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ATTENTION AND “VISUAL FIELD DEPENDENCY”
IN THE PIGEON?

DoNnaLp M. WILKIE

UNIVERSITY OF BRITISH COLUMBIA

Three pigeons were trained in an upright conditioning chamber to peck a key transillumi-
nated by a vertical line. This training was followed by a line orientation generalization test.
During the test, the chamber was tilted laterally 22.5 degrees from upright. The chamber
floor remained horizontal with respect to gravity. Under these conditions, the subjects re-
sponded more often in the presence of a visually vertical (parallel to chamber walls) line
orientation than in the presence of a gravitationally vertical line orientation. Subsequent
reinforcement of pecking in the presence of a line that was always gravitationally vertical
but not always visually vertical temporarily abolished this “visual field dependency” and
resulted in generalization gradients with peak responding in the presence of the gravita-
tionally vertical line orientation. The results are discussed in terms of selective attention to
the gravitational and visual components of line orientation.

“Field dependency” in human subjects is
measured by a variety of tests including the
rod-and-frame test. During this test, subjects in
a dark room face a luminous frame that en-
compasses a movable luminous rod. With the
frame tilted at various angles from gravita-
tional vertical, the subjects are required to
position the rod in a gravitationally vertical
position. Some subjects are free from syste-
matic error in positioning the rod and are said
to be “field independent”; other subjects make
consistent errors—typically, positioning the rod
in a direction toward the tilted frame—and are
said to be ‘““field dependent” (cf. Witkin, Lewis,
Hertzman, Mackover, Meissner, and Wapner,
1954). Thomas and Lyons (1968) reported an
apparently similar phenomenon in pigeons. In
their experiment pigeons were initially
trained, in a conditioning chamber that was in
its normal upright position, to peck a key
transilluminated by a white line. The line was
both gravitationally and visually vertical (i.e.,
parallel to the chamber walls). During a subse-
quent line orientation generalization test, the
chamber was tilted laterally a number of de-
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grees from gravitational vertical. The floor of
the chamber was tilted an equal number of de-
grees in the opposite direction so that it re-
mained horizontal with respect to gravity.
Line orientations visually vertical (parallel to
wall) and to the right and left of visual vertical
were presented during the test. The resulting
generalization gradients were symmetrical and
had peak values at the visual vertical line ori-
entation. Had the birds not been affected by
the tilt of the chamber walls the gradients
should have been asymmetrical, with more
responding during line orientations closer to
gravitational vertical. Since this was not ob-
served, Thomas and Lyons concluded that the
pigeon is “visually field dependent”.

One way of analyzing the “visual field de-
pendency” effect in the pigeon is in terms of
selective attention or selective stimulus control
(cf., Skinner, 1953; Terrace, 1966). These terms
denote the fact that a response is controlled by
one stimulus or stimulus dimension and is not
controlled by another stimulus or stimulus di-
mension. A controlling relation bctween a
stimulus dimension and a response is measured
by stimulus variation. If stimulus variation,
such as that arranged during a Guttman and
Kalish (1956) -type generalization test, pro-
duces systematic variation in response proba-
bility, that stimulus or stimulus dimension is
said to control the response. Alternatively, if
such variation does not systematically influence
response probabilities, it is said that the stimu-
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lus or stimulus dimension does not control the
response or that the organism is not attending
to that stimulus or stimulus dimension. Selec-
tive stimulus control or attention has been ob-
served in numerous experiments, two of which
are now classic. Lashley (1938), after training
rats to jump to a card containing a form,
found that the rats’ jumping was selectively
controlled by the size of the form or by only a
part of the form. Reynolds (1961) reinforced
pecking by pigeons in the presence of a white
triangle on a red background but not in the
presence of a white circle on a green back-
ground and then presented the color and form
elements separately during an extinction test
period. He reported that one pigeon re-
sponded only during presentation of the red
background while another pigeon responded
only during presentation of the triangle.
The vertical line that served as the training
stimulus in Thomas and Lyons’ experiment
can be viewed as a compound stimulus consist-
ing of redundant visual and gravitational
(postural) elements. A vertical line is visually
parallel to the chamber walls and has a defined
gravitational relationship to the organism.
From this point of view, their pigeons were
selectively controlled by the visual rather than
by the gravitational aspect of line orientation
in the same manner that one of Reynold’s pi-
geons was controlled by the form but not the
color element of the stimulus. The fact that all
of Thomas and Lyons’ pigeons attended to the
visual rather than the gravitational aspect of
line orientation suggests that the visual ele-
ment was more “distinctive” or higher in these
subjects’ “attending hierarchy” (cf., Baron,
1965) than the gravitational element. While
the question of why organisms are sometimes
more likely to attend to one particular aspect
of a stimulus, like the question of why orga-
nisms sometimes attend to several aspects of a
stimulus and at other times only one, is still
unanswered, the phenomenon has been ob-
served in several experiments. Warren (1953),
for example, reported that monkeys attended
to color more often than to form or size. Other
research has shown that an organism’s “‘attend-
ing hierarchy” can be modified and that con-
trol by a non-distinctive aspect can be estab-
lished. For example, Newman (1963) found
that pigeons, when trained to peck a key trans-
illuminated by a white vertical line on a green
background, and not to peck a key transillumi-

nated by either red or a white line on red, did
not attend to the line orientation aspect of the
stimulus. Control by the “non-distinctive” line
orientation aspect was established, however,
when pecking during the presence of the line
on the green background was reinforced and
pecking during the green background by itself
was non-reinforced.

The purpose of the present research was to
provide empirical verification of this selective
attention analysis of “visual field dependency”
in the pigeon. The experiment consisted of sev-
eral phases. The first phase (Training Condi-
tion 1 and Generalization Test 1) was con-
cerned with establishing that the subjects
were under the control of line orientation. The
second phase (Training Condition 2 and Gen-
eralization Test 2) consisted of a systematic
replication of Thomas and Lyons’ (1968) expe-
riment. The major part of the experiment
(Training Conditions 3 to 12 and Generaliza-
tion Tests 3 to 12) followed and was concerned
with attempting to establish control by the
gravitational rather than the visual aspect of
line orientation. Two different procedures
were used in attempting to establish attention
to the gravitational aspect of line orientation.
In both procedures, reinforcement for pecking
was consistently associated with a gravitation-
ally vertical but not a visually vertical line ori-
entation. One prediction that follows from the
selective attention analysis of the “visual field
dependency” effect is that it should be possible
to establish control by the gravitational aspect
of line orientation.

METHOD

Subjects

Three, adult White King pigeons were main-
tained at approximately 809, of norn al free-
feeding body weight throughout the experi-
ment by grain obtained during experimental
sessions and by post-session supplemental feed-
ing as required. Water and grit were always
available in the home cage. One pigeon (P-3)
was experimentally naive; the others (P-1 and
P-2) had previously served in a variety of ex-
periments.

Apparatus

The experimental space was a BRS-Foringer
Model PS-004 three-key pigeon chamber. In
the present experiment only the center key was



VISUAL FIELD DEPENDENCY 9

operative. Operation of this key required a
peck having a force of about 0.20 N. Mounted
directly behind this clear plastic key was an
Industrial Electronic Engineers’ stimulus dis-
play cell that projected a 2.54 by 0.32 cm (1 by
0.125 in.) white line at various orientations on
a blue surround. A solenoid-operated grain
feeder was located directly below the center
key. Two, #313 lamps mounted behind a
transparent plastic strip located above the keys
served as houselight. During reinforcement pe-
riods, which consisted of 5-sec access to mixed
grain, the display cell was turned off. Simulta-
neously, a #313 lamp illuminated the grain
in the feeder tray. The houselight was illumi-
nated at all times during experimental ses-
sions. Lateral tilting of the chamber and cham-
ber floor was accomplished by placing wooden
ramps under the chamber and floor. The cham-
ber air blower and white noise attenuated ex-
traneous sounds. Solid state logic circuits auto-
matically scheduled experimental events and
recorded data.

Procedure

The procedure for each subject is summa-
rized, in schematic form, in Figure 1. Each
subject was exposed to a series of training con-
ditions. The subjects were exposed to each
training condition for a minimum of seven
sessions. Each training condition was followed
by a generalization test in which lines of differ-
ent orientation were presented.

Training Condition 1. The subjects were
first exposed, with the chamber in its normal,
non-tilted orientation, to two orientations of a
white line. One line orientation was gravita-
tionally and visually vertical (i.e., parallel to
the chamber walls). Key pecking in the pres-
ence of this orientation was reinforced accord-
ing to a variable-interval l1-min (VI 1-min)
schedule. The other line orientation was
horizontal. Pecking in the presence of this
orientation was not reinforced. The two line
orientations were presented successively and
alternated with each other in a regular manner
throughout the session. Each was presented for
a period of 3 min and was followed by a 5-sec
period in which the display unit was turned
off.

Training Condition 2. This condition was
identical to the first condition.

Training Condition 3. One-third of the ses-
sions of this condition were identical to those

of Conditions 1 and 2. During the other ses-
sions, the experimental chamber was tilted lat-
erally either 22.5 degrees clockwise (one-third
of sessions) or 22.5 degrees counterclockwise
(one-third of sessions). During the sessions in
which the chamber was tilted, the floor of the
chamber was tilted 22.5 degrees in a direction
opposite to the tilt of the chamber so that the
chamber floor was always gravitationally hori-
zontal. During each block of three sessions,
each chamber orientation (vertical, 22.5 de-
grees clockwise, and 22.5 degrees counterclock-
wise) occurred once. The order of occurrence
of the different chamber orientations within
each block of three sessions was random. Dur-
ing all sessions in this condition, line orienta-
tions that were gravitationally vertical (during
which pecking was reinforced on a VI 1-min
schedule) and gravitationally horizontal (dur-
ing which pecking was nonreinforced) alter-
nated with each other. In one third of the
sessions, the line orientation associated with
reinforcement was also visually vertical (par-
allel to walls). During the remaining sessions,
this line was either 22.5 degrees clockwise or
22.5 degrees counterclockwise from visual
vertical.

Training Condition 4. Indentical to Condi-
tions 1 and 2.

Training Condition 5. Identical to Condi-
tions 1, 2, and 4.

Training Condition 6. Identical to Condi-
tion 3.

Training Condition 7. Identical to Condi-
tions 1, 2, 4, and 5.

Training Condition 8. Identical to Condi-
tions 1, 2, 4, 5, and 7.

Training Condition 9. Identical to Condi-
tion 6.

Training Condition 10. During one half of
the sessions in this condition, the chamber
was tilted either 22.5 degrees clockwise (one
quarter of the sessions) or 22.5 degrees
counterclockwise (one quarter of the sessions).
During sessions in which the chamber was
tilted, the floor was tilted an equal number of
degrees in the opposite direction so that it re-
mained horizontal. During the sessions in
which the chamber was upright, key pecking
in the presence of a line that was both gravita-
tionally and visually vertical was reinforced on
a VI l-min schedule. This line orientation al-
ternated with either a line which was 22.5 de-
grees clockwise (one quarter of the sessions) or
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SUMMARY OF PROCEDURE
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Fig. 1. Schematic summary of training and testing procedures for each subject. Chamber orientation (vertical,
225 degrees clockwise, and 22.5 degrees counterclockwise), floor orientation (always horizontal), line tilt associated
with reinforcement (+), and line tilt associated with nonreinforcement (—) are shown for each training condition.
Also shown are the chamber and floor orientation used during the generalization tests that followed the various
training conditions and the number of sessions the subjects were exposed to the various training conditions.

22.5 degrees counterclockwise (one quarter of
the sessions) from visual and gravitational ver-
tical. Pecking in the presence of these two
orientations was not reinforced. During the ses-
sions in which the chamber was tilted, a gravi-
tationally vertical line alternated with a visu-
ally vertical line. Pecking in the presence of
the gravitationally vertical but not the visually
vertical line was reinforced. During each block
of four sessions, each of these four different

conditions occurred once. The order of occur-
rence of the different conditions within each
block was random.

Training Condition 11. During this condi-
tion, the chamber was always upright. Pecking
in the presence of a line that was both visually
and gravitationally vertical was reinforced on
a VI 1.0-min schedule. During one-half of the
sessions the line tilt associated with nonrein-
forcement was 22.5 degrees clockwise from vis-
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ual and gravitational vertical. During the
other sessions, the line associated with extinc-
tion was 22.5 degrees counterclockwise from
visual and gravitational vertical. During each
block of two sessions, each of these orientations
occurred. The order of occurrence was random
within each block.

Training Condition 12. Identical to Condi-
tion 11.

Generalization tests. Each of the above
training conditions was followed by a generali-
zation test. During the tests, no reinforcers
were delivered. Except during the generaliza-
tion test that followed Training Condition 1,
the chamber was always tilted 22.5 degrees
clockwise, and the floor 22.5 degrees counter-
clockwise so that it remained horizontal with
respect to gravity. During the first generaliza-
tion test, neither chamber nor floor were tilted.
During each test, lines of different orientations
(£67.5, £45, +22.5, and 0 degrees from visual
vertical for Subjects P-1 and P-3; =45, =22.5,
and 0 degrees from visual vertical for Subject
P-2) were presented. Each orientation was pre-
sented for 1 min and was followed by a 5-sec
period in which the display cell was turned off.
Each line tilt was presented five (seven for Sub-
ject P-2) times during a test. The order in
which the different line tilts were presented
during a test was randomized with the restric-
tion that all orientations had to occur before
an orientation was repeated.

Generalization test sessions lasted approxi-
mately 35 min. Training sessions typically
lasted 1 hr. Sessions were conducted daily at
approximately the same time.

RESULTS

Table 1 shows the mean response rate dur-
ing the line orientations associated with re-
inforcement availability and reinforcement
non-availability during the various training
conditions. Each subject responded differen-
tially in the presence of these line orientations
during all training conditions.

Of main interest in the experiment was the
location of the peak of the gradient observed
during the generalization tests that followed
the different training conditions. These gradi-
ents, as well as a schema of the training and
testing conditions, are shown in Figures 2, 3,
and 4. Since the location of the gradient peak,
rather than the actual number of responses

Table 1

Mean response rate (responses per minute) during line
orientations associated with reinforcement availability
(S+) and non-availability (S—) during the various train-
ing conditions. Averages for Training Conditions 1 to
9 are based on the last three sessions; averages for
Training Conditions 10 to 12 are based on the last four
sessions. The different training conditions are sum-
marized in Figure 1.

Subject
Training P P2 P3
Condition S+ S— S+ S— S+ 5
1 429 0.1 605 0.5 508 0.6
2 300 02 521 09 59.1 14
3 396 0.1 721 0.1 599 0.1
4 425 0.1 60.6 0.1 659 03
5 30.0 0.1 460 0.1 692 0.1
6 419 0.1 748 0.1 750 06
7 434 0.1 51.1 0.0 696 02
8 - - 51.7 0.0 - -
9 324 0.0 576 0.0 742 06
10 - - 768 142 644 115
11 - - 7483 2.7 85.7 112
12 - - 818 08 719 11

that occurred in the presence of a particular
line orientation, was the datum of primary in-
terest in the experiment, the gradients are pre-
sented as relative gradients. The relative gradi-
ents were calculated by dividing the number of
responses made during a particular line orien-
tation by the number of responses made.
during the line orientation during which
responding was most frequent. Thus, the line
orientation during which responding was most
frequent has a relative responding value of 1.0.
Generalization test 1. The purpose of this
test was simply to ascertain if the subjects were
under the control of line orientation. As can
be seen in the upper left-hand panels of Figure
2, 3, and 4, all subjects were under the control
of line orientation. Maximal responding dur-
ing the test occurred during the line orienta-
tion associated with reinforcement during the
previous training condition. Less responding
occurred during the other orientations.
Generalization test 2. This test was an at-
tempt to replicate Thomas and Lyons’ (1968)
observation that pigeons are ‘“visually field
dependent”. Their observation was confirmed.
All subjects responded maximally during the
test in the presence of a line orientation that
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Fig. 2. Relative responding during the various generalization tests for Subject P-1. Also shown are schema of
the training conditions that preceded the tests and the test conditions. Gravitationally vertical line tilt is indi-
cated by a dash line; visually vertical line tilt is indicated by a solid line. The number in the lower right-hand
corner of the panels is the number of responses emitted during the line tilt having a relative frequency of 1.0.
The actual number of responses emitted during any particular line tilt can be calculated from this number.

was visually vertical (22.5 degrees clockwise
from gravitational vertical).

Generalization Test 3. This test followed ex-
posure to the training condition in which the
natural association between gravitational verti-
cal and visual vertical was destroyed. Maximal
responding during this test occurred in the
presence of the gravitationally vertical line,
rather than in the presence of the visually ver-
tical line. Thus, reinforcing pecking during a
line orientation that was always gravitationally
vertical but not always visually vertical was
effective in bringing the subjects under the
control of the gravitational aspect of line tilt.

Generalization test 4. This test was to ascer-
tain if control by the gravitational aspect of

3

line orientation was “durable”. After generali-
zation test 3, pecking in the presence of a line
that was both gravitationally and visually ver-
tical was again reinforced for between seven
and 10 sessions. The subjects then received
generalization test 4. All subjects were still un-
der the control of the gravitational aspect of
line orientation at this stage: peak responding
occurred during the gravitationally vertical
line orientation.

Generalization test 5. This test was given
after an additional 10 sessions of reinforcement
for pecking in the presence of a visually and
gravitationally vertical line. After this period,
the subjects were once again under the control
of the visual aspect of line orientation. All sub-

P'2 TRAN 1 47+ mma.' ! seft- MNO“ s'"WN"‘.
gl L1 AL HAw RN
md‘ : ng mmtg A mmeg E WN'Z%
E“ E = ik ‘ S % TEST 12
é /g 24 \ s32 Tm::?b m%

LINE ORIENTATION

Fig. 3. Relative responding during the various generalization tests for Subject P-2.
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jects showed maximal responding during the
generalization test in the presence of the vis-
ually vertical line orientation.

Generalization test 6. This test followed ad-
ditional sessions in which pecking during a
gravitationally vertical line was always rein-
forced while pecking during a visually vertical
line was not always reinforced. Again, the ef-
fect of this training was to produce peak re-
sponding during the gravitationally vertical
line orientation in the generalization test.

Generalization test 7. After pecking in the
presence of a line that was both gravitationally
and visually vertical was reinforced for seven

13

reinforced while pecking in the presence of the
visually vertical line tilt was extinguished.
During the remaining sessions, pecking during
a line both gravitationally and visually vertical
was reinforced while pecking at a line either
22.5 degrees clockwise or 22.5 degrees counter-
clockwise from gravitational and visual verti-
cal was extinguished. These training condi-
tions resulted in control by the gravitational
aspect of line orientation. Both subjects that
were exposed to Training Condition 10 (P-2
and P-3) showed maximal responding during
the generalization test in the presence of the
gravitational vertical line orientation.
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Fig. 4. Relative responding during the various generalization tests for Subject P-3.

or nine sessions, two subjects (P-1 and P-3) re-
sponded most often during the ensuing gener-
alization test to the visually vertical line orien-
tation. The other subject (P-2) again peaked
at the gravitationally vertical line orientation.

Generalization test 8. Following an addi-
tional 13 sessions in which pecking during a
line both gravitationally and visually vertical
was reinforced, Subject P-2 responded most
often during this generalization test in the
presence of the visually vertical line orienta-
tion.

Generalization test 9. All subjects again
showed peak responding during the gravita-
tional vertical line in this test, which followed
additional sessions in which responding during
a gravitationally but not always a visually ver-
tical line orientation was reinforced.

Generalization test 10. During one half of
the sessions of Training Condition 10, re-
sponding in the presence of a gravitationally
vertical line orientation was differentially rein-
forced. During these sessions, pecking during
the gravitationally vertical line orientation was

Generalization test 11. Subjects P-2 and P-3
continued to show maximal responding during
the gravitationally vertical line orientation
when tested after 24 sessions of exposure to re-
inforcement for pecking in the presence of a
line that was both gravitationally and visually
vertical.

Generalization test 12. Both Subjects P-2
and P-3 responded most often during this test
in the presence of a line that was visually verti-
cal.

Other results. One other aspect of the gen-
eralization test data deserves mention. There
was no systematic decrease in the absolute
number of responses during the successive gen-
eralization tests. Since the tests were performed
during extinction periods one might have ex-
pected that the absolute number of responses
would decrease as a function of the number of
tests. However, this was not the case for any of
the subjects. Which factor was responsible for
the failure of the subjects to discriminate test
from training sessions in the present experi-
ment is not clear.



14 DONALD M. WILKIE

DISCUSSION

The results of the first part of the present ex-
periment replicate Thomas and Lyons’ (1968)
finding that the pigeon is “‘visually field depen-
dent”. After being trained in an upright cham-
ber to peck in the presence of a line that was
both visually and gravitationally vertical, the
birds received a line orientation generalization
test with the chamber tilted 22.5 degrees coun-
terclockwise. During this test, the subjects re-
sponded maximally during a line orientation
that was parallel to the chamber walls (visually
vertical rather than to a line that was gravita-
tionally vertical).

The results of subsequent parts of the experi-
ment showed that this “visual field depen-
dency” effect was reversible. Exposure to two
different training procedures in which rein-
forcement was consistently associated with a
gravitationally but not always a visually verti-
cal line resulted in maximal responding dur-
ing generalization tests in the presence of a
line that was gravitationally vertical. These re-
sults provide empirical support for a selective
attention interpretation of the “visual field de-
pendency” effect. In these terms, the effect is
an instance in which only one aspect of a com-
plex stimulus (the parallel relationship be-
tween the chamber walls and the line orienta-
tion displayed on the key) controls responding.
Since all the pigeons tested in the present ex-
periment and in Thomas and Lyons’ experi-
ment attended to this aspect of line orienta-
tion, it would appear that this relationship is a
prepotent one for the pigeon. This phenome-
non appears to be an instance of the operation
of an ‘“attending hierarchy”, such as that re-
ported by Newman (1963) for lines and color
in the pigeon. The outcome of the present ex-
periment can be viewed as an instance in
which control by an initially prepotent or “dis-
tinctive” element of a complex stimulus was
abolished and replaced by control by an initi-
ally “non-distinctive” element. Consistent as-
sociation of reinforcement with the initially
non-distinctive element but not with the ini-
tially distinctive element appears to be a suf-
ficient condition for the transfer of control to
the non-distinctive element.

It is not entirely clear whether it should be
concluded that the present procedures resulted
in “field-independence” in the strict sense of
the term. Peak responding during the gravita-

tionally vertical line orientation would be ex-
pected if the birds were attending either to the
relationship between postural stimuli and line
orientation or to the perpendicular visual re-
lationship between the gravitationally vertical
line and the chamber floor. The latter possibil-
ity seems unlikely, however, since this relation-
ship is apparent only to an organism that is
some distance from the line stimulus—a condi-
tion that does not occur when a pigeon is key
pecking. Also, it has been shown (Lyons and
Thomas, 1968) that pigeons do attend to the
relationship between postural stimuli and line
orientation when the possibility of attending
to the relationship between the chamber walls
and line orientation is absent (i.e., in a dark
chamber).

One of the most interesting results of the
present experiment was the temporary nature
of the attention to the gravitational aspect of
line orientation. One might have expected that
once the birds were attending to the gravita-
tional aspect of line orientation that they
would continue to do so. It is commonly be-
lieved that stimulus control, once established,
persists until there has been a departure from
the contingencies that maintain it. However,
this was clearly not the case in the present ex-
periment: all of the subjects “reverted” to at-
tending to the visual aspect of line orientation
despite the fact that reinforcement continued
to be differentially available in the presence
of a gravitationally vertical line orientation.

The finding that attention to the gravita-
tional aspect of line orientation was only tem-
porary is not incompatible with some recent
notions in the operant conditioning literature.
Ray (1969) suggested that the stimulus con-
trol or attention relationship can be viewed as
having many of the properties of an operant
response. One of the major ideas in her treat-
ment is that a controlling stimulus-response
relationship can be characterized by its fre-
quency or probability of occurrence.” Another
major idea is that several stimulus control re-
lationships may exist concurrently at a given
time. Thus, shifts in stimulus control or at-
tention would be similar to the phenomenon
of one response “displacing” another: the dis-
placed stimulus control relationship has not
ceased to exist but merely has been replaced by
another relationship. If one views the gravita-
tional relationship as being a less prepotent re-
lationship than the visual relationship, then
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the shift in attention from gravitational to vis-
ual aspects of line orientation could be consid-
ered to be an instance in which a prepotent
stimulus control relationship displaces a stim-
ulus control relationship that is lower in the
pigeon’s attending hierarchy. A similar phe-
nomenon in which a “prepotent”, phylogeneti-
cally controlled behavior displaced a rein-
forced behavior was reported by Breland and
Breland (1961). The drift in attention in the
present experiment may represent an analo-
gous displacement process in stimulus control
relationships.
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