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Acquisition and Transfer of
Visual Texture Discriminations by Pigeons

Robert G. Cook
Tufts University

Two experiments investigated texture discrimination in pigeons. In a simultaneous conditional-
discrimination procedure, pigeons were reinforced for pecking at a small target region of
identically colored form elements embedded in a larger region of distractor elements. These
regions differed in either color or shape or differed redundantly in both dimensions. Pigeons
readily acquired these discriminations and showed substantial positive discrimination transfer to
new displays composed from novel recombinations of training colors and shapes, novel colors
and shapes, and novel spatial organizations. The global organization of these displays appeared
to be the chief property mediating performance. This suggests that pigeons have mechanisms for
perceptually grouping regions of similar colors and shapes, and these mechanisms may be similar
to the preattentive visual mechanisms proposed for human texture segregation.

Because of their diurnal aerial niche and small brains, birds
are of particular interest and importance to an understanding
of the evolution and mechanisms of vision. Derived from
different reptilian lineages over 150 million years ago, the
anatomically dissimilar avian and mammalian visual systems
have both evolved the capacity for rapid and accurate percep-
tion of the visual world (Donovan, 1978; Emmerton, 1983;
Pearson, 1972; Waldvogel, 1990). As such, the comparative
investigation of avian visual cognition can enhance under-
standing of the structures and processes of the mammalian
visual system, as well as those of other animals (Ewert, 1987;
Reichardt, 1986). The experiments reported in this article are
the first in a program aimed at better understanding how
birds process visual texture stimuli.

Visual textures are hierarchical stimuli composed of per-
ceptually distinct global regions that are derived from the
grouping of similar small elements (see Figure 1). Humans
can rapidly perceive the global differences in many kinds of
texture stimuli (Beck, 1966, 1982; Julesz, 1975, 1981). The
effortless nature of such texture discriminations suggests that
the underlying perceptual mechanisms are located early in
the stream of visual processing and are parallel and preatten-
tive in character (Beck, 1982; Broadbent, 1977; Julesz, 1981;
Marr, 1982; Treisman & Gelade, 1980; Watt, 1988). As a
result, the study of human texture segregation has significantly
increased understanding of many fundamental visual proc-
esses. These include the following: the generation of figure—
ground relations, the vocabulary of basic visual features, the
grouping mechanisms of explicit and subjective contour gen-
eration, and the relative contributions of preattentive and
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attentive visual processes to perception (e.g., Beck, 1966,
1982; Grossberg & Mingolla, 1985; Julesz, 1981). Despite its
indisputable theoretical importance, texture discrimination
has only been examined sparingly in pigeons (Blough &
Franklin, 1985).

The experiments reported here were designed to investigate
the visual and conceptual foundations of texture discrimina-
tion in pigeons and the relation of texture discrimination in
pigeons to texture perception in humans. Computer-generated
texture stimuli analogous to those previously tested with
humans were presented to pigeons with a simultaneous con-
ditional-discrimination procedure. The pigeons had to locate
and peck at a smaller zarget region of colored shapes em-
bedded within a larger array of distractor elements to receive
food reinforcement. The elements of these two regions could
differ in shape (e.g., red triangles in red circles), color (e.g.,
green squares in red squares), or both shape and color (e.g.,
green circles in red triangles). In Experiment 1, I examined
the acquisition and transfer of texture discriminations using
a quadrant placement procedure, in which the target region
was randomly located in one of four quadrants of the stimulus
display. In Experiment 2, I examined the acquisition and
transfer of texture discriminations using a random-placement
procedure, in which the target region was randomly located
anywhere within the texture display.

My objectives in these experiments were to understand how
pigeons perceive and discriminate such stimuli. Like humans,
would the pigeons rapidly perceive the global or regional
properties of these displays and use them as the effective basis
for their response? If so, how similar are the underlying visual
and conceptual mechanisms to those of humans? To research
these questions, pigeons were challenged to discriminate large
numbers of textured displays possessing consistent regional
organizations but composed of local elements that changed
unpredictably from display to display. How readily the pi-
geons learned such visual discriminations, and the nature of
their transfer to new displays, could then be used to establish
the relative importance of global and local properties in the
birds’ perception and responses to these textured stimuli.
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recombinations of the four colors and shapes used during
training were examined. Two types of recombinations were
investigated. The first type reversed the target and distractor
roles of previously paired elements, and the second type tested
specific, not previously paired, elements.

The second set of transfer tests examined displays composed
with novel colors or shapes (see Figure 2). Novel colors and
shapes were added successively and configured with a new
irrelevant shape or color value on each test trial. This proce-
dure allowed for the continuous measurement of discrimina-
tion transfer to novel displays over an unusually extended
period of 19 consecutive sessions.

Method

Subjects. Four naive White Carneaux pigeons were used. They
were maintained at 80% of their free-feeding weights and had free
access to water and grit in their home cages.

Apparatus. A flat-black plywood chamber (36 cm wide X 32 cm
deep X 38 c¢m high) held the pigeons in front of a black Plexiglas
front panel (36 cm wide X 38 cm high). A 28-V houselight (No. 1812)
was located in the center of the ceiling and was illuminated at all
times, except when an incorrect response was made. A food hopper
was located in the middle of the front panel, with its access hole flush
to the chamber floor. A Multisync II color monitor (NEC, Wooddale,
IL) was located immediately behind the front panel and was visible
through a 26 X 18 cm glass window. The bottom edge of this window
was 20 cm above the chamber floor.

All experimental events were controlled and recorded with an AT-
class microcomputer. All stimuli were generated by computer and
presented directly to the pigeons on the color monitor. Stimulus
generation and event programming were executed using QuickBasic
(Microsoft, Redmond, WA) and a separate graphics library (Hydrex
Graphics, Houston, TX). Computer-controlled relays (Metrabyte,
Taunton, MA) governed the operation of the hopper and houselight.
A VEGA Deluxe color video card (Video-7, Milpitas, CA) controlled
the monitor in the enhanced graphics mode (EGA; 640 X 350 pixels;
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Figure 2. Examples of the 12 shapes used in Experiments 1 and 2.
(Eleven colors were also tested. The top row depicts the 4 shape
stimuli used to generate the training displays of Experiment 1. The
second row shows the 4 shapes introduced in the novel value transfer
test of Experiment 1. The 8 shapes of rows 1 and 2 were used to
generate the training displays of Experiment 2. The third row shows
the 4 shapes used in the novel value transfer tests of Experiment 2.)

all coordinates in this article follow a column by row format). The
two display pages of this mode were used as shutters for the control
of stimulus onset and offset.

Pecking responses to the monitor were detected by an infrared
LED touchscreen (EMS Systems, Champaign, IL). This touchscreen
was mounted behind a 40-mm ledge of Plexiglas around the inside
edge of the viewing window. The resolution of the touchscreen was
96 x 48 spatial locations. A peck was defined as penetration and
withdrawal from the LED matrix by the beak.

Stimulus generation. Quadrant placement texture displays were
13.5 X 12 cm and consisted of 288 separate elements arranged in an
18 X 16 element array at 0.75-cm intervals. Individual elements were
3 to 6 mm in size, depending on their shape. Elements of this size
have been found to be readily discriminable by pigeons in many types
of visual discriminations (D. S. Blough, 1977, 1979, 1989; Cook,
Riley, & Brown, 1992; Honig, 1991; Jenkins & Sainsbury, 1970).

Each texture array was conceptually divided into four quadrants
(9 x 8 elements each). Three of these quadrants were composed of
identical elements and designated the distractor quadrants. In color
displays, the elements of the target quadrant differed in color, but not
in shape, from those of the distractor quadrants. In shape displays,
the target and distractor elements differed in shape but not in color.
In redundant displays, the target and distractor elements differed in
both color and shape. The location of the target quadrant was
randomly determined for each trial.

Training was conducted with 12 color, 12 shape, and 12 redundant
stimuli. The elements of these 36 textures were made from combi-
nations of four colors, blue, green, cyan, or red, using EGA palette 1,
2, 3, or 4, and four shapes, square (S), triangle (TRI), U, or chevron
(CH). These colors and shapes were used equally often in the com-
position of the 36 training stimuli, but not in every combination.

For example, the 12 color training displays were selected from a
total set of 48 color texture stimuli (12 color combinations [4 target
colors X 4 distractor colors] X 4 irrelevant shapes, excluding uniform
displays). The 12 color training displays were generated using only 8§
of the 12 combinations of colors. These 8 combinations were then
combined with four irrelevant shapes, so that each shape was used
three times in the 12 stimuli. As a result of this procedure, 36 color
texture stimuli were available for the novel recombination transfer
tests described later. The term irrelevant in this context refers only to
that dimensional value held constant in a particular display. The
discrimination of color and shape differences between displays of a
session was always relevant to reinforcement.

The 12 shape texture stimuli were composed in the same manner,
leaving 36 shape texture stimuli available for transfer testing. The 12
redundant trials were made from elements used in making the 12
shape and 12 color training stimuli and selected so that element
combinations set aside for transfer testing were not presented.

Discrimination-training procedures. The pigeons were first auto-
shaped to peck a white circular ready signal after a brief period of
hopper training. Once consistent responding to the ready signal was
established, the texture stimuli were introduced. Texture stimulus
autoshaping trials started with a peck to the ready signal, darkening
the screen for 0.4 s, followed by the presentation of a texture stimulus.
The texture stimulus was then displayed for 20 s or until the stimulus
was pecked. Either condition caused the food hopper to be raised for
2.5 s. These texture autoshaping trials were separated by a 10-s
intertrial interval (ITI).

Texture autoshaping sessions consisted of four 36-trial blocks (144
total trials per daily session). Each block involved one presentation
of each of the 36 training stimuli. The order of presentation within a
block was randomized. All birds were immediately responding to the
texture stimuli after one or two sessions, at which point true discrim-
ination training began.

The daily 144-trial discrimination-training sessions were conducted
in a highly similar manner, except that food reinforcement now
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depended on pecking the target region of the texture display. Each
discrimination trial started with a peck to the ready signal, which
darkened the screen for 0.4 s, and was followed by a texture display.
If the pigeon pecked five times at the target quadrant, the texture
display was turned off and the hopper was raised for 2.5 s. If the first
five pecks were to the distractors, the texture display was turned off
and the houselight was extinguished for 15 s. A 5-s ITI followed either
trial outcome. The accuracy, time, and spatial location of all pecks
were recorded. The first and second training sessions used only one
and three pecks to the texture stimuli, respectively.

Pecks at the target quadrant and the adjacent row and column of
distractor elements were counted as target-directed responses. As a
result, the expected value of accuracy given chance responding was
27%, as determined by the area of touchscreen programmed to detect
target-directed responses. This particular estimate also assumes that
successive pecks within each trial are not independent of one another.
If successive pecks were treated as independent and randomly located
events, then the estimated chance value would diminish considerably.
As all pecks within a trial tended to cluster around the location of the
first, both the pigeons’ pecking behavior and their initial levels of
accuracy suggested that the more conservative value was the most
appropriate.

Novel recombination transfer test. Discrimination-training ses-
sions were conducted daily until a pigeon recorded five sessions with
an overall target detection accuracy of 65% or greater, at which point
transfer testing began, The first transfer test examined the 36 novel
color and 36 novel shape displays that could be derived from the
untested combinations of the four training colors and shapes. This
transfer test consisted of four 7-session blocks. Block 1 is described
below in detail. The remaining three blocks were identical in design.

In Block 1, I tested those novel recombination displays involving
the green and square values. These 9 color and 9 shape test displays
differed from the training displays in one of two ways. For each
dimension, four of the transfer displays reversed the target and
distractor elements of a display used during training; (e.g., red U
target-green U distractor display during training; green U-red U display
during testing), and the remaining five transfer displays changed the
irrelevant color or shape value that had been used during training
(e.g., red U-green U during training; red square-green square during
testing). The seven 162-trial sessions of Block 1 consisted of three 54-
trial blocks (18 test and 36 training displays). The order of stimulus
presentation in each 54-trial block was randomized. The reinforce-
ment contingencies and temporal parameters were the same as during
acquisition.

In each of the three remaining 7-session blocks, a different set of
18 novel recombination displays was tested in the same way. In Block
2, I tested the novel displays derived from the red and U values, in
Block 3, I tested the cyan and CH values, and in Block 4, I tested the
blue and TRI values.

Novel value transfer test. In this phase, I tested displays made
with novel colors and shapes. This phase consisted of four multises-
sion blocks, each one a test of a new color and shape. As described
next, the organization of the trials varied slightly for each block.

Block 1 introduced and tested the color purple (EGA color no. 5)
and the double dot figure (DD) and consisted of five 156-trial sessions.
In each session, eight novel color and eight novel shape displays were
tested in three 52-trial blocks (16 test displays and 36 training dis-
plays). For each dimension, the test displays were formed by combin-
ing the novel value, in both a target and distractor role, with each of
the four training values. These eight color and eight shape differences
were then configured with a different irrelevant value in each of the
five sessions of Block 1. The shape transfer trials were configured
with the colors green, cyan, blue, red, and purple, and the color
transfer trials were configured with the shapes TR, U, S, CH, and
DD, respectively, over the five sessions. The reinforcement contin-
gencies and temporal parameters were the same as previously used.

Block 2 introduced the brown (EGA color no. 20) and T values
and consisted of six 168-trial sessions. Each session tested 10 new
color and 10 shape displays in three 56-trial blocks (20 test displays
and 36 training displays). The test displays were made by combining
each dimension’s novel value with the four corresponding training
values and the novel value from Block 1. As in Block 1, the test
displays were configured with different irrelevant values in each
session. The shape transfer trials were configured with the colors blue,
green, cyan, red, purple, and brown, and the color transfer trials were
configured with the shapes S, TRI, U, CH, DD, and T over the six
sessions, respectively.

Block 3 introduced the gray (EGA color no. 7) and circle (CIR)
values. Block 3 consisted of four sessions. The test displays were
constructed in the same way as the previous two blocks. The first
three sessions tested the 12 novel color and 12 shape displays twice
in each session, but configured with a different irrelevant value each
time. These three sessions each consisted of one 84-trial block (48
test and 36 training displays). The fourth session tested the novel
displays in combination with the remaining seventh irrelevant value,
presenting the 24 test displays once and the 36 training trials twice.
The four sessions of shape transfer trials were configured with the
colors blue and green, purple and brown, red and cyan, and gray,
and the color transfer trials were configured with the shapes TRI and
S, Tand DD, CH and U, and CIR.

Block 4 introduced the orange (EGA color no. 52) and arc (A)
values and consisted of four 92-trial sessions. Each session tested the
14 new color and 14 shape displays twice, each time with a different
irrelevant value. Over the four sessions, the shape transfer trials were
configured with the colors blue and green, red and cyan, purple and
brown, and gray and orange, and the color transfer trials were
configured with the shapes TRI and S, CH and U, DD and T, and
CIR and A.

Results

Acquisition. Acquisition of the task was rapid and appar-
ently easy for the birds. Figure 3 displays the mean target-
detection accuracy for the color, shape, and redundant dis-
plays over the first 19 sessions. Averaging over all three display
types, it took a mean of 13.25 sessions to reach the 65%
criterion. Unless otherwise noted, all subsequently described
statistical tests used a significance level of p = .05. Repeated
measures analyses of variance (ANOVAs, Dimension X Ses-
sions) comparing color, shape, and redundant-display accu-
racy revealed that the shape discrimination was learned sig-
nificantly slower than either the color, Dimension X Sessions
interaction, F(18, 54) = 2.45, or the redundant discrimina-
tion, Dimension X Sessions interaction, F(18, 54) = 2.0S.
Accuracy with redundant displays was significantly better
than with color displays, F(1, 3) = 11.60, and there was no
significant interaction over sessions for these two conditions.

Novel recombination transfer. The birds transferred read-
ily to the novel recombination of previous displays, although
overall performance was below that of the baseline trials. Only
the first two sessions of each block were analyzed to minimize
any effects of display repetition. A repeated measures ANOVA
(Blocks [ 1-4] x Trial Type [baseline or transfer] X Dimension
[color or shape] X Sessions [first or second]) revealed no
significant changes in accuracy over the four blocks of testing
(F < 1) or over the first two sessions of these blocks (F < \).
Over the four blocks, accuracy on both color (73.2%) and
shape transfer trials (52.9%) was significantly above chance
(27%), for color, #3) = 24.0, and for shape, #3) = 6.7.
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Figure 5. Mean accuracy (%) for transfer and baseline conditions
over the 19 sessions of novel value transfer testing in Experiment 1
(top panel) and results as a function of first-peck reaction time. (The
arrows indicate the first session introducing a new color and shape
during the four blocks of this experiment. SEC = seconds.)

transferred to novel texture displays. Both color and shape
discriminations showed positive transfer to displays formed
either by novel recombinations of the training colors and
shapes or with novel colors or shapes. This robust positive
transfer indicates that the discrimination of the color and
shape differences was based on relational properties in these
displays and not specific absolute characteristics.

The proficiency of the pigeons in transferring these texture-
based conditional discriminations contrasts sharply with the
difficulties often exhibited in transferring other forms of con-
ditional discrimination (Berryman et al., 1965; Cumming &
Berryman, 1961; Farthing & Opuda, 1974; Holmes, 1979;
Santi, 1978, 1982). Part of the reason for this surely lies in
the simultaneous and highly perceptual nature of the present
discrimination. The conspicuous visual difference between
the adjacent regions and its reliably global organization form
an immediate and obvious relational feature that could have
mediated target detection, its ready acquisition, and substan-
tial positive transfer. If so, then the pigeons, much like hu-
mans, may have been rapidly perceiving and segregating these
textured displays on the basis of the displays’ salient regional
characteristics.

Although the high levels of positive transfer indicate that
the absolute identity of the elements was not of primary
importance, the results of recombination transfer tests offer

evidence that the pigeons had memorized some characteristics
of the training stimuli. Changes in the irrelevant dimensional
value and reversal of the previous target and distractor roles
both reduced accuracy relative to baseline. To detect such
changes in display composition, information about those
specific attributes must have been encoded for some or all of
the 36 training displays. The initially slower RTs for novel
displays and the general bias to peck display regions composed
from familiar elements also indicate that some information
about the specific nature of the color and shape training
values must have been represented in memory.

Consequently, the pigeons in Experiment | seem to have
simultaneously acquired both absolute display-dependent in-
formation, which interfered with the complete transfer of the
discrimination to new stimuli, and relational display-inde-
pendent information, which was responsible for the large
degree of positive transfer to novel displays {see D. S. Blough,
1989, for a comparable finding). The absolute properties
inciuded memories for specific combinations of color and
shape, their target and distractor roles, and the identity of the
training colors and shapes. The relational properties of the
displays may have incorporated the salient perceptual differ-
ences that were present in the global organization of the target
and distractor regions and that formed an effective feature
shared in common by every training and test display.

Experiment 2

The purpose of Experiment 2 was to investigate perfor-
mance with texture displays in which the target region was
placed at random within the distractor field (see Figure 6).
The quadrant procedure was examined initially because its
chances of success seemed higher, but a random-placement
procedure is superior for several reasons. It permits control
over the form and size of the target, allows the use of larger
distractor fields, and significantly increases the number and
range of target spatial positions. The latter consideration was
of most interest because the quadrant procedure permitted
only four target locations and thus potentially allowed target
searches to be restricted to a small and fixed set of positions.

After Experiment 1, the four quadrant-trained pigeons were
transferred to the random-placement procedure. If the per-
formance of the quadrant-trained pigeons was severely dis-
rupted on being switched to randomly located targets, it would
suggest that the limited number of target positions in Exper-
iment 1 had been critical. If they readily transferred, on the
other hand, it would indicate that their target-detection mech-
anisms were operating over a wide area of the display and
were not tied to a few display locations.

Two new birds were also trained in Experiment 2. Their
training was conducted exclusively with randomly located
targets and textured displays composed with a random trial
composition procedure. In this latter procedure each trial’s
display elements were randomly selected from a pool of 64
elements, as formed by the pairwise combination of eight
colors and shapes. Accordingly, 4,032 different texture dis-
plays were available for presentation on any given trial during
their training, resulting in a considerably larger and more
unpredictable set of displays than was used in Experiment 1.
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Session 29, testing with the redundant displays was discontinued, and
the 120 daily trials were divided evenly between color and shape
trials. Starting at Session 46, the target size was reduced to 7 X 6
elements. After 60 total sessions of training, the novel value transfer
tests described later were conducted.

Quadrant to random-placement procedure transfer. The 4 quad-
rant-trained pigeons were switched to the random trial composition
procedure using eight colors and eight shapes on completing Experi-
ment 1. The pigeons received 45 additional 100-trial quadrant place-
ment sessions (40 color, 40 shape, and 20 redundant trials per session).
They were then transferred to identically composed 100-trial sessions
using the random target placement procedure and its larger display.
All other aspects of their testing remained the same. Data from the
last two quadrant and first two random placement sessions are
described later.

Soon after this switch in procedures, these pigeons were tested for
the effects of dimensional organization on texture discrimination
(Cook, 1992a). These experiments used both the random-placement
and random trial composition procedures and lasted several months.
On completion, these 4 pigeons were switched to the same daily
regimen then being used with the 2 new pigeons (Session 20). Testing
of novel value transfer occurred 40 sessions later,

Novel value transfer tests. In this phase, discrimination transfer
to displays generated with novel colors and shapes was examined.
The first series of tests used three new colors, and the second series
of tests used four new shapes.

Color transfer testing was conducted in three 3-session blocks.
Each block introduced a new color in the following order: pink (EGA
color no. 37), light blue (EGA color no. 25), and yellow (EGA color
no. 54). Test displays were made by combining that block’s new
color, in both target and distractor roles, with the eight training colors
and the previously tested novel colors (Blocks 2 and 3 only). After
each block, its novel color was tested again only in combination with
subsequent novel colors. The irrelevant shape configuring these color
transfer trials was changed for each session of a block; S, TRI, and
CIR were used. Each session consisted of 120 total trials. Each
session’s transfer trials were simply randomly mixed into randomly
generated color and shape baseline trials. Event timing and reinforce-
ment contingencies were the same as during training.

Shape transfer testing was conducted in four 3-session blocks. Each
block introduced a new shape in the following order: O, triple dot,
equal sign, and vertical line (see Figure 2). Test displays were again
made by combining the novel shape with the eight baseline shapes
and the previously tested novel shapes (Blocks 2, 3, and 4 only). After
each block, a novel shape was presented again only in combination
with subsequent novel shapes. The irrelevant color configuring these
transfer trials changed for each session of a block. Blue, red, and
green were used. Each session consisted of 120 trials of randomly
intermixed shape transfer trials and randomly generated color and
shape baseline trials. Four 120-trial baseline sessions separated the
color and shape transfer tests.

Results

Transfer to the random-placement procedure. The four
quadrant-trained birds immediately transferred to the ran-
dom-placement procedure with no loss in performance. For
the last two quadrant placement sessions, mean target-detec-
tion accuracy was 63% and mean first-peck RT was 555 ms.
For the first two random-placement sessions, these values
were 70.6% and 507 ms. Repeated measures ANOVAs (Pro-
cedure [quadrant or random] X Display Type {redundant or
color or shape] X Sessions [1 or 2]) of both dependent

variables revealed no significant differences as a function of
procedure or its interaction with display type.

Acquisition with the random-placement procedure. For the
2 new birds, task acquisition with the different display types
paralleled that seen earlier with the quadrant procedure. Fig-
ure 7 shows mean accuracy for color, shape, and redundant
trials during the first 19 sessions. The 2 birds reached criterion
in 18.5 sessions (5 sessions of >65% overall accuracy for all
three display types). Color and redundant texture discrimi-
nations were again acquired significantly more quickly than
shape: color versus shape, F(1, 1) = 145.63, and redundant
versus shape, F(1, 1) = 700.48. No significant difference was
found between acquisition of the redundant and color dis-
criminations.

Task acquisition with the random and quadrant procedures
was then compared to investigate whether there were any
differences in learning between the two experiments. The
random versus quadrant placement procedure was tested as a
between-groups factor in a mixed design ANOVA (Procedure
[random or quadrant] X Display Type [redundant or color or
shape] X Sessions). No significant effects or interactions were
found between the two procedures. The main effects for
sessions, F(18, 72) = 18.23, and display type, F(2, 8) = 41.66,
were both highly significant.

Novel color transfer test. Task transfer to novel color
displays was almost perfect, with little or no difference in
accuracy relative to the baseline displays. The left side of
Figure 8 shows the mean target-detection accuracy of all 6
pigeons for color baseline and transfer trials over the nine test
sessions. Mean accuracy for the 162 color transfer trials
(69.4%) was significantly above chance (30%), #(5) = 11.2,
and was the same as with the baseline trials (70.4%). A
repeated measures ANOVA (Trial Type [baseline or transfer]
X Sessions) found no significant differences in accuracy be-
tween baseline and transfer conditions, F(1, 5) < 1, or their
interaction over sessions, F(8, 40) < 1. Analysis of only the
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Figure 7. Mean accuracy (%) of the 2 new birds over the first 19
training sessions for color, shape, and redundant displays in Experi-
ment 2. (The broken reference line represents chance performance.)
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Figure 8. Mean accuracy (%) for color and shape transfer and
baseline trials over the 21 sessions of novel value transfer testing in
Experiment 2. (The arrows indicate the first session introducing a
new color and shape during the different blocks of this experiment.
The broken reference line represents chance performance.)

first transfer sessions with a new color also revealed no reliable
difference between baseline (71.7%) and transfer (66.4%)
trials, F(1, 5) = 1.30. Mean RTs for baseline (581 ms) and
transfer trials (620 ms) were also not significantly different.

Novel shape transfer test. Task transfer to novel shape
displays was also very good but was below that of the baseline
trials and was also not as high as observed with the novel
color displays. The right side of Figure 8 shows the mean
accuracy for shape baseline and transfer trials over the 12 test
sessions. Mean accuracy on the 228 shape transfer trials
(61.3%) was significantly above chance (30%), #(5) = 14.1,
and only slightly below that recorded for shape baseline trials
(65.2%). A repeated measures ANOVA (Trial Type [baseline
or transfer] X Sessions) found no significant difference be-
tween the transfer and baseline trials in terms of accuracy,
F(1, 5) = 5.47, and no interaction across sessions, F(11, 55)
= 1.50. Analysis of only the first transfer sessions with a new
shape found no reliable difference between accuracy on base-
line trials (64.3%) and transfer trials (60.8%), F(1, 5) = 1.81.
Mean RTs for shape baseline (618 ms) and transfer (674 ms)
trials were not different.

Two additional analyses were performed. The first looked
at the effects of previous experience on transfer accuracy. This
analysis found no differences between the two groups of
pigeons in their degree of transfer to the novel displays. The
6 pigeons were divided in two groups according to training
procedure or experience (quadrant-trained and >57,000 dis-
crimination trials vs. random-trained and <8,000 discrimi-
nation trials). Using experience as the between-groups factor,
mixed design ANOVAs were conducted separately on the
color and shape transfer results (Experience [quadrant or
random] X Trial Type [transfer or baseline] X Sessions). These
ANOVAs revealed no significant differences directly related
to experience or its interaction with either trial type or sessions
(Fs < 1.10).

The final analysis looked at the effects of element novelty
or familiarity on transfer performance. The elements of each
display’s target and distractor regions were again classified
according to the three degrees of relative familiarity described

earlier. Over the 21 transfer sessions, the mean accuracies for
the resulting trial types were as follows: high-high, 67.8%;
novel-high, 56.5%; high-novel, 72.5%; low-novel, 75%; and
novel-low, 67%. Single mean ¢ tests found all five values to
be above chance, #s(5) > 2.77. In ¢ tests comparing each
transfer condition with the high-high baseline condition,
accuracy was significantly reduced only when novel target
elements were embedded within highly familiar distractors,
H5) = 4.83.

Discussion

Despite the randomized and increased number of target
locations, the increased number of color and shape elements
and their randomized combination, and the corresponding
increase in the number of training displays, all 6 pigeons
performed this more demanding version of the texture dis-
crimination task with apparent ease. The 4 experienced pi-
geons completely transferred their previous quadrant discrim-
ination to the new random-placement procedure. Moreover,
the 2 new pigeons readily learned to locate randomly placed
targets within displays whose element composition was ran-
domly determined, with their rate and order of acquisition
for the redundant, color, and shape discriminations being
indistinguishable from Experiment 1. Last, both sets of pi-
geons demonstrated almost perfect positive transfer to new
texture displays composed with novel colors and shapes.

The transfer of the 4 quadrant-trained pigeons to the ran-
dom-placement procedure suggests that their previously
learned target-detection response had not been focused on
only a few specific locations but was spatially generalized over
a larger area of the displays. In addition, this procedural
change did not influence the time it took to locate the target,
at least as measured by first-peck RT. Had their RTs slowed
considerably on being switched to the more widely distributed
randomly located targets, it would have suggested that some
form of serial search mechanism might have been involved
in locating the targets. The ability to simultaneously discrim-
inate visual difference across widely distributed spatial loca-
tions is one of the hallmarks of textural segregation in humans
and possibly in pigeons also.

Of further interest was the fact that the 2 new pigeons
learned to discriminate textures as quickly as the pigeons in
Experiment 1. The top panel of Figure 9 shows the mean
rates of task acquisition for Experiments 1 and 2 displayed
on a per-session basis. The similar rate of task acquisition in
the two experiments suggests that the large differences in the
number of training displays, component elements, and com-
positional variability were not particularly influential factors
in the learning of these texture discriminations. Moreover,
because of the large difference in the number of training
stimuli used for each experiment (4,302 randomly generated
texture displays vs. 36 fixed stimuli), the pigeons in Experi-
ment 2 must have learned their discrimination with consid-
erably fewer repetitions of any specific display than the pi-
geons in Experiment 1.

Consider the implications of this fact for those theories of
avian visual discrimination that rely on learning the absolute
characteristics of individual stimuli. Such exemplar theories
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Figure9. Comparison of acquisition rates for quadrant and random-
placement procedures. (The top panel shows the results as a function
of the number of training sessions for each procedure. The middle
panel shows the same results adjusted for the rate of display repetition
for specific combinations of color and shape target—distractor values.
The bottom panel shows the same data adjusted for the rate of display
repetition given specific combinations of colors.)

have suggested that pigeons exhaustively memorize large sets
of stimulus exemplars (Heinemann, 1990) or use multiple,
stimulus-specific, if~then rules (Carter & Werner, 1978) as the
primary basis for solving visual discriminations (e.g., Vaughan
& Greene, 1983). A fundamental prediction of these theories
is that as the number of stimuli or rules to be learned increases,

the time needed to learn the discrimination should corre-
spondingly increase. The current results are contrary to this
prediction, at least when the component elements are consid-
ered the unit of encoding.

Using only the color texture stimuli for instance, consider
the extreme case in which both the color and shape attributes
of each display’s target and distractor regions are memorized.
In Experiment 1, the 12 target-distractor color combinations
and their associated irrelevant shape were presented once
every 36 trials, or four times per session. In Experiment 2,
the corresponding 448 color-shape combinations appeared
on the average once every 448 color trials, or about once
every 7.5 sessions. The middle panel of Figure 9 again displays
the two acquisition curves, adjusted to reflect these differences
in stimulus exposure rates. When considered on this per-
exposure basis, the pigeons in Experiment 2 show a consid-
erable and unpredicted savings in learning their supposedly
more difficult discrimination.

Of course, the number of different stimuli requiring a
separate memorized representation depends on the stimulus
properties that are selected and processed from any display.
For the present discriminations, however, any reduction in
the number of memorized stimuli by processing only certain
element features still creates problems for any stimulus-spe-
cific view. For instance, even if the number of different stimuli
is limited to only specific combinations of the eight training
colors, disregarding target—distractor role and the value of the
irrelevant shape, the pigeons in Experiment 2 still learned
considerably more quickly than those in Experiment 1 on a
per-exposure basis (8 vs. 2.1 repetitions per session; see lower
panel of Figure 9). These facts, in conjunction with the almost
perfect transfer of the discrimination to displays composed
with novel elements, suggest that it was not the specific
elements per se that formed the effective discriminative stim-
ulus in these displays.

A modest alteration in the perceived nature of the effective
stimulus—from one based on the local elements of each
display to an account based on their regional organization—
more easily accommodates the results from the two experi-
ments. In this case the key feature for the pigeons was the
salient difference derived by visually grouping the elements
into distinct regions, which they perhaps responded to as a
simple bounded figure on a ground of distractors. It was this
feature of the displays that was the most consistent character-
istic possessed by every training and transfer stimulus. That
the global structure of these displays may have been the critical
factor in the rapid acquisition and robust transfer of these
textured discriminations is perhaps not surprising. From the
human visual perspective these displays produce exactly this
response. Indeed, the constantly randomized nature of the
local structure may have even been beneficial in this regard
by quickly highlighting the stability of the global organization.

Several response rules are possible on the basis of the global
properties of the displays.’One possibility is that the pigeons
used an abstract oddity concept to identify the smaller target
region embedded within the larger distractor area (see D. S.
Blough, 1989; Zentall, Hogan, Edwards, & Hearst, 1980).
Such a rule might take the form, peck the odd region of the
display. In this analysis the global perception of the array
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serves only to mediate a more abstract comparison of the
relative areas of the two regions.

A second possibility is that the pigeons responded more
directly to the perceptual differences, perhaps in the form of
a feature-positive approach rule. Such simple perceptually
oriented response rules as peck the object or peck the boundary
could have then guided responding toward the target or its
boundaries. Consistent with such an idea are analyses that
have looked at where the birds pecked while performing these
discriminations. Cook (1992b) found that for quadrant dis-
plays, most pecks were directed at or near the boundary
between the target and distractor region on both correct and
incorrect trials. Given the tendency of pigeons to peck at the
controlling attribute of discriminative stimuli (Hearst & Jen-
kins, 1974; Jenkins & Sainsbury, 1970), such an outcome
suggests that the visual discontinuity between the two regions
was a salient and important factor in responding.

General Discussion

These experiments found that pigeons readily acquired and
transferred conditional texture discriminations. In fact, they
exhibited an uncharacteristic flexibility to perform with very
large numbers of everchanging displays—nearly 3 million by
the end of Experiment 2 (132 target elements [12 shapes X
11 colors] X 132 distractor elements X 170 target locations).
Acquisition of these texture discriminations appeared to re-
quire minimal repetition of specific training stimuli and trans-
ferred to a wide variety of new displays, including displays
composed from novel recombinations of old display elements,
novel colors and shapes, and new spatial organizations of the
target and distractor regions.

This degree of flexibility suggests that the detailed local or
element structure of these displays was essentially transparent
to the pigeons and that it was the emergent global properties
of the stimuli that primarily controlled responding. The con-
sistent visual difference between the target and distractor
regions was the common factor shared by all training and test
displays, and this difference seems to account most easily for
the ready and equivalent acquisition rates in the two experi-
ments, the sheer number of stimuli that were discriminated,
and the excellent transfer of the discrimination to the large
number of different novel displays. These positive transfer
results also indicate that a form of generalized conditional
discrimination can be generated on the basis of only color
and shape differences if a sufficiently large and variable set of
training stimuli are used.

Overall, these findings suggest that the pigeons perceived
and responded to these texture displays much like humans—
with an immediate visual percept of contrasting textural re-
gions. As such, pigeons may possess visual mechanisms that
are functionally analogous to the automatic early preattentive
parallel processes proposed to mediate human texture segre-
gation (Beck, 1982; Broadbent, 1977; Julesz, 1981; Neisser,
1967; Treisman & Gelade, 1980) and can also rapidly group
and segregate regions of visual space on the basis of color and
shape properties. The advantages of such a process to a quickly
moving diurnal aerial species seem to require little further
comment.

One distinguishing characteristic of visual texture segrega-
tion in humans is its rapidity; regional differences are often
perceived in less than 200 ms. To estimate just how quickly
the pigeons might similarly process the relevant dimensional
information from these textured displays, an additional analy-
sis of first-peck RT was conducted. This RT surely represents
the concatenation of several successive processes: display en-
coding, target—distractor discrimination, determination of the
target’s location, and the motor biomechanics of the pecking
response itself. If the time of those processes unrelated to
texture segregation could be subtracted from the observed
RTs, the remainder would better estimate the time needed to
process the relevant information from these displays. The
processing times for some of these stages are clearly difficult
to isolate. However, an estimate for one of the larger contrib-
utors can be identified and potentially removed from these
data—the time taken for the pecking response itself.

The source of this information in the current setting comes
from the interresponse intervals (IRIs) of the multiple pecks
required to each display (a minimum of five per trial). Despite
the multiple response opportunities, it appeared for the pres-
ent experiments that almost all meaningful target processing
occurred prior to the first peck. This conclusion was suggested
by the fact that accuracy when measured after only the first
peck (65.7%) was virtually identical to accuracy based on all
pecks (66.3%; the accuracy and RT values for this analysis
were collected from baseline sessions conducted shortly after
Experiment 2). Apparently, little new information about the
target’s location was gleaned during the additional observing
responses. This is also consistent with the observation that all
pecks within a trial clustered around the location of the first
peck. Seemingly, these later pecks only functioned to com-
plete the experimenter’s procedural requirement. The conse-
quence is that the IRIs of these additional pecks may simply
reflect peck time.

The fastest mean IRI for guaranteed Pecks 2 through 5 was
512 ms (means for Pecks 2 through 5 were 556, 536, 512, and
525 ms, respectively). The first-peck RT during these same
trials was 657 ms. The difference between these two temporal
values suggests, then, that initial target detection may have
occurred very quickly, perhaps in as little as 150 ms. Clearly,
this method of estimation assumes that no further processing
of the display occurs during the execution of the peck itself.
Several properties of the pecking response suggest a certain
degree of validity to this assumption, as both aim and gape
size are primarily determined prior to initiation, and signifi-
cant durations of each peck are conducted with the eyes closed
(Zeigler, Levitt, & Levine, 1980; Zweers, 1980). Although
future work will need to examine these assumptions more
closely, this analysis nevertheless suggests that the grouping
processes underlying avian texture perception may operate
within the same time frame as those that mediate human
texture perception.

The present texture discrimination procedures and results
share many connections with the recent experiments of the
Bloughs and their associates (Allan & D. S. Blough, 1989; D.
S. Blough, 1977, 1979, 1984, 1985, 1988, 1989; D. S. Blough
& Franklin, 1985; P. M. Blough, 1984, 1991). The first
reported research on texture discrimination by pigeons (D. S.
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Blough & Franklin, 1985) and more recent work using the
odd-item variation of the single-target visual search task (D.
S. Blough, 1989) are the two studies of most relevance to the
present results.

D. S. Blough and Franklin (1985) found that pigeons could
readily discriminate a variety of coarsely textured form stimuli
using a procedure with three potential target positions. They
concluded that the discrimination and search processes used
in their discrimination procedure were not markedly different
from those of other single-target visual search tasks and sug-
gested that the underlying processes were more attentive in
nature. This conclusion was based primarily on the high
correlation between the perceived similarity of alphabetic
characters when tested as single items or as textured stimuli
and the long first-peck RTs (908 ms) found in their experi-
ments.

D. S. Blough and Franklin (1985) also raised the possibility
that the birds might have been using a mixed strategy involv-
ing a combination of both preattentive and attentive proc-
esses, with the latter processes dominating in their experi-
ments because of the high similarity of their shapes and the
coarse nature of their displays. The results of the present
experiments tend to support this mixed-strategy explanation.
The use of denser textures and dissimilar shapes, and the
introduction of color as a relevant dimension, seem to have
promoted a more preattentive-like processing of the displays
in the present experiments. If so, then these results dovetail
nicely with D. S. Blough’s (1989) recent findings using an
odd-item variation of the visual search task. He found that
under certain circumstances target search RT can decrease
with increasing numbers of distractors. This contrasts with
most of the previous results from pigeon visual search exper-
iments, which have found that RT increases with distractor
set size (Allan & D. S. Blough, 1989; D. S. Blough, 1977,
1979; P. M. Blough, 1984). To account for this difference, D.
S. Blough (1989) suggested that preattentive perceptual mech-
anisms, similar in nature to those suggested by the present
experiments, may have been responsible for the rapid target
search with increasing numbers of distractors.

The pattern emerging from these different visual discrimi-
nation experiments suggests that the speed of target search
processes varies considerably in pigeons. Under certain con-
ditions searching can be very rapid, maybe even parallel in
nature (the present experiments; D. S. Blough, 1989; Bond,
1983), whereas in other situations, searching is much slower
and serial-like in character (Allan & D. S. Blough, 1989; D.
S. Blough, 1977, 1979; P. M. Blough, 1984). Whether these
different results reflect the operation of two separate search
mechanisms or are the by-product of one mechanism, con-
trolled by the global and local similarity of the target—distrac-
tor elements and their emergent regional or objectlike prop-
erties, remains an important issue to be clarified (e.g., D. S.
Blough, 1988).
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