at the key in this case
because the key stimulus was a differential signal for food
presentation. That is, a stimulus-reinforcer contingency was
established which resulted in pecking behavior..

In the typical operant situation, there is also a response-
reinforcer contingency which means that an operant discriminatién
involves both stimulus-reinforcer and response—reinforcer
contingencies. Gamzu & Schwartz believe that a mutually enhancing
effect (i.e., contrast) will occur when these two contingencies
influence the same class of behavior (such as pecking). This
interpretation is simply that normal positive contrast consists
of a combination of instrumental responding appropriate to the
schedule of reinforcement (response-reinforcer contingency) and
extra responses due to the relation of the signal and reinforcement.

This autopeck explanation leads to some very specific

predictions concerned with when contrast should and should not



occur. Since this theory says that conﬁrast occurs only when
the stimulus-reinforcer and response-reinforcer contingencies
affect the same class of behavior, and since food presentation
produces pecking in pigeons, it follows that contrast in pigeons
should occur only when a (key) pecking response is used. A
number of studies have tested this prediction. Hemmes (1973)
demonstrated that contrast would not occur whenever pressing a
foot treadle was the appropriate response although contrast did
occur with a key pecking response. This result was confirmed by
Westbrook (1973).

Another prediction concerns the localization of the discrim-
inative stimuli. Since consistent autopecking occurs only when
the stimuli are localized on the response key, contrast should
only occur, or at least should be much greater when the stimuli
are projected on the key. A study by Redford & Perkins (1974)
investigated this by using either key or house light presentation
of stimuli and also by using either VI or VT schedules of rein—.
forcement. Results confirmed the prediction. Marked contrast
occurred when key light stimuli controlled responding. In
addition, Redford & Perkins demonstrated parallel shifts in peck
rate during the constant component under VI and VT schedules
when key light stimuli were used. This adds further support for
the suspected relationship between autopecking and behavioral
contrast.

Finally, a study by Keller (1974) seems to provide direct
evidence that the contrast effect is due to autopecks or elicited

responding. Keller attempted to separate operant and elicited
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pecks in a series of multiple schedules by training pigeons to
peck a key for food reinforcement while presenting the discrim-
inative s£imuli on a second key. Two experiments included two
and three component multiple schedules and a compariscn of a
one or two key procedure. 1In the first experiment, when the
rates from both keys were added together, the results suggested
to the author that "... contrast is a phenomenon of elicited and
not operant responding (p. 251)." The second experiment used a
three component schedule in which baseline training involved a
mult VI VI EXT schedule while the contrast phase consisted of a
mult VI EXT EXT schedule. Again, when the response rates frqm
the two keys were added together, "... the result is similar to
the positive contrast typical of single-key multiple schedules
(p. 255)."

This study is, however, not without faults. Keller appears
to have made some strong statements. -For example, in the first
experiment, Keller states that the data support the theory that
contrast is due to elicited responding; however, two of the three
subjects did not respond in a manner predicted by the theory.
Commenting on the data of the second experiment, Keller, states
that when the operant and elicited pecks are added, the result
is similar to positive contrast. Although, upon examination of
the data, the rate changes are in the appropriate direction, the
"contrast" effect is typically quite small and not at all in the
magnitude of the usual contrast effect. A recent study by
Schwartz (1975), however, using the same technique, has provided

much more convincing evidence to support Keller's statements.
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The study proposed here ia an attempt to test this autopeck
explanation of contrast in another manner. The hypothesis states
that contrast is due to the addition of autopecks resulting from
the stimulus-reinforcer relationship to the normal instrumental
pecks. Virtually all studies of contrast begin with instrumental
pecking in a multiple schedule with nondifferential reinforcement.
Then, the subjects are given discrimination training and it is
here the autopecks are added to instrumental responses according
to the theory. The first experiment wi;l begin with subjects
autopecking in a nondifferential reinforcement situation with
respect to chromatic stimuli. Following this training, a discrim-
ination procedure will be introduced in which all pecking wiil
continue to be the result of autopecking. According to the theory,
contrast cannot result in this situation. What this study will
basically do is to take the autopecks, which are normélly added
to instrumental pecks to produce contrast according to the theory,
and begin with these during the nondifferential phase. When dis-
crimination training begins, contrast should not occur becauée
the autopecks have already been accounted for and cannot, there-
fore, be added to any other responses to produce the effect.
Since this experiment will use discrete trials in order to facil-
itate original acquisition of autopecks, the original nondiffer-
ential phase may be seen as differential training between trial
periods and intertrial periods. Thus, while contrast might occur
during this first phase of the study when autopecking begins, the
autopeck explanation could not handle an increase in this contrast

should it occur, when discrimination training is introduced.
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A second experiment will also be conducted in which all
subjects will be hand shaped to key peck. One group will
receive training idential to that of the first experiment
except that all grain presentations will be delivered on a
response dependent basis. A contrast effect should not be seen,
according to the theory, because the baseline nondifferential
phase again provides the conditions under which autopecking is
expected to occur. It would be difficult for the theory to
account for an additional contrast effect.

Another group will receive identical training except that the
variable intertrial interval will be replaced by a fixed three
sec time out. A study by Perkins et. al. (1975) demonstrated
that autopecking will not develop when such a short interval
separates stimulus presentations. Therefore, autopecking should
not occur in Phase 1. Phase 2, however, does provide the condi=-

tions for autopecking and a contrast effect should be observed.
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EXPERIMENT I
METHOD
Subjects The subjects were 12 experimentally naive pigeons
maintained at approximately‘75% of their free feeding weights
throughout the experiment.
Apparatus All experimentation was conducted in two identical
3/4 inch plywood operant pigeon chambers with standard relay
programming equipment located in an adjacent room. The chambers
had internal dimensions of 32 cm X 26 cm X 43.5 cm. A Grason
Stadler response key was mounted in the center of one wall 17.5
cm above a wire mesh floor. At no time did pecks on the key
reéult in any type of response feedback. Directly below the key,
5 cm from the floor, was an opening 5.2 cm X 6.4 cm allowing
access to a grain hopper. The response key was transilluminated
by stimuli projected from an Industrial Electronics display cell
equipped with No. 44 miniature lamps.  Chromatic stimuli with
peak wavelengths of 538 and 555 nm were produced by Kodak Wratten
Filters No. 74 and 99. Noise from a ventilation fan was con-
tinually present in the chamber to mask extraneous sounds. A
7 watt, 100 volt houselight mounted in the upper corner of the
chamber opposite the key provided constant diffuse illumination
in the chamber except during reinforcement periods when a
maéazine light operated.
Procedure The subjects were randomly assigned to two groups, a
Discrimination (TD) and Nondifferential (ND) Group, with six
subjects in each group. Magazine training was initiated by

placing a naive bird into the chamber in front of the raised
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hopper in which grain was clearly visible. The bird was then
allowed to eat for about 10 sec, after which the hopper was
made inacéessible. Several unsignalled hopper presentations of
about 3 sec duration followed. When the bird consistently
approached the hopper during presentations, key peck training
(Phase 1) was initiated using the autoshaping procedure described
by Brown & Jenkins (1968). A 15 sec illumination of the response
key with light of wavelength of either 555 or 538 nm constituted
a trial, after which the key light and house light were turned
off and the grain hopper presented for 3 sec. The intertrial
interval vaired randomly with a mean of 30 sec. In no instance
did pecks either during the trial or the intertrial interval have
any effects. The two stimulus wavelengths were presented 30
times each in quasi-random order with the restriction that no
more than two Sl or S2 periods appear successivley. Reinforce-
ment followed both stimuli 100% of the time. Sessions continued
in this manner until the response rates stabilized for both
stimuli for five consecutive days. Following this, subjects
were placed in the next phase of training.

In Phase 2, subjects in the TD Group were given discrimination
training between the 555 and 538 nm stimuli. This was done simply
by reducing to zero the percentage of trials réinforced following
thé 538 nm stimulus. Sessions were run in exactly the same
manner as. in Phase 1 with 15 sec stimulus presentations and a
varying 30 sec intertrial interval.

Subjects in the ND condition were run exactly as in Phase 1

except that the intertrial interval was lengthened to one minute.
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This controlled for the doubled time interval between reinforce-
ments in ;his phaée for the TD Group. Again, pecks had no
effects whatever. Phase 2 lasted for 15 sessions after which
subjects moved to Phase 3.

In Phase 3, conditions were the same as in the first phase
for both groups. Birds in the TD condition again received rein-
forcement after 100% of the trials and ND birds were also placed
back on a 30 sec intertrial interval. Subjects remained in this

condition for at least 5 sessions.
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RESULTS AND DISCUSSION

Use of the autoshaping procedure resulted in all birds
acquiring a key pecking resPane. Rates of key pecking in
responses per second for each phase of training are presented
in Figure 1 for all subjects in Group TD. Phase 1 consisted
of nondifferential training between the two chromatic stimuli.
A discrimination was established in Phase 2 by reducing to zero
the reinforecement frequency in the presence of one of the
stimuli. Phase 3 traihing was identical to that 6f Phase 1.

As can be seen in the figure, five out of six subjects showed

an increase in rate of responding to the positive stimulus (Sl)
dufing the discrimination training phase with respect to the
last 5 days of baseline or Phase 1 responding. When baseline
conditions were reinstated, five out of six subjects showed a
decrease in their response rate while subject D15 actually
showed an increase. In addition, all subjects in this group
decreased responding to the negative stimulus (S2) until
virtually a zero rate of response was achieved. While these
results seem to indicate that contiast occurs while the subjects
are autopecking in a discrimination situation, there is one
factor which might account for the data and would prevent the use
of the term "contrast" in this situation.

One of the changes the birds encountered when first given
discrimination training is that the time interval between grain
presentations is approximately doubled. Since no grain was
presented following S2, the amouht of time between food presen-

tations now averaged one minute. It is possible that this factor



Figure Caption
Figure 1. The rates of key pecking during S1, S2 and
the intertrial interval for all subjects in Group Tﬁ of
Experiment I. Each graph is divided according to the three

phases of the experiment.

17
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alone would result in an increased response rate to S1 and that
discrimination training itself had no effects. If this were the
case, the term "contrast"” should not be used to describe the
results of the TD group. Therefore, Group ND was employed in
this experiment to control for the effects of time interval
between reinforcements. This group received Phase 1 and Phase
3 training identical to that of Group TD. The difference, how-
ever, was that Group ND was maintained on the nondifferential
condition in Phase 2, but with a variable time one minute (VT
1 min) intertrial interval instead of discrimination training.
This intertrial interval was double the VT 30 sec of Phase 1.
Results shown in Figure 2 indicate that only three of six ND
subjects (D9, D10, and D13) showed any increase in response rate
during S1. The remaining three subjects decreased responding to
Sl at one time or another during Phase 2. Finally, there is no
evidence of systematic change of intertriai interval rates for
subjects in either group.

The results of the TD group would be termed contrast only
if a statistically significant difference is found between it
and the ND group.' For every subject a difference score was
obtained by taking the mean positive rate of the fifteen Phase
2 days and subtracting from it the mean response rate from the
last five days of baseline training. These difference scores
were then submitted to a t test with the results, t (10) = 2.15,
P 3 .05, indicating that no significant differences were found.

Because no érecedence has been established concerning the

use of statistics in contrast studies, the data from this



Figure Caption
Figure 2. The rates of key pecking during S1l, -S2 and
the intertrial interval for all subjects in Group ND of
Experiment I. Each graph is divided according to the three

phases of the experiment.
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experiment were also submitted to another statistical test. 1In
this case, the test was based on the frequency of subjects showing
a significant increase in response rate when Phase 2 was intro-
duceéd. For every subject, the mean and standard deviation for
S1 responding during the last 5 days of baseline training were
calculated. A subject was considered to have significantly
ihcreased response rate if at least 172 of the rates in Phase 2
are greater than or equal to the mean of these baseline rates
plus three standard deviations. This measure accounts for the
variability of the baseline in that a subject with a highly
variable baseline would have to show a larger increase than a
subject with a stable baseline. With .this criterion, four
subjects in the TD group (D1, D5, D8 and D11l) showed a signifi-
cant increase while only one bird from Group ND (D13) had the
required increase in response tate. A Fisher's probability test
of these frequencies resulted in p = .114, which further supports
the results of the t test.

Since no statistical difference between the groups was found,
the results of the TD group should not be referred to as contrast.
This finding is.nét inconsistent with the autopeck explanation.
Since the birds in the TD group were autopecking before discrim=-
ination training began, the autopecks were accounted for in
béseline sessions and the hypothesis could not have predicted or
explained a contrast effect in this situation. Therefore, a
second experiment was conducted using operant pecking in a

further test of the autopeck explanation.
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EXPERIMENT II

Sincg contrast did not occur in the TD group of Experiment
I, this experiment was conducted to further test the autopeck
explanation of contrast. Three groups of subjects were run and
reinforcement was response dependent, that is, reinforcement was
not delivered unless the subject made the response of key pecking.
For two groups, the same parameters as Experiment I were used,
i.e., a 15 sec stimulus presentation and an intertrial interval
with a mean of 30 sec. These two groups were Discrimination
(TD-1) and Nondifferential (ND) Groups and they were run in
exactly the same phases as in the first experiment. The only
difference between these groups and those of Experiment I is
that reinforcement was response ‘dependent with this procedure
and, therefore, instrumental pecking occurred. However, since
the procedure is the same as that of the first experiment, we
must assume that autopecks occurred in the first phase here. 1In
other words, Phase 1 can be viewed as a discrimination procedure
in which the subject learns that stimulus presentations predicted
the occurrence of reinforcement while the intertrial interval
predicted the nonoccurrence of reinforcement. Under such condi-
tions, autopecking will occur as is demonstrated in the first
experiment. Since the two groups in this experiment were run
under the same conditions, autopecking cah be expected to occur
in the first phase. There is, however, no distinction between
the instrumental pecks and autopecks. When the TD-1 group was
switched to discrimination training, the rate of instrumental

responding should have remained the same for the stimulus
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associated with reinforcement. Any change in the rate of
autopecking, therefore, must parallel that shown in the TD
group of Experiment I if the autopeck explanation is correct.
Since contrast did not occur in that experiment, contrast should
not occur for the TD-1 group. Should it occur, however, the
autopeck explanation could not handle the data, and this along
with the Gynther (1957) study would support the notion that con-.
trast does not occur when a classical conditioning procedure is
used. 1In addition to the two groups described above, a Second
Discrimination (TD-2) Group was also run in which a strict
multiple schedule was used with only a 3 sec time out separating
the stimulus periods. A 3 sec time out is not of sufficient
duration to allow for the development of autopecking. The auto-
peck explanation, therefore, predicts that contrast will occur
witb this group because autopecks were not generated in Phase 1,
but,.Phase 2 would provide the conditions for autopecking, and

contrast should be observed.
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METHOD

Subjects Eighteen experimentally naive pigeons maintained at
approximately 75% of their free feeding weights served as
subjects.
Apparatus Three operant chambers identical to those of Experi-
ment I were used. |
Procedure = All subjects were randomly assigned to either a TD-1
group, an ND group or a TD-2 group. Magazine training was the
same as that described in the first experiment. However,
subjects were hand shaped to keyvpeck using the method of
successive approximations. Following this training all subjects
were given 30 reinforcements on a continuous reinforcement (CRF)
schedule. On the following day, subjects again received 30
reinforcements on a CRF schedule. On the third day, the response
requirement was gradually increased until an FR 10 schedule was
met and the subjects received 30 reinforcements. During this
pretraining, a light with a wavelength of 555 nm was projected
on the key.

Oon the following day, Phase 1 training was introduced. For
the TD-1 and ND groups, sixty presentations of a 15 sec trial
with a mean intertrial interval of 30 sec constituted a session.
Subjects in the TD-2 group received 15 sec stimulus presentations,
separated by a 3 sec time out instead of a 30 sec intertrial
interval. Responses for all groups were reinforced on a VI 15
sec schedule and there were 30 presentations each of either a
555 or 538 nm stimulus light presented in quasi-random order with

the restriction that no more than two S1 or S2 periods appear
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successively. Reinforcement consisted of a 3 sec presentation
of the grain hopper. Any reinforcements set up but not collected
by the end of the stimulus presentation were lost to the subject.
Phase 1 continued until response rates to both stimuli stabilized
for five consecutive days after which Phase 2 began. .

Discrimination training began in Phase 2 for fhe TD-1 and
TD-2 groups with the 555 nm stimulus continuing to be reinforced.
on a VI 15 sec schedule while the 538 nm stimulus was correlated
with extinction. Presentations continued to be of 15 sec dura-
tion for both groups while the TD~1 group continued to use a
mean intertrial interval of 30 sec. The ND group continued to
be reinforced on a VI 15 sec schedule for both stimuli, however,
the intertrial interval was increased to one minute . This
phase continued for 15 days after which subjects in all groups
were returned to Phase 1 training for a period of at least five

days.



27
RESULTS AND DISCUSSION

Results for all subjects in Groups TD-1 and ND are presented
in Figures 3 and 4 respectively. The conditions of the experi-
ment for these groups were identical to those of the groups in
Experiment I except that these subjects were specifically trained
to emit operant pecks and reinforcement was preseﬁted according
to a VI 15 sec schedule. The first experiment showed that auto-.
pecking occurred during baseline training when two stimuli signal
grain presentations and an ITI signals no grain. Since the same
situation was presented in this experiment, presumably autopecks
occurred during Phase 1 and were simply added to the operant
pecks. Thus, when the TD-1 birds were given discrimination
training, contrast should not have occurred according to the
_autopeck theory.

The results obtained are consistent with this theory. Of
the six birds in this group, none showed a significant increase
as defined by the criterion described in Experiment I, while two
of six ND subjects (BZO,.C4) did. Again, this criterion was
that at least 1/2 of the Phase 2 points were greater than or
equal to the mean rate from baseline training plus three stan-
dard deviations. Introduction- of extinction for the TD-1 birds
in Phase 2 produced a decrease to zero or near zero rates of
response in the presence of the negative stiﬁulus. When the
groups were given Phase 3 training, little change in rate occurred
during Sl1. TD-1 subjects increased their rate of key pecking
during S2 since it was again associated with a VI 15 sec sche-

dule of reinforcement. Rates of intertrial responding for both



Figure Caption
Figure 3. The rates of key pecking during S1, S2 and
the intertrial interval for all subjects in Group TD-1 of
Experiment II. Each graph is divided according to the three

phases of the experiment.
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Figure Caption
Figure 4. The rates of key pecking during S1, S2 and
the intertrial interval for all subjects in Group ND of
Experiment II. Each graph is divided according to the three

phases of the experiment.
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groups showed a large amount of variation with no systematic
trends. For some subjects, rates of responding during the
intertrial intervals are not shown for the full five baseline
sessions due to equipment difficulties.

The third group of Experiment II was a TD-2 group. These
subjects were given identical training as the TD-lrgroup except
that a fixed three sec time out separated stimulus presentations
instead of é variable time intertrial interval. The purpose of
this group was to determine if contrast could be obtained using
a typical multiple schedule with 15 sec stimulus periods.
Subjects were trained with a mult VI 15 sec schedule during
Phase 1 and were switched to a mult VI 15 sec EXT schedule in
Phase 2. The three sec time out between presentations is not
long enough to permit autopecks to occur in the first phase.
But, the introduction of extinction in Phase 2 does provide
the conditions of autopecking, and contrast would be expected
to occur according to the autopeck theory.

Examination of Figure 5 shows that all birds in the TD-2
group did increase response rate to Sl in the second phase.
Application of the contrast criterion reveals that each bird
had a significant increase in responding, which would be cailed
"contrast.” When the stimulus-reinforcer contingency was with-
drawn in Phase 3, rates of response of Sl decreased for all
subjects. Again, this result.is consistent with the autopeck
theory. There were, however, two unusual results associated
with this TD-2 group which were not related to the contrast

phenomenon. The first involves the poor discrimination



Figure Caption
Figure 5. The rates of key pecking during S1, S2 and
the intertrial interval for all subjects in Group TD-2 of
Experiment II. Each graph is divided according to the three

phases of the experiment.
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performance of the subjects in this group. Although reinforce-
ment never occurred during the S2 component of the second phase,
these subjects failed to extinguish as completely as birds in
Group TD-1. For example, Bl6 continued to key peck at a rate of
virtually two responses per second despite the absence of
reinforcement. Even though the other subjects typically pecked
at less than one response per second, only D18 really approached.
a zero rate. |

The second unusual result involved the rate of response
during the time out between stimulus presentations. When
discrimination training was introduced in Phase 2, every bird
showed a very large increase in key peck rate during the time
out periods. In addition, these rates typically were greater
than or equal to the rates during the positive stimulus. In
four of the six subjects, the rate at one time Or another
reached three responses per second. In all cases, the increase
was easily considéredrsignificant according to the criterion.
Occasionally the three second reinforcement did spill over into
the time out period, hoﬁever, in all cases the reinforcement was
gained during S1. Since these spillovers also occurred in
Phases 1 and 3, a simple reinforcement explanation is inadequate.
It is obvious that this increased rate was in. some way due to the
discrimination training because these rates decreased for all
birds during Phase 3. An hypothesis concerning these two
unusual results will be discussed in the general discussion.

The basic results of Experiment II provide further evidence

for the autopeck theory of contrast. When autopecking was
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expected to have occurred during baselihe training (as in Group
TD-1), contrast did not occur during discrimination training.
However, when conditions were such that autopecking was not
expected to develop in Phase 1 (Group TD-2), contrast did occur
in Phase 2 under conditions which typically produce autopecking.
Finally, when the conditions for autopecking were eliminated

(Phase 3), the contrast effect disappeared..
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GENERAL DISCUSSION

The main finding of Experiment I is that discrimination
training with autopecks in a discrete trials situation does
not result in a significant amount of contrast. While subjects
in this situation do show an increased rate of pecking, the
effect is not as large as that shown in a typical multiple
schedule with operant key pecking. 1In addition, it may be
possible to explain this effect on the basis of reinforcement
density. The main result of the second experiment is that the
operant contrast effect can be eliminated by interposing between
stimulus presentations a nonreinforced time out of relatively
long duration. The time out used in this case was approximately
double the duration of the stimulus presentation. The duration
of time out necessary for this reduction of contrast is, however,
unknown.

The implications of these results for current theories of
contrast will now be discussed beginning with the Amsel (1971)
theory. BAmsel believes that the frustrative effects of nonreward
during the negative stimulus increases the level of responding
to a succeeding positive stimulus, presumably due to the excit-
atory effects of frustration. Therefore, it followé that ﬁhis
should only occur when the time interval between the trials is
of short duration. While it follows that Group TD-2 should show
contrast, the results of-Group TD-1 do provide some difficulty
for the Amsel interpretation. Since the VT 30 sec intertrial
interval of the TD-1 group is apparently well within Amsel's

criterion of a short ITI, he should predict -a clear contrast
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effect. The results show, however, that none of the sixz birds
iﬁ that group gave any indication of contrast. Unless Amsel
wishes to exclude key pedking from his interpretation, this study
seems to provide definite evidence against his theory.

The theories of Terrace (1972) and Premack (1969) are
sufficiently similar to be considered together. The basic -
requirement for contrast according to these theories is that the
negative stimulus must be generating inhibition or aversiveness.
That is, the negative stimulus must be aversive enough to pro-
duce an inhibitory generalization gradient. As with the-Amsel
theory, the TD-1 group does not seem to fit into this interpre-
tation. While every subject in this group responded at virtually
a zero rate, none of the subjects demonstrated a contrast effect.
This negative stimulus muét have generated inhibition and yet no
contrast occurred. Assuming that there is a negative correlation
between amount of inhibition and response rate to the negative
stimulus, then subjects in Group TD-2 also present a problem.

The higher responsé rate to the negative for these subjects as
compared to those of Group TD-1 should have indicated a greater
contrast effect for subjects in TD-1l. The obtained results.did
not match the prediction. While the subjects-in TD-1 gave no
evidence of contrast, every TD-2 bird showed a clear contrast
effect. While these results are contrary to the theories of
Terrace and Premack, a few additional principles might explain
these results by taking into account the effects of the inter-

trial interwval.
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Another major theory-of contrast is that of Reynolds (1961),
which emphasizes frequency of reinforcement as controlling con-
trast. Reynolds feels that contrast occurs when the frequency
of reinforcement during a stimulus increases relative to the
frequency during all other stimuli that control responding.
Thus, in the typical multiple schedule during baseline training,
the subject receives 50% of his reinforcemenﬁs during Sl. When
discrimination training begins, 100% of the reinforcements are
acquired during the presence of 51 and this change in relative
frequency is the cause of contrast according to Reynolds. As
with the other theories discussed thus far, Group TD-1l does
appear to contradict the Reypolds interpretation. . Contrast should

occur when reinforcement frequency increases relative to the

frequency during all_cthér stimuli that control the behavior.
Baseline conditions for Group TD-1 can be considered to consist
of three alternating stimuli: S1, S2, and the intertrial . =~
interval. The relative ffequency of reinforcement during these
stimuli was .50, .50 and 0.00 respectively. When Phase 2 was
introduced, the relative freguencies changed to 1.0, 0.00, and
0.00 respectively. With respect to the other stimuli that con-
trol key pecking, tbe relative frequency of reinforcement during
S1 increased from 0.50 to 1.00. Therefore, contrast should have
occurred according to Reynolds. Since the rates did not increase,
this can be taken as evidence against the Reynolds hypothesis.

A mathematical formulation of contrast also based on
frequency of reinforcemtn was developed by Herrnstein (1970).

According to this formula:



40

k Ry
P =
+
1 Rl + mR2 Ro
where Pl = rate of responding in Component 1; Rl = rate of
reinforcement in Component 1; R2 = rate of reinforcement in

Component 2; R0 = rate of reinforcement for responses other
than those of Components 1 and 2; m = a constant representing
interaction of the components. In a multiple schedule g_f_m

< 1 depending upon the rate of alternation of the components.
Rapid alternation increases m. K = a constant equal to Pl when

R, and Ro are zero. Contrast is accounted for because of the

2
increase in #he relationghip between Pl and Rz. The major
difference between the Reynolds and Herrnstein theories con-
cerns the parameter m. This formula predicts that the contrast
effect will be larger as the components are alternated more
rapidly. Since this would result in a larger m, it would allow
R2 to have more of an effect on Pl'

The results of the current study are consistent with this
.theory. Since the TD-1 group of Experiment II had a relatively
long ITI separating stimulus presentations, m should be quite
small and no contrast would be shown. The TD-2 group, however,
alternated components much more rapidly and would result in a
relatively high value of m. This would account for the large
contrast effect shown with this group.

The problem with this formulation involves the three free
parameters: K, m, and Ro' Herrnstein has only taken existing

data and applied his theory to it. Given an experimental

situation, he could not assign values to the parameters and
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predict the size of the effect. Predicfion could only occur in
an ordinal sense. That is, when comparing the designs for
different groups, Herrnstein might predict that one situation
will produce a greater effect than another. He could not, how-
ever, predict the magnitude of the effect. Only when given the
results would he attempt to assign values to his parameters to
determine if his theory will fit the data.

The present study is consistent with this formulation;
however, this study does not provide an adequate test of the
theory. Herrnstein typically plots the rate of. responding in
one component as a function of the proportion of reinforcements
in all other components. The current study provides only two
points on this graph, with those being 0% and 50% of the rein-
forcements occurring in other components. With only two points
plotted, Herrnstein could easily manipulate his parameters to
fit the data.

The present study was undertaken basically as an attempt
to test the autopeck theory of contrast as developed by Gamzu
& Schwartz (1973), Rachlin (1973) and others. This theory states
that contrast is the result of autopecks being added to the
operant responses maintained by the schedule of reinforcements.
These autopecks are engendered when a stimulus-reinforcer
relationship is added to the response-reinforcer relationship.
The TD group of Experiment I tested the theory in that auto-
pecking occurred in baseline conditions and was accounted for.
Thus, according to the theory, discrimination training should

not produce any increase in this rate. While all subjects did
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show an increased response rate during discrimination training,
this effect might be due to the increased time duration between
reinforcements. Therefore, the increased rate of the TD group
was not termed contrast and the results did not provide con-
clusive evidence against the autopeck theory.

In Experiment II, Group TD-1 was given treatment identical
to that of Group TD except that TD-1 birds were first trained
to emit operant pecks. Since the TD group did not show a
contrast effect, and TD-1 subjects were in the same basic
situation, then the TD-1 birds should not show contrast to be
consistent with the theory. Again, the results fit with the
autopeck explanation. None of the subjects in Group TD-1
demonstrated a contrast effect. Another group, TD-2, in this
experiment received a typical multiple schedule in which the
stimulus-reinforcer contingency occurred only during discrim-
ination training. All subjects in this group showed a marked
contrast effect as predicted by the theory.

The results of the present‘study as well as the results of
many studies previously discussed (Gamzu & Schwartz (1973),
Hemmes (1973), Redford & Perkins (1974), etc.) seem to provide
strong evidence that contrast is the result of autopecking. The
theory does not, however, account for the results of Terrace
(1968), Hemmes & Eckerman (1972) or Brethower & Reynolds (1962).
In the Terrace study, pigeons were given baseline training to a
stimulus on a VI schedule of reinforcemenﬁ. The second bhase
consisted of a mult VI DRL {differential reinforcement of low

rates) schedule in which subjects had to respond at low rates
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during the DRL stimulus. Although each bird received approxi-
mately 50% of its reinforcements during the DRL stimulus, three
of six birds showed contrast. Hemmes & Eckerman (1972) conducted
a study using the schedule opposite that of Terrace (1968).
After subjects stabilized on a mult VI VI, they were given mult
VI DRH (differential reinforcement of high rates) training.
Although it should properly be called "induction," the subjects
did increase their response rate to the constant component while
receiving approximately 50% of their reinforcements during the
DRH component. Since no stimulus-reinforcer contingency
developed in either study, these results present a problem for
the autopeck theory. 1In the Brethower & Reynolds study, the
birds received shock as well as reinforcement for responding to
S2. Although this served to reduce response rates, in some
cases birds continued to receive 50% of the total reinforce-
ments in the presence of that stimulus. Contrast was shown in
these instances although no elicited responding should have
occurred, and again, the autopeck theory cannot provide a
suitable explanation.

The autopeck theory also had difficulty with some studies
which supposedly support it. The Hemmes (1973) and Westbrook
(1973) studies both showed that contrast would not occur using
a treadle press response while key pecking would result in
contrast. Both studies, however, used nonlocalized stimuli
(houselight or auditory stimuli) and contrast still occurred.
While the amount shown was not great, both authors concluded

that contrast occurred. An explanation of these results might
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be related to the Schwartz (1973) demonstraticn that established
autopecking could be transferred fr&m key color to tone, and
subsequently initiated by the tone. If autopecking can be main-
tained by a tone, operant shaping procedures could train the
birds to direct their elicited pecks at the key. While this
could explain the results of the Hemmes and Westbrook studies,
it still leaves unanswered the question of why the houselight
group in Redford & Perkins (1974) did not show contrast.

As was mentioned earlier, some rather unusual results
occurred in the present study with group TD-2 of the second
experiment. All subjects in this group showed significant
increase in time out response rates when Phase 2 was introduced.
The magnitude of these increased rates was such that they were
‘greater than or equal to the response rates in the presence of
the positive stimulus. Also, the response rates to the negative
stimulus in Phase 2 did not decrease as much as expected. All
subjects in Group TD-1 showed virtually a zero rate to the
negative while TD—é birds typically did not even approach this
rate.

The hypothesis presented here to explain the unusual TD-2
results is based on the idea that when discrimination training
begins, the negative stimulus and the time out change roles.
That is, the birds do not respond to S2 as if it were a nega-
tive and they no longer respond to the time out as if it were a
time out. This hypothesis suggests that the subjects respond
to the negative stimulus as though it were a time out in Phase

2. The basis for this contention is a comparison of Phase 1
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time out rates with Phase 2 negative raﬁes. Although the match-
up is not perfect, in general the rates to the negative stimulus
decrease only to the level of the former time out rates. This
seems to indicate that the negative stimulus period assumed the
role of time out for the subjects in this group.

The way in which these subjects responded to the time outs
was suggested in a study by Troutman (1974). Troutman measured
the amount of autopecking to a stimulus (which he termed S1)
which preceded either a positive or negative stimulus. The
probability of either the positive or negative following S1 was
0.5. Thus, the probability that S1 preceded reinforcement was
0.5. Troutman found that the greatest amount of autopecking
occurred to the positiverand the least amount to the negative,
while the amount during S1 was between these rates. His expla-
nation for autopecking to S1 was that its onset produced an
increase in the probability of reinforcement from 0.0 to 0.5
as compared to the intertrial interval and that this increase
was sufficient enough for autopecking to occur.

Assuming that the Troutman explanation of the development
of autopecking during Sl is correct, the present hypothesis
suggests that autopecking is responsible for the time out rate
increases during discrimination training. During baseline
conditions, the probability of obtaining reinforcement in the
presence of either chromatic stimulus approached 1.0. Therefore,
the probability that reinforcement would follow any time out was
approximately 1.0. When discrimination training was introduced,

however, the time out periods did signal changes in the probability



46
of reinforcement. At the end of any trial, the probability
that a positive stimulus would follow the intervening time out
was 0.5. Thus, the probability that a time out would precede
reinforcement was also 0.5. This condition was at least super-
ficially similar to the conditions in Troutman's experiment,
and should lead to the development of autopecking. Therefore,
this hypothesis suggests that the subjects responded to each
time out as though it were an S1 in the Troutman study.

The fact that the time out rates were greater than the
positive rates might be explained by looking at the duration of
those two periods of time. Although Brown & Jenkins (1968)

" reported that trial durations of three and eight seconds were
equally effective in prodﬁcing autopecking, Ricci (1973) did
find greater autopeck rates tc a thirty second stimulus than to
a 120 sec stimulus. &Also, Shimp & Menlove (1974) reported a
larger contrast effect with five second components than with
180 sec components. It is, therefore, conceivable that a three
sec component will 'yield greater rates than a fifteen sec one
and this may account for the greater rate of responding to the
time out than to the.positive stimulus.

What is lacking in this hypothesis is an explanation of
why the unusual reéults occurred at all. If the hypothesis is
correct, why would the subjects respond to S2 as though it were
a time out and why has this result not been found in other
operant studies? One reason is that some studies are conducted
without a time out separating stimulus components. For those

studies using time outs, the rates of responding are usually
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not recorded. In addition, this hypothetical increase in
autopecking during the time out may be dependent upon the
absolute or relative durations of the various components.
Further experimentation is necessary in order to determine
the parameters of the effect as well as the exact cause of
18

The present study has indicated that interactions in
multiple schedules may be due in large part to the develop-
ment of autopecking. This study has presented results
generally consistent with the autopeck theory of contrast.
Contrast occurred only during schedules that are conducive
to the development of autopecking. In addition, rates of
response during the time interval between stimulus presen-
tations appear to be affected by autopecking, an effect that

should be investigated further.
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ABSTRACT

Two experiments were conducted in order to test the auto-
pecking theory of behavioral contrast. In the first experiment,
autopecking was produced in two groups of pigeons by grain
presentations in the presence of two stimuli which alternated
with varying intertrial periods (ITIs) averaging 30 sec in lengthe.
Following this training, one group (TD) was shifted to a discrimi=-
nation in which grain was presented independent of responding in
the presence of one stimulus and no longer presented in the presence
of the other. For another group (ND) the situation remained the
samerexcept that the duration of the ITI was increased to an
average of 60 sec in order to control for the effects of rein-
forcement density. No differences in the amount of behavioral
contrast was observed between the subjects in the ND and TD
groups. The procedure for two groups in the second experiment
was identical to that of the first except that all subjects were
trained to emit operant pecks before training began. That is,
grain presentation occurred according to a VI (response contingent)
schedule. An additional group was given discrimination training
but with a fixed 3 sec ITI. Contrast was only shown in the group
given discrimination training using the 3 sec ITI. These results
were consistent with the view that behavioral contrast is due to
the addition of autopecks to operant responses. Furthermore, the
contrast effect is removed if a long ITI is inserted between

stimulus presentations.



