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In the experiments described in this paper we examined the effects of contextual stimuli on
pigeons' recognition of visual patterns. Experiment 1 showed a context-superiority effect. Specif
ically, two target forms that were identical except for location in the visual field were not dis
criminated when presented alone, but the compounds formed when each of these targets was placed
between a nearby pair of flanking stimuli were readily discriminated. The size of the context
superiority effect decreased with increasing target-flanker separation. In Experiments 2 and 3
the two targets differed in form rather than spatial location and were readily discriminated in
the absence of flankers. Under these circumstances, adding an identical pair of flankers to each
target resulted in a context-inferiority effect; that is, the two target-plus-flankers compounds were
less readily discriminated than the targets alone. The size of the context-inferiority effect de
creased with increasing target-flanker separation. The observed effects of context are predict
able from the Heinemann-Chase (1990) model of pattern recognition.

Numerous experiments have shown that discrimination
between two forms-targets-is affected if each of the tar
gets is accompanied by an identical, and therefore unin
formative set of additional forms-contexts (Pomerantz,
Sager, & Stoever, 1977; Weisstein & Harris, 1974). The
effect of the contexts is evaluated by removing them from
or adding them to the target forms under study. In accor
dance with recent usage (Enns & Prinzmetal, 1984), we
shall refer to an improvement in discrimination between
forms resulting from the addition of context elements as
a context-superiority effect and impairment of discrimi
nation as a result of the same operation as a context
inferiority effect.

Investigators who have studied this phenomenon with
human observers have found both context-superiority ef
fects and context-inferiority effects (Enns & Prinzmetal,
1984; Pomerantz et al., 1977). Which of these effects will
be produced by the presence of the common elements
seems to depend on the specific configurations that are
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studied (Pomerantz et al., 1977), but a rule for predict
ing the direction of the effects solely on the basis of the
stimulus forms has not been found.

In most experiments the contexts themselves have been
uninformative, in the sense that their forms were not cor
related with the target forms and therefore could not be
used to identify the targets. However, much research deal
ing with context-superiority effects has dealt with the pos
sible effects of correlations between the internal repre
sentations of the targets alone and targets in context. For
example, Enns and Prinzmetal (1984) experimented with
the much-studied stimulus situation in which the target
is a straight line tilted 45 0 in a clockwise or counterclock
wise direction and the context consists of two straight lines
in the form of an L. This situation yields a context
superiority effect often referred to as an object-line effect.

Enns and Prinzmetal (1984) noted that the compound
stimuli formed by combining each target with the L
shaped context had the form of an arrow and a closed tri
angle, respectively, and that these perceived forms were
perfectly correlated with the orientations of the target
lines. They proposed that the context-superiority effect
found under these conditions reflects a redundancy gain
possible because the compound stimuli can be identified
by the perceived orientations of the target lines and by
the perceived forms of the compound stimuli (arrow or
triangle). This proposal was supported by the results of
experiments in which they systematically varied the size
of the correlation between the target-orientation and the

Copyright 1994 Psychonomic Society, Inc. 676



CONTEXT EFFECTS IN PATTERN RECOGNITION 677

arrow-triangle dimensions and found that the magnitude
of the context-superiority effect varied directly with the
size of this correlation.

In Enos and Prinzmetal's (1984) study, the subjects
learned of the correlation between the representations of
the targets alone and targets in context during the course
of the experiment. Many other experiments have dealt
with stimuli, such as words or letters, with which the sub
jects were thoroughly familiar prior to the experiment.
Much of this work has been concerned with the well
known word-superiority effect, which is demonstrated if
a target letter is identified more easily in a word than in
isolation (Reicher, 1969). If the target letters are presented
in a context of other letters that are chosen so that the
target letters and context do not form words, then a
context-inferiority effect is usually found; that is, the pres
ence of the "noise letters" impairs the subjects' perfor
mance unless the distance of the nearest noise letter from
the target is quite large (Estes, 1972, 1974; Gardner,
1973; Shiffrin & Geisler, 1973).

A number of investigators have pointed out the anal
ogy between the word-superiority effect and the effects
observed with materials that are not obviously linguistic
(Weisstein & Harris, 1974; Williams & Weisstein, 1978).
However, whether the analogy reflects a similarity in the
underlying processes is still under dispute (for a recent
detailed discussion of this matter, see Reingold &
Jolicoeur, 1993).

In the experiments reported in this paper, we used
pigeons as subjects. Part of the rationale for using pigeons
is that comparison of human performance with that of
these subjects, whose performance in many visual tasks
is similar to that of humans, 1 may provide evidence that
bears directly on theories such as those discussed above.
For example, if context-superiority effects are the result
of representing the various stimuli in memory by a ver
bal code, then such context-superiority effects should not
be obtained with pigeons. If, contrary to this expectation,
such effects were obtained with pigeons, that finding
would indicate that there are possible nonlinguistic pro
cesses that result in context-superiority effects.

In fact, context-superiority effects have not been ob
tained with pigeons. Donis and Heinemann (1993) inves
tigated the object-line situation with pigeons as subjects.
This situation, which has yielded very robust context
superiority effects with human subjects (Enos & Prinzme
tal, 1984; Pomerantz et al., 1977), yielded equally robust
context-inferiorityeffects with pigeons. Context-inferiority
effects have also been found with several other stimulus
configurations (Donis, 1991; Heinemann & Chase, 1990),
including some in which the stimuli were letters (Steele,
1990).

Most models for the processes that govern the degree
of impairment found in the experiments with human sub
jects ultimately attribute the impairment to confusions be
tween the target and noise letters (Estes, 1972, 1974;
Gardner, 1973; Shiffrin & Geisler, 1973). Some models
assume that the probability of such confusions is affected

by inhibitory interactions among the inputs to the feature
detectors assumed to be involved in perception of the let
ters; an example is the interactive channels model pro
posed by Estes (1972,1974). Such a model could account
for the context-inferiority effect obtained by Donis and
Heinemann (1993), at least in a qualitative way, by as
suming that the larger figures (the lines in context) are
degraded more than the smaller ones (the targets) because
they activate more input channels. Models that do not as
sume interactions among the input channels (Gardner,
1973; Shiffrin & Geisler, 1973) do not seem to be directly
applicable to the Donis and Heinemann situation, because
the experimental procedure for demonstrating an object
line effect in pigeons does not yield any measure of how
well a subject detects the presence of a target that is
embedded in a context. Instead, it compares the accuracy
of discriminating between two targets shown in isolation
with the accuracy of discriminating between two more
complex forms constructed by embedding each target in
an identical context.

We undertook the research described in this paper in
the hope of uncovering some of the factors that determine
whether the addition of common elements to stimuli re
sults in compounds that are easier or more difficult to dis
criminate than the stimuli without the common elements.

A further purpose of this research was to test the ap
plicability of a quantitative model of pattern recognition,
proposed by Heinemann and Chase (1990), to visual con
text effects. This model is sufficiently explicit about mem
ory storage, retrieval, and decision processes to make
numerical predictions ofexperimental data. It will be de
scribed briefly in the General Discussion section of this
paper.

We report three experiments that were conducted in an
experimental environment in which contextual stimuli
other than those under study were eliminated. In Experi
ment 1 we explored the role of contextual stimuli as a
frame ofreference that may help subjects discriminate be
tween targets that differ only in their position in the visual
field, as was true in some of the experiments by Williams
and Weisstein (1978) and Enos and Prinzmetal (1984).
In Experiments 2 and 3 we examined the effects of nonin
formative contextual stimuli on discrimination between
targets that differ in form.

EXPERIMENT 1

In experimental and theoretical analyses of context ef
fects, the context considered is typically that manipulated
by the experimenter. Constant features of the visual en
vironment, such as the edges of the display surface or
other landmarks, are not taken into account. What is
usually referred to as the "targets-alone" condition is a
condition in which the targets are not accompanied by the
contexts that the experimenter is interested in, but are ac
companied by other visual contexts. It seems to us that
if the targets that are studied differ only in their position
in the visual field, then what is usually referred to as the



STIMULI

Figure 1. The 10 stimuli used in Experiment 1. These stimuli were
white, presented on a completely dark background. Odd-numbered
stimuli were positioned so that the target feU 0.25 em to the left of
the center of the screen, and even-numberedstimuli were positioned
so that the target feU 0.25 em to the right of that center, The bases
of the f1anking triangles wereequidistantfrom the center of the view
ing screen and were separated from the nearest point on the targets
by 0.2, 0.7, 2.5, or 5.5 em.

During the experiment, a pigeon was required to peck at spe
cific regions on the screen. In order to locate the position of the
pigeon's peck, a position-sensing system that was based on a se
ries of infrared emitters and detectors (BFANMCorp., Model 1210)
was mounted in front of the monitor. The device consisted of pairs
of emitters and detectors that were arranged to form a grid of infra
red light beams (24 horizontal beams X 32 vertical beams). The
grid was scanned every 8 msec to determine the position of any
pair of crossed infrared beams interrupted by the pigeon's head.
Reward was contingent upon interrupting a designated pair of
crossed beams while striking the screen with sufficient force to be
detected by two small microphones (Radio Shack, Cat. No. 270
090) mounted near the top of the plastic panel. When these condi
tions were met, the peck was followed by a 20-msec sound at ap
proximately 2.8 Hz.

Stimuli. The computer monitor was set at low resolution (160
horizontal x 200 vertical pixels). The stimuli were composed of
groups of luminous pixels presented on an otherwise dark screen;
thesecloselyspacedpixels were arrangedto form the patterns shown
in Figure 1. Only one of these patterns was shown on any given
trial. The odd-numbered stimulirequired one response, and the even
numberedstimuli required an alternative response. Each of the tar
gets consisted of two pairs of adjacent pixels, placed one above
the other with a 0.5-cm separation between pairs. One of the tar
gets appeared0.25 em to the left of the center of the viewingscreen,
and the other appeared 0.25 em to the right of that center. Each
target could be presented alone (the stimuli numbered either 1 or
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targets-alone condition may not represent an adequate
baseline for assessing the effect of the contexts that the
experimenter wishes to study. The principal purpose of
Experiment 1 was to assess the effect of the experimen
tally manipulated contexts against a baseline of a true
targets-alone condition.

In an attempt to eliminate unplanned visual cues that
might serve as landmarks, the experiment was conducted
in a test chamber that was as close to being totally dark
as we were able to arrange. In any case, it was dark
enough so that no unintended landmarks were visible to
a moderately dark-adapted human observer.

The targets used in the experiment were the vertically
aligned dots that are numbered Stimulus 1 and Stimulus 2
in Figure 1. The two targets differed only in that one was
translated horizontally by 0.5 em with respect to the other.
This distance represents about 50 of visual angle if the
pigeon views the target from a distance ofapproximately
5.5 em (the F2 position, see Goodale, 1983). In the ab
sence of additional visual stimuli that can serve as a frame
of reference, human observers cannot localize such tar
gets accurately, even if the position of their heads is not
changed during the interval between the exposure of the
two targets (Ludvigh, 1953; Matin, Matin, & Kibler,
1966). If the same is true of pigeons, then two targets
that differ only in retinal location should be indistinguish
able when viewed in isolation, but would be expected to
be distinguishable when placed in contexts that appear in
fixed spatial positions. In the stimuli numbered 3-10 in
Figure 1, these targets were accompanied by contexts con
sisting of pairs of triangles, to be referred to asflankers.
The addition of flanking forms at fixed spatial coordinates,
as in the stimulus pairs numbered 3 and 4, 5 and 6, 7 and
8, and 9 and 10, produces pairs ofcompound stimuli that
differ geometrically in that the target is somewhat nearer
the left flanker than the right one in the odd-numbered
stimuli; the reverse is true for the even-numbered stimuli.

Method
Subjects. The subjectswere 2 male and 2 femaleWhite Cameaux

pigeons, with ages ranging from 2 to 9 years. They had previously
served in experiments in which they were trained to discriminate
between visual stimuli that were very different from those used in
the present experiment. The pigeons were maintained throughout
the experiment at approximately 80% of their mean free-feeding
body weights. Between daily experimental sessions, they were
housed individually in a colony room where water and grit were
constantly available.

Apparatus. All experimental contingencies, as well as the form
of the stimuli and the recording of data, were controlled by a Tandy
Model 1000 microcomputerwith an interfaceunit (Alpha Products,
A-Bus). The subjects were trained and tested in a darkened cham
ber, the walls of which were painted flat black. The interior di
mensions of the chamber were 51 cm high x 57 em wide x 46 em
deep. One wall of this chamber had a 23 cm high x 28 ern wide
opening covered by a sheet of transparent plastic, behind which
was the viewing screen of a color monitor (Tandy, Model CM-l1).
A small cup, into which food pellets (Noyes, 45 mg, Formula Cl)
could be automatically delivered, was placed to the left and below
the lower edge of the frame. This cup could be illuminated by a
small amber light.

NUMBER

1

2

3 4: ~

4 ~ :~

5 4 . ~

6 4 . ~

7 4
8 4

9 4
10 4

Target-Flanker

Separation(cm)

0.2

0.7

2.5

5.5
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2) or accompanied by flankers that consisted of two sets of 18 pixels
arranged in the form of triangles. On different trials the flankers
were placed at one of four distances (measured from the target to
the base of the nearer of the two flankers). The distances were
0.2 em for Stimuli 3 and 4,0.7 cm for Stimuli 5 and 6, 2.5 em
for Stimuli 7 and 8, and 5.5 em for Stimuli 9 and 10. Because the
pair of flankers that accompanied the targets in each of these stim
ulus pairs was the same, the flankers could not by themselves serve
as the basis for discriminating between the members of the pair.

Preliminary training. The subjects were first trained to peck
on a white disk (1.5 em in diameter) that appeared in the center
of the viewing screen. The size of the disk was gradually reduced
over several sessions until it consisted offour adjacent pixels. Pecks
on a 1.5 X 1.5 em region surrounding the disk, forceful enough to
be sensed by the microphones, produced a brief sound and were
followed by delivery of two food pellets.

Discrimination training. Each training session was divided into
100 trials, separated by 9-sec intertrial intervals (ITIs). The screen
appeared white during the ITI and had a luminance of 75 cd/m",
At the beginning of each trial the screen became dark, and one of
the 10 patterns shown in Figure I appeared in the center of the
screen. More specifically, the center of the screen was located mid
way between the two flankers. To ensure that the subjects viewed
the stimuli, they were required to peck at least once on a I X I em
region in the screen's center. Following this, the stimulus pattern
disappeared and was replaced by two light-blue response disks,
which were approximately 1.5 em in diameter and located to the
left and right (with a separation of 6.5 em) and about I em above
the location in which the uppermost part of the stimulus to be iden
tified had been presented. A peck on the left disk was designated
a correct response after the target pattern positioned to the left of
the center had been presented (anyone of the odd-numbered stim
uli), and a peck on the right disk was designated a correct response
after the target positioned to the right of the center (anyone of the
even-numbered stimuli) hadbeen presented (whether or not the target
was accompanied by flankers).

Correct responses were followed by delivery of two food pel
lets, as well as illumination of the food cup and the viewing screen

for the 9-sec ITI that followed. An incorrect response was followed
by a I5-sec ITI in total darkness, and the stimulus incorrectly clas
sified was presented again on the next trial-a correction trial. Cor
rect responses on correction trials were reinforced, but performance
on correction trials was excluded from the data analysis. The 10
stimuli were presented in random order with the constraint that each
would appear 10 times per session.

During the initial phase of discrimination training, one target pat
tern was white and the other target pattern was light red, so that
both the position and color of the target could serve as cues to the
correct response. This phase of training continued for each subject
until its performance met a criterion of 80% correct or better for
2 successive sessions. All the subjects met this criterion within 8
sessions. After the criterion was met, the color difference was elimi
nated (with all stimuli shown in white). Training was then continued
for 50 sessions, at which point it appeared that none of the subjects
were likely to improve with further training.

Results and Discussion
The results discussed here are those obtained after the

color cues hadbeen eliminated. All 4 subjectswere trained
for 50 sessions, but 1 of them did not acquire the discrim
ination. The results for this subject were excluded from
further analyses. Figure 2 shows the mean learning curves
for the 3 subjects that did acquire the discrimination. To
avoid overcrowding, only the curves for the target pat
terns alone and the smallest (0.2 em) and largest (5.5 em)
target-flanker separations are shown.

There was little change in the proportions correct as
a function of training when the flankers were either ab
sent or placed at the greatest distance from the target
(5.5 em), Averaged across the 50 sessions, the propor
tion correct was .529 for the targets alone and .548 for
the compound stimuli with the largest target-flanker sep
aration. Two binomial tests, each based on 1,500 trials,

o Targets Alone
• Flankers at Target-Flanker Separation 0.2 em

... Flankers at Target-Flanker Separation 5.5 em
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Figure 2. Acquisition of the discrimination in Experiment 1. Mean proportion correct as
a function of blocks of training sessions for the 3 subjects that acquired the discrimination.
Shown are the learning curves for the targets alone and targets with horizontal flankers at
distances of 0.2 or 5.5 em from the nearer target.
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showed that each of these two small deviations from the
chance level of .50 was significant (p < .05).

The two learning curves under discussion differ sharply
from the one obtained with the smallest target-flanker sep
aration. Under the latter condition, learning progressed
rapidly and performance became quite accurate.

The filled circles in Figure 3 represent the mean pro
portions correct during the last 30 sessions of training at
each of the four target-flanker separations and in the ab
sence of flankers. The unfilled triangles represent the out
come of a computer simulation based on the Heinemann
Chase (1990) model, which will be described in the Gen
eral Discussion section. The target-flanker separations
along the horizontal axis are spaced logarithmically. The
purpose of this particular spacing was simply to produce
a function that is approximately a straight line-a state
of affairs that is desirable because our statistical analysis
is based on linear regression. The linear relationship be
tween the logarithm of the four separations and the pro
portion correct that is evident in Figure 3 was confirmed
by a regression analysis. For this and subsequent regres
sion analyses, each proportion correct (P) used in the anal
ysis was transformed to the arcsine of p'!", a variance
stabilizing transformation proposed by Freeman and
Tukey (1950) for binomial data. The regression analysis
showed the linear relationship to be highly significant
[r(2) = .985, p = .015).

The near-chance performance in the absence of flankers
that we found in the present experiment suggests that our

attempt to eliminate uncontrolled landmarks was reason
ably successful.

The context-superiority effect observed in this experi
ment is not really surprising if one considers the fact that,
when the targets are accompanied by flankers, the sub
ject is discriminating between two compound stimuli that
differ geometrically. However, the decrease in the ac
curacy of the discrimination with increasing target-flanker
separation requires further explanation. A somewhat su
perficiallevel of explanation may be attained by relating
it to Weber's law for visual extent, which is known to
hold for pigeons, at least under conditions similar to those
of the present experiment (Schwabl & Delius, 1984). The
reason we consider this level of explanation superficial
is that it does little more than relate one unexplained phe
nomenon to another unexplained phenomenon.

In any case, the relation between the two phenomena
may be clarified by considering the example in which a
pigeon is shown one ofthe four stimuli numbered 3,4,
9, or 10 in Figure 1 on each of a series of trials, and is
trained to make one response when presented with Stim
uli 3 or 9, and an alternative response when presented
with Stimuli 4 or 10.

If the flankers are the only available landmarks, then
the only feature of the visual stimuli that could cue cor
rect responding is that the absolute distance from the tar
get to the left flanker in Stimuli 3 and 9 is slightly smaller
than the absolute distance to the right flanker, and the re
verse is true in Stimuli 4 and 10. The difference in the
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Figure 3. Results of Experiment 1. Mean proportion correct as a function of
target-Danker separation, defined as the distance from the centroid of the tar
get to the base of the nearer of the two Oankers. The means (represented by
filled circles) are based on results for the 3 subjects that acquired the discrimi
nation and reflect performance during the last 30 training sessions. The unfilled
triangles represent the results of a simulation based on the Heinemann-Chase
model. The spacing of the target-Oanker separations is logaritbmic.



CONTEXT EFFECTS IN PATTERN RECOGNITION 681

Figure 4. Six of the 10 stimuli used in Experiment 2. These stim
.uli were white, presented on a completely dark background. The
term "vertical target-Danker separation" refers to the shortest dis
tance between one of the vertically aligned points to the base of the
nearer of the vertical flankers, All stimulus patterns included hori
zontal flankers with bases located 0.45 cm to the left and right of
the center of the monitor. Odd-numbered stimuli were positioned
so that the vertically aligued points that had served as targets in Ex
periment 1 fell 0.25 em to the left of the center of the screen, and
even-numbered stimuli were positioned so that these pixels fell
0.25 cm to the right of that center. To conserve space, two addi
tional pairs of stimuli used in the experiment are not shown. These
differed from the stimuli shown in the figure only in that the verti
cal target-Danker separations were larger: 2.5 em for one pair and
5.5 cm for the other.

Apparatus and Stimuli. The apparatus was the same as that used
in Experiment I. The two targets were the two sets of vertically
aligned pixels, each placed between the nearest horizontal flankers
(Figure I, Stimuli 3 and 4). Each of these redefined targets was
presented alone or in combination with two vertical flankers that
were placed above and below the targets. To distinguish between
the two sets of flankers, the new ones will be called verticalflankers
and those also used in Experiment I will be called horizontal
flankers. The bases of the vertical flankers were separated from
the nearest point on the targets by the same four distances used for
the horizontal flankers in Experiment I (i.e., 0.2, 0.7, 2.5, and
5.5 em). Thus, as in Experiment I, 10 stimuli were used. Figure 4
shows 6 of these stimuli; illustrations of the 4 stimuli that involve
the two largest (vertical) target-flanker separations were omitted
to conserve space.

Procedure. Experiment 2 began immediately after the conclu
sion of Experiment I. There was no initial color-discrimination
training. The procedure was the same as that used in Experiment I,
except thatthe subjects were trained for only 30 sessions. Each train
ing session consisted of 100 trials, with the 10 stimuli presented
10 times each in a random order.

absolute distances of the targets from the left and right
flankers is the same for Stimuli 3 and 4, in which the dis
tance to the nearer flanker is 0.2 em, as it is for Stimuli
9 and 10, in which the distance to the nearer flanker is
5.5 em. In relative terms, the difference in the distance
to the left and right flankers that must be discriminated
for correct responding is very much larger when the stim
uli are 3 and 4 (55 % of the distance to the right flanker)
than when the stimuli are 9 and 10 (4% of the distance
to the right flanker). Thus, if Weber's law holds, one
would expect the discrimination between Stimuli 3 and
4 to be much better than that between Stimuli 9 and 10.

EXPERIMENT 2

Experiment 1 showed that, if presented in isolation, tar
gets that differ only in spatial location were discriminated
from each other at a level that barely (though significantly)
exceeded the chance level of 50% correct. Embedding
such targets in a context of redundant stimuli that can serve
as landmarks makes a substantial discrimination between
the resulting targets in context possible. The contexts we
presented (the flankers) were uninformative in the sense
that in isolation they could not be used to identify the cor
rect responses. On that basis, the effect that was found
could be classified as a context-superiority effect.

In contrast to the effect found in Experiment 1, sev
eral pigeon experiments cited in the introduction showed
that discrimination between targets that differ in shape are
harmed rather than helped by the addition of noninforma
tive contexts. There is no reason to think that the differ
ence between the findings of these experiments and those
of the present Experiment 1 is attributable to the pseudo
Ganzfeld conditions of the latter. The theoretical accounts
of context effects discussed in the introduction, as well
as the account given by the Heinemann-Chase (1990)
model, propose that embedding targets in contexts gener
ally leads to context-inferiority effects. It seems reason
able to assume that the processes believed to play a role
in producing the context-inferiority effect operate under
the conditions of Experiment 1 also, but that their influ
ence is outweighed by the positive effects of the frame
of-reference function of the contexts. If that is so, then
contexts can be expected to have a helpful effect, such
as that found in Experiment 1, only if a discrimination
between the targets is either impossible without these con
texts or can be considerably improved by their presence.
The main purpose of Experiment 2 was to find out
whether context-inferiority effects would replace the
context-superiority effects under our viewing conditions,
if targets that did not require a visual frame of reference
to be discriminated from each other were used. To this
end, two new targets were created by accompanying each
of the targets used in Experiment 1 with a pair of nearby
landmarks.

Method
Subjects. The subjects were the 3 pigeons that had learned the

discrimination in Experiment 1. They were maintained as in Ex
periment 1.

NUMBER

1

2

3

4

5

6

STIMULI
VERTICAL

Target-Flanker
Separation(cm)

0.2

0.7



682 DONIS, HEINEMANN, AND CHASE

1.0
No Vertical Flankers

-+- -,0
(j) 0.9
I...
I...
0

0U

.~c 0.8
0

-+-
I... .:0 0.70..
0
I...

Q..

c 0.6
0
(j)

2=
0.5 --------------------------

0.2 0.7 2.5 5.5

Vertical Target-Flanker Separation (crn )

Figure 5. Results of Experiment 2. The filled circles represent the mean pro
portion correct asa function of the distance of each target from the vertical flankers.
The bases of the vertical flankers were separated from the nearest point on the
targets by 0.2, 0.7, 2.5, or 5.5 em. All stimulus patterns includedhorizontal flankers
("landmarks"), with bases located 0.45 cm to the left and right of the center of
the monitor. The unfilled circle represents the result obtained when the vertical
flankers were omitted. The means are based on results of 30 training sessions.

Results and Discussion
Figure 5 shows the mean proportions correct for the

3 subjects as a function of vertical target-flanker separa
tion. The unfilled circle represents responding in the ab
sence of the vertical flankers. The proportion correct ob
tained under this condition is quite comparable to that
observed under the same condition in Experiment 1. The
filled circles show what happened when vertical flankers
were also present at one of four distances from the tar
get. The presence of the vertical flankers resulted in a
clear context-inferiority effect. The magnitude of this
context-inferiority effect decreased with increasing target
flanker separation. At target-flanker separations of 2.5
and 5.5 em, the accuracy approached that obtained with
out the vertical flankers.

The results obtained during the 30 days of training for
each of the five pairs of stimuli were combined for statis
tical analysis. The regression analysis showed the linear
relationship between proportion correct and the logarithm
of the four target-flanker separations to be significant
(r(2) = .954, P = .046].

A conceivable explanation for the form of the functions
shown in Figure 5 is that the introduction of the vertical
flankers disrupted performance at the beginning of the ex
periment, and that this disruption was most severe for the
nearby flankers. The possibility that the proportion of cor
rect responses changed systematically during the 30 ex-

perimental sessions was evaluated by a two-way analysis
of variance that compared performance during the first
five and last five sessions (training blocks), for each of
the five stimulus pairs defined by the absence of flankers
or one of the four target-flanker separations. The pro
portions correct for the first and last five sessions did not
differ significantly (F(I,2) = 0.77, p > .O?], and there
was no significant interaction of stimulus pair and train
ing block [F(4,8) = 1.02, p > .05]. However, the ef
fect of stimulus pair was significant [F(4,8) = 12.33, p <
.01], confirming the outcome of the regression analysis.

EXPERIMENT 3

In order to obtain some information about the general
ity of the distractor effect found in Experiment 2, Exper
iment 3 was done with targets that differed from the ones
used in Experiment 1 in that the two points that make up
each target were aligned diagonally rather than vertically.

The stimuli used are shown in Figure 6. The target
shown in the odd-numbered stimuli was constructed by
pairing the top point of the left target used in Experiment 1
with the bottom point of the right target used in that ex
periment. The target shown in the even-numbered stim
uli was constructed by pairing the top point of the right
target used in Experiment 1 with the bottom point of the
left target used in that experiment. Because the targets
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Figure 6. The 10stimuli WJed in ExperimeDt 3. These stimuli were
white, presented on a completely dark background. The target
flanker separation is the distance from eachof the two diagonally
aligned points that constitute a target to the nearest flanker.

created in. this fashion differ in form, we assumed that
the pigeons would readily discriminate between them if
they were presented one at a time, unaccompanied by any
visual frame of reference. If our assumption is correct,
then placing each target between two nearby flankers
should result in a pair of compound stimuli that are less
readily discriminated than the targets alone.

Method
Subjects. The subjects were 2 male and 2 female White Carneaux

pigeons that had not participated in the previous experiments. Their
ages ranged between 4 and 8 years. They were maintained as were
the pigeons in the previous experiments.

Apparatus. The subjects were trainedand tested in an experimen
tal chamber that was similar to the one used in Experiments 1 and
2. The position-sensing system used in Experiments 1 and 2 was
replaced by a pressure-sensitive touch screen (BIographies, Model
E270) mounted on a convex glass surface in front of the computer
monitor. A thin, clear plastic sheet was placed over the touch screen
to prevent damage from the pigeons' pecks. A brief sound (2.8 Hz)
could be presented following a peck on a designated region of the
screen. Two small cups, into which food pellets could be delivered
by automatic dispensers, were mounted below the monitor screen
one cup to the left and the other to the right of the screen. Food
was delivered to the cup located on the same side as the response
disk that was defined as correct in the presence of a given target.
A small amber light, mounted above each food cup, could be turned
on when food pellets were delivered.

Stimuli and Procedure. The two targets were the stimuli num
bered 1 and 2, respectively, in Figure 6. The flankers and tar
get-flanker separations were the same ones used in Experiment 1.
At any given target-flanker separation, the centroids of the targets
were equidistant from the bases of the flanking triangles. The pro
cedure was the same as that used for Experiment 1. As in that ex
periment' there was an initial phase of discrimination training dur
ing which the two targets differed in color. The color difference
was eliminated for each subject after its performance exceeded 80 %
correct for 2 successive sessions. Training was then continued for
50 additional sessions.

GENERAL DISCUSSION

Results and Discussion
The 4 subjects were trained for 50 sessions, but only

3 learned the discrimination. The results for the nonlearner
were excluded from the analyses described in this sec
tion. Figure 7 shows mean learning curves based on the
results of the 3 subjects that acquired the discrimination.
To avoid overcrowding, the only learning curves that are
shown are those for the conditions in which the target pat
terns were presented alone or were accompanied by
flankers at target-flanker separations 0.2 or 5.5 em.

Because the performance of each of the subjects ap
peared to have reached a reasonably steady level by the
last 30 days of training, the results for these sessions were
combined for further analysis. Figure 8 shows the mean
proportions correct as a function of target-flanker sepa
ration. Not unexpectedly, the results show a clear context
inferiority effect that diminishes with increasing target
flanker separation. The regression analysis showed the
linear relationship between proportion correct and the log
arithm of the four target-flanker separations to be signif
icant [r(2) = .964, p = .036].

The essential difference between the present experiment
and Experiment 1 is as follows. In Experiment I, the tar
gets alone did not differ geometrically, unless their abso
lute position in visual space could be determined. How
ever, the compound figures created by combining each
target with flankers in identical positions differed intrin
sically-in one of the figures the target was positioned
nearer to the left flanker than the right one, whereas the
reverse was true for the other figure.

In contrast to this, the targets used in the present experi
ment, when not accompanied by flankers, can be distin
guished without knowing their absolute position in space.
Adding fixed flankers to these targets does not create geo
metric differences, as was the case in Experiment 1.

The outcomes ofour experiments suggest that the addi
tion of noninformative contextual stimuli to targets that
pigeons can tell apart in the absence of any added visual
context produces compound stimuli that are more diffi
cult to discriminate than the targets without the added con
texts. On the other hand, the addition of the same con
textual stimuli to targets that differ only in location and
cannot be identified without a visual frame of reference
improves performance. The size of both of these effects
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diminishes as the spatial separation between the target and
the contextual stimulus elements increases.

The Heinemann-Chase Model
We wish to briefly consider the interpretation of these

results in terms of the Heinemann-Chase (1990) model
for visual pattern recognition. This model is part of a much
more general model, which is applicable to phenomena
that range from discrimination learning and generaliza
tion (Heinemann, 1983a, 1983b, 1984) to absolute iden
tification of unidimensional and multidimensional stimuli
and the factors that limit the accuracy of such identifica
tions (Chase, 1983; Chase & Heinemann, 1989, 1991;
see Sperling, 1988, for a discussion of the model's appli
cation to absolute identification by human subjects).

The present version of this model (Heinemann & Chase,
1990) does not include a treatment of early visual pro
cesses that result in interactions among input channels.
It is assumed that the effects of such interactions are
smaller than the effects of memory and decision processes,
at least for the outline forms used in the experiments con
sidered in this paper. For purposes of analysis, the con
tinuum of sensations induced by ongoing visual stimula
tion is divided into small cells referred to as pixels-a term
that usually refers to spatial subdivisions of the distal stim
ulus. Each pixel is characterized by its spatial coordinates
and by a uniform hue, saturation, and brightness. In the
experiments considered in this paper, the stimuli were
composed of small, rectangular "white" areas of uniform
luminance on an otherwise dark computer monitor. Be
cause these areas did not differ from each other in the
spectral composition of the emitted light, it is sufficient
to specify the pixels by their spatial coordinates.

After training, the subject's' long-term memory (LTM)
is assumed to contain multiple records of events that oc
curred on individual trials. Each record shows the sensa
tion experienced during the trial, the response made, and
the outcome (reward or nonreward). Because pigeons
view stimuli from different distances on different trials
before pecking at the stimulus with eyes closed (see Good
ale, 1983), it is assumed that the stored representations
of the images induced by any given stimulus have a vari
ety of different sizes. It is further assumed that indepen
dent Gaussian noise is added to the coordinates of all in
dividual pixels while they reside in LTM.

To select the response to be made on a given trial, the
current input, defined as the complex of sensations in
duced by the current visual stimulation, is compared with
that represented on each of a small number of records ran
domly retrieved from LTM. The only records that are
used in the comparison process are those that show a re
sponse that was followed by reward. The objective of the
comparisons is to find the remembered image that is most
similar to the current input, and then to make the response
associated with that image.

The comparison of the current input to a remembered
input involves superimposing the centroids of these two
inputs. The decision quantity (DQ), the index of sirnilar-

ity on which the response selection is based, considers
the relation of each pixel of the current input to each pixel
of the remembered form. Specifically, each pixel of the
current input is compared with each pixel of the remem
bered form in order to calculate, at the location of each
input pixel, the mean of the probability densities con
tributed by the bivariate Gaussian distributions that rep
resent each pixel of the remembered form. This process
yields a number of means equal to the number of pixels
on the current input. The DQ is the product of these
means. The current input is compared with the remem
bered input shown on each of the records retrieved from
LTM in the same way. DQs derived from records as
sociated with the same response label are summed, and
the decision rule is: Make the response that yields the larg
est summed DQ.

Records that represent extreme mismatches to the cur
rent input are discarded. In the event that all records in
the sample are discarded, a new sample is drawn. If
repeated resampling from LTM fails to yield the infor
mation needed to decide which response is more likely
to lead to reward in the presence of the current input, the
subject "guesses." Specifically, the subject selects the
response that, according to the records in the current sam
ple, is associated with the larger total reward. The fre
quency and amount of reward associated with the two
responses were equal in the present experiments, so the
expected probability of selecting the correct response
when guessing occurs is .5.

Interpretation of the Context-Superiority Effect:
Experiment 1

In interpreting the context-superiority effect found in
Experiment 1, we first note that the two targets alone
should be indistinguishable because, in the absence of
some visual marker, the memories carrying one or the
other of the two response labels are indistinguishable. On
the other hand, if each target is accompanied by a pair
of flankers, the resulting compound stimuli differ geo
metrically, as noted in the discussion of Experiment 1.
Such compound stimuli are discriminable.

We next consider the way that the Heinemann-Chase
(1990) model interprets the finding that the helpful effect
of the flankers diminished with increasing target-flanker
separation in Experiment 1. In its final form, the interpre
tation offered is that accuracy decreases with increasing
target-flanker separation because the subject guesses more
often as the target-flanker separation increases. The mech
anism that brings about this effect is dependent on the cir
cumstance, mentioned previously, that pigeons view the
stimuli from different distances on different trials. As a
result, the retinal image of the object viewed varies in
size from trial to trial. Given the assumptions of the
model, the trial-to-trial variations in the size of the reti
nal image have the consequence that a fixed-size object
that has been presented on many trials will be represented
in memory by a distribution of remembered sizes, rather
than by just one size. A given change in viewing distance
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will cause the retinal image of any object in the fronto
parallel plane to change its size (distance between any two
points on the object) by a constant proportion that is
independent of the size of the (distal) object. If the distri
bution of viewing distances over trials is reasonably sym
metric, then the distribution of remembered sizes cor
responding to a fixed distal size will have a standard
deviation that is proportional to the mean.

The probability that a subject will guess is assumed to
increase with the probability that records retrieved from
LTM have to be discarded because they contain no use
ful information-that is, represent severe mismatches. In
the situations under consideration, the most frequent rea
son for mismatches is that records of remembered inputs
represent flankers at positions that differ substantially from
those of the flankers present in the current input. As men
tioned above, trial-to-trial variations in viewing distance
will cause the memory representation of the distance be
tween flankers to vary over a larger range if the inter
flanker distance in the distal stimulus was large rather than
if it was small. As a result, the probability that a record
will be rejected increases with increasing interflanker dis
tance in either the current input or the record-with at
tendant increases in the probability of guessing.

The theoretical curve shown in Figure 2 represents the
outcome of a computer simulationbased on the Heinemann
Chase (1990) model. It is not a best fit, but a rough ap
proximation based on trial and error procedures during
which three parameters were manipulated. One was a
measure of the trial-to-trial variations in the pigeons'
observation distance, the second determined the number
of times the subject was assumed to retrieve a new sam
ple before resorting to guessing, and the third was the
distance between neighboring pixels in the internal rep
resentation.

It should be noted that the above account does not in
voke Weber's law to explain the effects shown in Fig
ure 2. To the contrary, Weber's law for visual extent can
itself be derived from the considerations presented in the
preceding paragraphs, but this matter is not sufficiently
relevant to this paper to justify extensive discussion.

Interpretation of the Context-Inferiority Effect:
Experiments 2 and 3

We turn now to context-inferiority effects, such as those
found in Experiments 2 and 3. According to the
Heinemann-Chase (1990) model, these arise from the .
manner in which the DQs for the correct and incorrect
responses are obtained. Compared with the DQs expected
when current and remembered inputs that represent tar
gets alone are being compared, the DQs expected when
the current and remembered inputs representing targets
accompanied by flankers are compared are reduced, as
is the difference between them. In general, the more pixels
that the current input and the remembered pattern have
in common, the smaller the difference in the DQs as
sociated with the correct and incorrect responses.

Finally, for the stimulus configurations used in our ex
periments, the context-inferiority effect is expected to be
strongest when the flankers are nearest to the targets. The
reason is that, because of the geometry, the effect of
flankers placed very near the targets is to increase the DQ
associated with the incorrect response much more than
that associated with the correct one.

The outcome of a simulation based on this model is
shown in Figure 8. The parameters that were varied to
obtain this curve are those mentioned in connection with
the theoretical curve shown in Figure 3.

Possible Application to Some Effects Found
with Human Subjects

The theoretical account of the particular context
superiority effect discussed above might possibly be rel
evant to the interpretation of some context-superiority ef
fects reported for human observers. For example, Enns
and Prinzmetal (1984, Experiment 1) used stimulus dis
plays in which the two target lines differed only in their
position in the visual field. All of the subjects served in
two experimental sessions. In the first session, the target
lines were presented alone on half of the trials. On the
remaining trials, they formed part of a larger figure-the
context. Ten different contexts were studied, but each in
dividual subject was exposed to only one of these con
texts during the first session. This procedure yielded
strong context-superiority effects for all 10 contexts.

The human observers in Enns and Prinzmetal's (1984)
experiment were able to distinguish the positions in which
the lines appeared, even in the absence of the experimen
tally manipulated context. There is no reason to think that
they would be able to do this if the lines were presented
one at a time in a Ganzfeld, as we attempted to do in the
experiments reported here. Presumably, the subjects were
able to distinguish the positions in which the lines appeared
by using distant contextual stimuli, such as the edges of
the display surface or perhaps more subtle contextual stim
uli, as fixed landmarks. The experimentally manipulated
contexts might well have caused the observed improve
ment in identification performance simply by providing
landmarks that were closer to the target lines.

During the second session, Enns and Prinzmetal (1984)
presented their subjects with each of the single lines, and
with each of these lines embedded in 10 different con
texts (a total of 22 different stimuli). Each subject was
exposed to all 22 of these stimuli during the second ex
perimental session. This differed from the procedure used
during the first session, in which each subject was ex
posed to only four stimuli-seach of the single lines and
each of these lines embedded in an identical context. Each
of the 10 contexts used in the second session was pre
sented to a different group of subjects in the first session.
In both of the experimental sessions the single lines were
shown on half of the trials, and the lines in context were
shown on the remaining trials. Under these conditions,
all of the lines in context yielded significant context-
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superiority effects in the first session, whereas significant
context-inferiority effects were found in the second
session.

A comparable experiment has not been done with pi
geons. However, the assumptions concerning memory
storage and retrieval processes that are at the basis of the
Heinemann-Chase (1990) model lead to predicted out
comes that are qualitatively similar to those reported by
Enos and Prinzmetal (1984). To gain an intuitive under
standing of the causes of the context-inferiority effect ob
served in Enos and Prinzmetal's experiment, it is useful
to consider the composition of a sample of records ran
domly retrieved from LTM during Session 2 of that ex
periment. On the average, half of the records in the sam
ple will represent one or the other of the single lines, and
each of the remaining records will represent 1 of the 20
lines in context. However, because the number of records
retrieved in a single sample is assumed to be quite small,
records that represent anyone of the 20 lines in context
that may appear as the current input will often fail to ap
pear in that sample. Thus, any particular sample is more
likely to contain a record that represents a match to one
of the single lines than one that represents a match to one
of the lines in context.

The fact that many of the lines in context are quite sim
ilar to each other would be expected to lead to some in
correct response choices rather than to rejection of non
matching records. These factors would cause the error
rate for lines in context to be greater than it was in the
first session, which is what was found. Though stated in
very different terms, the possibility that the poor recog
nition of the lines in context during the second session
might reflect memory failure was also suggested by Enos
and Prinzinetal (1984).

Though there may be some conditions under which the
effects of contextual stimuli on recognition are similar in
humans and pigeons, perhaps because of similar under
lying processes, the much-studied configuration in which
two diagonal lines are either shown alone or embedded
in identical L-shaped contexts (e.g., Donis & Heinemann,
1993; Enos & Prinzmetal, 1984, Experiment 2; Pomer
antz et al., 1977) produces vastly different results for pi
geons and humans. As mentioned in the introduction, it
produces robust context-superiority effects in humans, but
equally robust context-inferiority effects in pigeons. It
seems likely that the context-superiority effect observed
with human subjects in this situation reflects a level of
processing not found in pigeons-perhaps a redundancy
gain due to the creation of a dimension such as "triangle
arrow" that is correlated with the angular orientation di
mension of the single lines, as proposed by Enos and
Prinzmetal.
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NOTE

1. For example, pigeons and humans makesimilar errors in identifying
letters of the alphabet (D. S. Blough, 1985), and pigeons are subject
to visual illusions similar to those experienced by humans (R. W. Mal
lot & M. K. Mallot, 1967; Fujita, D. S. Blough, & P. M. Blough, 1991,
1993). Pigeons have also been trained to categorize photographs of natura!
scenes on the basis of human concepts, such as the presence or absence
of trees, water, or human figures; after training they are able to catego
rize new instances of the concept at better than chance levels (Herrn
stein, 1979; R. W. Mallot & Siddal, 1972).
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