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Stimulus Repetition Effects on Texture-Based Visual Search by Pigeons

Jeffrey S. Katz and Robert G. Cook
Tufts University

Four experiments investigated the effects of within-session stimulus repetition on texture
discrimination. Six pigeons (Columba livia) searched for a contrasting target region (color or
shape) randomly embedded within a larger distractor region for food reinforcement.
Experiment 1 found that repeating features of the distractors, but not those of the target, across
trials increased the accuracy of target localization relative to baseline. Experiment 2 found that
subsequently switching the identity of a repeated distractor feature to the target decreased
accuracy. Experiment 3 found that the effects of repeating a distractor feature influenced
search performance for at least 60 trials after this learning. Experiment 4 found that differential
stimulus—outcome relations can produce control by repeated target features. The results are
discussed in terms of the factors and strategies involved in the control of avian visual search

behavior.

Survival is contingent on the accurate search of items in
an animal’s environment. Birds represent one class of visual
animals whose aerial maneuvers and foraging depend on
their ability to engage in such search behavior. The visual
search of any scene involves both the perception of the
current stimuli and a memory for previous stimuli searched
for in the same context. The purpose of the following
experiments was to explore the interaction of these two
fundamental processes in pigeons by examining how the
trial-to-trial repetition of features influences the search and
localization of targets in an odd-item visual search task.

The visual search task used in the present experiments
involved textured visual stimuli (Cook, 1992a, 1992b,
1992¢, 19934, 1993b; Cook, Cavoto, & Cavoto, 1996; Cook,
Cavoto, Katz, & Cavoto, 1997; Cook, Katz, & Cavoto,
1998). Visual textures are multidimensional patterns in
which global regions are derived from perceptually grouping
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smaller component elements into figure—ground relations
(Beck, 1966, 1982; Julesz, 1981; Marr, 1982). In our task,
these regions are constructed each trial from randomly
selected color and shape elements in which the target region
can differ from the distractor region in either color or shape
(see Figure 1). The location of the odd target region is
randomly positioned on every trial and the pigeons are
required to search for and peck at this contrasting target
region in order to obtain food reward.

The present experiments explore the strategies or rules
used by pigeons when searching for and pecking this odd
target region. We think two different processes might be
involved. The first process relies on a comparison based on
the target’s oddity from the distractors. Specifically, this
mechanism evaluates the current perception of the display
relative to a generalized representation of the typical global
relations in these stimuli (e.g., a smaller square odd region
embedded within a larger rectangular area; Cook, 1992a,
1993a, 1993b; Cook et al.,, 1998). This relational rule
emphasizes the oddity of the target region relative to the
distractor region, which is independent of the absolute
identity of the features comprising these regions. It is this
relational process that is responsible for the successful
transfer of search performance to new examples of textured
stimuli (Cook, 1992b).

When the oddity of the target does not readily pop out,
however, another type of search process is used. This second
process involves a slower search of the display that allows
more information about the absolute properties or features of
the elements to be encoded. It continues until a pigeon
detects a target based on the identity of the elements in the
display. This rule is also relational in nature, but depends on
the encoding, retention, and search of the specific features
encountered within any one display. Because of the item-
specific nature of the latter process, it might be influenced
by, for example, the repetition of the display’s features
across successive trials, especially when perceptual oddity
of the display’s target is not sufficient to guide search.

This latter item-specific mechanism is highly similar to
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Figure 1. Examples of color and shape texture displays used in
the experiments. The location of the odd target region was
randomly selected every trial. In each experiment, the color and
shape features used to make up each baseline display were also
randomly selected every trial.

those proposed for search image effects. The search image
effect occurs when recent encounters with a specific cryptic
prey item produce a transient internal change that allows a
predator to detect more efficiently subsequent prey items of
the same type (Tinbergen, 1960). Such specific search image
effects have been frequently studied in the operant chamber
using the stimulus repetition procedure. In this type of visual
search procedure, the subject searches for the same target
item for a number of consecutive trials (the run condition),
and performance is then compared to a condition in which
different targets are randomly mixed across a series of trials
(the non-run condition). This repetition procedure poten-
tially permits a representation of the repeated target to be
formed in memory and used to enhance search performance
relative to baseline nonrepetition trials, by either decreasing
reaction time, (D. S. Blough, 1993; P. M. Blough, 1991,
1996; P. M. Blough & Lacourse, 1994; Langley, 1996),
increasing target detection accuracy (Pietrewicz & Kamil,
1979; Plaisted, 1997; Reid & Shettleworth, 1992), or both
(P. M. Blough, 1989, 1992; Bond & Riley, 1991; Vreven &
Blough, 1998).

Whereas our past research has emphasized and examined
the role of perceptual grouping and oddity in the successful

localization of targets in our texture display search task, in
the current experiments, we were more interested in the
possible contribution of such item-specific strategies to this
type of search task. Using a stimulus repetition paradigm,
these experiments investigated the impact of repeating from
trial-to-trial the target and distractor components of our
textured visual stimuli. Primarily on the basis of the
extensive search image literature, we anticipated that repeti-
tion of the target regions’ features would facilitate its
localization. As will be seen, the outcome was quite different
and unexpected.

Experiment 1

Experiment 1 explored the possible contribution of spe-
cific search strategies in the processing of textured visual
search stimuli using a stimulus repetition paradigm. Each
daily session contained a repetition phase that was embed-
ded within a set of baseline trials. The baseline trials
consisted of our standard mixture of randomly composed
color and shape displays in which the birds had to localize
the odd target along either dimension. The repetition phase
consisted of repeating a relevant feature from either the
target or distractor regions across successive trials. The left
half of Table 1 shows an example of target repetition for a
run of color displays within a session. In this condition, for
example, the color (blue) of the elements forming the target
region was repeated, while the color of the elements
forming the distractor region and the irrelevant shape
element of both regions changed randomly from trial to trial.
The right half of Table 1 shows an example of distractor
repetition, where the color (red) of the distractor region was
repeated, whereas the color of the target region and irrel-
evant shape of the display’s elements changed randomly
from trial to trial. These target repetition and distractor
repetition conditions were conducted in different sessions.
Identical repetition conditions were also tested for shape
relevant displays (see Table 2). During target repetition, the
shape of the target’s elements was repeated across trials, and
during distractor repetition the shape of the distractor’s
elements was repeated across trials. Again, the irrelevant
color of these elements varied randomly from trial to trial.
The experiment was conducted in two parts. The first part
tested the effects of target and distractor repetition on color
displays. The second part tested these manipulations on
shape displays.

For the target repetition condition, we anticipated perfor-
mance would improve because the pigeons could learn
specifically what to search for across repeated trials (i.e., a
search image-like effect). Such a result would indicate that
the pigeons sometimes use feature-specific information
when searching visual textures. For the distractor repetition
condition, we anticipated there might be no change in
performance across repeated trials, since the reinforced goal
of the task was to localize and peck at the odd target region
while ignoring the distractors.
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Table 1

Examples of Target and Distractor Repetition for Color Displays at the Transition From
Baseline to the Start of Repetition in Experiment 1

Target repetition

Distractor repetition

Target Distractor Target Distractor
Trial Color Shape Color Shape Color Shape Color Shape
Baseline
95 Pink VAN Blue A Yellow o Cyan o
96 Red - Green — Brown [N Brown A
97 Orange N Orange T Blue ] Blue *
98 Cyan N Cyan = Pink X3 Blue h#
99 Green ¢ Red ¢ Green T Green 3
Repetition
100 Blue u Yellow | Orange + Red +
101 Blue e Brown e Pink M Red u
102 Blue % Cyan % Yellow ! Red !
103 Blue S) Yellow 2 Green > Red >
104 Blue K Pink [ White o Red o
Method of the front panel of the chamber. The bottom edge of the viewing

Subjects

Six White Carneaux pigeons (Columba livia) were tested. No train-
ing was necessary, as all birds had extensive experience with searching
odd-item textured displays (Cook, 1992a, 1992b, 1992¢, 1993a, 1993b;
Cook et al., 1996; Cook, Katz, & Cavoto, 1998). The pigeons were
maintained at approximately 80% of their free-feeding weights.
The pigeons had free access to grit and vitamin-enriched water in
their individual home cages on a 12-hr light—dark cycle.

Apparatus

Testing was done in a painted flat-black Plexiglas chamber (38
cm wide X 36.5 cm deep X 39.5 cm high). Stimuli were presented
on a color computer monitor (NEC, MultiSync 2A; Wooddale, IL)
visible through a 25 cm X 17.5 cm viewing window in the middle

Table 2

window was 17.5 cm above the chamber floor. A thin piece of glass
mounted in this window protected the monitor. Pecks toward the
monitor screen were detected by an infrared touch screen (resolu-
tion was 80 X 48 locations; EMS Systems, Champaign, IL)
mounted behind a 40-mm Plexiglas ledge that went around the
inside edge of the viewing window. A 28-V (Model #1819)
houselight was located in the center of the ceiling and was
illuminated at all times, unless an incorrect choice was made. A
food hopper was located in the middle of the front panel, with its
access hole 2 cm above the chamber floor.

Experimental events were controlled and recorded with a
486-class computer. A video card (VGA Wonder; ATI Technolo-
gies, Scarborough, Ontario, Canada) controlied the monitor in the
SVGA graphics mode (800 X 600 pixels). Computer-controlled
relays (Metrabyte, Taunton, MA) operated the hopper and house-
light. Programming was done in QuickBasic (QuickBasic 7.0,
1989) with an attached graphics library (Xgraf, 1989).

Examples of Target and Distractor Repetition for Shape Displays at the Transition From
Baseline to the Start of Repetition in Experiment 1

Target repetition Distractor repetition
Target Distractor Target Distractor

Trial Color Shape Color Shape Color Shape Color Shape
Baseline

95 Pink T Pink s Red * Brown *

96 Orange ¢ Orange = Orange A White 4

97 Blue v Cyan v Yellow ! Yellow +

98 Green A Red A Green 2 Green e

99 Yellow v Yellow | Blue =1 Pink L=}
Repetition

100 White L. White X2 Violet o Violet v

101 Red L Red G Yellow % Yellow v

102 Blue L Blue N Mauve Q Mauve v

103 Brown L Brown . Green : Green v

104 Purple L Purple ¢ White A White v
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Figure 2. Mean target localization accuracy and standard errors of the mean across successive trial
blocks within a session for Experiment 1. The repetition conditions for color and shape displays are
respectively shown in the top and bottom panels. For baseline (open symbols), only color (top panel)
and shape (bottom panel) performance is represented.

repetition phase consisted of only runs of either shape or
color displays with no specific feature repetition included.
Across 12 sessions of testing, there was no significant
change in performance across trial block (11-99, 100-115,
116-130, 131-145, 146-160) for shape display repetition
(71.5%, 68%, 70.7%, 71.5%, 69%, respectively) or color
display repetition (81.2%, 82%, 83.3%, 85.5%, 80.8%
respectively), as determined by one-way repeated measures
ANOVAs, both Fs(4, 20) < 1.3, ps > .05.

Discussion

Experiment 1 revealed that repetition of the relevant
features of the distractor region resulted in a monotonic
increase in target localization accuracy, whereas repetition
of target features showed no comparable effect. This distrac-
tor repetition effect occurred only with tests of shape stimuli.
These results reveal a new factor in avian visual search
involving memory for distractor identity. It further indicates



thar feature-specific search swrategies are also involved in
our textured visual search task,

The difference in the effects of repetition for each of the
dimensions most likely reflects the pigeons’ generally supe-
rior ability to discriminate color information. In the previous
search image experiments, it has commonly been found that
cryptic stimuli are more susceptible to the effect of repetition
than are conspicuous stimuli (Bond, 1983: Bond & Riley,
1991: Langley, 1996: Langley, Riley. Bond, & Goel, 1996;
Reid & Shettleworth. 1992), We hypothesize that much the
same thing is true in the present context due to two different
routes used by the birds in locating the target (for similar
arguments see Bond, 1983: Reid & Shettteworth, 1992},
When the grouping of similar stimull produces globally
distinct regions, the pigeons perform a rapid and accurate
relational discrimination based on the global oddity of the
target region. Little information is retained in memory
regarding the specific features of such displavs, and conse-
quently there is little benefit from repeating these values
across successive wials. On the other hand, when perceptual
grouping does not result in distinctive regions, a more
attentive, controlled item-specific search of the display 1s
needed. Because of this more focused use of resources, it
allows experienced features to remain active of primed in
memory for a longer period of time, and it results in the
accuracy benefits across repetition observed above. Because
of the gencrally greater discriminability of the color dis-
plays, the need to engage in the more elaborated form of
feature search was called on less often.

Much of the above is not at odds with what has been
written about the benefits of repetition concerning the
phenomenon of a specific search image, What is different
about the present search effect is that 1t was exclusively
associated with the features of the distractor region and not
of the target. This is different from what has been found
before, and it suggests that the specific search swategy used
by the birds in the present case is governed more by a
“distractor avoidance™ rule rather than a “‘target approach”
rule.

Not only is this different from previous search image
findings. but is it also counterintuitive from a conditioning
perspective based on temporal contiguity and duration.
From this viewpoint, one might have expected target repeti-
tion to produce an increase in accuracy relative 1o distractor
repetition. First, the target features are always the last items
pecked just prior to reward, thus the contiguity between
pecking or observing the target features and reward is much
closer in time than for the distractor features. Second, the
multiple peck requirement to the target ensures that on trials
leading to reward, more time is spent in the presence of the
target fearures than in avoiding the distractors. Ii took about
2226 ms on average to complete the peck requirement to the
target after locating it, whereas it took about 1338 ms to first
locate it, as measured by the reaction time to the first correct
peck. On the basis of the longer duration of interacting with
its fearures and its closer temporal proximity to reward, it
seems that the trial-to-trial repetition of target features
should have facilitated a stronger generalized approach
responding, similar in pature to autoshaping (Brown &

Jerkins, 1968) and the feature-positive effect (Jenkins &
Sainsbury, 1970}. Clearly, this outcome did not occur, as
performance was controlled by the more temporally remote
features of the distractor elements.

Why did the features of the distractor region play such a
role in the present search task? Onme likely reason is the
distractor region’s much larger size relative to the targes
region. When a display is presented, the pigeons almost
surely encounter distractor elements when first seeing the
display. Further, in the standard baseline condition that these
birds had extensively experienced, the identity of the target
was always unknown from trial to trial. As such, success-
fully learning to avoid distractors may be more crucial to
such a task then ones in which the target item(s) are
predictable. Thus, when an odd target is not readily per-
ceived by the pigeons it may be more profitable 1o encode
the identity of the first or most frequently encouniersd item
and then search until a different looking set of elements is
encountered. When these contrasting nondistractor ltems are
finally encountered, the pigeons might cnly then need to
respond “automatically” to them without further processing
or remembering the specific identity or features of this target
region, and perhaps causing owr failure to find target
repetition effects in the current experiment.

Experiment 2

Experiment 2 tested whether the pigeons were specifically
learning to avoid repeared distactors. If the pigeons were
learning to avoid the repeated distractor feature, then if this
repeated feature were to have its role suddenly reversed,
now appearing in the target, it should resuli in a brief decline
in target localization accuracy, as it is now inappropriately
not pecked at. This idea was tested in Experiment 2 by using
a discrimination reversal procedure. In this procedure, after
a distractor feature had been repeated. it was immediately
switched to being a repeated targel feature within the same
session. In comparison to a shift to a baseline condition. we
were interested in how the pigeons reacted to these role-
reversed shifted features, following both target and distrac-
tor repetition.

Method
Animals and Apparatus

The same pigeons and apparatus were used as in Experiment 1.

Procedure

In this experiment, repetition conditions were conducted nsing
only shape trials. Repetition conditions (Trials 71-170) were
divided into two contiguous stages lasting 60 (Stage 1) and 40
(Stage 2) wials. Stage 1 consisted of distractor or target repetition
copditions conducted just as before. Stage 2 consisted of either
discrimination reversal or shape baseline trials. Discrimination
reversal following diswactor repetition consisted of repeating the
same feature from Stage 1, but now tested and repeated as part of
the targel region’s elements. Discrimination reversal following
rarget repetition consisted of repeating the same feature from Stage
1, but now tested and repeated as part of the distractor region’s
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elements. The shape baseline condition followed target or distrac-
tor repetition with a Stage 2 that consisted only of randomly
generated shape displays. In every case, the irrelevant color of the
elements was varied at randor from wial to trial. All together there
were four repetition conditions: distractor repetition ftraining—
target testing (Stage 1-Stage 2), diswactor repetition training—
shape baseline, target repetition training—dismactor testing. and
target repetition training—shape baseline. Table 3 provides ex-
ample trials of the mansition from Stage | 1o Stage 2 for these four
conditions. Thirty-two sessions were conductad, containing eight
randomized blocks of the four conditions. All other session and
stimulus details were identical to Experiment 1, except that
sessions were now 190 trials in duration. and three new shape
features had been added between Experiment 1 and 2.

Results and Discussion

The left side of the top and bottom panels of Figure 3
present mean target localization accuracy for distractor and
target repetition twaining, respectively. These data are simi-
larly arranged to the previous experiment. The open symbols
denote mean baseline performance for shape displays only.
Filled symbols denote shape repetition irials. The two bars in
the top panel of Figure 3 show mean target localization
accuracy for the first 20 wials of shape baseline (white) and
the feature reversed target testing (black) following distrac-
tor training, while the bottom panel shows the same data for
shape baseline (white) and the feature reversed distractor
testing (black) following target training.

The pigeons significantly avoided to a greater degree a
target region containing a formerly repeated distractor
feature than with a comparable set of baseline shape wials.
Following distractor repetition fraining. there was a signifi-
cant difference between accuracy in the target testing and
shape baseline conditions, F(l, 5) = 22.7, p < .003
{one-way repeated measures ANOVAs used throughout this
experiment). A similar analysis comparing performance
after target repetition training was not significant, F(1, 3) =
1.9, p > .05. This reversal effect for distractor waining was
short-lived, with the pigeons refurning to baseline levels of
aceuracy within the next 20 tials. Accuracy on the last 20
trials (Trials 151-170} for shape baseline (72.3%) and target
testing (72%) was not significantly different. Following
target training, performance on the last 20 wials (Trials
151-170) for shape baseline (70.3%) and distractor testing
(73.2%} was not significantly different.

Separate ANOVAs on trial block (21-70, 71-85, 86-100,
101-115, 116~130} were conducted for distractor and target
repetition training. Both the main effect for distractor,
F(4, 20y = 7.8, p <001, and target repetition training, F(4,
200 = 3.2, p < .05, were significant. Albeit small relative to
distractor repetition. why was there an effect of target
repetition in this experiment but none in Experiment 17 It
may be that target feature processing was enhanced due 1o
the very use of the discrimination reversal procedure.
Perhaps because the specific identity of the target’s features
were made more relevant in one sense by the role reversal
shift following distractor repetition training, the pigeons
began to stop auwtomatically responding to the target region
and started to pay more attention to s properties.

In summary, this experiment revealed that once the
pigeons learned to avoid a repeated distractor feature, they
then avoided this same feature when it subsequently ap-
peared in the target, This fact confirms the pigeons were
using a feature-specific avoidance stategy and that this
information originated from their experience in processing
the distractor regions of the displays.

Experiment 3

The results of Experiment 2 suggest that the effect of
repetition has a somewhat long lasting, but not permanent,
influence on search. For a trial-to-trial repetition effect to
occur, the memeory for a previous trial must last at least one
wial. The memory for target-mediated search images has
generalty been found to be short lived, dissipating after 30 s
(Langley et al., 1996}. In Experiment 3, we addressed the
question of how long the pigeons remained under stimulus
control from the repeated distractor feature. This was tested
by presenting the feature of a previously repeated distractor
on probe trials at various points later in a session. Accuracy
on these subsequent probe trials assessed how long the
pigeons were still able 1o access and utilize their memory of
the previously repeated feature.

Method
Animals and Apparatus

The same pigeons and apparatus were used as in Experiment 2.

Procedure

Again, repetition conditions were conducted using only shape
trials. For the first 28 sessions of testing, these 60 shape repetition
trals occurred from Triats 51 to 110 and for the last 28 sessions
from Trals 41 to 100 of each session. Memory probe tests then
occurred at various points after this distractor repetition phase.
These tests used the same shape feature to form their distractor
region as presented earlier during the repetition phase. Again, the
repeated feature was randomly selected at the beginning of each
session from the entire set of shapes. Thus, when sclected, this
feature occurred only in the distractor repetition condition and
probe tests of thar session, Four different probe test conditions were
conducted. These tests occurred 5 (P5), 10 (P10}, 30 (P30), or 60
(P60} trials after the completion of the distractor repetition phase.
Probe tests occurred for PS5 on Trial 115, for P10 on Trial 120, for
P30 on Trials 129 and 130, and for P60 on Trials 159 and 160
Additional probe tests were sometimes presented after these tests in
some of the conditions, but these contaminated observations are not
included in the analyses below. Only the first probe test of any
condition was used in assessing mernory (or the repeated distractor
feature,

The experiment consisted of 56 sessions. P35 and P10 testing was
conducted during the first 28 sessions in randomized blocks of two.
P30 and P60 testing was conducted during the last 28 sessions in
randomized blocks of two. All ather aspects of the experiment were
identical to the previous experiments., except that four novel shape
features had been added between the end of Experiment 2 and the
start of Experiment 3, increasing the total number of displays to
48,380 (15,580 color displays and 32,800 shape displays], and 12
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line orientation displays, conducied for other reasons, were tested
at the end of each of these 180-rial sessions.

Results and Discussion

The left side of Figure 4 shows the now expected
distactor repetition effect. Open symbols denote shape
baseline trials and filled symbols denote distractor repeti-
tion. For P3 and P10 sessions (triangles), wrials were grouped
into the following successive trial blocks: 21-50, 31-63,
66-80, 81-93, 96-110, For P30 and P60 sessions (circles),
trials were grouped into the following successive trial
blocks: 21-40, 41-55, 56-70, 71-85, 86-100. Again, the
birds showed a significant increase in target localization
accuracy with disractor repetition,

The right side of Figure 4 shows probe test performance
{filled symbols) in comparison to shape baseline. The shape
baseline data points in the right side of Figure 4 show mean
performance for the four shape trials most closely preceding
and following the probe tests during their respective sessions
{performance on color displays were excluded), and were
selected to assess memory probe test performance. For P30
and P60 sessions, only the first probe test trial from each
testing session is plotted, although mean performance on the
second probe test trial for P30 (79.5%) and P60 (81.8%) did
not significantly differ from the first test trial, Fs(1, 5) << 1.5,
ps > 03,

Mean accuracy on probe tests (78.5%) was higher than on
the post-repetition shape baseline trials (72.83%). A two-way
repeated measures ANOVA for probe test (P3, P10, P30,
P60} and trial type (probe, shape baseline) confirmed this,
vielding only a significant main effect of trial type, F(1,5) =
8.1, p < .03, This indicates the pigeons were remembering
the previously repeated distractor fearure into the post-
repetition period. The memory for the repeated feature did
decline initially, as evidenced by significantly lower perfor-
mance on the probe tests in comparison with the last 15 trials
of distractor repetition, 84%: F(1,5) = 31.7, p << .003. But
the lack of any interaction or main effect of probe test,
however, suggests that the memory for the repeated distrac-
tor feature is relatively stable after that, influencing perfor-
mance for up to 60 trials after its last appcarance. Taking inte
account stimulus duration, reward, timeouts, ITI, and the
pigeons’ time 1o peck the warning signal for these 60 wials,
an estimate for the elapsed time between these intervals
would be about 30 min.

Considering the number of intervening, and potentially
interfering, trials and the elapsed time between the end of
repetition and the probe tests, it suggests that the pigeons’
memory for the repeated distractor feature was robust.
Earlier work exploring the effects of duration on memory of
a repeated target has found memory for target features to
dissipate between 30 s and 3 min. (Langley et al., 1996).
Consistent with this temporal window was a study in which
sequentially primed targets were remembered for all dura-
fions tested from 2.5 s to 17.5 s (P. M. Blough, 1991).
Although in the present experiment memory for repeated
distractor featires seemed to be much longer than that found
for target features in these earlier studies, it is difficult to
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Figure 3. The left side of the top and bottom panels, respectively, present mean target localization
accuracy and standard errors of the mean for distractor and target repetition training across
successive mial blocks within a session for Experiment 2. The bar graph in the top panel presents
mean target localization accuracy and standard errors of the mean following distractor repetition for
the first 20 wials of target testing and shape baseline. The bar graph in the bottom panel presents mean
target localization accuracy and standard errors of the mean following target repetition for the first 20
trials of distractor testing and shape baseling.
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Figure 4. The left side represents mean target localization accuracy and standard errors of the mean
across successive trial blocks within a session for shape baseline (open symbols) and disactor
repetition (filled symbols) of Experiment 3. The right side represents mean target localization
accuracy and standard errors of the mean for probe tests (filled svmbeols) and shape baseline (open
symbols). After the end of distractor repetiton, the abscissa represents the wial number within a
session on which memory probe tests occurred. For this post-repetition period, shape baseline
represents tests of shape displays that occurred within the four trials preceding and following the

probe tests from their respective sessions.

draw any strong conclusions about this difference because of
numerous procedural differences between the studies (e.g..
long vs. short runs of repetition, the presence or absence of
intervening trials, odd-item vs. fixed-item searches).

Experiment 4

Experiments 1 and 2 showed that there was less stimulus
control elicited from repeated target than distractor features.
On the basis of previous research suggesting the efficacy of
target repetition, this was a somewhat surprising result.
Experiment 4 attempted to help clarify the reasons for this
discrepancy. In it, we attempted to enhance attention to the
target by differential reinforcing some of the target features.
This was implemented using a two-feature repetition proce-
dure. In one condition, the “*differential target condition,”
two different target features were repeated within the same
session in which only cne of the target featires was
reinforced. The top half of Table 4 shows an sxample of six
consecutive wials from this condition, where the target
feature O is reinforced as usual and the target feature & is
not. Displays containing the reinforced target were rewarded
for accurate target localization (l.e., pecks to the target

region) and punished for incorrect responses (i.e., pecks to
the distractor region). Displays containing the nonreinforced
target feature, both correct and incorrect target localization
responses resulted in the end of a tial (i.e., no food delivery
or timeout), In a similar condition, the “differential distrac-
tor condition,” two different distractor features were re-
peated within the same session in which only one of the
distractor features was reinforced. The bottom half of Table
4 shows examples of six consecutive trials from this
condition, where the distractor feature = 1s reinforced as
usual (i.e., rewarding correct target localization and punish-
ing incorrect target localization) and the distractor feature
¥ is not rewarded. In another condition, the “nondifferen-
tial target condition,” two different target features were
repeated within the same session in which both target
features were reinforced in the same manner as in Experi-
ments 1 and 2. In another condition, the “nondifferential
distractor condition,” two different distractor features were
repeated within the same session in which both distractor
features were reinforced in the same manner as in Experi-
ments 1, 2, ang-3,

If the pigeons can remember two features simultaneously



Table 4

Examples of a Portion of Trials During the Targer and Distractor Differential
Reinforcement Conditions Fron Experiment 4

Cond'tien and trial Reinfarced:

Targe
3. Yes
3z NO
33 Yes
24 No
35 No
36 Yes

rateactar
31 No
32 Yesz
33 Yes
24 No
33 No
3¢ Yes

Targzel Distracior
Coles Shape Calor Shape
Biue o Bite A
Red I Rod <
Orange = Orengs L
Grecn T Green N |
Puiple T Purpie +
Yellow o Yellow ~
Cyan I Cyan ER
Pink e Pink =
Vialet i Violet =
Brown u Brown b
Biue T Biie EZ
Orange o Orange =

Yoy indicales that a target choilce was mewarded and a distraclor chojee was punished. “No”
indicates that moth target and distractor choices were not reinforced.

within the same session, then the nondifferential reinforce-
ment conditions should produce the same results as before.
That is. the pigeons should learn o avoid the two repeated
distractor features within a session, but not search for the
two repeated tatget feamres. For the differential reinforce-
ment conditions, because the different featires now pre-
dicted whether the pigeons could receive food or not en a
trial, the processing of the identity of these features would
become more significant for the birds. In the case of the
differential target condition, we thought it would directly
promote the processing of the target’s features. If so, we
should then see effects of target repetition on these feamres.
For the differential distractor condition, becanse the pigeons
already were processing the distractors of the displays, this
increased significance should not change their search
behavior.

Method
Animals, Apparatus, and Stimuli

The same 6 pigeons, apparatus, and stimuli used in the previous
experiments were used in this experiment.

Procedtire

Target and distractor repetition were similar to the previous
experiments, but now twao different shape features were randomly
selected each session and repeated in randomized blocks of two.
Each repeated featare occurred 60 times. These 120 target or
distractor repetition trials occurred from Trials 31 to 150 of each
session. Again, repeated feanires were only presented during
repetition trials within a particular session, During the tweo
nondifferential reinforcement conditions, both repeated feanres
were reinforced exactly liks in Experiment 1. During differential
reinforcement conditions, only trials containing one of the two
repeated shape feanires was rewarded. Accurate localization of the
tarset region on these trials ended in 2-s food reward and incorrect

localization produced a 10-s tmeout. Trials containing the other
repeated shape feature resulted in extinction (ie., no food reward
and no timeouts) regardless of the accuracy of the target localiza-
tion. The completion of the peck requirement on these nonrein-
forced trials simply ended the trials and started the ITT for the next
trial.

The experiment lasted 84 sessions. All together, four conditions
were tested using the two-feature repetition precedure: differential
distwractor repetition. nondifferential distractor repetition. differen-
tial target repetition, and nondifferential target repetition, The four
different conditions occurred in the following testing block order
with their respective number of sessions in parentheses: nondiffer-
ential distractor (18}, differential distractor (6). differential target
(6), nondifferential target (18}, differential target (6}, nondifferen-
tial target (6), differential targer (6), nondifferential target (6},
differential distractor (6), and nondifferential distracter (6). Each
session contained 188 trials. The first 10 trials of each session were
warm-up trials, The last 18 trials from each session consisted of
displays constructed from different line orientations. As these
displays were not germane to the current experiment, they have
been eliminated from the analyses, All other details were identical
to the previous experiments.

Results

The separate blocks of differential and nondifferential
testing on two-feature distractor and target repetitions are
shown in Figwes 5 and 6, respectively. Consider first the
pattern of effects in the differential blocks. For both distrac-
tor and target repetition, there was a divergence in accuracy
between the reinforced, R{+}, and nonreinforced features,
NR(—), in the-differential blocks. For dismactor repertition,
there was an increase in target localization accuracy from
baseline (Trials 11-30) for the nonreinforced distractor
feature, whereas the reinforced distractor feature showed
little or 1o increase across trials. For target repetition, there
was a decrease in accuracy from baseline for the nonrein-
forced target feature, whereas there was a clear increase in
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Figure 5. Mean target localization accuracy and standard errors of the mean for the four testing
blocks of distracter Tepetition conducted in Experiment 4. Successive trial blocks are represented
along the abscissa for each testing block: 11 (Trials 11-307, 31 (Trials 31-60), 6] {Trials 61-903, 91
(Trials 91-120), 121 (Trials 121-150}, 151 (Trials 151-170}. During nondifferential testing blocks,
the trial blocks for repeated features represent combined performance of 15 trials for each of the two
repeated features, Reinforced R(—) and nonreinforced NR(—) features are labeled for the differential
reinforcement conditions. For baseline (open symbols). only shape performance is represented from

]
(5]

their respective testing blocks.

aceuracy for the reinforeed target feature, Separate two-way
repeated-measures ANOVAs—Repeated Feature (rein-
forced vs. nonreinforced) X Trial Block (11-30, 31-60.
61-90, 61-120, 121-150)—were conducted for each differ-
ential testing block to examine these interactions. For
differential distractor and target repetitions, the Feature X
Trial Block interactions were significant in each case, ali five
Fs(4, 200 > 5.1, ps <X 005,

The effects of repetition for the nondifferential blocks
were different from those of the differential blocks. Fer
distractor repetition, both features showed a systematic and
similar increase in accuracy with nondifferential repetition.
Separate one-way repeated-measures ANOVAs (Trial Block:
11-30, 31-60, 61-80, 61-120, 121-150) revealed main
effects for trial block for nondifferential distractor repetition,
both Fsi4, 20) > 3.7, ps < .05. For target repetition, the
pattern was more complex. In the first block, there was an
increase in accuracy with target repetition, Fi(4, 20} = 3.8,
p < .05, although the total increase from baseline [3.9%;
wials (121-15Q0) — mials (11-30)] was less than in the prior
differential block (10.5%). In the second nondifferential
block, however, there was no significant effect of repetition
(F < 1), although again there was a slight numerical in-
crease from baseline (2.7%) across trials. In the third block,

the increase across target repetition was stronger (7.0%) and
significant, F(4, 20) = 5.1, p < .005, and not unlike those
seen with the reinforced feature in the differential target
conditions (mean increase over all testing blocks from
baseline was 8.6%) or with nondifferential distractor repeti-
tion {mean increase over all testing blocks from baseline
was 10.7%).

To compare the effects of target repetition across the two
reinforcement procedures, we conducted a two-way repeated-
measures ANOVA-—Reinforcement (differential vs. nondif-
ferential) X Testing Block (1, 2, 3)—on the difference in
accuracy between the last block of rewarded target features
(Trials 121-150} and baseline oials (Trials 11-30}. For this
analysis, the performance on nonreinforced features was not
included. This analvsis confirmed that the effect of target
repetition had a significantly greater increase during differen-
tial (8.6%) than nondifferential (4.5%) target repetition, F(1,
5) = 14.49, p < .05. There was no interaction over testing
blocks, F(2,10y = 3.14, p << .09,

To compare the effects of distracior repetition across the
two reinforcement procedures, we conducted separate two-
way repeated-measures ANOVAs—Reinforcement (Differ-
ential vs. Nondifferential) X Testing Block (1, 2) on the
difference in accuracy between the last block of rewarded
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Figure 6. Mean target localization accuracy and standard errors of the mean for the six testing
blocks of target repetition conducted in Experiment 4. Successive trial blocks are represented along
the abscissa for each testing block: 11 (Trials 11-30}. 31 (Trials 31-60), 61 (Trats 61-90}, 91 (Triats
91-120), 121 (Trials 121-1507, 151 (Trials 151-170). During nondiffercntial testing blocks, the rial
blocks for repeated features represent combined performance of fifteen trials for each of the two
repeated features. Reinforced. R(+). and nonreinforced, NR(~), features are labeled for the
differential reinforcement conditions. For baseline (open symbols). only shape performance is

represented from their respective testing blocks.

distractor features (Trials 121-150) and baseline wials
(Trials 11-30) for nondifferential blocks versus reinforced
and nonreinforced features during differential testing. These
analyses revealed that the effect of distractor repetition was
not significantly greater for the nonreinforced feature during
differential reinforcement (13.5%) in comparison to nondif-
ferential reinforcement (10.7%), F(1, 3} = 2.0, p > 22,
There was no interaction with testing block, F(1, 5) = 1.8,
p > .2. The same analysis comparing the effects of non-
differential reinforcement (10.7% increase) to the reinforced
feanwre (3.1%) revealed a significant difference, F(1, 3) =
6.0, p = .058.

Discussion

The most important development during this experiment
was the control by repetition exhibited for repeated target
features. The best evidence of this was during differencial
target repetition, which preduced a marked increase in
accuracy for the repeated and reinforced target feature and a
decrease in accuracy for the nonreinforced target feature,
That is, the pigeons learned to approach positively rein-
forced targets and avold the aversive nonreinforced targets.
Given that the identity of the targets was relevant to
predicting the potential outcome of each trial, this finding is
perhaps not surprising. This effect indicates that the earlier

failures in Experiment 1 to see any increase with target
repetition were not due to an inability to process target
features, but that they were not being processed during those
tests. This outcome is consistent with the idea that in the
earlier experiments the birds were responding automatically
to the target once it was located, but were now attending to
the features of this component because of their predictive
relations to reinforcement,

Interestingly, a scarch image-like target repetition effect
also emerged during nondifferential target repetition as well,
Although the effects were small in the first two festing
blocks, by the third block of nondifferential testing the birds
were reacting to the two repeated targets in a manner similar
to that observed with distractor repetition. The most likely
explanation for this effect is a carrvover effect of target
feature processing from the preceding differential condi-
tions. This suggests thar the controlled processing of the
target’s features was not specifically tied to the presence and
absence of reinforcement per se, but it reflects a more
generalized activation of target processing by the introduc-
tion of these events. It is the increasing recruitment of this
activation over repeated differential testing blocks that may
explain why the size of the nondifferential target repetition
effect grew so by the last testing block.

Besides increasing specific control by target feamures.
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differential reinforcement had effects on distractor process-
ing, too. First, the nonreinforced feature supported a greater
increase in accuracy than did the reinforced dismactor
feature. Second, and more interesting, the reinforced distac-
tor feature did not generally show the same degree of
increased accuracy as a function of distractor repetition as in
the comiparable neondifferential condition. Why did differen-
tia] reinforcement modulate distractor repetition in this way?
Perhaps part of the answer lies with a need to include an
associative component to the analysis. One speculation is
that within the temporal context of the potendally aversive
nonreinforced feature, there is now the presence of a
disractor feature that strongly predicts the possibility of
retnforcement (given the target is found). This may cause the
reinforced distractor feature to become associatively excita-
tory. This Pavlovian approach component then competes
with the learned operant rule to avoid the distractor region
(and preventing a timeout)., Thus, the birds occasionally
and prematurely peck at the reinforced distractor feawure
because of is association with target-produced food rather
than successfully searching for the odd-item target, with the
net result being overall less effective target localization
performarnce.

General Discussion

The interesting and new finding of the present experi-
ments was that repeating features of the distractor elements
resulted in improved target localization in an odd-item
search task (Experimenis 1. 2, and 4). Experiment 2 found
evidence that this distractor repetition effect was mediated
by a feature-specific avoidance strategy. Experiment 3 found
that the memory underlying this short-term learning effect
was long lastng, likely being greater than 30 min. Experi-
ment 4 revealed that differential reinforcement could modu-
late the presence and form of both target and distractor
repetition effects.

These experiments provide clear evidence that feature-
specific search strategies are involved in texmred visual
search. By processing over the short term what not to peck,
the pigeons can better avold repeated distractor items and
locate the unknown target more effectively then when these
distractor features are highly variable in their identity, such
as in the randomized baseline condition. In combination
with earlier evidence that relaticnal information is also used
in this type of search {Cook, 1992b; see also Cock, Cavoto,
& Cavoto, 1995, 1996}, it suggests that multiple processes
are simultaneously active in the visual search strategies of
pigeons. That is, in the present setting the pigeons’ search
was governed by both generalized odd-item and a distractor-
specific avoldance strategies. It is the flexible combination
of these search strategies that allows the present pigeons to
successfully discriminate over 48.000 different texture dis-
plays. When an odd target region does not readily “pop out”
to provoke rapid target responding. the distractor avoidance
rule functions twe prelong search untl a target item or
discontinuity is located. It is the increasing feature specific-
itv afforded this distractor avoidance strategy that serves as
the foundation for the pigeons’ effective use of repetition in
the current studies,

The main finding in previous stdies of stimulus repeti-
tion effects om visual search has been target-mediated
effects, where target repetition results in either an accuracy
or reaction time benefit (P, M. Blough, 1989, 1991, 1992,
1996; Blough & Lacourse, 1994; Bond, 1983; Bond & Riley,
1991; Langley, 1996: Langley et al., 1996; Pletrewicz &
Kamil, 1979; Plaisted, 1997; Reid & Shettleworth, 1992
Vreven & Blough, 1998). The major explanations of these
findings have clustered around target-focused noticns of
specific search image or attention to target features. During
differential reinforcement of repeated target features, we
also found that search could be governed by feature-specific
target approach and avoidance strategies, too. By learning
specifically which of two target features were paired with
reward and which were not, the pigeons were able to
approach or avoid these items respectively based on their
repetition. When target identity was not specifically tied to
different outcomes, however, we did not find the standard
search image effect during target repetition. Are these
various dismactor-specific avoidance and target-specific ap-
proach patterns of behavior reflective of complementary
changes in the same mechanism? Although very difficult to
compare because of the differences in the procedures used in
these studies, they are similar in that both represent short-
term changes in the effectiveness of target localization
within a single session. The current repetition effects did
seem to take longer to develop within a run, but appeared to
last longer, then typical of target-mediated search image
effects. Further, the distractor aveidance strategy is different
from other rarget-specific approach strategies in that no
specific representation of the target’s features appeared to be
invelved in producing its improvement in target localization
accuracy.

Interestingly, only one other prior study to our knowledge
has found evidence for a distractor-mediated search effect.
D. S. Blough {1993} used an odd-item task that contained
predictable relations between specific distractor and specific
target items. By varying their frequency, he found that
pigecns learned conditional expectancies about what targets
o lock for based on the distractor items preseat in the
displays. Although the mechanisms involved are slightly
different (conditional expectancy of the target vs, distractor
avoidance), it is interesting thar in both the current and in
D. 8. Blough’s (1993) experiments, an odd-item search task
was used, and in both cases the pigeons came to rely on the
focused processing of the more populous distractor as a
critical route to locating the target.

These new results and the previous literature now suggest
that there are at least five different tactics used by birds to
locate successfully a target in a visval search task. These
include the use of generalized relational information and
item-specific strategies based on the properties of the target,
distractor, and their specific combination. First, birds can use
conspicuous oddity information to locate rapidly a unique
and clearly visible target (D. 8. Blough, 1989; Bond & Riley,
1991; Cook, 1992b; Reid & Sheitleworth, 1992). We think it
is the greater activation of this relational mechanism by the
color displays that is responsible for the differsnce in
repetition effects observed for color and shape dimensions in
Experiment 1, for instance. Second, birds can use a general-




ized distractor avoidance rule (Expeniments 1, 2. 3, and 4
shape baseline performance). This strategy invelves a rela-
tional search rule that is based on avoiding distractors
(defined by initial encounter, relative size, or number) until a
different item or a global target pattern is encountered. This
flexible strategy would be highly effective in odd-item tasks
in which the target’s identity is unknown, and the previously
mentioned oddity tactic is prevented by the similarity of the
target and distractor items. This generalized distractor
avoidance strategy also appears to be the progenitor of vet
another way of locating the targetr. Third, in this case, birds
use a feature or item-specific distractor avoidance strategy. It
is this tactic that is responsible for the distractor repetition
benefits discovered in the present experiments. Fourth, birds
can use an item-specific search strategy based on locating a
known target item or its features (Experiment 4; P M.
Blough, 1989, 1991, 1996; Bond. 1983: Bond & Riley,
1991; Langley et al., 1996; Pierewicz & Kamil, 1979; Reid
& Shettleworth, 1992). Fifth, birds can use item-specific
expectations that have been established between pairs of
specific distractors and targets (. 5. Blough, 1993). From
this growing list, it might be safe to say that birds potentially
use virtually every piece of information available to them in
a visual search task in order to locate a relevant target in a
background of distractors.

As such, the essential question becomes what conditions
cause these different strategies to be used in the various
types of visual search tasks that have been sudied? Four
factors currently seem critical. The first factor 1s the
perceptual discriminability of the target relative to the
distractor. The role of perceptual discriminability in search
tasks is well established and widely acknowledged. When
target items are highly visible, birds are able to directly
perceive and easily respond to the target. The specific
process underlying these “pop-om” like effects is likely
based in the early visual mechanisms for feature regisiration
and perceptual grouping in birds (Cook, 1992a, 1992b, in
press; Cook et al., 1996). Only when a 1arget is hard 1o see,
do the other types of search mechanisms outined above
become measurable.

The second factor concerns the number of visual items
regularly involved in the task. The role of exemplar number
is critical to the successful formation of object categories
(Bhatt, Wasserman, Revnolds, & Knauss, 1988; Kendrick,
Wright., & Cook. 1990) and relational rules (Cook, Katz, &
Cavoto, 1997, Santiago & Wright, 1934; Wasserman, Hugart,
& Kirkpatrick-Steger, 1995; Wright, Cock, Rivera, Sands, &
Delius, 1988}, The same is surely true in the present context
as well. As the number of items used w0 create the set of
stimulus displays increases, the more likely control by
relational factors will occur. The use of small numbers of
stimuli fits more natorally into the pigeons’ initial propensity
to memorize the specifics of any discrimination. Search
conditions using smaller numbers of target or distractor
stimull are thus ideal for generating item-specific search
strategies (P. M. Blough, 1989, 1991, 1992, 199¢; Blough &
Lacourse, 1994; Bond, 1983: Bond & Riley, 1991; Langley,
1996: Laneley et al., 1996; Pietrewicz & Kamil, 1979;

Plaisted, 1997, Plaisted & Mackintosh, 1995: Reid &
Shettleworth, 1992; Vreven & Blough, 1998},

The third factor appears to be related to the experience of
the animals. TFor ipstance, we found that the specific
properties of the target received very little processing in the
current task until the conditions were changed to make the
target identity relevant by either reversal discrimination or
reward outcomes. When these conditions occurred the birds
apparently started to pay attention to target identity. Prior to
this, the birds appeared to be responding to the target in an
almost “‘automatic” mode. Thatis, once it has been localized
the birds responded to the target because of the experimental
contingencies requiring five pecks, but this pecking behavior
had little to do with the birds further processing the target’s
characteristics. Only when the conditions were changed te
make such information more relevant did the birds change
their processing to a more controlled mode. Vreven and
Blough (1998} have recently reported a related kind of
automatic processing effect. They found in a fixed-item
visual search task that with extended experience with a
specific set of targets that benefits of target repetition
diminished under some circumstances. With an increase in
the numbers of target stimuli to look for, however, more
controtled processing of the displays returned. Given the
exlensive experience that birds often receive in this type of
operant discrimination, perhaps greater experimental atten-
tion should be paid tc the potential conmibutions of auto-
matic and controlled processing and responding in such
settings.

The fourth factor concerns whether birds are required to
solve an odd-item or fixed-itern search task. In odd-item
searches. visual items are used interchangeably as both
targets and distractors. In fixed-item searches, targets and
distractors come from different sets of visual items that each
have mutually exclusive features. Because of the potential
classification of visual items during fixed-item searches,
subjects could learn with experience specifically what items
they are searching for and which to avoid. If such predictabil-
ity occurs, then Hmiting the number of target items should
improve search performance because the subject could
become certain of the identity of the target to be found. In
keeping with this. all previous demonstrations of specific
target item repetition effects have involved forms of fixed-
item searches (P. M. Blough, 1989, 1991, 19592, 1996; P. M.
Blough & Lacourse, 1994; Bond, 1983: Bond & Riley, 1991,
Langley, 1996: Langley et al., 1996; Pletrewicz & Kamil,
1979 Plaisted, 1997; Plaisted & Mackintosh, 19935; Reid &
Shettleworth, 1992; Vreven & Blough, 1998},

Another factor that may need consideration concerns the
possible contriburions of conditioning processes to these
types of discriminations, especially when itemn repetition is
involved. We found that diswactor avoidance, target ap-
proach, and target avoidance each were modulated by the
nature of the reinforcement contingencies associated with
the repettion of these elements. A search image perspective
suggests these effects are due to modifications in the amount
of attention directed to the repeated elements. A condition-
ing perspective would suggest these changes could be
viewed as a type of short-term learning effect involving
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excitatory approach and inhibitory avoidance responses to
the repeated elements. In fact, one way to view the cumrem
work 1s as a series of “mini” acquisition studies within the
context of a steady-state discrimination. At the moment,
these alternative accounts have not been well separated in
studies involving item repetition. It is quite possible that
both attention and learning may play a role. One future
research direction for this type of research is to isolate the
relative contribution of these types of processes to search
effects 1n pigeons,

Finally, the current experiments offer a potentially tmpor-
tant and new speculation about the way that foraging
animals might search for food. Although much attention has
been directed at the formation of specific search images
(learning what to look for), far less attention has been
focused on learning to ignore or aveid background or
substrate characteristics (learning what not to look for). One
limitation of forming a search image is that it locks the
forager into searching for only a subset of recently encoun-
tered ltems, perhaps at the cost of missing other equally
good targets that are present. One benefit of a substrate
strategy is that by learning the features of the background
that one is currently feeding on, the relative detectability of
many different and unknown targers might be simulta-
neously cnbanced for that context. This seems like a
potentialty adaptive strategy for dealing with the variable
nature of edible items that oceur within relatively homoge-
neous patches.
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