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During training sessions, pecks by pigeons on a response key illuminated by a vertical line
of white light resulted in reinforcement and an ensuing blackout according to a fixed-
interval schedule. Training sessions were followed by dimensional stimulus control test ses-
sions during which the orientation of the line present throughout the fixed interval was
varied. Inverted U-shaped (excitatory) gradients of responding, with maximum responding
occurring in the presence of the vertical line, were observed during the terminal part of the
fixed interval. U-shaped (inhibitory) gradients of responding, with minimum responding
occurring in the presence of the vertical line, were observed during the early part of the
fixed interval when the preceding interval had terminated with reinforcement and blackout
but not when the preceding interval had terminated with blackout only. These results
suggest that the dimensional control by the stimulus present throughout the fixed interval
is of a conditional variety. Whether the fixed-interval stimulus exerts inhibitory or ex-
citatory dimensional control depends upon the presence and absence, respectively, of
stimuli associated with reinforcement.

Operant behavior that occurs in the presence
of a particular stimulus may or may not be
controlled by that stimulus. A stimulus is said
to control an operant behavior if stimulus
value and response probability covary in a
regular fashion. Whether or not a stimulus
controls a behavior is ascertained by stimulus
variation procedures. One stimulus variation
procedure consists of varying a dimension of a
stimulus. If responding varies as a dimension
of a stimulus is varied, dimensional stimulus
control is said to exist.
While stimuli present in an organism's en-

vironment do not always exert dimensional
control over operant responding (e.g., Jenkins
and Harrison, 1960), when such control does
occur it takes on one of two general forms. The
results of Honig, Boneau, Burstein, and
Pennypacker's (1963) experiment illustrate the
two varieties of dimensional control. For one
group of pigeons, pecking in the presence of a
white keylight was reinforced while pecking in
the presence of a black vertical line on the
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white key was not reinforced. The relationship
between reinforcement availability and the
stimuli was reversed for the subjects in the
second group. Once differential responding
in the presence of the two stimuli was estab-
lished, subjects in both groups were given a
test in which different line orientations were
presented. Responding by the subjects of the
first group took the form of a U-shaped gradi-
ent, with least responding occurring in the
presence of the vertical line. For the other sub-
jects, responding took the form of an inverted
U-shaped gradient, with maximum responding
occurring in the presence of the vertical line.
These forms of stimulus control are commonly
called "inhibitory" and "excitatory" dimen-
sion control (see, however, Hearst, Besley, and
Farthing (1970) regarding this use of terms)
and are typically observed when stimuli are
differentially associated with non-reinforce-
ment and reinforcement respectively.
The purpose of the present research was to

examine dimensional stimulus control during
fixed-interval (FI) reinforcement schedules.
During an Fl schedule, reinforcement is made
available after the passage of a fixed period
of time since the preceding reinforcement.
Performance under an Fl schedule appears to
depend on the length of exposure to the sched-
ule and the duration of the interval. During
longer intervals (e.g., Ferster and Skinner,
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1957), or after a limited amount of exposure
to an Fl (e.g., Cumming and Schoenfeld,
1958), a "scalloped" pattern of responding-
little or no responding immediately after re-
inforcement, followed by positive acceleration
in responding until the end of the interval-
is typical. After extended exposure to slhorter
intervals, a "break-and-run" pattern-little or
no responding immediately after reinforce-
ment followed by a rapid transition to a con-
stant rate of responding-is observed (e.g.,
Schneider, 1969).
A basic feature of the Fl sclhedule is the

regular temporal juxtaposition of a period of
reinforcement non-availability early in the
interval with a period of reinforcement avail-
ability at the end of the interval. Since the
stimulus present throughout the Fl is regularly
associated with these periods of reinforcement
non-availability and availability, and since
these are conditions that normally result in
inhibitory and excitatory dimensional control,
it may be, as suggested by Staddon (1969),
that the Fl stimulus exerts inhibitory di-
mensional control early in the interval and
excitatory dimensional control later in the
interval. That is, if a dimension of the stimulus
present throughout the Fl was varied, one
might observe a U-shaped gradient of respond-
ing during the first part of the interval and an
inverted U-shaped gradient during later parts
of the Fl. The present research attempted to
determine if dimensional control by the Fl
stimulus is of such a variety.

EXPERIMENT I
In this experiment, pigeons' key pecking in

the presence of a vertical line was reinforced
according to an Fl schedule. Jenkins and
Harrison (1960) found that unless a stimulus
associated with reinforcement was alternated
with a stimulus during which reinforcement
was unavailable, the former stimulus did not
control responding. To ensure that the line
stimulus present throughout the Fl in the
present experiment controlled responding, a
stimulus associated with non-reinforcement
was arranged to follow each Fl reinforcement.

After Fl training, dimensional control by
the Fl stimulus was assessed. Lines of different
orientation were presented throughout the
Fl. To make training and test conditions as
similar as possible, reinforcement for respond-

ing in the presence of all line orientations was
provided during test conditions. Responding
in the presence of the different line orienta-
tions during different parts of the Fl was
recorded.

METHOD
Subjects
Three pigeons with no previous experi-

mental history served. Two of the birds (SI
and S3) were Silver Kings; the other was a
White King. The subjects were maintained at
approximately 80% free-feeding weight
throughout the experiment by grain obtained
during experimental sessions and post-session
supplemental feeding as required. Free access
to water and grit in the homecage was pro-
vided.

Apparatus
A commercial operant chamber for pigeons

(Tech Serv., Inc. Model PS-004) was used as
the experimental space. A clear plastic re-
sponse key was mounted on one wall of the
chamber directly above a solenoid-operated
grain feeder. Operation of the key required
a peck having a force of about 0.2 N. A Series
10 Industrial Electronics Engineers' stimulus
display cell, which projected a 2.54-cm by
0.32-cm white line in various orientations, was
mounted directly behind the response key.
During feeder operation, the display cell was
turned off and a 7-W lamp illuminated the
grain in the feeder. The feeder lamp and dis-
play cell were the only sources of illumination
in the chamber. Solid-state logic circuits were
used to arrange experimental events and oper-
ate recording counters.

Procedure
Before the start of the experiment proper,

key pecking in the presence of a vertical (00)
line on the response key was autoshaped (cf.
Brown and Jenkins, 1968). The subjects then
received daily sessions in which key pecking
was reinforced according to an Fl schedule.
During eaclh Fl, the response key was trans-
illuminated by a 00 line. Reinforcement con-
sisted of 5.0-sec access to mixed grain. Each
reinforcement was followed by a 1.0-min black-
out during which the stimulus display cell
remained off and key pecks had no conse-
quences. Each Fl was timed from termination
of the blackout condition. For S1, the duration
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of the FI was 6.0 min; for the other two sub-
jects, the duration was 3.0 min. Sessions were
approximately 1 hr in duration for S2 and S3
and approximately 2 hr in duration for SI.
Sessions began and ended during the blackout
condition. During each session, response rate
during successive thirds of the FI was recorded.

Training sessions continued until respond-
ing under the Fl schedule appeared by visual
inspection to be stable. Subjects S1, S2, and
S3 received 32, 45, and 21 training sessions
respectively. The training sessions were fol-
lowed by four test sessions, on successive days,
in which control of responding by the line-
tilt dimension was assessed. During these ses-
sions, reinforcement continued to be made
available according to the Fl schedule and a
blackout continued to follow each reinforce-
ment. During these sessions, however, the
line orientation on the response key was varied
during different intervals. Each session con-
sisted of 15 intervals. Each of five different
line tilts (+45, +22.5, and 0 degrees from
vertical) was presented three times. Thus, the
00 line occurred during three intervals, the
-22.5° line during three, and so forth. The
order in which the different line tilts were
presented was randomized during each session
within the restriction that each line tilt had
to occur three times per session. During each
test session, response rate during successive
thirds of the Fl was recorded.

RESULTS
During the terminal training sessions, all

three subjects displayed an approximately

Table 1

Responses per minute during successive thirds of the
Fl in the presence of different line tilts. Data are aver-
ages of all four test sessions.

Line Tilt

Third
Subject of FI -45 -22.5 0 +22.5 +45

SI 1 55.3 37.0 20.3 55.5 54.0
2 97.0 86.3 99.5 107.5 101.5
3 138.5 141.0 173.8 129.0 126.3

S2 1 8.3 7.0 3.4 5.9 7.9
2 18.9 16.6 16.8 17.0 18.4
3 28.2 30.9 37.4 27.8 25.9

S3 1 30.0 32.2 9.9 24.8 27.2
2 52.9 60.6 61.2 51.2 54.9
3 69.9 76.3 95.0 70.5 70.1

linear increase in response rate over successive
thirds of the FI.
Table 1 and Figure 1 show the test session

results. Table 2 shows response rate, averaged
over all four test sessions, during successive
thirds of the FI in the presence of the different
line tilts. During the first third of the FI,
responding was in the form of a U-shaped
gradient, with minimum responding occurring
in the presence of the vertical line. During the
last third of the FI, responding took the form
of an inverted U-shaped gradient, with maxi-
mum responding occurring in the presence of
the vertical orientation. During the middle
third of the FI, response rates were more-or-less
the same in the presence of the different orien-
tations. Nonparametric trend analysis (Fergu-
son, 1965) of the averaged data for the three
subjects revealed two significant trends: a
bitonic trend in responding during the first
third of the FI (S = +16, p < 0.05) and a
bitonic trend in responding during the last
third of the FI (S = -20, p < 0.05).

Figure 1 shows response rate during the first
and last third of the Fl in the presence of the
different line tilts for each of the four test
sessions. During each test session for each sub-
ject, gradients of an approximately U- and
inverted U-shaped form were observed.

DISCUSSION
The test-session data confirm Staddon's

(1969) prediction that dimensional control by
the FI stimulus is of an inhibitory variety early
in the FI and of an excitatory variety during
later portions of the FI. This finding differs
from the results of an experiment performed
by Konick and Thomas (1968). They rein-
forced key pecking in the presence of a 555-nm
light according to an FI 1-min schedule. Rein-
forcement was followed by a blackout averag-
ing 30 sec in duration. After training, several
wavelengths were presented during a test for
stimulus control. Blackouts but not reinforce-
ment were arranged every 1 min during the
test. They reported an inverted U-shaped
gradient of responding, with most responding
occurring in the presence of 555 nm in all
parts of the Fl.
One way to account for the temporal change

observed here in the type of dimensional con-
trol exerted by the FI stimulus, and to recon-
cile these results with those of Konick and
Thomas, is to consider the dimensional control
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Fig. 1. Response rate in the presence of the different line tilts during the first (lower four gradients) and last

(upper four gradients) third of the Fl. Number beside each gradient refers to test session number.

exerted by the FI stimulus as a type of con-
ditional stimulus control. At the start of the
interval, when reinforcement is unavailable,
the Fl stimulus and other stimuli associated
with the beginning of the interval are present.
At the end of the interval, when reinforcement
is available, the Fl stimulus is unchanged, but
the other stimuli have terminated or changed
in value. Thus, in order for the Fl stimulus
to be inhibitory, the stimuli associated with
the early part of the Fl would need to be
present. If these stimuli were related to the
occurrence of reinforcement at the end of the
preceding interval, one could account for the
inhibitory dimensional control observed in
the first part of the FI in the present experi-
ment and the non-occurrence of this type of
control in Konick and Thomas' experiment.
Apart from the use of a shorter Fl and wave-

length as the Fl stimulus, the only essential
difference in procedure between their experi-
ment and the present one was the omission of
reinforcement during the stimulus control test
session.
To examine the validity of the notion that

Fl stimulus control iA of a conditional variety,
Experiment II was performed.

EXPERIMENT

Pigeons' key pecking in the presence of a

vertical line was again reinforced according to

an Fl schedule. The subjects then received
test sessions in which the effects of reinforce-
ment omission upon control by the stimulus
present throughout the Fl was assessed. If rein-
forcement-associated stimuli are determinants
of the inhibitory dimensional control by the
FI stimulus early in the Fl, then omitting rein-
forcement should abolish this type of stimulus
control during the first part of the FI.

METHOD
Subjects
Three pigeons served. Two (S1 and S3) had

previously served in Experiment 1. The third
bird (S4), a Red King, had previously served
in an experiment in which key pecking in the
presence of red and green stimuli had been
reinforced according to a variable-interval
schedule. The birds were maintained at about
80% of their free-feeding weights throughout
the experiment.

Apparatus
The apparatus was identical to that used in

Experiment 1.

Procedure
Each subject received five test sessions inter-

spersed among training sessions. Subjects SI,
S3, and S4 received 59, 49, and 58 training
sessions respectively. Session durations were

approximately 2 hr, 1 hr, and 3 hr, for Subjects
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S1, S3, and S4. Sessions began and ended dur-
ing the blackout condition. During daily train-
ing sessions, key pecking in the presence of a
0° white line was reinforced according to either
an Fl 3-min (Subject S3 and S4) or Fl 6-min
(Subject SI) schedule. A 1-min blackout fol-
lowed each reinforcement. Response rate dur-
ing successive thirds of the Fl was recorded
during each session.

Test sessions for Subject SI occurred after
the thirtieth, forty-first, forty-fifth, forty-ninth,
and fifty-ninth training session. Test sessions
occurred after the twentieth, thirty-first, thirty-
fifth, thirty-ninth, and forty-ninth training
session for Subject S3 and the thirty-fourth,
fortieth, forty-sixth, fifty-second, and fifty-
eighth training session for Subject S4. The first
hour of each test session was identical to a
training session: key pecking in the presence of
the 00 line resulted in reinforcement and the
ensuing blackout according to the Fl schedule.
Twenty additional intervals followed. During
each of the odd-numbered intervals, the 0°
line was present on the response key. One half
of these intervals ended in response-produced
reinforcement. A 1.0-min blackout followed re-
inforcement. The remaining intervals ended in
a response-produced blackout of 5.0 sec, which
was immediately followed by the regular 1.0-
min blackout. During the even-numbered in-
tervals, the key was transilluminated by either
a 00, +22.50, or +450 line. Each orientation
occurred twice per session, once after an odd
00 interval had ended in reinforcement and
once after an odd 00 interval had ended in a
blackout. Each even-numbered interval ended
with reinforcement and an ensuing 1.0-min
blackout. The order of occurrence of odd inter-
vals ending in reinforcement and blackout and
the order of occurrence of the different line
tilts during the even intervals was random-
ized within the constraints imposed by the
conditions described above. During each test
session, response rate during successive thirds
of the 10 even-numbered intervals was re-
corded.

RESULTS
Test session results are shown in Figure 2.

Responding in the presence of the different
line tilts following 00 intervals that ended in
reinforcement is shown in the left-hand panels.
Response rate gradients during the first and
last third of the Fl for Subjects S3 and SI are

similar to those observed in Experiment I.
Subject S4 showed little evidence of either a
U-shaped gradient of responding during the
first third of the Fl or an inverted-U shaped
gradient of responding during the last third
of the Fl. What trend there was in this sub-
ject's responding, however, appears to be con-
sistent with the data for S3 and SI. It is inter-
esting to note that Subject S4 exhibited little
change in response rate during successive
thirds of the FI for both training and test
sessions. Its previous exposure to variable-
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interval reinforcement schedules may, in part,
have been responsible for the atypical Fl per-
formance.
Nonparametric trend analysis of test-session

responding in the presence of the different line
tilts following 0° intervals that ended in rein-
forcement revealed a significant bitonic trend
during the last third of the Fl (S = -16,
p < 0.05). Responding during the first third
of the Fl did not contain a significant bitonic
trend. When the data of Subject S4 were ex-
cluded from the analysis, the bitonic trend in
responding during the first third of the Fl was
significant (S = +12, p < 0.05).

Response rate in the presence of the various
line tilts following 00 intervals ending in non-
reinforcement is shown in the right-hand
panels of Figure 2. Gradients with peak re-
sponding during the presence of the 00 line
occurred during all three portions of the Fl for
Subjects S3 and S1. Again, the gradients for
Subject S4 are considerably flatter than those
of the other subjects. Nonparametric trend
analysis of responding in the presence of the
different line tilts following 00 intervals that
ended in non-reinforcement revealed a sig-
nificant bitonic trend during the first (S = -16,
p < 0.05), second (S = -12, p < 0.05), and last
(S = -22, p < 0.05) third of the FI.
The effects of reinforcement omission on

response rate during the succeeding Fl can be
seen by comparing response rates in the left-
and right-hand panels of Figure 2. Response
rate, particularly in the presence of the vertical
line orientation during the first third of the
Fl, and particularly for Subjects S3 and S1, was
higher during intervals following reinforce-
ment omission than following reinforcement.

DISCUSSION
Reinforcement has been shown to be a

critical determinant of inhibitory dimensional
control by the Fl-correlated stimulus during
the early part of the Fl. The present results
reconcile those of Experiment I and those of
Konick and Thomas (1968), and lend support
to the notion that control by the Fl stimulus is
conditional in nature.
The results also replicate previous experi-

ments (e.g., Staddon and Innis, 1969) that have
demonstrated the reinforcement omission
effect and have shown this effect to be pri-
marily the result of rate changes early in the
following interval. The size of this effect

seems to depend on the similarity of the
stimulus-Present during the interval following
omission to the stimulus present during the
interval terminating in non-reinforcement.

GENERAL DISCUSSION
The change over time in the type of dimen-

sional control exerted by the Fl-associated
stimulus that was observed in the present ex-
periments can be characterized as a form of
conditional stimulus control. Whether the Fl
stimulus is an occasion for non-reinforcement
(and inhibitory dimensional control) or rein-
forcement (and excitatory dimensional control)
depends on the presence or absence of rein-
forcement-associated stimuli. While this ac-
count of FI stimulus control obviously suffers
at present from the failure to identify the rein-
forcement-associated stimuli involved, a notion
such as this would appear to be necessary to
account for these results.

Inhibitory gradients of key pecking such as
observed here during the early part of the Fl
are usually interpreted as being the result of
an interaction between pecking and responses
antagonistic to pecking (cf. Jenkins, 1965; Ter-
race, 1972, 1973). During the stimulus associ-
ated with non-reinforcement for pecking, re-
sponses antagonistic to pecking are believed to
occur. While little attention has been paid to
observing and measuring these antagonistic
responses or to questions concerning why and
how they develop, some investigators (e.g.,
Terrace, 1972) have suggested that they consist
of such behavior as turning away from the
response key, and that they are conditioned by
the negative reinforcement associated with the
cessation of non-reinforced pecking. When the
stimulus associated with non-reinforcement
for pecking is varied in some dimension, the
antagonistic responses are believed to decrease
in frequency, with the result that pecking in-
creases in frequency. In terms of such an
analysis, the present results indicate that the
antagonistic responses that occur during the
first part of the Fl are jointly controlled by
antecedent reinforcement-associated stimuli
and the stimulus present throughout the Fl.
When either controlling stimulus is varied (re-
inforcement omitted or Fl stimulus varied)
the frequency of antagonistic responding dur-
ing the initial part of the interval, and hence
the frequency of pecking, is affected.
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The present experiments do not answer the
question of whether pecking during the early
part of the Fl is always jointly controlled by
reinforcement-associated stimuli and the Fl
stimulus. It may be that the latter source of
control operates only when the FI stimulus has
been differentially associated with reinforce-
ment availability, as was the case here, or when
the Fl stimulus is one, such as wavelength for
pigeons, that controls responding in the ab-
sence of differential reinforcement (cf. Terrace,
1966). The results of Malone (1971), who con-
ducted an experiment similar to Experiment I
except that blackouts after reinforcement were
not used during training or testing, suggests
that this might be the case. Malone reported
no inhibitory, U-shaped gradient of responding
in the presence of different line tilts during
the early part of the Fl. He did report, how-
ever, that a novel red keylight superimposed
on a line tilt did "disinhibit" (i.e., increase)
responding early in the FI. Similar effects
have been noted in several other experiments
(e.g., Hinrichs, 1968). Such findings would ap-
pear to indicate that antagonistic responses
always occur at the start of the Fl but that
they are controlled by the Fl stimulus only in
certain situations.
The finding that the Fl stimulus exerts in-

hibitory dimensional control for a period of
time after reinforcement is consistent with
Terrace's (1972) theory that the development
of inhibitory dimensional control by a stimulus
as a result of the occurrence of antagonistic
responses is responsible for the byproducts that
often accompany discrimination training in
which reinforcement is made differentially
available in the presence of certain stimuli.
Several of the byproducts observed during
discrimination training have also been ob-
served during Fl schedules. For example, the
divergence of response rate in the early and
late parts of the Fl during the development of
performance on Fl schedules has been classi-
fied as behavioral contrast (e.g., Reynolds,
1961; Schneider, 1969). This rate interaction
would, according to Terrace's account, be the
result of inhibitory control exerted by the Fl
stimulus during the post-reinforcement period.
The inhibitory nature of the control by the Fl
stimulus at the start of the interval would also
be responsible, according to Terrace's hy-
pothesis, for the fact that the Fl stimulus at
the start of the interval elicits attack behavior

(Richards and Rilling, 1972), acts as a negative
reinforcer (Brown and Flory, 1972), and as a
punishing stimulus (cf. Dews, 1970).
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