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Introduction

Throughout the history of the study of learning many writers have
distinguished between the learning processes involved in response-
dependent (instrumental or operant conditioning) and response-independent
(Pavlovian) procedures (e.g., Kimble, 1961; Rescorla & Solomon, 1967;
Skinner, 1938). However, various findings have made it difficult to
defend a two process distipnction. The best that can be done at present
is to define each learning process in terms of the procedurz used to
produce the behavioral change (Schwartz & Gamzu, 1977). Perhaps the
phenomenon of autoshaping (Brown & Jenkins, 1968) most clearly exem-—
plifies the difficulties involved in making a two process distinctionmn.
In an autoshaping procedure pigeons will approach and peck a keylight
which is followed by food even though keypecking has no effect on food
deliveries. Subsequent research by Williamg and Williams (1969) using
an omission procedure, provided evidence against the interpretation that
this keypecking was maintained by superstitious reinforcement. These
demonstrations that keypecking could be acquired and maintained with
response-independent procedures (or in the Williams and Williams study
in spite of a positive contingency for not keypecking), had a number of
important implications. First, they provided evidence against the idea
that keypecking was an arbitrary operant sensitive only to the instru-
mental processes of reward and punishment. Second, these findings re-
affirmed that a two process distinction could not be made in terms of
the type of behavior (autonomic versus skeletal) which each process
could control.

An alternative approach to classifying behavior as being the re-

sult of Pavlovian or operant conditioning, is to investigate the extent



to which that behavior is influenced by stimulus-reinforcer and/or
response-reinforcer effects (Schwartz & Gamzu, 1977). Stimulus-reinforcer
effects refer to behavior which can be ascribad to the correlatiom
between a reinforcing stimulus and an antecedent discriminative stimu-
lus. Response-reinforcer effects refer to behavior which can be as-
cribed to the correlation between a reinforcing stimulus and an ante-
cedent response. The emphasis in this paper is on response-reinforcer
and stimulus-reinforcer effects. Consequently it is important that
these concepts are not confused with the effects of response-dependent
and response-independent procedures. Although the concepts are clearly
related (response-dependent procedures arrange a correlation between
response and reinforcer while response-independent procedures arrange a
correlation between a stimulus and a reinforcer), the emphasis in the
present experiment is on the idea that behavior in response-dependent
procedures may be the result of both response~reinforcer and stimulus-
reinforcer effects. More specifically, the hypothesis is that stimulus-
reinforcer effects differentially affect the delay of reward gradients
for different responses in pigeons. Past research has demonstrated
that stimulus-reinforcer effects may be an important determinant of
performance in studies which employ pigeon's keypecking behavior as the
dependent measure.

The Brown and Jenkins (1968) and Williams and Williams (1969) studies
clearly demonstrate that keypecking may be influenced by stimulus-~rein-
forcer effects. A number of other observations also support the notion
that stimulus-reinforcer and response-reinforcer effects may interact

to influence performance in responsae-dependent procedures. One such



observation is positive behavioral contrast. One procedure for producing
positive behavioral contrast is to change a multiple schedule with two
equal variable interval (VI) components to a multiple schedule in which
the reinforcement frequency in one component is reduced. This reduced
reinforcement frequency in one component results in an increase in key-
pecking in the unchanged component (Reynolds, 1961). This increase in
keypecking has been termed positive behavioral contrast. The most con-
vincing explanation of positive behavioral contrast attributes the in-
creased keypecking to stimulus-reinforcer effects. The rationale is

that with the reduction in reinforcement frequency in one component,

the unchanged component becomes a differential predictor of reward. The
phenomenon of autoshaping is evidence that pigeons will peck a keylight
which is a differengial predictor of reward even in the absence of any
response-reinforcer contingency. Therefore, when the reinforcement fre-
quency in one component is reduced, keypecking to the unchanged component
will increase because of those additional keypecks which can be ascribed
to the stimulus-reinforcer contingency. This additivity theory of posi-
tive behavioral contrast has received a great deal of experimental sup-
port (see Schwartz & Gamzu, 1977, for a review).

Iwo other results indicate the influence of stimulus-reinforcer
effects in response-dependent procedures. If keypecking is the required
response pigeons typically do not perform well under either differential
reinforcement of low rate schedules (DRL) or avoidance schedules. The
former result can be ascribed to the stimulus-reinforcer based tendency
for keypecking behaviors to be directed toward a stimulus which signals
reward (e.g., Hemmes, 1975; Schwartz & Williams, 1971). The latter re-

sult can be ascribed to the stimulus-reinforcer based tendency for pigeons



to avoid a signal for shock (e.g., Foree & LoLordo, 1974; Smith &
Keller, 1970).

The preceding studies have demonstrated the importance of stimulus-
reinforcer effects in a variety of response-dependent procedures. The
present experiment is an attempt to demonstrate that stimulus-reinforcer
effects may influence the delay of reward gradient. The rationale is
that when a reward is delayed, the discriminative stimulus which pre-
cedes the response signals that reward is temporally distant. This
stimulus-reinforcer relationship may influence performance in a delay
of reward procedure. If the behavior which occurs because of the sti-
mulus-reinforcer relationship is compatible with the required response,
the stimulus-reinforcer effects in a delay of reward procedure will
tend to improve performance. If the behavior which occurs because of
the stimulus-reinforcer relationship is incompatible with the required
response, the stimulus-reinforcer effects in a delay of reward procedure
will tend to decrease performance. Therefore, stimulus~reinforcer ef-
fects may increase, decrease, or have no effect on the rewarded response
when reward is delayed depending on the particular response requirement.

The Brown and Jenkins (1968) study indicates that stimulus-reinforcer
effects tend to increase keypecking performance if reward is immediate.
That is, keypecking which can be ascribed to stimulus-reinforcer effects
is clearly compatible with a schedule in which keypecking is the re-
quired response. Other research indicates that increasing the interval
between a keylight stimulus and reward decreases the tendency to approach
and peck this keylight stimulus. Newlin and LoLordo (1976) reported
that the acquisition of consistent autoshaped keypecking was retarded

under a trace conditioning procedure as compared to a procedure in which



food was presented while the conditioned stimulus was still projected

on the key. Unfortunately, Newlin and LoLordo did not present complete
data on the rate of autoshaped keypecking at steady-state. Consequently
their results may not apply to steady-state behavior in delay of reward
procedures, However, Ricci (1973) followed a 4 min Iinter-trial inter-
val (ITI) with a sequence of four discriminable keylight stimuli each

of which was 30 sec in duration. At steady-state Ricci found that the
rate of autcshaped keypecking was less to stimuli which were further
away from food than to stimuli which were temporally closer to the de-
livery of food. Staddon and Simmelhag (1971) demonstrated that temporal
factors may also influence the probability of keypeck-like behaviors
even in the absence of any keylight stimulus. They presented food at
regular intervals, independent of the pigeon's behavior, and found that
approach responses and pecking movements directed toward the magazine
wall, increased in frequency as the time of food delivery approached.
The Staddon and Simmelhag findings can be classified as a demonstration
of stimulus-reinforcer effects influencing keypeck-like behaviors with
the stimulus in their study being time. Finally, Wasserman, Franklin,
and Hearst (1974) reported that pigeons withdrew from a keylight when
the offseg of that keylight never preceded the delivery of food by less
than 33 sec. All of these findings provide evidence that the behavior
which occurs because of stimulus-reinforcer relationships changes from
being compatible with a required response of keypecking (Brown & Jenkins,
1968), toward being neutral, or even incompatible (Wasserman, Franklin,
and Hearst, 1974), as the stimulus-reinforcer interval is increased. It

should be apparent that this is exactly what is done in a delay of reward



procedure in which the stimulus to which pecking is required is not pre-
sent during the delay interval.

All of the preceding findings have demonstrated that behavior in
response independent procedures changes as the stimulus-reinforcer
interval is increased. However it remains to be shown that increasing
the stimulus-reinforcer interval in a response-dependent delay of reward
procedure will also affect behavior. As already noted increasing the
stimulus-reinforcer interval by delaying reward should decrease keypecking
performance because of the incompatibility of the behavior which can
be ascribed to stimulus-reinforcer effects. (In the experiment to be
reported below an increase in mean excess time will be used as an index
of a decrease in level of performance. Mean excess time refers to the
time taken to complete a response requirement above the minimum possible
time needed to complete the requirement.) The effects of increasing
the stimulus-~reinforcer interval in a delay of reward procedure can be
assessed by choosing response requirements such that the behavior which
occurs because of stimulus-reinforcer effects changes from being incom-
patible with the required response toward being compatible as reward is
delayed. Two such requirements are a withdrawal response requirement
(WR) and a schedule which differentially reinforces other behavior (DRO).
As the terms will be used here a WR schedule requires that the pigeon
move away from a keylight which signals subsequent availability of food.
A DRO schedule requires that the pigeon neither peck nor approach within
5 cm of a keylight which signals subsequent availability of food. When
reward is immediate, and the ITI long enough, both of these responses
should be difficult for pigeons (long mean excess times) because the

stimulus-reinforcer based tendency to appraoch a keylight which is followed



by food (Brown & Jenkins, 1968), is incompatible with the response re-
quirements of withdrawing from (WR) or not approaching (DRO) the key.
When reward is delayed the tendency to approach the keylight will be
attenuated (or even completely eliminated) because of the increased
stimulus-reinforcer interval. That is, as the delay interval is in-
creased, behavior which occurs because of the stimulus-reinforcer rela-
tionship becomes more compatible with these two response requirements
(Wasserman, Franklin, & Hearst, 1974).

‘The preceding analysis should not be interpreted to imply that de-
lay of reward gradients are influenced only by stimulus-reinforcer ef-
fects. If stimulus-reinforcer effects were the sole determinants of the
shape of the delay of reward gradients for different responses the pre-
ceding analysis would predict that when reward is delayed mean acess times
gshould increase on a schedule in which keypecking is the required response,
but that mean excess times should decrease on the DRO and WR schedules.
However delay of reward gradients are presumably also influenced by the
altered response-reinforcer relationship. In discrimination procedures
for example, both choice responses are typically followed by the same
delay of reward. Yet introducing a delay of reward into a discrimination
procedure disrupts performance (e.g., Cox & D'Amato, 1977). Since
response-reinforcer effects also influence performance in a delay of
reward procedure, mean excess times on the DRO and WR schedules may
increase, remain the same, or decrease when reward is delayed. Any of
these results may occur depending on the relative influence of response-
reinforcer and stimulus-reinforcer effects on the delay of reward gra-
dients for these two responses. Mean excess times on schedules in which

keypecking is the required response (fixed interval or FI schedules in



this experiment) should always increase because both the response-
reinforcer and stimulus-reinforcer effects steepen the delay of reward
gradient for keypecking. If the stimulus-~reinforcer effects influence
performance on the DRO and WR schedules more than the response-reinforcer
effects, mean excess times should decrease when reward is delayed. This
result would provide conclusive support for the hypothesis that stimulus-
reinforcer effects differentially affect the delay of reward gradients
for different responses.

If mean excess times on the DRO and WR schedules increase when
reward is delayed (if the response-reinforcer effects are stronger than
the stimulus-reinforcer effects), the hypothesis would be weakly sup-
ported only if this increase was less than the increase in mean excess
time on the FI schedule. The hypothesis would only be weakly supported
by this second possible result because the scales for the different
responses are probably not the same. Even if the same dependent measure
is employed for all three responses (mean excess time in this experiment)
there is an unknown relationship between mean excess time and the under-
lying scale which specifies strength of response tendencies. Further-
more, this relationship may be different for each response. The only
assumption which can be made is that mean excess time is at least an
ordinal measure of strength of response tendencies. Ordinal scales
do not allow meaningful comparisons of gradient shapes because when
such a scale is used it can be transformed an infinite number of ways.
Furthermore it can be transformed in a different way for each response
requirement to give any shape which maintains order, e.g., a monotonic
function. For these reasons greater increases in mean excess times

on the FI schedule than on the DRO or WR schedules when reward is delayed,



could be ascribed to different underlying scales for the different
responses and not necessarily to differential stimulus-reinforcer
effects. In the absence of any convincing evidence as to the nature

of the relationship of mean escess time to the underlying scale which
specifies strength of response tendencies, a greater increase in mean
excess time on the FI schedule than on the DRO or WR schedules when re-
ward is delayed would provide suggestive evidence for differential
stimulus-reinforcer effects. Similarly, greater increases in mean
excess time on the DRO or WR schedules than on the FI schedule when
reward is delayed (or no differences in the amount of increase in mean
excess time on these schedules), would provide suggestive evidence
against differential stimulus-reinforcer effects. Finally, decreases
in mean excess time on the DRO or WR schedules (but not on the FI
schedule) when reward was delayed could not be ascribed to differences
in the underlying scales for the three responses because such a reversal
in order could not be eliminated by any permissible transformation,

one maintaining order. This last result would therefore provide con-
clusive evidence for the hypothesis that stimulus-reinforcer effects
differentially affect the shape of the delay of reward gradients for

different responses in pigeons.
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Method

Subjects

Eight experimentally naive White Carneaux pigeons obtained from a
local supplier served as subjects. They were unsystematically assigned
to two groups of four birds. The birds were housed in individual cages
in a continuously illuminated colony room. Water and grit were freely
available. They were maintained at 75% of their free-feeding weights.,
Supplementary feedings of mixed grain (507% wheat and 50% milo) were
given following test sessions as required.

Apparatus

Two plywood, sound attenuated, experimental chambers were painted
flat grey. Each chamber was 32 cm high, 39 cm side to side and 35 cm
front to back. A Gerbrands pigeon key was centered in one panel with
the bottom of the key 22 cm above the false floor and 13 cm above the
5 em x 5 cm aperture for the Lehigh Valley grain feeder. The feeding
apparatus was modified to include a photoelectric cell in order to
control actual eating time. A minimum force of approximately .1 N was
required to operate the response key and produce an audible feedback
click. An IEEE stimulus projector was used to present the various sti-
muli on the response key. The chamber was illuminated by a 6 watt
bulb located above a round translucent window centered in the ceiling
of the chamber. The houselight was on at all times except during grain
presentation and at the completion of a session. A ventilating fan
and white noise of approximately 30 dB (measured on the C-scale of a
General Radio sound level meter Model #1551B) masked extraneous sounds.

The speaker was mounted in the roof of the chamber behind the front
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panel. Each chamber was housed in a separate room and standard elec-
tromechanical programming equipment was housed in a third room. All
data (total excess time, total number of keypecks to the various
stimuli, etc.) were accumulated within a session on BRS/LVE counters.

The two chambers were virtually identical in all of the above
respects. One chamber was modified to include a tilt floor which pivoted
in a front to back direction. The floor was suspended from a steel
bar (6 mm in diameter) which was anchored to the side of the chamber
at one end, and to a 3 cm high (above the false floor) x 3 cm long x
1 cm wide block of wood at the other. The floor, bar, and block of wood
were covered by grey tape. Covering the floor with tape (with the bar
underneath the tape) provided a continuous surface with only a gradual
slope on each side of the bar. This mitigated against the possibility
of the bar impeding the movement of the pigeon. A microswitch was
located underneath the floor and its circuit was completed whenever the
pigeon was standing in the back half of the chamber. This made it possible
to always ascertain whether the bird was in the front or back half of
;he chamber. A 1000 hz tone of approximately 85 dB was provided by a
Hewlett Packard Model #200 AB audio oscillator.

The other chamber was modified to include a photobeam and photocell
in the upper right and upper left hand corners respectively. The
photobeam and photocell were arranged so that the circuit was broken
if the pigeon's body blocked more than one-half of the area of a cross-
section of a cylindrical column of light 18-19.3 cm above the false
floor and 5-6.3 cm in front of the key. The photobeam was on at all

times except during grain presentation and at the completion of a session.
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Design

Each bird was tested on two different response requirements in
each of two conditions. In one condition successful completion of the
appropriate response requirement was followed by immediate reward. 1In
the other, reward was delayed for 30 sec. The two requirements alter-
nated within a session and the reward conditions were changed between
phases. For the DRO group the two response requirements were a dif-
ferential reinforcement of other behavior schedule (DRO) and a fixed
interval 10 sec schedule for a keypeck response (FI 10")., The DRO
schedule required that the bird neither peck the key nor break the photo-
electric beam for a continuous 5 sec period. The 5 sec DRO timer oper-
ated continuously while the requirement was in effect as long as the
bird neither pecked the key nor broke the photoelectric beam. If the
pigeon engaged in either of the above behaviors the timer was reset and
the keylight was darkened as long as the photobeam was broken. Peck
and DRO requirements were each signalled by a different keylight stimulus.

For the WR group, the two response requirements were a withdrawal
response schedule (WR) and the keypeck FI 10" schedule. The WR schedule
required that the bird stand in the back half of the chamber for a con-
tinuous 5 sec period. Feedback was provided by a 1000 hz tone and at-
tenuation of the white noise when the bird depressed the microswitch by
standing in the back half of the chamber while the WR schedule was in
effect. Each trial ended in food and each response requirement was sig-
nalled by a different keylight stimulus.

For two birds in each group the sequence of the two conditions of
reward was immediate - 30 sec delay - immediate., For the other two birds
in each group the sequence of conditions was 30 sec delay - immediate -

30 sec delay.
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Procedure

Each bird was trained and tested in the same chamber throughout
the experiment. One session of feeder training was given while the
response key was covered by grey tape. This session was continued until
the bird ate reliably from the food hopper within 3 sec of grain pre-
sentation.

Following feeder training all birds were hand shaped to peck the
key. The key was trans-illuminated by a white traingle on a black
background during all keypeck training and testing. All birds were
shaped within two sessions. Further training of the keypecking response
was given during the next three sessions. During the first of these
sessions a 15 sec ITI (white keylight) was followed by presentation of
the white triangle on the key. The first peck to the white triangle
resulted in 3 sec of grain. (Entry of the bird's head into the food
hopper interrupted a photoelectric beam and activated the food timer.
This maintained a constant eating time of 3 sec across conditions.) The
next session the schedule was increased to an FI 5" and the ITI was
increased to 30 sec. For the last of these preliminary sessions the
FI schedule was increased to its terminal value of 10 sec and the ITI
was increased to its terminal value of 60 sec. These and all subsequent
sessions ended after 60 grain presentations.

At this point training began on the DRO and WR schedules. With
the exception of this training (and subsequent testing) on these dif-
ferent response requirements all procedures and stimuli were identical
for the WR and DRO groups. Consequently procedural details will only be
given for the DRO group. Training under the DRO schedule began by fol-
lowing the ITI with a keylight stimulus of three horizontal black bars

on a white background. This stimulus signalled that a DROC schedule
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was in effect. A DRO 1" schedule was in effect for the first two
training sessions. The DRO requirement was then increased by 1 sec
every two sessions until the terminal value of 5 sec was reached. Two
sessions were then given on the DRO 5" schedule. The DRO group was then
divided into two subgroups. One subgroup was switched to a schedule
in which the white triangle (signalling the FI 10") and the three
horizontal bars (signalling the DRO 5") followed the ITI on alternate
trials., Successful completion of the appropriate response requirement
(either DRO 5" or FI 10" depending on the trial) resulted in 3 sec of
grain. Testing continued under these conditions for a minimum of 15
sessions and until a stability criterion had been reached. To determine
if eriterion had been reached data were first grouped into blocks of
three sessions. One part of the criterion required that the mean of
the time which was taken to complete the DRO 5" (and FI 10") for each 3
day block varied by no more than 10% of the mean for the entire 9 day
period. The second part of the criterion required that there not be
any upward nor downward trend either over the last 3 blocks or over
the 3 sessions within the last block. When criterion had been reached
the bird was advanced to the next phase of the experiment. Otherwise
the bird was tested for an additional 3 sessions and the 9 day period
which was then checked consisted of these additional 3 sessions and the
previous 6 sessions. When criterion had not been reached within 51 ses-
sions the bird was advanced to the next phase after the 51st session.
After the stability criterion had been reached (or a bird had
been tested for 51 sessions under one condition), the conditions were
then gradually changed until a 30 sec delay of primary reward followed

completion of the required response. This change was made by inserting
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sessions such that the delay was gradualiy increased from 0 to 30 sec
across sessions. The sequence of delays used was 1, 3, 3, 3, 5, 7,
10, 13, 16, 19, 22, 25, 28, and 30 sec. The above sequence was not
invariant in that in several cases 2-3 extra sessions of training
under the shorter delay values were inserted when the experimenter
judged that the delay time was being increased too rapidly. Bird E

of the DRO group was tested under a 16 sec delay of reward after ex-
trémely long excess times were taken to complete the FI requirement at
longer delays. On all trials the houselight remained on and the key-
light was red during the delay interval. When criterion was reached
under the 30 sec delay of reward condition, the birds were retested in
the immediate reward condition. The experiment was completed when

the stability criterion was again reached in the immediate reward condi-
tion.

The second DRO group was first tested with the 30 sec delay,
switched to the immediate reward condition after the stability criterion
had been reached, and then retested with the 30 sec delay. For both
the initial change to a 30 sec delay of reward, and the reversal, the
delay was gradually increased using the same procedure as before.

All birds were tested daily with the following exceptions. A bird
was not tested if its presession weight was less than 70% or greater
than 807 of its free-feeding weight. Birds were rarely underweight
(less than 5 times for all birds combined). Certain birds were often
overweight (A, C, D, and H) and were normally only tested six days a
week. The second exception occurred when birds E, F, A, and B were
not tested for a 3-5 week period between Phases I and II. The third
exception to daily testing occurred when the experimenter took an occa-

sional rest day. This occurred no more than 2-3 times per bird.
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Results

All birds continued to keypeck on the FI schedule and complete
the DRO and WR requirements when reward was delayed with one exception.
Bird C often had very long excess times on the FI schedule in Phase I
(delayed reward). This bird was gradually decreasing the time taken
to complete the FI requirement when an equipment failure resulted in
an almost complete absence of keypecking on the FI schedule. This
breakdown in FI keypecking continued for two sessions. Bird C was
therefore switched to conditions of immediate reward even though it
had neither met the.stability criterion nor been tested for 51 sessions
in Phase I. The two sessions which occurred after the equipment
failure were not used in the data analysis for this bird.

Results are summarized in Tables I and II. (Acquisition data are
contained in the appendix.) Table I summarizes the results for those
birds who were tested twice under conditions of immediate reward and
Table II summarizes the results for those birds who were tested twice
under conditions of delayed reward. The mean excess times on the DRO
(or WR) requirement over the last nine sessions of each condition are
shown columns 1-3. The same measures for the FI requirement are showm
in columns 8-10. (Only 17 sessions were used in computing the mean
excess time on the FI schedule under conditions of delayed reward for
Bird G because of a counter failure during one of the last nine sessions
of Phase III for this bird.)} The columns which contain the results for
the immediate reward condition are indicated by an I and the columns
for the delayed reward condition are indicated by a D, The subscripts
indicate whether those data were obtained from the first or second group

of sessions that bird was tested under that condition. The last nine
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sessions were used to determine if performance met the stability cri-
terion and should therefore be representative of steady-state perform-
ance. Asterisks indicate those conditions in which the stability
criterion was met within 51 sessions. -

Columns 4 and 11 contain the mean excess times on the DRO (or WR)
and FI peck requirements, respectively, averaged over the two condi-
tions in which the bird was tested twice. The mean excess time on the
DRO (or WR) schedule under conditions of immediate reward was subtracted
from the same measure under conditions of delayed reward for each bird
and the results are shown in column 5. Column 12 contains the same
difference for the FI schedule. Positive values in columms 5 and 12
indicate that the bird tock less mean excess time to complete the
response requirement when reward was immediate than when it was delayed.
This result was obtained for six out of eight birds on the DRO (or WR)
schedule and suggests that as a group the response-reinforcer effects
of delay were stronger than the stimulus-reinforcer effects of delay on
these two schedules. All eight birds took less mean excess time to com-
plete the FI requirement when reward was immediate than when it was
delayed (column 12). Note that the result which would conclusively de-
monstrate differential stimulus-reinforcer effects (decreases in mean
excess time on the DRO or WR schedules when reward was delayed) was not
obtained. Consequently any tests of differential stimulus-reinforcer
effects must compare mean excess times across the different responses.
Unfortunately the DRO, FI, and WR scales are probably not the same.
Nevertheless some indication of differential stimulus-reinforcer effects
on these requirements may be obtained by analyzing the data in several

different ways in which each analysis implies a different relationship



18

of mean excess time to the underlying scale which specifies strength

of response tendencies. This procedure will be followed here.

Insert Tables I and II about here

The first analysis compares the difference in mean excess time
(delayed minus immediate) on the DRO (or WR) schedules to the same dif-
ference on the FI schedule. A significance test on difference scores
would be appropriate if mean excess time is an interval scale measure
of strength of response tendencies. The difference score on the DRO
(or WR) schedule (column 5) was subtracted from the difference score
for that bird on the FI schedule (column 12} and the results are shown
in column 15. Seven out of eight wvalues in this column are positive
indicating that these birds showed a greater increase in mean excess
time when reward was delayed on the FI schedule than when reward was
delayed on the DRO (or WR) schedule. This result was statistically sig-
nificatn (p = .035) according to a one-tailed binomial sign test
(Siegel, 1956). A one-tailed test was employed because the hypothesis
of differential stimulus-reinforcer effects predicts that the decrement
in mean excess time when reward is delayed will be greater on the FI
schedule than on the DRO (or WR) schedule. This prediction was supported.

A second way to analyze the data is to form a ratioc of mean excess
time (delayed over immediate) for each response. A larger ratio on one
response than another indicates a greater proportional decremental ef-
fect of a delayed reward on mean excess time for that response. Greater
proportional decremental effects on mean excess times suggest greater

decrements in strength of response tendencies if the log of mean excess
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Table Caption

Table 1: A Comparison of Mean Excess Times on the DRO (or WR) and

FI Requirements over the Last Nine Sessions of Each Condi-

tion for those Birds who Were Tested Twice under Conditions

of Immediate Reward
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Table Caption

A Comparison of Mean Excess Times on the DRO (or WR)
and FI Requirements over the Last Nine Sessions of Each
Condition for those Birds who Were Tested Twice under

Conditions of Delayed Reward
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time is assumed to be linearly related to strength of response tendencies.
The ratios of mean excess time when reward was delayed to mean excess
time when reward was immediate for the DRO (or WR) requirement are
shown in column 6. The same ratios for the FI requirement are shown
in column 13. The ratio on the FI schedule was then divided by the
ratio on the DRO (or WR) schedule for that bird and the results are
shovn in column 16. Values greater than one in this column indicate
that delaying reward had a greater proportional decremental effect on
the FI schedule than on the DRO (or WR) schedule, This result was ob-
tained from seven out of eight birds and was statistically significant
according to a one-tailed binomial sign test (p = .035). This result
too suggests that stimulus-reinforcer effects tend to produce a steeper
gradient for the peck response than for the DRO or WR responses.

The third comparison made is of the degree of overlap in mean
excess times across the delayed and immediate reward conditioms for
each response requirement. This last analysis only assumes that mean
excess time is an ordinal scale. Although ordinal scales can be trams-
formed an infinite number of ways, all acceptable transformations of
ordinal scales maintain order. In other words there is no way to trans-
form an ordinal scale such that the degree of overlap, as measured by
the Mann-Whitney U Statistic, could be changed. WNote that when the
test is used in this way it is being used strictly as a descriptive
statistic not as an inferential statistic. The U values shown in column
7 were computed by determining the number of sessions (using only the
last nine sessions of each condition) the mean excess time on the DRO
(or WR) schedule under conditions of immediate reward, was less than the

mean excess time under conditions of delayed reward. The same information
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for the FI requirement is shown in column 14. The larger the value of
U the greater is the degree of overlap across the immediate and delayed
reward conditions. (Note: This is different from most statistical
tests where larger values are associated with larger differences between
conditions.) The value of U was greater on the DRO (or WR) schedule
in seven out of eight birds. This result too was statistically signi-
ficant according to a one-tailed binomial sign test (p = .035). This
result also supports the hypothesis of differential stimulus-reinforcer
effécts in that a greater degree of overlap on the DRO (or WR) schedule
indicates that delay of reward has less of a decremental effect on these
two schedules than on the FI schedule.

The lack of a comparable scale for the different responses also
does not affect interpretation of the data obtained from birds B and
G. These two birds took less mean excess time to complete the WR and
DRO requirements respectively, when reward was delayed than when it was
immediate. This result can be seen as a negative value in column 5 for
these birds. This improvement in WR and DRO performance failed to
reach statistical significance U (9,18) = 49 for bird B and U (9,18) = 58
for bird G, both p .05 according to a one-tailed Man-Whitney U test.
(Note: The U values given here differ from the U values in Tables
I and II for these birds because the U values given here were computed
by determining the number of sessions the mean excess time under condi-
tions of delayed reward was less than the mean excess time under condi-
tions of immediate reward. The U values in Tables I and II were com-
puted by determining the number of sessions the mean excess time under
immediate reward was less than the mean excess time under conditions of
delayed reward.) Even a failure to find a decremental effect when reward

is delayed on these two schedules can be taken as support for differential
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stimulus-reinforcer effects when contrasted with the statistically sig-
nificant decrement in mean excess time when reward was delayed on the
FI schedule, U (9,18) = 0 for bird B, and U (9,17) = 21 for bird G,
both p .00l according to a one-tailed Mann-Whitney U test. Of course
it should be noted that some birds would be expected to show no statis-
tically significant decrement when reward is delayed by chance alome.

Two related points probably need be discussed. The first point
is the degree to which Phase I performance was recovered in Phase III.
This did not appear to be a problem for most birds. The two most ob-
vious exceptions are birds E and F. Bird E showed improvement in DRO
performance (less mean excess time) across the three phases. Bird F
failed to regain the efficient level of DRO performance_seen in Phase 1
when retested under conditions of délayed reward in Phase III. Although
the reasons for these findings are not clear at present, there is some
indication that the topography of the behavior which occurred while
the DRO schedule was in effect differed in Phases I and III. For example,
informal observation of Bird E indicated that it head-bobbed toward the
front wall during Phase I, a behavior which often iﬁterrupted the
photoelectric beam, but head-bobbed toward the side wall during Phase
ITI.

The second problem which need be discussed is the degree to which
the mean excess time over the last nine sessions is representative of
steady-state performance in those birds who did not meet the stability
criterion within 51 sessions. Examination of the session by session
data suggests that the stability criterion was not met because of vari-
ability and not because of any long-~term trend in performance. One

indication that there was not any long-term trend is that in all but
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three cases there were a minimum of four reversals of the direction
in change in mean excess time over the last nine sessions. Even in
these exceptions (bird E in Phase II on the FI, bird H in Phase I

on the DRO, and bird C in Phase I on the WR) there were a minimum of
three sessions in which mean excess time went in each direction.

That is, in these three exceptions the mean excess time may have in-
creased for three consecutive sessions but if it also decreased for
three consecutive sessions there is little evidence for any long-term
trend. Finally, there was at least one reversal of direction over

the last four sesgsions in all conditions for all birds.
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Discussion

The results do not provide conclusive evidence for the hypothesis
that sfimulus-reinforcer effects differentially affect the delay of
reward gradients for different responses in pigeons. Although dif-
ferences in the relative steepness of the delay of reward gradients
for different responses were obtained, little weight can be given to
this result because the scales for the different responses are probablj
not the same. Because of this scaling probleﬁ the only result which
would have provided conclusive evidence for differential stimulus-
reinforcer effects would have been decreased mean excess times on the
DRO and WR schedules when reward was delayed. The fact that six out
of eight birds had greater mean excess times on the DRO (or WR) schedule
when reward was delayed can probably be ascribed to the stronger response-
reinforcer effects of a delayed reward counteracting the weaker stimulus-
reinforcer effects which are hypothesized to be operating on these two
schedules. Decreased mean excess times on these two schedules when
reward was delayed may have been obtained by using some other combina-
tion of time values for the ITI, delay period, and DRO (or WR) require-
ment. It must be noted however, that three different methods of data
analysis all yielded results which were consistent with the hypothesis
of differential stimulus-reinforcer effects. Although all three are
open to alternative explanations by making specific assumptions about
the nature of the scales involved, there does not appear to be any con-
vincing reason for making these assumptions. What is clear is that at
the very least the results cannot be taken as evidence against dif-
ferential stimulus-reinforcer effects. Since the results do provide

suggestive evidence for differential stimulus-reinforcer effects, and
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since this hypothesis has widespread implications, further research
1s being conducted.

To give just one example, the hypothesis of differential stimulus-
reinforcer effects has implications for the interpretation of the low
rates of keypecking which are obtained in the early components of long
FI chain schedules (Kelleher & Gollub, 1962). This finding has typically
been taken as evidence that the stimuli which signal the early components
acquire very weak secondary reinforcing properties, if any. That is,

a low rate of keypecking in the first component ( the component which

is the furthest in time from food), has been interpreted as evidence
that the second component is a very weak conditioned reinforcer. An
analysis of this finding in view of stimulus-reinforcer effects suggests
that the low rate of keypecking in the first component can be ascribed
to the fact that the keylight which must be pecked in the first component
signals that food is temporally distant. This stimulus would thus tend
to be avoided (Wasserman, Franklin, & Hearst, 1974) and this stimulus-
reinforcer avoidance effect would tend to counteract any tendency to
peck the key resulting from the correlation between the response and
(conditioned) reinforcer.

Stimulus-reinforcer effects may also influence the shape of the
delay of reward gradients for responses in other species. It has been
suggested (e.g., Deutsch, 1960) that maze running can be conceptualized
as approach elicited by successive maze stimuli. If such a stimulus-
reinforcer effect does in fact influence maze running, then delaying
reward should decrease the signal value of maze stimuli and therefore

steepen the delay of reward gradient for maze running.
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In conclusion, the suggestive results which were obtained in the
present experiment, although not conclusive, indicate the need for
further research. Such research is currently being undertaken by the

present author.
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Stimulus-reinforcer effects refer to behavior which can be ascribed to
the correlation between an antecedent discriminative stimulus and a
subsequent reinforcer. Pigeons tend to approach and peck a keylight
which signals immediate delivery of food but tend to withdraw from a
keylight which signals that food is far away in time. These stimulus-
reinforcer effects should tend to steepen the &elay of reward gradient
for a keypeck response. However, stimulus-reinforcer effects should
flatten the delay of reward gradients for the responses of not approach-
ing or withdrawing from a keylight which signals food. Each of eight
pilgeons was tested on two response requirements in each of two condi-
tions. In one condition successful completion of the appropriate re-
quirement ﬁas fpllowed by immediate reward. In the other, reward was
delayed for 30 sec. For the DRO group (n=4) the two requirements were
a differential reinforcement of other behavior schedule (DRO) and a
fixed interval schedule for a keypeck response (FI 10"). For the WR
group (n=4) the two requirements were a withdrawal response (WR) and
the same FI 10" schedule. The DRO schedule required that the pigeon
neither peck nor approach within 5 cm of a keylight which was followed
by food for a continuous 5 sec period. The WR schedule required that
the pigeon stand in the back half of the chamber for a continuous 5

sec period. The response requirements were presented on alternate
trials following a 60 sec inter-trial interval and each was signalled
by a different keylight stimulus. The dependent measure was mean excess
time (time taken to complete the requirement above the minimum possible
time). On each of three measures, seven out of eight birds provided
evidence for the hypothesis that stimulus-reinforcer effects steepen

the keypeck gradient more than the DRO or WR gradients. These measures



were (a) greater increases in mean excess time when reward was delayed
on the FI schedule than on the DRO (or WR) schedule, (b) larger ratios
of mean excess time (delayed over immediate) on the FI schedule, and
{c) less overlap of mean excess times across the delayed and immediate
reward conditions on the FI schedule. It was suggested that stimulus-
reinforcer effects are likely to affect the delay of reward gradients

for responses in other species as well.



