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Abstract

A series of five experiments examined factors affecting key pecking
in variable-time schedules, where response-independent reinforcement is pre-
sented at varying intervals of time. 1In the first experiment, rates of re-
sponding to each color in a multiple variable-time, extinction schedule were
proportional to the frequency of reinforcement in the presence of each com-
ponent, but response fell off altogether in a multiple variable-time, vari-
able-time schedule. In the second experiment, response in a multiple
variable—-time, extinction schedule was, shown to be affected by the length
of the extinction segment but not by the length of the variable~time seg-
ment. In the third experiment, extensive exposure to a multiple variable-~
time, variable-time schedule resulted in a powerful suppression of responding
in a subsequent variable-time, extinction schedule, relative to the effect of
an equal amount of exposure to an extinction, extinction schedule. In Experi-
ment 4, variable-time key pecking was maintained by presenting extinction
segments on alternate days, but only in a group of pigeons with no prior
experience with consecutive sessions on a multiple variable-time, variable-
time schedule. Such experience, in another group, resulted in minimal
responding. Experiment 5 showed that variable-time response is higher if
the variable-time segment is temporally contiguous with the extinction seg-
ment than if the two are separated by 24 hours, and this effect appeared to
be nonassociative in nature. These results were dealt with in terms of a
contiguity-contrast theory, according to which the contiguity of stimulus
and reinforcer produces stimulus-reinforcer associations which are activated

by extinction experience, and in terms of the idea that an active suppression



iv
of response in variable-time schedules, which can be overcome by conditions
which maximize activation effects. This suppression appears to be the re-
sult of the conditioning of responses which actively compete with key

pecking.
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INTRODUCTION

Pigeons trained on a two-component free operant schedule with one
key color on VT (response-independent reinforcement presented at varying
intervals) and the other on EXT (extinction) soon begin to peck the VT
color despite the fact that reinforcement is not contingent on response.

If, however, both colors are on VT, the animals respond to neither color,
and animals shifted from VT-EXT to VT-VT soon stop responding to the VT
color of the first phase of training (Gamzu & Schwartz, 1973; Spealman,
1976). According to traditional theories of conditioning, response in
VT-EXT is the product of stimulus-reinforcer contiguity, or response-—
reinforcer contiguity, or both. The fact that key pecking does not sur-
vive the transition from VT-EXT to VT-VT suggests, however, that neither
response-reinforcer nor stimulus-reinforcer contiguity is sufficient for
key pecking in VT-EXT: when training is changed from VT-EXT to VT-VT,
stimulus and reinforcer continue to be contiguous, and, since the animals
were responding in VT-EXT, there is ample opportunity for continued adven-
titious response-reinforcer contiguity as well.

A common approach to dealing with the failure to key peck. in VI-VT
was first suggested by previous, analogous results of "truly random' experi-
ments on conditioned suppression in rats (Rescorla, 1968; 1969). This
approach is to deny that either stimulus-reinforcer or adventitious response-
reinforcer contiguity is sufficient for conditioning. Response in VT is said
to depend on stimulus-reinforcer association, but this association depends,
not on simple stimulus-reinforcer contiguity, but on a greater probability of

reinforcement in the presence of the stimulus than in its absence (Gamzu &



Williams, 1971; 1973; Gamzu & Schwartz, 1973). A shortcoming of this
"differential-probability" interpretation is that it is difficult to suggest
an associative process whose strength is completely independent of the fre-
quency of reinforcement and nonreinforcement and is determined instead only
by the relative difference between the frequencies of these two events. How
can such information about differential probabilities of reinforcement be
detected and stored by the animal? It appears that the pigeon must be, in
the words of Rescorla and Wagner (1972), "complex probability generators.”
It should be noted that the principle of shared associative strength --—
according to which all available associative strength may be acquired by
background stimuli and so limit the strength a CS may acquire -- deals
successfully with the results of the 'truly random' rat experiments, where
it has been demonstrated that not only the nominal CS but also the back-
ground stimuli are conditioned to the US (Kremer, 1974). This principle
thus provides an explanation of the rat results which can be understood in
terms of associative processes which are acquired by contiguity. The
principle works for the rat results, however, because the measure of condi-
tioning there is a suppression of baseline responding, but it cannot be used
to explain the VI-VT results because there the measure of conditioning is
key pecking. The VT-VT results have been used, then, as crucial data to
challenge traditional theories of associative process by contiguity amnd to
support the differential-probability interprétation.

There are two other limitations of the differential-probability
approach. The first is that it has not been able to specify a reference
point for relative reinforcement probability. For example, the probability

of reinforcement is usually greater within a VT-VT session than before or



after the session, and yet key pecking fails to occur in the VT-VT

session. Clearly, the response here cannot be described as dependent

simply on a greater probability of reinforcement in the presence than

in the absence of a stimulus -- the characteristics of the '"absence"

must play some role in determining response. The second shortcoming

of the differential-probability interpretation is that it cannot deal

with data on the temporal parameters of autoshaping. For example, prob-
abilities of reinforcement (defined in terms of frequency of reinforce-

ment per unit overall time) decrease with an increase in intertrial inter-
val duration and yet speed of acquisition and asymptotic rate of responding
are found to increase with the length of the intertrial interval (Perkins,
Beavers, Hancock, Hemmendinger, Hemmendinger, & Ricci, 1975; Terrace,

Gibbon, Farrell, & Baldock, 1975). Another critical finding is that

speed of autoshaping varies inversely with the ratio of the duration of

the CS5-US interval to that of the intertrial interval, independently of their
absolute durations (Gibbon, Baldock, Locurto, Gold, & Terrace, 1977). The
problem here is that probabilities of reinforcement, again defined in terms of
frequency of reinforcement per unit overall time, decrease with an increase
in absolute duration of CS-US interval and intertrial interval, since there
is only one US presentation for each CS-US interval.

Schwartz and Gamzu (1977) have proposed an expansion of the differential-
probability idea. They suggest that the 'CS must provide information
(broadly construed) about the occurrence of the US" -- in autoshaping, the
more 'informative' the CS, they assume, the more rapid will acquisition be.
This idea is limited in the same way that the differential-probability
interpretation is limited, in that it is difficult to understand in terms

of associative process. In fact, the interpretation is described primarily




in terms of a rather loose analogy with train schedules which is im-
possible to subject to experimental test. Gibbon, Berryman, and Thomp-
son (1974) have attempted to predict asymptotic level of response in
classical conditioning with a model that incorporates reinforcement
probabilities and temporal variables, but the model was proposed with-
out regard to any theoretical relation between the two sets of deter-
minants.

B.A. Williams (1976) has suggested another explanation of pecking
in VT-EXT besides that of simple contiguity or differential-probability.
His suggestion is that key pecking here is a product of contrast. Assuming
that contrast can only produce key pecking if there is already a ten-
dency to peck and that this tendency is based on a stimulus-reinforcer
association which was established as a result of simple contiguity, VI-VT
performance then may be traced to lack of contrast rather than to lack of
association. The contrast interpretation, which makes it possible to
preserve the parsimonious contiguity principle, also makes it possible to
understand the results of experiments on the temporal parameters of auto-
shaping. Longer intertrial intervals may be assumed to provide more con-
trast, and, with shorter CS-US intervals providing better contiguity, the
ratio of the two intervals may be important only because a less favorable
value of one variable can be compensated for to some extent by a more
favorable wvalue of the other.

There is some indication that pigeons previously exposed to random
sequences of CS and US autoshape less readily than do control animals with
no previous exposure to the stimuli (Gamzu & Williams, 1971; 1973; Mack-
intosh, 1973). This suggests yet a third interpretation of the VI-VT re-

sults: responding in VT-VT may be actively suppressed by some process that




is not effective in VI-EXT. Mackintosh (1973) has proposed that animals
learn about the lack of correlation between stimulus and reinforcement --
that is, in conditions of nondifferential reinforcement, the animal actively
learns that a stimulus does not predict reinforcement and so it ceases to
attend to that stimulus. Just how the animal can detect and remember
relative differences in probability of reinforcement in the first place is
not dealt with by attention theory, just as it is not dealt with by the
differential-probability theory. Another explanation of the retardation
results, which may be simpler than the attention explanation, is that re-
sponses which are incompatible with key pecking are adventitiously reinforced
in the uncorrelated training, presumably because the animals are less likely
to be pecking the key at the time of reinforcement (Schwartz & Gamzu, 1977).
Why they are less likely to be pecking the key in the first place can be
explained in terms of a lack of stimulus-reinforcer association (the
differential-probability interpretation) or in terms of a lack of contrast.
The series of experiments to be reported here were designed to examine
factors which might affect key pecking in VT schedules, with the intent of
testing the various explanations of the failure to peck in VI-VT. The first
experiment was a direct test of the contrast interpretation. In subsequent
experiments, aspects of the VT problem wére explored further from the

perspective of both the contrast and the response-suppression interpretations.



EXPERIMENT 1

The purpose of this experiment was to investigate the contribu-
tion of two kinds of contrast to the level of response maintained to a
VT color in VT-EXT. The first type is "transient contrast,' where VT
response is enhanced by immediately preceding exposure to an EXT stim-
ulus (Nevin & Shettleworth, 1966). The second type is what is called
here "concurrent contrast,' where VT response is enhanced by concurrent
EXT experience in the same context. In this experiment, pigeons are
trained with three colors, first on multiple VT 30-sec VT 60-sec EXT, then
on multiple VT 60-sec VT 60-sec VT 60-sec, and then again on multiple
VT 30-sec VT 60-sec EXT. Since order of colors was balanced throughout the
experiment, it was possible to isolate transient contrast effects by measuring
response to the 60-sec color when it followed the 30-sec color as compared
to when it followed the EXT color. It was also possible to evaluate the
contribution.of concurrent contrast by measuring response to the 60-sec
color in 30-60~EXT where concurrent contrast was present, as compared to
response to this color in 60-60-60, where there was no concurrent contrast.
With this design, overall density of reinforcement in 30-60-EXT is the same
as in 60-60-60. The idea for this experiment came from B.A. Williams (1976),
but his implementation of the idea contained a number of deficiencies, the
most important of which were that he did not equate the frequency of VT 30-sec,
VT 60~sec, and EXT segments, and there was no equal-probability control

(VT 60-sec VT 60-sec VT 60-sec).




Method

Subjects. The subjects were eight homing pigeons obtained from a
local breeder and maintained at 80% of free-feeding weight in a temperature-
controlled colony room. All had previous VI experience in a disctimination
problem with stimuli other than those used here.

Apparatus. The pigeons were trained in a ventilated compartment set
into a larger, sound-attenuating chamber. Centered on one wall of the ani-
mal's compartment was a single pecking key which could be illuminated by an
Industrial Electronics one-plane projector. The stimuli used in this exper-
iment were four colors: white, orange (Kodak Wratten #21), purple (#34A), and
blue (#45). Directly below the key was a Plexiglas box filled with mixed
grain which was introduced into the compartment and illuminated with white
light for each scheduled 2.5-sec reinforcement period. When retracted, the
opaque front of the box was flush with the wall. A dim white houselight
illuminated the chamber during each session, Although the experiment was
fully automated, the behavior of the animals could be observed directly with
a TV monitoring system.

Procedure. The pigeons were pretrained for five sessions with a simple
Pavlovian procedure, each session consisting of 30 trials. On each trial, the
key was illuminated with a white light fﬁr 12 sec, after which (independently
of response) the keylight was turned off and food was preseﬁted for 2.5 sec.
The intertrial interval was 1 min.

In the first stage of the experiment, there were eight sessions, each
consisting of 90 30-sec segments during which the key was orange, purple, or
blue, in quasi-random order. Each color was presented once in every block of
three segments with the restriction that no color followed itself. The sched-

ule was multiple VT 30-sec VT 60-sec EXT, with colors and treatments balanced



over subjects. The key remained illuminated when food was delivered

in the presence of any given color, but the segment timer was stopped in
order to equate opportunity for response in each segment. In the second
stage of the experiment, there were six sessions in which the schedule
was changed to mult VT 60-sec VT 60-sec VT 60-sec. In the third stage,

the VT 30-sec VT 60-sec EXT schedule was resumed for 13 sessions.

Results
Observation. It is pertinent here to describe some of the behaviors
which were observed via the TV monitor. The most reliable behavior was a
burst of general body activity following the delivery and consumption of
the food —— even in birds which were pecking the key at high rates before
the food was presented. This behavior sometimes lasted several seconds, and
consisted of wing-flapping, turning the head or whole body to one side or the
other, turning the whole body all the way around, and ruffling of feathers.
Sometimes, this behavior was followed by another reinforcement -- it was, in
fact, this observation which first suggested the possibility that other
behaviors were occurring and being reinforced in VT which could compete with
key pecking. A secondary observation was that, in the course of the VI-VT
sessions, each bird developed individual and reliable patterns of behaviors
which tended to reappear in subsequent sessions. It should be noted here
that there are numerous previous reports of similar observations in VT condi-
tions (Hall & Honig, 1974; Hamilton & Silberberg, 1978; Spealman, 1976) and
attempts to categorize such behaviors (Staddon & Simmelhag, 1971; Wessells,
1974). The kinds of behaviors observed here appeared similar to those reported
"

previously; they have been called 'interim' behaviors by Staddon and Simmelhag

(1971) and Hinson and Staddon (1978).



Training and testing. The pretraining data and the data for all

three stages of experimental training are plotted in Figure 1, which shows
the mean rate of response to each stimulus in each session. In the 30-60-
EXT training of the first stage, the rate of responding varied directly with
the probability of reinforcement [212/14)=21.0407, p=0.0001]; respohse to
the VT 30-sec color was greater than that to the VT 60-sec color [F(1/7)=
58.3202, p=0.0001], and respomse to the VT 60-sec color was greater than
that to the EXT color [F(1/7)=10.7012, p=0.0137]. Analyses of these data
gave no indication of transient contrast; that is, response to the 60-sec
color in 30-60-EXT was no greater when it was preceded by the EXT color
than when it was preceded by the 30-sec color (F < 1).

In the subsequent 60-60-60 training, the rates of responding to all
three colors decreased markedly over sessions, although observation of the
birds showed that they continued to take the food promptly when it was pre-
sented. An important feature of the 60~60-60 response decrement is that it
was gradual; statistical analyses showed significant variance due to sessions
[F(5/35)=5.4555, p=0.0008] as well as a significant interaction of stimuli X
sessions [F(10/70)=5.2066, RéOiOOOl]. The within-sessions plot of Figure 2
gives unmistakable evidence of decline in responding within sessions [F for
the interaction of colors X segments (28/196)=5.0236, p=0.0001]. 1In the
final stage of the experiment, differential response to the three colors
gradually reappeared [F(2/14)=10.0754, p=0.0019]; the animals responded more
rapidly to the 30-sec color than to the 60-sec color [F(1/7)=6.7389, p=0.0356],
and more rapidly to the 60-sec color than to the EXT color [F(1/7)=6.0236,
p=0.0438]. The gradual nature of this reacquisition is evident in Figure 3,
which shows the mean rates of responding to each color in the first session

of the second 30-60-EXT training stage. Again, this stage provided no
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evidence of transient contrast; response to the 60-sec color was no
greater when it was preceded by the EXT color than when it was pre-
ceded by the 30-sec color (F < 1).

To deal with these results in terms of contrast theory, it must
be assumed that stimulus~-reinforcer contiguity in 30-60-EXT produced
stimulus-reinforcer associations and that these associations were acti-
vated by contrast to result in key pecking. In 60-60-60, where there was
no contrast, these associations were not activated and consequently there
was no key pecking. These data show, however, that this simple contrast
interpretation is inadequate. First, there was no evidence of transient
contrast. Response to the 60-sec color was the same following the 30-sec
color as it was following the EXT color. Second, even concurrent contrast
could not have been solely responsible for key pecking in 30-60-EXT because
response did not fail to develop, in 60-60-60 -- as is expected in terms
of the simple contrast interpretation -- but response started high, in 60-
60-60, and fell off only gradually, over the subsequent 60-60-60 sessions.

An alternative to the simple contrast interpretation of these data
is the idea that much of the response in VT-EXT is the result of associations
produced by adventitious response-reinforcer contiguity, as has been suggested
already (Woodruff, Conner, Gamzu, & Williams, 1977). The role of concurrent
contrast, then, might be quite limited; for example, it is possible that
such contrast is not necessary for some VT response once it has developed,
but that it acts to facilitate responding and so increase the probability
of response-reinforcer contiguity. This contiguity may result in associations
which produce a tendency to respond strong enough to be manifested at least
for a time in the absence of contrast. If such associations are established

in 30-60-EXT, however, then some process must operate in 60-60-60 to actively
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oppose these associations and so produce the response decrement. As noted
previously, evidence of an active suppression of responding has been re-
ported already as the product of nondifferential training (Gamzu &
Williams, 1971; 1973; Mackintosh, 1973) and the most parsimonious account
of this suppression appears to be that behaviors other than key pecking =--
such as turning around in the chamber ~- occur in the context of food and
are adventitiously reinforced. These behaviors subsequently compete with
key pecking (Schwartz & Gamzu, 1977). If such behaviors were acquired in
60-60-60 in the present experiment, the response decrement which occurred
there can then be understood in the following manner: key pecking in 60-
60-60 occurred initially because of associations produced by adventitious
response-reinforcer contiguity in the preceding 30-60-EXT training. The
rate of responding declined somewhat, however, in the first session of
60-60-60, because of a lack of contrast. The animal therefore was more
likely to be engaged in some other activity at the time of reinforcement,
and the tendency towards the alternative activity was strengthened. The
result was an even greater likelihood of adventitious reinforcement of
other behavior. This process continued, in a positive feedback loop,
until key pecking ceased to occur altogether. The assumption that behavior
incompatible with key pecking was adventitiously reinforced in the equal
probability case explains why key pecking even the EXT color declined
significantly with the shift from 30-60-EXT to 60-60-60 [F(1/7)=5.4993,
p=0.0516].

There is no evidence to support the notion that the VT-produced
competing behaviors are specific to keylights -~ in fact, since they
are by definition incompatible with key pecking, it is likely that they

orient the pigeon away from the key and are conditioned to background
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stimuli. In any case, because there is nothing in the present data
nor in the data of the previous retardation experiments to warrant the
claim of specificity, the assumption of nonspecificity appears to be
the most conservative one.

While it appears, then, that the 60-60-60 response decrement is
not simply a performance effect, it may be possible to maintain the contrast
interpretation by assuming that the role of the EXT segment is to provide
unconditioned activation -- momentarily affecting only performance and not
learning —- which facilitates ongoing responses and so increases the
probability of response-reinforcer contiguity. The role of the EXT segment

as a simple activator is examined in the next experiment.
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EXPERIMENT 2

Autoshaping experiments on rate of acquisition as a function of
temporal variables are a primary source of support for the contrast in-
terpretation of VT responding, which suggests that analogous effects should
be found in VT-EXT, but the available data are fragmentary. Spealman (1976)
found a greater rate of responding in VT when VT and EXT segments both were
short than when both were long, although the ratio of the two intervals re-
mained the same. Woodruff, Conner, Gamzu, and Williams (1977), who did not
use a pure VT schedule, but a variant with a strong instrumental (VI) com-
ponent, found somewhat greater "VI" responding with 12-sec "VT" segments and
48-sec EXT segments than with 48-sec "VT" segments and 12-sec EXT segments.
Only when delays were introduced between response and reinforcement did the
difference become marked, primarily because there was very little responding
at the higher ratio. In the experiment now to be reported, VT and EXT
duration were varied faétorially to provide further information about their

effects on responding.

Method

Subjects and apparatus. The animals and apparatus were the same as

in Experiment 1.

Procedure. All the birds were trained on a multiple VT 30-sec EXT
schedule with the same VT 30-sec and EXT colors as those used in Experiment 1.
The VT and EXT segments were regularly alternated, 18 of each per session.
Half the sessions began with the VT color and the rest with the EXT color,

in quasi-random order. Reinforcement again consisted of a 2.5~-sec access to
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grain, during which time the keylight remained on and the segment-timer

was stopped. The training given in each of the four stages of the experi-
ment is described by a pair of numbers, the first referring to the duration
of -the VT segment and the second to the duration of the EXT segment. For
example, in the 12-60 training of the first stage, each VT segment was 12-
sec long and each EXT segment was 60-sec long. The second stage training
was 12-12, the third was 60-60, and the fourth was 60-12. Training in each
stage continued until performance was asymptotic. There were nine days of

training in the first stage, 20 in the second, 13 in the third, and nine in

the fourth.

Results

Preliminary analysis of performance in the VT segments showed no sig-
nificant difference between rates of responding in reinforced and unrein-
forced segments (p > 0.05), which indicates that the actual delivery of food
had no influence on responding. Subsequent analyses therefore were based on
the data for all 18 segments in each session. Figure 4 shows mean VT and EXT
rates based on performance in the first 12 sec of each segment in all four
stages of the experiment, as well as mean VT rates based on performance in all
60 sec of each VT segment in the third aﬁd fourth (60-60 and 60-12) stages.

Analyses of the 12-sec data showed no effect of VT duratiom on VT per-
formance (F < 1). There is, of course, no discrepancy between these results
and those of autoshaping experiments in which CS-US interval rather than dur-
ation of the VT segment was varied, and in which the principal effect of changes
in CS-US interval was found to be on rate of acquisition rather than omn
asymptotic rate of responding (Ricci, 1973). Variation in EXT duration here
did, however, have two significant effects. One was on the rate of EXT re-

sponding in the first 12 sec, which was significantly less when the EXT seg-
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ments were 60-sec than when they were 12-sec [Eﬁl/7)=12.0905, p=0.0103].
The simplest explanation of this difference may be that the 60-sec EXT
segments provided more unreinforced experience with the EXT color. The
second effect of EXT duration was on VT responding. Although the 12-sec
measure appeared to reflect some effect of EXf duration on VT response,

the effect was not significant (F < 1). The VI 60-sec measure, however,
showed a highly significant effect of EXT duration: 60~sec VT responding
was greater when EXT was also 60-sec (in 60-60) than when it was l2-sec

(in 60-12) [F(1/7)=27.6691, p=0.0012]. Further analysis showed that the
differential influence of EXT duration was not on the initial rate of
responding in each VT segment, but on the raté in the later portion of each
VT segment. In 60-60, responding was high throughout the VT segment, while
in 60-12, responding started high but fell off over the segment; the rate in
the total 60-sec was significantly less than in the first 12-sec [F(1/7)=
6.0239, p=0.0438].

The difference in 60-sec VT response level as a function of EXT dur-
ation is similar to the effects of intertrial interval on autoshaping (Per-
kins, et. al., 1975; Terrace, et. al., 1974), as well as to the effects of
length of the EXT component and length of the intertrial interval on level
of response in VI-EXT (Taus & Hearst, 1970; Wilton & Clements, 1971). The
60-sec pattern of VT response found in stage 60-~12, a pattern which is char-
acterized by a higher rate of responding early in the segment than subse-
quently, has also been found in previous VT-EXT experiments (Schwartz, 1978;
Spealman, 1976) and appears similar to the VI pattern of VI-EXT experiments
(Nevin & Shettleworth, 1966). This pattern, which has been referred to as
"local positive behavioral contrast," has been explained in terms of acti-

vation by transient contrast. An explanation of the present results in
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terms of contrast might be plausible as well, if we considered only the
pattern of VT response in the 60-12 stage, or if we considered only the
overall difference in levels of VI 60-sec response between stages 60-12 and
60-60. The pattern and levels results considered together, however, show
that the effect of the longer EXT segment was not to produce a transient
elevation in VT response —-- as is expected on the basis of the contrast
interpretation -- but to produce a more sustained response over the entire
60-sec segment; there was a tendency for VT response to fall off over a
VT period when the EXT segment was short but not when it was long. Since
key pecking in VT may be actively opposed by a behavior which competes with
this response, it is possible such behavior developed rapidly enough to produce
a decrement in pecking in the course of a singlé 60-sec VT segment here.

If the incompatible behavior continued to occur during the EXT segment --
that is, if it was not color-specific -- the long EXT segment may have been
more successful in opposing the tendency than a short EXT segment simply
because the longe¥ period provided more opportunity for the incompatible
behavior to be extinguished. This explanation can deal, then, with the
overall levels difference, as well as with the specific pattern of 60-sec
VT response.

These data show that the length of the EXT segment in VT-EXT affects
VT response not by providing less activation with short durations, but by
failing tc sustain VT response over VT intervals. These data also provide
the second instance of VI-response suppression in this series of experiments --
the possibility of such was also noted in Experiment 1 on the basis of per-
formance in VT-VT-VT. The present findings are especially significant be-
cause they indicate that response-suppression may affect VT response in VT-

EXT as well as in VT-VT. 1In view of these results, the third explanation of



the failure to find response in VT-VT, that of response suppression, is

the primary concern of the next experiment.
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EXPERIMENT 3

That response-suppression is produced by nondifferential training
has been suggested on the basis of autoshaping experiments which show that
key peck acquisition is retarded after random CS/US presentations relative
to the performance of animals with no previous training (Gamzu & Williams,
1971; 1973; Mackintosh, 1973) . One approach to these results has been that
of attention theory (Mackintosh, 1973; 1975), which assumes that stimulus
salience is a function of differential correlation with reinforcement: key
pecking is retarded, after nondifferential training, because the salience of
the key sfimulus is reduced by this training, and the reduction in salience
reduces the "associability" of stimulus and reinforcer. Repeated exposure
to stimuli in the abéence of food is presumed to have similar effects. An
alternative explanation, introduced here, is that there are stimulus-reinforcer
associations formed in VT-VT due to simple contiguity, but that performance
(that is, key pecking) is interfered with by the tendency of VT-VT training
also to produce responses which compete with key pecking. The competing-
response idea can be used not only to explain the autoshaping-retardation
data, but to explain the decrement in reéponse in VT-VT training following
training on VT-EXT, as was suggested in Experiment 1.

The experiment described here was designed primarily to look for
evidence of the conditioning of competing responses or of a reduction in
stimulus~reinforcer associability, as a result of VI-VT training. An outline
of the design is presented in Table 1. Two groups of pigeons were trained
with colors A and B, one group (V) on VT-VT (A+B+) and the other group (X)

on EXT-EXT (A~-B-). Then both groups were tested with A on VT, B on EXT, and
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two novel stimuli, C on VI, and D on EXT, in a multiple VT-VT-EXT-EXT
schedule., This test is critical because a difference between the two
groups in response to the new and old stimuli would distinguish between
the two theories of behavior in VI-VT. 1If, as suggested by attention
theory, the animals of group V learn to ignore A and B -~ since these
stimuli have been uncorrelated with food and therefore have less
salience -- then this group should show slower development of response
to A than to C, in the test phase, and perhaps also less initial response
to B than to D. Similar effects should be evident in group X, since
A and B have been presented in the absence of food for this group. If,
however, the VI-VT training produces responses which compete with the
development of key pecking independently of key color, then group V should
show less rapid development of response to all four colors than group X.

It should be noted here that the design of this experiment is relevant to
the contiguity-contrast hypothesis as well as to the attention and competing
response theories: if VT-VT training produces stimulus-reinforcer asso-
ciations which result in key pecking if they are "activated" by concurrent
EXT, then group V should show more rapid development of response to A than
to C in the test phase -- a prediction which is opposite to that made by
attention theory. This outcome can occuf, of course, only if the differential
condition provides a significant amount of contrast, to activate the stim-
ulus-reinforcer associations, and if the tendency towards response-suppression
is not so severe that no key pecking can occur.

While group X was included primarily as a control for the effects of
reinforcement, this group also provides the opportunity to look for latent
inhibition: the design contains a within-group control for the effects of

stimulus pre-exposure, a control usually provided by a between-groups com-
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parison (pre-exposed vs rest). Latent inhibition has been demonstrated
with a variety of species, usually with aversive reinforcement, but there
are no previous reports of the effect with pigeons (Lubow, 1973). A demon-
stration of the effect in group X would be provided by more papid develop-
ment of response to C than to A, and perhaps more responding to D than to
B. This difference is expected on the basis of attention theory, as well
as on the basis of the idea that nonreinforced exposure results in habit-
uation, which might reduce the '"conditionability" of A and B (Carlton &
Vogel, 1967; Reiss & Wagner, 1972), while there is no basis in competing-
response theory to expect any learning at all in group X, since the treat-

ment occurs in the complete absence of reinforcement.

Method

Subjects. The subjects were 16 homing pigeons obtained from the
same source and maintained under the same conditions as those in the pre-
vious experiments. They had been trained previously on a VI l-min dis-
crimination problem with stimuli other than those used here.

Apparatus. The apparatus was the same as that used in the previous
experiments. The stimuli were four readily discriminable colored shapes:
a green (Wratten #58) "X"; a blue (#47) equilateral triangle, 4 cm in al-
titude; a red (#25) circle, 3 cm in diameter and bisected diagonally by a
0.5 cm black line; and a set of three yellow (#8) vertical stripes, each

0.5 cm wide and 0.5 cm apart. All shapes were on a dark ground.

Procedure
Pretraining. One day of feeder training was given, to be sure all the

animals were eating from the food drawer. On this day, the chamber was
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Experiment Design
3 A+ B+ A-B~
(group V) (group X)
A+ B~ C+ D-
4 A+ C+ / B~ D-
5 A+ C+ / B+ D-
B+ C+ / A+ D-
Table 1. An outline of the design of Experiments 3, 4, and 5.

The letters "A", "B', '"C", and "D", refer to the same
stimuli in all three experiments. '+'" means VT, and

n_s

means EXT.
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illuminated by the houselight only. The food drawer was inserted into the
chamber for 2.5-sec on a VI 30-sec schedule for a total of 40 presentations.
Pecks at the dark key were recorded but had no consequence. All the birds
were observed to be taking the food as soon as it became available.

Training. The birds were divided into two groups, V and X, matched
for their rates of responding in the previous VI experiment. Both groups were
exposed to two stimuli, A and B, each presented for 30 sec in simple alter-
nation. There were 10 presentations of each stimulus per daily session.

The color presented first in each session was varied in a quasi-random manner.
For group V, food was delivered for 2.5~sec on a VT 30-sec schedule during
both segments, while for group X, no food was presented during either segment.
The four colors were balanced over all the birds, although each bird was
exposed to only two (A+B+ for group V, and A-B~ for group X). This training
continued for 14 days, after which there was one more day of feeder training,
to be sure all the animals were taking the food. The procedure was the same
as in pretraining, and all the birds were observed to be eating promptly

when the food was presented.

Multiple VT-VT-EXT-EXT test. In this phase of testing, each session

consisted of 30-sec presentations of all four stimuli, reinforced on a multiple
VIT-VT-EXT-EXT schedule. For each animal, two stimuli were old (A and B) and
two were new (C and D); A and C were reinforced on a VT 30-sec schedule, and

B and D were on extinction. There were 40 segments (10 per stimulus) in each
session. Segment order was quasi-random with the restriction that no two
successive segments were the same, and each segment appeared once in every

block of four.

Pavlovian test: Although each animal was observed to be taking the food

in the multiple VT-VT-EXT-EXT test phase, the birds of group V showed little
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tendency to respond, even at the end of the fourth session. To facilitate
responding in this group -- in order to measure any stimulus-specificity
which might exist -- the procedure was changed from free operant to Pav-
lovian. There were 40 trials (10 with each stimulus), each separated by
a l-min intertrial interval during which time the key was dark. Each trial
consisted of an 8-sec stimulus presentation. This was followed by a 2.5-sec
food presentation if the colors were positive (A or C). If the colors were
negative (B or D), no food was presented and the intertrial interval followed
immediately. Stimuli were presented in the same quasi-random order as that

used in the free operant phase. This training continued for four additional

sessions.

Results

The data for group V and group X are plotted in Figure 5, which shows
mean rates of responding to A and B in the training phase, rates to A, B, C,
and D in both test phases, and rates to the dark key in both feeder-training
sessions.

Training. As can be seen in Figure 5, rates of responding in both groups
fell to near zeré levels within a few sessions, and remained there for the dur-
ation of training. There was no significant difference between rates of re-
sponding in group V and group X bver the 14 training days (F < 1).

Multiple VT~-VT-EXT-EXT test. The primary effect here was a persistent

and powerful reluctance to respond after VI-VT training, but not after EXT-
EXT training. There was a significant difference between group V and group X
in overall level of response to all four stimuli igﬂl/14)=6.1918, p=0.0260],
as well as a significant interaction of groups X stimuli [F(3/42)=5.8945,

E§0.0019]. While group X began pecking in the first session of VT-VT—-EXT-EXT,
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and showed a significant discrimination between VT and EXT segments over

all four days of training [F(1/7)=14.6279, p=0.0065], group V had barely
begun to peck at all by the end of the fourth day, and showed no tendency

to discriminate between VT and EXT segments over the four days of free op-
erant training (F < 1). An analysis of variance of all four days of this
test phase also showed no significant difference between rates of responding
to the new stimuli and rates of responding to the old stimuli in either
group (Efs < 1). There was also no significant difference between new and
0ld stimuli in terms of the probability of at least one response in each
segment (F's < 1). The overall lack of response in group V in this test
phase means it is impossible to make any conclusion about the effect of VT-
VT training to reduce stimulus salience or to produce stimulus-reinforcer
associations. The reluctance on the part of group V to respond to all four
colors provides strong support, however, for the idea that behavior was con-
ditioned in VT-VT which competed with key pecking in mult VT~-VT-EXT-EXT, even
for birds with extensive prior key pecking experience.

Since the intent of the experiment was, in part, to look for evidence
of a reduction in stimuli salience or for evidence of stimulus-reinforcer
associations, the multiple VT-VT-EXT-EXT test phase was terminated and the
Pavlovian phase was inititiated, in ordef to produce some responding in
group V. However, the trend shown by group X in Figure 5 suggests that a
reliable stimulus effect might have appeared in these animals if the multiple
VT-VT-EXT-EXT test phase had not been terminated. It is interesting to note,
in this connection, that there was a considerable amount of key pecking in
group X on their second feeder-training day: rates of responding there were
significantly higher than the rates of the previous EXT-EXT day [F(1/7)=9.5449,

=0.0176]. However, since there was no control for the effects of food here,
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it is impossible to know if this represents a latent inhibition effect.

Pavlovian test. The Pavlovian test phase failed to produce any

evidence that group V or group X learned about key color during A+B+ or

A-B~ training. There was no significant difference between rates of re-
sponding to the new stimuli and rates of responding to the old stimuli in
either group (p's > 0.05), nor between probability of at least one response
in each segment (g'é < 1). For group X, this means there was no significant
latent inhibition effect here, contrary to the expectation of both the atten-
tion and habituation theories. But while the failure to find stimulus-
specific effects in this group can be explained in terms of no learning about
key colors in the absence of reinforcement, the same cannot be said for

group V. For this group, nondifferential responding means there is no evi-
dence that the VT-VT training produced any specific reduction in stimulus-
reinforcer associability, nor any specific stimulus-reinforcer associatioms.
The nondifferential responding also shows that the VI-VT response suppression,
which was so severe in the multiple VT-VT-EXT-EXT phase, was not specific

to the key colors encountered there. Thé possibility must be considered,
however, that effects produced by the A+B+ or A-B- training may not have
survived the four days of multiple VT-VT-EXT-EXT testing and therefore were
not evident in the Pavlovian test phase.'

An interesting feature of the Pavliovian phase was the rapid nature of
the increase in key pecking which occurred there, in both groups. In fact,
despite the reluctance of group V to respond at all in multiple VI-VT-EXT-
EXT, there was no difference between the two groups over the four days of
Pavlovian training (F < 1). While the correlation between colors and food
did not increase in the Pavlovian schedule, and the response increment could

not therefore be explained in terms of an increase in stimulus salience, the
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temporal parameters of this schedule are those which optimize contrast,
which may be a better explanation of this response increase. This schedule
also provided greater opportunity for the extinction of competing respounses,
which can also explain the elevation of key pecking. It is possible, of

course, that both effects were operating here.

These results indicate that the primary effect of a VT-schedule is not
key pecking. 1In view of this finding, the next two experiments addressed

the question of why key pecking in found in VT-EXT schedules.
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EXPERIMENT 4

The purpose of this experiment was to investigate the nature of the
process by which EXT is able to maintain VT response, when -- as de&on—
strated in Experiment 3 -- exposure to a VT schedule in the absence of EXT
suppresses responding. The specific question addressed here is whether
concurrent contrast -- that is, unconditiomed facilitation which is effective
only within the session -- is necessary for the maintenance of VT responding.
The design used to examine this questioﬁ is one where VT-VT (A+C+) sessions
alternated daily with EXT-EXT (B-D-) sessions. An outline of the design of
this experiment is provided in Table 1. All the animals were responding to
the VT stimuli, A and C, at high rates at the outset of this experiment.

The intent here was to see if VT response could be maintained when the EXT
segments occurred noncontiguously, that is, 24-hrs distant to the VT segments.
In Experiment 1, where there was substantial respondiﬁg in the entire first
VT-VT session, the suggestion was made that VT response was not produced

solely by concurrent contrast but also may have been the product of asso-
ciations established by adventitious response-reinforcer contiguity. On the
basis of those data, it was not expected that VT response would fall off imme-
diately in the present experiment. However, if VT response-maintenance depends
on the continual éontribution of contrast to keep the rate of responding so
high that adventitious reinforcement of competing responses simply is not likely
to occur -- as alsc suggested in Experiment 1 ~- then response should decrease
substantially over successive VT-VT sessions, despite the intervening EXT-

EXT sessions.

If VI-EXT and the phenomenon of 'positive behavioral contrast' can both

be dealt with in terms of a theory of contrast, as has been suggested by
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B.A. Williams (1976), then attempts to find evidence of "spaced trials’
behavioral contrast with pigeons are relevant here. These attempts have

not been successful (Mackintosh,ggfglf, 1972; Wilton & Clements, 1972), as is
expected on the assumption that exposure to extinction does not produce

a conditioned activation effect, but simply an immediate activation which
does not survive a long intertrial interval. It should be noted, however,
that even a theory of conditioned contrast, such as frustration theory
(Amsel, 1958) would have difficulty explaining response maintenance in VT-
EXT with a 24-hr interval between VT and EXT. While frustration is assumed
to have activating properties, response to a VT color could be maintained
only if an EXT color is present on the same day in order to "reinstate"
frustration-dependent activation, in the context of which the response occurs
and is reinforced. Likewise, the VT color would have to be present on the
EXT day, in order to elicit - an expectation of food, which is frustrated by
the extinction expérience. The conditioning of frustration to background
stimuli cannot carry the burden here because then there would be no differ-

ential response on the two kinds of days.

Method

Subjects and apparatus. These were the same as in the previous ex-

periment.

Procedure. Immediately following. the last day of Pavlovian training in
Experiment 3, half the birds in each group (V and X) were given one session of
VI-VT training witﬁ stimuli A and.C, and the other half were given one session
of EXT-EXT training with B and D. Sessions then alternated between VT-VT and
EXT-EXT for all the animals., Each session consisted of two 30-sec segments

presented in simple alternation, for a total of 40 segments (20 with each
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stimulus). In VI-VT sessions, food was delivered on a VT 30-sec schedule
during both segments; in EXT-EXT, no food was presented. Which segment was
presented first each day varied in a quasi-random manner on both kinds of
days. Training continued for a total of 26 sessions (13 sessions of VI-VT
and 13 sessions of EXT-EXT), by which time response in both groups appeared

stable.

Results

Preliminary analysis showed no significant difference between rates
of responding to A and C, nor between rates of responding to B and D, through-
out the experiment (p>.05). Mean rates of responding therefore were pooled
across both VT colors and both EXT colors in Figure 6, where rates of
Vf responding in the first VT-VT session are plotted for both groups. For
half the animals in each group, this session was preceded by a Pavlovian
session; for the other half, by one EXT-EXT session; there was, however, no
difference in response on this day as a function of the preceding session
(p > 0.05). An analysis of variance of the VT rates of responding in this
session showed a significant effect of groups [F(1/14)=10.1369, p=0.00€6]
and of trials [F(19/226)=2.4268, p=0.0010]. The interaction of trials X
groups approached significance (p=0.0746).

As can be seen in Figure 6, the animals of group V began the first VT-
VT session with high rates of responding which then fell precipitously within
the session. This rapid decrement suggests that competing responses, acquired
in the extensive VT-VT training of these animals in Experiment 3, were not
extinguished in the Pavlovian sessions of that experiment -~ despite the high
rates of key pecking which occurred there -~ but only masked. It may be that

only a great deal of concurrent contrast, such as may in fact operate in a
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Pavlovian schedule, is adequate to overcome response suppression once it

is established. What is interesting about these results is that they sug-
gest that key pecking associations and competing response associations can
coexist. Figure 7 shows asymptotic rates of responding during VT segments
and during EXT segments plotted over sessions for both group V and group X.
As is evident in this figure, the difference between rates of responding

in VT-VT and in EXT-EXT in group V, while statistically significant [F(1/7)=
6.0152, p=0.0439], was very small. Clearly, noncontiguous EXT experience
cannot maintain substantial levels of key pecking once the competing re-
sponses have already been conditioned, as they were in group V.

Group X, which began the first VT-VT session responding at the same
level as group V, continued responding at a steady rate throughout this
session and the remaining VT~VT sessions as well., There were substantially
greater rates of responding in VT-VT sessions than in EXT-EXT sessions for
this group [F(1/7)=10.3235, p=0.0148]. This is the first demonstration of
such sustained VI-VT responding and it cannot be explained simply in terms
of activation by concurrent contrast. It appears that the acquisition of
competing responses was avoided, to a large extent, by the interpolated EXT-
EXT training. Rates of VT responding in this experiment were, however,
considerably lower than the rates of responding in the Pavlovian sessions
of the previous experiment, as is apparent from a comparison of Figure 5
and Figure 7. There are several possible explanations for this difference.
One is that response in the Pavlovian sessions was facilitated by EXT
experience -~ that is, by concurrent contrast. Another is that response in
the present experiment was partially suppressed by competing behaviors, al-
though not to the extent that key pecking disappeared altogether. It is also

possible, of course, that both a lack of contrast and a tendency towards
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competing responses were responsible for these VT-VT response levels.

It is possible to explain the failure of the animals of group X to
acquire significant competing respounse tendencies, and to maintain key
pecking over many days of VT-VT training, in the following manner: one day
of VT-VT was inadequate, given the previously-established key pecking ten-
dencies, to condition enough competing responses to significantly inter-
fere with key pecking. Similar persistence of key pecking within a single VT-
VT session was also seen in Experiment 1 -- however, in that experiment,
VT-VT sessions were successive and, eventually, key pecking ceased to occur.
In the present experiment, each VT-VT session was followed by an EXT-EXT ses-
sion, and any competing responses which may have occurred and been reinforced
in a single VT~-VT session also occurred in the EXT-EXT session of the next
day (since these responses are not color-specific) and were extinguished there.
Key pecking, on the other hand, which is color-specific, was elicited by the
VT colors in VT-VT sessions and strengthened in those sessions by adventitious
reinforcement, but not extinguished in the alternate EXT-EXT sessions because
it was not elicited by the key colors present in those sessions.

It may be possible, then, to deal with the decrement in response in
VT-VT without resorting to contrast at all: removal of the EXT segment simply
removes the opportunity for competing reéponses to be extinguished. But, to
do without contrast -- in the interest of parsimony, perhaps —-— may be too
simplistic. We have yet to compare maintained VT response with and without con-
tiguous EXT segments. If the only function of'EXT is to extinguish competing
responses, there should be no difference between these two treatments. A test

of this idea was the purpose of the next experiment.
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EXPERIMENT 5

The purpose of this experiment was to evaluate the contribution
of concurrent contrast to response in VI-EXT. An outline of the design
is provided in Table 1. In the first stage of this experiment, VT-VT
(A+C+) sessions remained the same as in Experiment 4. The schedule on
the alternating day -- formerly EXT-EXT (B-D-) -- was changed to VT-EXT
(B+D-). It was expected that rates of responding to B would increase,
in the first sessions of stage 1, due to the contiguity of this color
with food, but if EXT segments do no more than provide an opportunity for
the extinction of competing responses, it was also expected that the B
rates would never be higher than the rates of responding to A or to C.

If, however, EXT segments produce VT response-facilitation, then it was
expected that response to B should rise to a level significantly higher
than response to A or to C.

Stage 2 provided the opportunity to evaluate any difference in
response to B+ vs response to A+ and C+ which may have occurred in Stage 1.
In stage 2, two of the colors changed position in the training schedule, so
that training alternated between B+C+ and A+D- sessions. If rates of re-
sponding to B+ in stage 1 were higher than those to A+ and C+, and if this
was due to nonassociative contrast, then response to A should increase
rapidly and response to B should decrease rapidly, in stage 2. This test
also permitted an assessment of the effect of past training on any difference
in rates to B+ vs rates to A+ and C+ which may have occurred in stage 1;

these colors had received different treatments previous to this experiment.
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Method

Subjects and apparatus. These were the same as in Experiments 3

and 4.

Procedure. The procedure was the same as in the previous experi-
ment except that one of the stimuli, formerly on extinction, was reinforced
on a VT 30~sec schedule. Training sessions alternated, then, between
VT-VT (A+C+) and VT-EXT (B+D-). This training continued for 64 days -- 32
sessions with VT-VT and 32 sessions with VI~EXT. Then, while the reinforce-
ment schedule remained the same, two of the VT segments, one from each
session, were presented on alternate days. Subsequent training sessions
alternated between one session with VT-EXT (A+D-) and the next with VT-VT

(B+C+). This continued for 32 days -- 16 VT-EXT sessions and 16 VI-VT sessions.

Results

The mean rates of responding to all four stimuli in both groups
for both stages of the experiment are shown in Figure 8. Group V is repre-
sented in the curves at the top, and group X, in the curves at the bottom,
of this figure. The performance of both groups in the transition from A+C+
to B+C+, and from B+D- to A+D-, is shown in Figure 9, where asymptotic rates
of responding to all four colors in A+C+/B+D- training (pooled over the last
five sessions) énd to all four colors in the first session of B+C+/A+D-
training, are plotted over trials. Again, group V' is at the top of this
figure, and group X, at the bottom.

Stage 1

Response to B+ (in B+D-). The main effect here was that asymptotic

VT response was higher in VT-EXT (B+D-) than in VT-VT (A+C+). For group X,

these results were higher rates of responding to B than to A [F(1/7)=10.0964,
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p=0.0155] and higher rates to B than to C [F(1/7)=8.0818, p=0.0209]; for
group V, they were higher rates to B than to A [F(1/7)=6.8329, p=0.0347]
and higher rates to B than to C [F(1/7)=7.0822, p=0.0324]. The higher B
rates can be understood in terms of the idea that extinction does more than
provide a period of time when competing responses are extinguished -- that
is, that concurrent extinction also produces a powerful activation which
facilitates key pecking. As can be seen in Figure 9 (left panels), there
apéeared to be some development of response to B within each session, which
is expected if the elevated response to B is dependent on concurrent acti-
vation. Clearly, any account of response in VT-EXT cannot ignore this
activation effect.

Both groups showed a gradual acquisition of elevated response to B.
That the rate of acquisition and asymptotic level of response to B reached
by group V were much lower than those demonstrated for group X attests to the
power of the initial VT-VT training given group V. The between-group compari=-
son of asymptotic levels also procides a replication of the key peck retarda-
tion effect first reported by Gamzu and Williaﬁs (1971).

Response to A+ and C+ (in A+C+). It should be noted that the level of

response to A and C did not change from the level reached in the previous
experiment, in either group (p's > 0.05), nor was there any significant differ-
ence between levels of response to these two colors in the present experiment
(F < 1). For group X, key pecking to both A and C can be understood in

terms of associative connections which sustain response in the absence of
contrast. This group continued to resist the acquisition of competing re-
sponses; that there was no VI-VT response decrement can be dealt with in terms
of extinction of competing responses in the D~ segments of the A+D- sessions. -

Despite the development of substantial rates of key pecking in B+D-
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in group V, the level of response in A+C+ sessions remained low. As before,
it appears that one day with some EXT experience is not adequate to inter-
fere with competing responses once they have been acquired already in con-
ditions of successive VI-VT sessions. These responses continued to be rein-

forced, of course, in A+C+ sessions.

Stage 2

Response to B+ (in B+C+). As can be seen in Figures 8 and 9, response

to B began at the same level as in the previous training stage, but, unlike the
previous stage, failed to develop within the session. This was apparent in
both groups. The low level of response to B indicates that much of the ele-
vation in response to B prior to this stage was primarily a nonassociative
contrast effect.

There was some difference between the two groups in the rate of
response decrement to B. In group X, response to B actually reached that
to C only after continued B+C+ training. An analvsis of variancevof rates
of responding to B and C in group X showed a significant interaction of
days X segments [F(15.105)=2.1723,p=0.0177]. Since this difference cannot
be accounted for in terms of contrast, the possibility must be considered
that this is evidence of stimulus-specific VT response-suppression. Either
the slow secondary decline in response to B -~ aftef the initial more rapid
decline, produced by removal of the EXT segment -- is due to the acquisition
of some competing responses to B, or the sustained lower level of response
to C is due to the acquisition of some competing responses to C in the previous
stage. This is the only data in this series of experiments which indicate
such specificity. It should be noted here that C was reinforced on a VT
schedule for 61 sessions by the end of this experiment; the possibility should

be considered, therefore, that key colors acquire some control over competing
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responses after a great deal of training. There was no corresponding dif-
ference between rates to B and C in group V (p > 0.05), but comparison be-
tween the two groups is difficult because of thé discrepancy in overall
response levels. The failure to find a difference in response to B and C

in group V may be a floor effect.

Response to A+ (in A+D-). Response to A increased with the transition

from A+C+ to A+D- and remained significantly higher in A+D- than response to B
or C in B+C+ training, in both groups. For group X, these results were response
to A greater than to B [F(1/7)=10.0903, p=0.0131] and response to A greater
than response to C [F(1/7)=8.4681, p=0.0227]}. For group V, they were response
to A greater than response to B [F(1/7)=6.2098, p=0.0415] and response to A
greater than response to C [F(1/7)=11.2831, p=0.0121]. The increase in re-
sponse to A can be seen in Figure 8 and in Figure 9, and the relatively rapid
nature of this increase in group X indicates again that the difference in VT
response in VT-VT and VT-EXT was due in part to concurrent, nonassociative
contrast. The increase in group V in response to A was slower than the increase
in group X, but the significance of this difference between the two groups
again is difficult to assess because of the difference in starting levels.
Within-groups analyses may be meaningful here, however. While the within-
session increase in response to A in groﬁp X complements the within-session
decrease in response to B in this group, and while both changes can be under-
stood primarily in terms of nonassociative, concurrent contrast, the slow
approach to A asymptotic in group V does not complement the more rafid drop

in B response in this group. This lack of symmetry indicates that perhaps more
weight must be given to the tendency of VT-VT training to produce competing
responses which retard development of key pecking than to the tendency of

contrast to overcome these responses and produce key pecking.
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Figure 8. Mean number of responses per minute to all four colors, A, B,
C, and D, for group V (top half) and group X (bottom half),
in Experiment 5. Each point represents rates of responding
to each color pooled over two sessiomns.
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Figure 9.

Trial by trial mean rates of responding to all four colors in
A+C+/B+D- training (pooled over the last five sessions) and to
all four colors in the first session of B+C+/A+D- training, in
Experiment 5. Group V is shown in the top half, and group X,
in the bottom half, of this figure. Each point represents
rates of responding to each color pooled over two trials.
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DISCUSSION

This series of experiments began with the hypothesis that key peck-
ing in VT-EXT is a contrast effect, and that the failure to show key peck-
ing in VT-VT is because, while the appropriate stimulus-reinforcer asso-
ciations are established by this training, the response requires acti-
vation by concurrent EXT experience. The contrast interpretation was based
on the assumption that stimulus-reinforcer associations are formed in VT-VT,
despite the lack of response there. This assumption was suggested by the
results of omission experiments, which have been taken already as evidence
that such associations are formed by simple stimulus-reinforcer contiguity
in the absence of adventitious response-reinforcer contiguity (Peden,
Browne, & Hearst, 1977; Williams & Williams, 1969; Woodard, Ballinger, &
Bitterman, 1974). This assumption was also congruent with traditional
theories of associative processes, and was a viable alternative to dif-
ferential-probability theory, which has not been stated in terms of asso-
ciative process. What the present experiments showed, however, was that
the contrast interpretation is inadequate and that it cannot deal with
most of the data reported here, with the exception of those of the last
experiment. There, response to a VI color was significantly affected by
the nature of the alternating segment: if the segment was EXT, response to
the VT color was greater than if the segment was another VT color. This
difference in VT response level appeared to be primarily nonassociative
in nature, and it showed that concurrent EXT produced an activation which

facilitated previously-established VT response, as predicted by contrast

theory.
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Evidence that the contrast interpretation is inadequate was pro-
vided primarily in the first four experiments. In the first, the evidence
was twofold. First, there was no transient contrast effect. Second, response
to the VT stimuli was substantial through many VT segments in the absence
of concurrent contrast. The latter result may have been explained, however,
in terms of a modified contrast interpretation: much of the response in 30~
60~EXT was the result of adventitious response-reinforcer contiguity and re-
latively independent of contrast; EXT served a vital role by keeping VT re-
sponse high and thus ensuring a high frequency of adventitious response-rein-
forcer contiguity. Ascribing most of the response in 30-60-EXT to associations
produced by adventitious response-reinforcer contiguity made it difficult,
however, to explain the severity of the response decrement in 60-60-60.

The subsequent data indicated that the modified contrast explanation
was inadequate and that more than a simple performance effect was operating
in VT-VT to suppress key pecking. There was some evidence of an active VT
response-suppression in Experiment I: the rate of responding to the former
EXT color was lower, in 60-60-60, than it had been in 30-60-EXT. Experiment
2 indicated that key pecking was suppressed during exposure to a single VT
segment, even when it was presented in the context of EXT experience, if
such EXT exposure was minimal. The mosg conclusive evidence of suppression,
however, was provided by the results of Experiment 3, where the VT-VT
training given to group V was shown to result in a severe and persistent
retardation of key pecking in the multiple VT~VT-EXT-EXT schedule. These
results also showed that the VI-VT suppression was a general effect and not
specific to key colors. The retardation was difficult to overcome unless the

schedule was changed, from VT-VT-EXT-EXT, to Pavlovian, which was assumed to
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produce the response-fcilitation effect found in Experiment 5.

There are two important implications of this demonstration of con-
ditioning in VT-VT. First, it shows that the failure to peck the key in
VI-VT is not due to a failure of conditioning -- rather, it appears that this
schedule produces a powerful learning effect: some behavior jis acquired in
VT-VT which actively suppresses key pecking. The value of this demonstra-
tion is that it suggests that pigeons do not have to be 'complex probability
generators' (Rescorla & Wanger, 1972) in order to peck the key in VT-EXT and
not in VT-VT, but that their behavior in both situations can be understood
in terms of traditional theories of conditioning and associative process.
Second, these results show that the primary behavioral effect of the con-
tiguity of keylight and food for pigeons is not key pecking, but a response
which competes with key pecking, a finding which may be significant to
experiments which employ classical conditioning techniques and use key
pecking as a measure of conditioning.

An associative explanation of these results has been suggested in
the course of presenting the data of each experiment. Two assumptions are
made. The first is that the VT-VT response-suppression is the result of the
conditioning of responses which are incompatible with key pecking by a
process of adventitious response-reinforcer contiguity. This assumption is
made on the basis of tlHe results of experiments which have indicated an
active suppression of key pecking as a result of nondifferential training;
as noted already, there was evidence of such suppression in all five experi-
ments here, and in previous experiments reported elsewhere. The idea that
these responses are nonspecific is a conservative one, made because we have
no evidence of their specificity (in Experiment 3, Pavlovian phase) and be-

cause it is most parsimonious to assume that, since the responses are those
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which interfered with key pecking, they may also have been those which oriented
the pigeon at least partially away from the key. The second assumption made
here, to deal with the present data, is that the EXT segment not only pro-
vides a period of time when ongoing responses are extinguished, but it is a
general activator of existing response tendencies. The function of the
EXT stimulus to activate key pecking is evident primarily from the data of
Experiment 5: VT response was greater when the EXT segment was concurrent
than when it was presented on alternate days. It was also only in the con-
text of concurrent EXT, in Experiment 5, that the animals of group V finally
began responding to the VT colors. The idea that EXT experience produces
a general activation is not a new one, of course; it has already been shown
that the omission of a reinforcement has an invigorating effect on appe-
titive behavior (Amsel & Roussel, 1952; Wagner, 1959).

It is possible to suggest a general explanation of behavior both in
VI-VT and in VT-EXT, based on these assumptions about the specific effects
of VT-VT training and extinction experience. The focus of such an explanation
is not on why there is no key pecking in VT-VT, but on why there is key
pecking in VT-EXT. Clearly, much of the maintenance of response in VT-EXT
is the product of associations established by adventitious response-rein-
forcer contiguity, but, if the contiguity of keylight and food in the ab-
sence of previously-established key pecking produces responses which actually
compete with key pecking, the problem is to deal with the development of
key pecking in VT-EXT.

It may be well to note, first, that key pecking in VT-EXT often fails
to develop at all. This is most often the case when there is no previously
established tendency to peck the key. In naive pigeons, VT-EXT training

usually produces very low rates of key pecking and frequent occurrences of
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"other behavior,'" such as air pecking and pecking around the key rather
than striking the key itself (Spealman, 1976; Hamilton & Silberberg, 1978).
Unpublished data collected in this Laboratory, using six naive pigeons,
showed a similar effect: the mean VT rates of responding were five re-
sponses per minute after 10 days on a VT l-min schedule, where each seg-
ment was 3-min in duration and there were a total of 10 segments given in
each daily session. When the segment duration was shortened to 24 sec, and
the number of segments given per session was increased to 60, the mean VT
rates of responding remained low, at about seven responses per minute. The
difficulty of producing VT-EXT key pecking in naive birds can be under-
stood in terms of the idea that the VT segments elicit responses other than
key pecking, and that these responses persist because they are adventitously
reinforced. The competing~response theory of VT behavior is the only theory
which can deal with these results; differential-probability and simple contrast
theory would predict reliable key pecking in VT-EXT.

Another situation where it is difficult to show the development of key
pecking in VT-EXT is where pigeons have prior experience with VT-VT, as
demonstrated here in the performance of group V in Experiments 3, 4, and 5.
The failure to generate substantial rates of key pecking in VT-EXT after
VI-VT experience can be dealt with most directly in terms of the conditioning
of competing responses -- and, again, differential-probability theory and
contrast theory do not predict these persistent retardation results. While
the retardation exists, however, key pecking eventually does develop,
provided there is some concurrent EXT experience. The effect of the VI-VT
experience then is evident in a low asymptotic level of VT response. An
example of this is provided by the performance of group V in the fourth and

fifth experiments here, where training with A+C+ produced minimal rates of
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key pecking, indicating the presence of competing responses. In the fifth
experiment, A+C+ training was replaced by A+D- training and response to A
increased, but the level reached was lower than that reached by group X on
the same VT-EXT training procedure. The question posed by these data
is how, given these dominant competing response tendencies, the addition of
an EXT segment in A+D- training produced any key pecking in group V at all.
The explanation proposed here assumes that coﬁpeting response tendencies and
key pecking tendencies are both acquired in VT-VT, and that the effect of
introducing the EXT segment is to produce a general activation which facil-
itates both tendencies. The EXT segment also, however, provides the oppor-
tunity for the selective weakening of the competing response tendencies,
through the simple process of extinction: thesé responses, being non-
specific, occur during the EXT segments as well as during the VT segments,
and, during EXT, they are extinguished. The key pecking tendencies are not
weakened in EXT because they are elicited uniquely by the VT color and not by
the EXT color —-- since the contiguity of keylight and food, while not pro-
ducing key pecking, does establish keylight-food assoéiations. This analysis
can be used, then, not only to account for the development of VT-EXT response
in group V, but also for the maintenance of VI-VT response in group X in
the fourth and fifth experiments, and as a general account of the development
of VT key pecking in any simple VT-EXT schedule.

One situation where substantial rates of key pecking do occur in VT-
EXT is when pigeons begin training with a tendency to respond to an illum-
inated key, a tendency which is established by previous training. Response
to the VT color can then be understood as occurring initially by general-
ization and being maintained by adventitious response-reinforcer contiguity.

The role of the EXT segment in the maintenance of VT response here is to
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provide an unconditioned activation -- momentarily affecting only perfor-—
mance and not learning -- which facilitates ongoing responses and so in-
creases the probability of response-reinforcer contiguity, and decreases
the probability of adventitious reinforcement of competing responses .

The VT-VT effect demonstrated here may be pertinent to the study of
classical conditioning in pigeons because it shows that the primary response
elicited by the pairing of keylight and food is not key pecking, but other
behaviors. Key pecking might be, in fact, a rather poor measure of classical
conditioning. This may be why a phenomenon such as the partial reinforce-
ment effect, which appears reliably in instrumental appetitive conditioning
techniques when the measure of conditioning is the key peck (Roberts, Bullock,
& Bitterman, 1963), fails to appear when a classical procedure is used
(Kimble, 1961; Mackintosh, 1974). 1In fact, the only demonstration of the
PRE in pigeons with the classical procedure is one where an activity measure
is used, rather than key pecking, as the criterion response (Slivka &
Bitterman, 1966).

The ideas introduced here were intended primarily to account for the
puzzling absence of key pecking in VI-VT, but the competing response notion
mav prove useful elsewhere. First, these data are relevant to the phenomenon
of positive behavioral contrast: Experimént 5 indicates a powerful effect of
concurrent EXT, both to initiate and maintain responding in the alternmative
VT-reinforced segment, an effect most easily understood in terms of activ=-
ation by the EXT experience. As noted previously, EXT-induced activation of
pecking -~ some sort of transient contrast effect -— may explain local pos-
itive behavioral contrast (Schwartz, 1978; Schwartz, Hamilton, & Silberberg,
1975; Spealman, 1976) and the failure to show contrast with lever pressing

in pigeons (Hemmes, 1973; Westbrook, 1973). Furthermore, while it is likely
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that competing responses are minimal in a VI schedule since they never
directly precede reinforcement, the possibility remains that they also
contribute to behavioral contrast. In fact, the competing response explan-
ation may provi&e a basis for understanding some of the parametric deter-
minants of this phenomenon which have been accounted for only partially by
other theories (Schwartz & Gamzu, 1977). For example, behavioral contrast is
much less reliable in lever press experiments with rats than with key pecking
experiments with pigeons (Beninger, 1972; Dickinson, 1972; Mackintosh, et.
al., 1972; Pear & Wilkie, 1971), which may be related to the observation that
a VT-VT schedule does not produce the same severe decrement in lever pressing
for rats as it does in key pecking for pigeons (Boakes, 1977); according to
the competing response interpretation, positive behavioral contrast should
appear most readily in those animals which exhibit the greatest tendency
to stop responding on a VT-VT schedule. Another implication of the competing
response theory is that, in general, any schedule which provides less adven-
titious reinforcement of competing responses in the changed component (82)
should produce contrast in the VI segment (Sl) -~ on the assumption that
these competing responses are not specific to Sl or S2 -- and, in fact, it
is possible to show contrast not only in VI-EXT but also when 52 goes from
YT l-min to VI 5-min (Weisman, 1969) or when the responding in Sy is pun-
ished (Brethower & Reynolds, 1962; Terrace, 1968). On the other hand,
competing response theory implies ghat schedules which may provide adven-
titious reinforcement of competing responses during S2 (resulting in a lower
rate of key pecking during 82) should also result in poor. contrast, and this has
been shown to be the case; for example, wheh'S2 is on DRL or DRO schedules
(Bloomfield, 1967; Nevin, 1968: Nevin & Shettleworth, 1966; Reynolds, 1961;

Terrace, 1968; Weisman, 1969; 1970). It is not surprising, therefore, to
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get contrast when an errorless procedure is used (Halliday & Boakes,

1974) . It may also be true, however, that if key pecking during S2 is
increased, by reinforcing it on an FR or DRH schedule, then contrast is
expected on the basis of less overall adventitious reinforcement of com-
peting responses, and this is what has been found (Bloomfield, 1967;

Hemmes & Eckerman, 1972; Reynolds, 1961). There is no reason to expect
contrast to fail to appear when the signal for the multiple schedule is
located away from the operant manipulandum, since such a procedure still
provides some opportunity for adventitious reinforcement of competing
responses (Beninger & Kendall, 1975; Bouzas & Baum, 1976; Gutman, Sutterer,

& Brush, 1975; Hemmes, 1973). Finally, in view of the results found in the
present experiments, it is not surprising to find that contrast fails to ap-
pear when 82 is reinforced on a VT schedule (Boakes, 1973; Halliday & Boakes,
1972; 1974; Weisman & Ramsden, 1973). The data which appear anomalous to the com-
peting-response theory are those which show contrast to occur even when
response to S2 is maintained, as may be the case in brain-lesioned rats

and pigeons (Dickinson, 1972; Macphail, 1971). The approach appears pro-
mising, however, for pulling together a variety of factors which have seemed
quite divergent except for the fact that they affect behavioral contrast.

The possibility might also be considered that competing responses,
which were shown here to mask the effects of stimulus-reinforcer associations,
are at least partially responsible for the fact that nondifferential VI pre-
training results in poor performance on subsequent differential training or
in subsequent generalization tests, relative to the effects of pretraining
with a differential schedule (Bresnazhan, 1970; Thomas, Freeman, Svinicki,

& Burr, 1970). This effect appears most reliably in free operant schedules

which use no intertrial interval -- that is, in schedules with no "extinction"
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period. The suggestion has been made already that this is because "inci-
dental" stimuli acquire control in the nondifferential, free operant schedule
but not in the discrete trials schedule, and that these incidental stimuli
limit control by key colors (Mackintosh, 1977). Mackintosh also suggests
that these incidental stimuli are the product of the repetitive nature of
responding in free operant schedules, but the problem with this analysis is
that repetitive responding is not unique to the free operant schedule but
can occur in discrete trials procedures as well. Perhaps a more appropriate
contender for masking stimulus control is the same kind of respomnse

suppression which appears in these data.
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