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STIMULUS CONTROL TOPOGRAPHIES AND TESTS OF
SYMMETRY IN PIGEONS
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Pigeons were tested for symmetry after A-B training under conditions designed to avoid problems
that may prevent its emergence, namely the change of stimulus location in testing relative to training
and the lack of requisite discrimination training. In Experiment 1, samples appeared in two locations
during baseline training to minimize the impact of stimulus location. Experiments 2 and 3 included
multiple-location training along with additional identity and symbolic matching training, respectively,
to explicitly train all of the simultaneous and successive stimulus discriminations required for testing.
Experiment 4 provided reinforcement for symmetrical matching relations with some stimulus sets
(with multiple-location training) prior to symmetry testing with different sets. In all experiments,
pigeons showed no evidence of symmetry despite the fact that baseline (A-B) matching transferred
to novel locations. Additional tests for reflexivity (Experiment 2) yielded similar outcomes. These
results indicate that the change in stimulus location is not the sole reason that pigeons do not show
symmetry and increase the plausibility of arguments that symmetry and other indexes of stimulus
equivalence may be beyond the capabilities of the pigeon.
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When subjects are trained on symbolic
matching to sample (MTS), they may learn
that the samples and their reinforced com-
parisons ‘‘go together’’ (i.e., that they belong
to the same class). According to Sidman and
Tailby (1982), to demonstrate that training
has in fact produced a class of equivalent
stimuli, subjects must exhibit three distinct
kinds of behavior without being explicitly
trained to do so (i.e., emergent behavior).
The first of these is reflexivity, the ability to
match each stimulus to itself. The second is
transitivity, or the ability to match A samples
to C comparisons after being trained to
match A to B and B to C (each letter refers
to a set of stimuli). The third is symmetry, or
the ability to match B to A after being trained
to match A to B.

Evidence for equivalence class formation
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after symbolic matching training is well doc-
umented in humans (Adams, Fields, & Ver-
have, 1993; Sidman, 1971; Sidman, Cresson,
& Willson-Morris, 1974; Sidman & Tailby,
1982). Unlike the results with humans, how-
ever, data from studies with other animals
have been conflicting at best. Some studies
have demonstrated reflexivity in dolphins
(Herman & Gordon, 1974) and chimpanzees
(Oden, Thompson, & Premack, 1988), and
others have found transitivity in pigeons
(D’Amato, Salmon, Loukas, & Tomie, 1985;
Kuno, Kitadate, & Iwamoto, 1994) and a sea
lion (Schusterman & Kastak, 1993). With the
exception of 2 sea lions (Kastak, Schuster-
man, & Kastak, 2001; Schusterman & Kastak,
1993), however, studies of symmetry indicate
that nonhuman animals usually perform no
better than chance on tests for this emergent
relation despite a variety of training and test-
ing procedures (D’Amato et al., 1985; Dug-
dale & Lowe, 2000; Hogan & Zentall, 1977;
Lipkens, Kop, & Matthijs, 1988; Richards,
1988; Sidman et al., 1982).

For example, Hogan and Zentall (1977)
trained two groups of pigeons to match red
and green hue (A) samples to vertical and
horizontal line (B) comparisons, respectively.
Once baseline accuracy was high and stable,
a symmetry (B-A) test was conducted in
which the line stimuli served as samples and
the hue stimuli served as comparisons. For
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one group, choosing the comparison consis-
tent with symmetry was reinforced (e.g.,
choices of red were reinforced after vertical
samples and choices of green were reinforced
after horizontal samples). For the remaining
group, choosing the comparison inconsistent
with symmetry was reinforced (e.g., choices
of red were reinforced after horizontal and
choices of green were reinforced after verti-
cal). The prediction was that if symmetry had
emerged from training, then test trial accu-
racy should be above chance for pigeons test-
ed in the consistent condition but below
chance for those tested in the inconsistent
condition. Otherwise, accuracy in both con-
ditions should be at chance. In fact, both
groups matched at chance on the initial test
session, and also did not differ from one an-
other in their performances with repeated re-
inforced testing.

Recently, McIlvane, Serna, Dube, and
Stromer (2000) proposed the notion of stim-
ulus control topography (SCT) to explain
why some subjects may not show evidence of
symmetry and other components of equiva-
lence. Stimulus control topography refers to
the particular properties of a stimulus that af-
fect performance, properties that may vary
over trials or that may not coincide with those
of interest to the experimenter. For instance,
if a subject chooses a yellow-circle compari-
son on the basis of its color on some trials,
its shape on other trials, and the location in
which it appears on still other trials, there
would be three distinct SCTs. During the
course of training, control by certain topog-
raphies will tend to decrease if not consis-
tently reinforced, whereas control by other
topographies will increase if consistently re-
inforced. Depending on the structure of the
matching task, multiple SCTs besides the one
of experimental interest could be established.
If so, variability in the outcomes of equiva-
lence tests might simply reflect lack of coher-
ence between the SCT the experimenter de-
sires and those that predominantly control
performance.

Such a lack of coherence might be one rea-
son that pigeons do not show evidence of
symmetry. For example, the A-B relations of
symbolic matching typically involve the A
(sample) stimuli appearing on the center key
and the B (comparison) stimuli appearing on
the side keys. In testing, however, the A stim-

uli are presented simultaneously on the side
keys as comparisons, whereas the B stimuli
are presented on the center key as samples.
If pigeons learn to match the nominally de-
fined samples (A) to the nominally defined
comparisons (B), then this switch should not
matter. If location itself constitutes part of the
functional stimulus (e.g., if the pigeon learns
in training to match ‘‘A on the center’’ to ‘‘B
on the side’’), however, then the samples and
comparisons appearing in the symmetry test
are functionally different from those in train-
ing. Specifically, the pigeon is confronted
with ‘‘B on the center’’ and ‘‘A on the side’’
during testing in which ‘‘B on the center’’
may not be the same stimulus as ‘‘B on the
side’’ and, likewise, for the A stimuli. Thus,
the actual SCT and the one intended by the
experimenter may not only be different but
may be different in a way that precludes sym-
metry.

Although some researchers (e.g., Sidman
et al., 1982) have considered the potential im-
pact of stimulus location on symmetry, it is
easily overlooked (e.g., D’Amato et al., 1985;
Dugdale & Lowe, 2000; Hogan & Zentall,
1977). More important, the ‘‘stimulus plus lo-
cation’’ SCT is a real consideration given re-
cent evidence from monkeys, rats, and pi-
geons showing that a stimulus in one location
is not the same as the identical stimulus in
another location (Iversen, 1997; Iversen, Sid-
man, & Carrigan, 1986; Lionello & Urcuioli,
1998; Sidman, 1992).

For instance, Lionello and Urcuioli (1998)
trained pigeons on identity MTS with samples
always appearing on the center key. Once pi-
geons learned this task to high levels of ac-
curacy, samples were then presented individ-
ually in all three possible locations (and the
comparisons were presented in the remain-
ing two). Although baseline accuracy on cen-
ter-key-sample trials remained high, matching
accuracy on trials in which those same sam-
ples appeared in new (i.e., side-key) locations
dropped to chance (50%). Thus, what ap-
peared to us as the same task (‘‘match Com-
parison A to Sample A’’) was not the same
task for pigeons. They had apparently
learned instead to match ‘‘Comparison A on
the side key to Sample A on the center key.’’
Consequently, given ‘‘Sample A on the side,’’
pigeons were essentially confronted with a
new task (see also Sidman, 1992, for similar
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effects in monkeys and Iversen, 1997, for sim-
ilar results in rats).

The finding that pigeons apparently learn
to match particular stimuli at particular lo-
cations to other stimuli at other locations is a
perfect example of an SCT that conflicts with
the one desired in training and needed for
testing. The lack of transfer of baseline
matching performances across locations is
important because it means that reversing the
roles of samples and comparisons to test for
symmetry removes the effective SCT. Conse-
quently, a failure to observe symmetry is
hardly surprising. If pigeons could, instead,
be trained to respond on the basis of what
they see, rather than where they see it, the
symmetry test results might be very different.
More important, a truly ‘‘fair’’ test of sym-
metry, whatever the outcome, requires that
location not be a contaminating SCT.

Some of our more recent findings (Lionel-
lo-DeNolf & Urcuioli, 2000) show that with
certain training procedures, pigeons can
learn to match stimuli to one another inde-
pendently of their location. Specifically, pi-
geons explicitly trained to match compari-
sons to samples that can appear in more than
one location transfer their matching perfor-
mances to a novel location. For example, in
Lionello-DeNolf and Urcuioli (Experiment
1), pigeons were trained on identity MTS
with samples appearing on the left key on
some trials and on the right key on other tri-
als (the comparisons appeared on the re-
maining two keys). In testing, each sample ap-
peared on the center-key location as well as
on the two trained locations. Unlike the pi-
geons in Lionello and Urcuioli (1998), these
pigeons continued to choose the comparison
identical to the sample on the new-location
test trials. In subsequent experiments, Lio-
nello-DeNolf and Urcuioli showed that the
two-location training procedure was also ef-
fective in reducing control by location in sym-
bolic MTS and when any two pairs of loca-
tions (left and center, left and right, or center
and right) were used in training.

These results are noteworthy because they
validate a procedure for testing symmetry
that will not be plagued by the confounding
effect of location. If symbolic MTS training is
conducted using multiple sample locations,
then changing the location of the A and B
stimuli during the symmetry test per se

should not disrupt performances. Conse-
quently, test trial accuracy will be a more pre-
cise reflection of whether symmetry has in-
deed emerged as a result of A-B training.
High levels of B-A matching accuracy in test-
ing would indicate symmetry and would con-
firm one source of prior unsuccessful dem-
onstrations. Conversely, low (chance) levels
of accuracy will indicate that the absence of
symmetry is not solely tied to the normally
disrupting effects of location change. Indeed,
the training and test procedure just described
can be used to verify that baseline (A-B) re-
lations remain intact despite changing stim-
ulus locations.

EXPERIMENT 1

Experiment 1 was designed to determine
whether symmetry would emerge after A-B
training in which location has been dimin-
ished as a controlling feature of the stimuli.
Pigeons were trained on symbolic (A-B) MTS
with samples appearing on both the left and
right keys. During a subsequent symmetry
test, the B samples appeared on the center
key and the A comparisons appeared on the
side keys. For the consistent group, choices
of the comparison consistent with the sym-
metrical relation were reinforced. For the in-
consistent group, the reinforced sample–
comparison relations in testing were reversed
vis-à-vis the symmetrical ones (cf. Lionello-
DeNolf & Urcuioli, 2000).

Although it may seem odd to test some pi-
geons with sample–comparison contingencies
opposite of the symmetrical baseline rela-
tions, this test condition is valuable for a
number of reasons. First and most important,
given that testing was conducted with rein-
forcement, it is imperative to know whether
accuracies of the the consistent group pi-
geons on their initial test session (and on sub-
sequent sessions) simply reflect new learning
or emergent symmetry. If it is merely new
learning, then the same should be true for
the inconsistent group and, under these cir-
cumstances, accuracy of performance should
not differ between groups. On the other
hand, if multiple-location training does facil-
itate symmetry in pigeons, then the consis-
tent group should be more accurate on its
truly symmetrical test trials than the inconsis-
tent group is on its opposite test trial rela-
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tions. Ideally, first-session accuracies will be
above chance in the consistent group and be-
low chance in the inconsistent group (cf. Ur-
cuioli & Lionello-DeNolf, 2001). Second, we
wished to hedge against the possibility that
even if symmetry emerged from multiple-lo-
cation training, first-session performances
would be at chance because the novelty of the
test trials disrupted matching performances
and masked a true effect. If so, symmetry
would be apparent only in the faster acquisi-
tion of the B-A test relations by the consistent
group than by the inconsistent group. This
consideration is made even more compelling
by the fact that even with human subjects, the
emergence of symmetry can sometimes be
delayed (Adams et al., 1993; Fields, Adams,
Brown, & Verhave, 1993; Sidman et al., 1982).
Thus, rate of acquisition provides another po-
tentially useful, and perhaps relatively more
sensitive, dependent measure but one that is
meaningful only with a control condition that
each group essentially provides for the other.

Each test session also included novel-loca-
tion baseline (A-B) trials in which the original
samples were presented on the center key,
the comparisons were presented on the side
keys, and the baseline reinforcement contin-
gencies were in effect. These trials were an
important aspect of the test procedure be-
cause the anticipated transfer of the baseline
performances to novel locations would con-
firm that the pigeons’ choices are controlled
by the nominal (A and B) matching stimuli.

METHOD

Subjects

The subjects were 12 experimentally naive
White Carneau retired breeder pigeons ob-
tained from the Palmetto Pigeon Plant (Sum-
ter, SC). The pigeons were maintained at
80% of their free-feeding weights and ob-
tained their daily food allotment during the
experimental sessions. They were housed in
stainless-steel wire-mesh cages in a room on
a 14:10 hr light/dark cycle. Water and health
grit were freely available in the home cages.
Prior to the start of the experiment, the pi-
geons were divided into two groups of 6.

Apparatus

The experiment was conducted in two con-
ditioning chambers (BRS/LVE Model SEC-

002) each equipped with a BRS/LVE Model
PIP-016 three-key response panel. Each re-
sponse key was 2.5 cm in diameter and was
located 5.7 cm from the adjacent key, form-
ing a horizontal row 7.5 cm from the top of
the panel. An inline projector mounted be-
hind each key could present the following
stimuli: red and green homogeneous fields, a
single white horizontal line on a black back-
ground, and a single white vertical line on a
black background (BRS/LVE Pattern 696). A
food hopper was accessible through an open-
ing (5.8 cm by 5.8 cm) located 9 cm below
the center key. Chamber illumination was
provided by a GE 1829 houselight located at
the top center of the panel. A blower fan
mounted on the outside of the chamber pro-
vided ventilation and masking noise. Data
were collected and experimental events were
controlled by an IBM-compatible computer.

Procedure

The pigeons were initially trained to eat
from the lit food hopper. Next, they were
trained by the method of successive approxi-
mations to peck at a white homogeneous
field on the center response key. Then, each
pigeon received four 60-trial sessions in
which red and green or vertical and horizon-
tal were successively presented on one of the
three response keys an equal number of
times. At the beginning of each trial, a stim-
ulus appeared on one of the keys and re-
mained lit until it was pecked. Each peck ter-
minated the stimulus and initiated 3-s access
to the raised food hopper. A 10-s intertrial
interval (ITI) separated successive trials.

In 10 subsequent preliminary training ses-
sions, the peck requirement to each stimulus
was gradually increased from 2 to 3 to 5 and
then to 10 pecks. For five of these sessions,
the red and green stimuli appeared on the
left and right response keys, whereas for the
remaining five, vertical and horizontal lines
appeared individually on those keys. At the
beginning of each trial, a stimulus appeared
on one of the two side keys and remained lit
until the response requirement was complet-
ed, at which point the stimulus went off and
the food hopper was raised. Trials were sep-
arated by a 10-s ITI during which the house-
light was turned off for 9 s. The houselight
was turned on for the final second of the ITI.

Next, A-B matching training began: Pi-
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geons learned to match red and green hue
samples to vertical and horizontal line com-
parisons with the reinforced comparison
choice following each sample counterbal-
anced across pigeons. Each matching trial be-
gan with a hue sample on one of the two side
keys. Ten pecks to the sample turned it off
and produced the two line comparisons on
the remaining two response keys (i.e., the
comparisons appeared on the center key and
on whichever side key the sample had not
been presented). A single peck to either com-
parison stimulus turned both off and pro-
duced reinforcement if the correct compari-
son was chosen or an equivalent timeout with
the houselight turned off if the incorrect
comparison was chosen. Following reinforce-
ment or timeout, a 10-s ITI began, the first 9
s of which were spent in darkness. The house-
light was turned on for the final second of
the ITI and remained lit throughout the sub-
sequent trial.

Each hue sample appeared equally often
on the left and right keys, and the two com-
parisons appeared equally often on the re-
maining keys following each sample. The
eight possible trial types were randomized in
each 96-trial matching session, with the re-
striction that each trial type occur an equal
number of times and that a given trial type
not occur on more than two consecutive tri-
als. Reinforcement duration varied between
1.8 and 6 s across sessions for each pigeon to
maintain its 80% weight. Training was contin-
ued for a minimum of 10 sessions and until
each pigeon reached 90% correct or better
accuracy for five of six successive sessions. In
addition, accuracy with both the left and right
samples had to be at least 87.5% correct.

After meeting the acquisition criteria, each
pigeon was given one 60-trial session in which
the vertical and horizontal line stimuli were
presented on the center key. Ten pecks to
each line stimulus turned it off and produced
3-s reinforcement. The purpose of this ses-
sion was to prepare the pigeons for the fixed-
ratio 10 requirement to the line (sample)
stimuli on symmetry test trials. Pigeons then
received one final A-B matching session prior
to testing in order to ensure high accuracy
levels on the training relations.

For the symmetry test, vertical and horizon-
tal samples appeared on the center key and
red and green comparisons appeared on the

adjacent side keys. For pigeons in the consis-
tent group, comparison choices consistent
with the symmetrical version of the training
relations were reinforced. Thus, if the pigeon
chose vertical after red and horizontal after
green for reinforcement in training, then
choosing red after a vertical sample and
green after a horizontal sample was rein-
forced in testing. For pigeons in the inconsis-
tent group, comparison choices opposite of
those expected by symmetry were reinforced
(i.e., choices of green were reinforced after
the vertical sample and choices of red were
reinforced after a horizontal sample). In ad-
dition to 24 symmetry trials in each test ses-
sion, there were 48 baseline trials and 24 nov-
el-sample-location test trials. On the latter
trials, the baseline (A) samples appeared on
the center key and the B comparisons ap-
peared on the adjacent side keys. For both
the novel-location and baseline trials, the
original (A-B) reinforcement contingencies
remained in effect. Note, too, that all test tri-
als (location and symmetry) involved center-
key samples and side-key comparisons.

Testing continued for 30 sessions or until
each pigeon reached a criterion level of per-
formance of 90% or better overall accuracy
for five of six consecutive sessions and with at
least 87.5% accuracy on all trial types.

Data Analyses

Statistical evaluation of overall effects both
within and between groups was conducted us-
ing analysis of variance (ANOVA). When ap-
propriate, these were followed by post hoc
contrasts on the group means using the
methods, tabled F values, and inferential
techniques described by Rodger (1975a,
1975b). Type I error rate was set at .05.

RESULTS

During A-B training, the consistent group
required 23 sessions on average (range, 14 to
64) to reach criterion levels of performance,
whereas the inconsistent group required 14
sessions (range, 9 to 20). One pigeon in the
consistent group (C1) did not meet the ac-
quisition criteria but was advanced to the test
phase after 64 sessions because its accuracy
was both high and stable (its performance
over the last five training sessions averaged
86% correct). Average matching accuracy on
the last A-B training session prior to testing
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Fig. 1. Accuracy over 30 test sessions for individual pigeons in the consistent group on all three trial types in
Experiment 1. Baseline refers to the A-B training trials with samples presented on the side keys, location refers to
the A-B test trials with samples presented on the center key, and symmetry refers to B-A matching trials with samples
presented on the center key.

was 92% for the consistent group (range,
86% to 98%) and 95% for the inconsistent
group (range, 94% to 98%).

Figures 1 and 2 show accuracy for each pi-
geon in the consistent and inconsistent
groups, respectively, on all trial types over the
30 test sessions. Note that although the rein-
forcement contingencies for the inconsistent

group were actually the opposite of symme-
try, the ‘‘symmetry’’ label is used to refer to
their B-A test trials as well in order to main-
tain continuity across the figures.

On the first test session, 5 of the 6 pigeons
in the consistent group matched at or around
chance (50% to 54%) on symmetry trials, as
did 5 of the 6 pigeons in the inconsistent
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Fig. 2. Accuracy over 30 test sessions for individual pigeons in the inconsistent group on all three trial types in
Experiment 1. Symmetry refers to B-A test trials in which choices inconsistent with symmetry were reinforced.

group (50% to 58%). The remaining pigeon
in each group matched at 38% and 41%, re-
spectively. Average matching accuracies were
50% and 52% for the consistent and incon-
sistent groups, respectively. Pigeons in both
groups, however, matched well above chance
on novel-location test trials (71% to 100%).
All pigeons except C1 maintained high
matching accuracies (90% or better) on base-

line trials in the first session as well. Post hoc
contrasts from the interaction term of ANO-
VA on the first test session indicated that pi-
geons matched more accurately on baseline
and location trials than on symmetry trials,
Fs(2, 20) 5 49.03 and 28.63 (the consistent
group) and Fs(2, 20) 5 53.77 and 36.42 (the
inconsistent group), respectively. There were
no significant differences between matching
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accuracies on baseline and location trials in
either group, Fs(2, 20) 5 2.72 and 1.43 for
the consistent and inconsistent groups, re-
spectively.

Even with repeated testing, most of the pi-
geons in each group remained at chance lev-
els of accuracy on the B-A (symmetry) test
trials. Although 1 pigeon in the consistent
group (C5) eventually reached 90% accuracy
on its symmetry trials, there was no indication
that acquisition of the B-A relations was, or
would have been, any more rapid in this
group than in the inconsistent group. Both
groups maintained high baseline accuracy
and relatively high accuracies on location tri-
als throughout testing.

DISCUSSION

We hypothesized that previous attempts to
demonstrate symmetry in nonhuman animals
(e.g., Hogan & Zentall, 1977; Sidman et al.,
1982) failed because the symmetry test in-
volved functionally different stimuli than
those in training as a result of the changes in
stimulus location. If so, then training to es-
tablish what an animal sees as the functional
stimulus rather than where it sees it should
produce evidence of symmetry. Our test re-
sults, however, do not support this prediction.
This experiment demonstrated that pigeons
do not show symmetry after multiple-location
symbolic matching training. Matching on the
B-A test relations was no more accurate in the
consistent group than in the inconsistent
group, despite explicit procedures designed
to enhance control by the nominal matching
stimuli.

The results of the novel sample-location
test trials verified that stimulus location had
minimal effects on pigeons’ matching perfor-
mances (Lionello-DeNolf & Urcuioli, 2000).
All pigeons matched at least at 75% correct
on these trials on the first test session, with
some at 90% correct or better. Moreover, by
the fifth session, all pigeons were matching at
the same level of accuracy on novel location
trials as on baseline trials. In short, pigeons
matched mostly on the basis of the percep-
tual aspects of the stimuli (i.e., color and line
orientation) and not on where the stimuli ap-
peared. Thus, control by stimulus location
does not appear to be the sole reason that
previous studies have frequently failed to find
symmetry in pigeons.

EXPERIMENT 2

Although Experiment 1 showed that sym-
metry did not emerge despite considerable
neutralization of stimulus location effects, a
discrepancy between the explicitly trained
discriminations and the ones required during
the symmetry test may have prevented its
emergence. For example, the sample stimuli
(red and green) always appeared individually
in training but, in testing, appeared together
as comparisons. Likewise, the comparison
stimuli (vertical and horizontal) always ap-
peared together in training but appeared in-
dividually (as samples) during testing. This is
a potentially serious problem because if pi-
geons never learn a successive discrimination
between vertical and horizontal or a simulta-
neous discrimination between red and green,
there is no guarantee that they will do so in
testing (cf. Saunders & Green, 1999). One
way to avoid this is to train pigeons on MTS
tasks other than A-B matching to provide the
requisite successive (sample) discriminations
and simultaneous (comparison) discrimina-
tions needed for symmetry.

Sidman et al. (1982) familiarized their sub-
jects (monkeys, baboons, and children) with
the stimuli that would appear in the symme-
try test and with these requisite discrimina-
tions by providing separate training on iden-
tity MTS with the stimuli comprising the A-B
training relations. These A-A and B-B tasks
also gave subjects experience with the various
stimuli in all possible locations. Nonetheless,
the monkeys and baboons still matched at
chance on subsequent symmetry test trials.
Although their findings seem definitive, lo-
cation probably remained a controlling as-
pect of their A and B stimuli because the sam-
ples appeared only on the center key and the
comparisons appeared only on the side keys
(cf. Lionello & Urcuioli, 1998, Experiment
3). If so, then perhaps multiple-location train-
ing combined with additional training of the
sort provided in Sidman et al. (1982) would
yield symmetry.

Experiment 2, then, provided explicit
training with the A stimuli from the A-B task
as comparisons in one identity MTS task and
the B stimuli from the A-B task as samples in
another identity task, both of which involved
variation in sample and comparison locations
across trials. Once each multiple-location task



475TESTS OF SYMMETRY IN PIGEONS

(A-A, B-B, and A-B) was learned, B-A match-
ing (symmetry) was tested. We used the same
pigeons from Experiment 1 because very few
showed any signs of accurate B-A matching by
the end of that experiment.

Prior to explicit identity training, pigeons
were also tested for reflexivity with the hue
stimuli from the A-B task in Experiment 1.
This was included as an additional test to de-
termine if multiple-location training would
cause pigeons to treat each stimulus as the
‘‘same’’ no matter where it appeared (i.e., in-
dependently of its location). If so, then pi-
geons should match accurately on A-A reflex-
ivity test trials from the outset. If not (e.g., if
they had simply learned in Experiment 1 that
the baseline sample–comparison relations
were the same across locations), then the re-
flexivity test results should be negative.

METHOD

Subjects and Apparatus

The 12 pigeons from Experiment 1 were
used, and the group designation of each re-
mained the same. The housing conditions
and apparatus were also the same.

Procedure

Immediately after completing the 30 sym-
metry test sessions in Experiment 1, all pi-
geons were tested for reflexivity. Test sessions
consisted of 48 baseline (A-B) symbolic MTS
trials with samples presented on the left and
right keys, 24 A-B trials with samples present-
ed on the center key, and 24 reflexivity test
trials (A-A) with red and green samples pre-
sented on the center key and red and green
comparisons on the side keys. Reflexivity with
the line stimuli was not tested. Three pigeons
from the consistent group and 3 pigeons
from the inconsistent group were given an
identity matching test, and the remaining pi-
geons in each group were given an oddity
test. Note that the identity matching and odd-
ity tests are consistent versus inconsistent, re-
spectively, with the reflexive relations that
might have emerged from A-B training.
Emergent reflexivity, then, should yield
above-chance accuracy in the identity match-
ing test condition but below-chance accuracy
in the oddity condition. Twenty test sessions
were conducted.

Next, all pigeons were trained to criterion

levels of accuracy on two multiple-location
identity MTS tasks involving the red and
green hues and the vertical and horizontal
lines. Originally, each identity MTS session
consisted of 48 hue-hue trials (24 with sam-
ples on the left and 24 with samples on the
right) and 48 line-line trials (24 each with
left- and right-key samples). Because most pi-
geons experienced difficulty learning this
task, a correction procedure was added such
that an incorrect choice on any trial repeated
that trial until the pigeon made the correct
choice. The correction procedure alone was
unsuccessful in increasing overall accuracy
much above chance, however, so pigeons
then received alternating 96-trial sessions
with just the hue or the line stimuli (i.e., just
A-A or B-B matching). The correction pro-
cedure was discontinued during these ses-
sions, but all other aspects of the matching
procedure remained the same. A-A and B-B
matching were alternated daily until a 90%
accuracy criterion was reached. Then, hue
and line matching trials were again combined
into a single session. This combined A-A and
B-B training continued until pigeons reached
the aforementioned accuracy criteria for five
of six successive sessions.

Each pigeon was then given refresher ses-
sions on the original A-B training task from
Experiment 1. These sessions were alternated
daily with the combined identity MTS ses-
sions until pigeons reached the accuracy cri-
teria on both the A-B task and identity tasks
for five of six successive sessions. Finally, pi-
geons were retested for symmetry in a man-
ner identical to that of Experiment 1. Each
test session included a mixture of baseline tri-
als (A-B matching with side-key samples), nov-
el-location trials (A-B matching with center-
key samples), and symmetry test trials (B-A
matching with center-key samples). Pigeons
were tested until they reached 90% or better
accuracy or for 20 sessions, whichever oc-
curred first.

RESULTS

Reflexivity Test

Figure 3 presents the data for pigeons giv-
en the identity matching test, and Figure 4
presents the data for pigeons given the oddity
test. On the first test session, pigeons gener-
ally matched at or near chance levels of ac-
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Fig. 3. Accuracy over 20 test sessions for individual pigeons on A-A identity test trials (i.e., consistent reflexivity
test) in Experiment 2. Baseline and location refer to the A-B symbolic matching trials in which samples appeared on
either side key or on the center key, respectively.

curacy on the A-A trials, with the exception
of Pigeons C2, C3, and C5. Average A-A test
trial accuracies were slightly below chance for
pigeons given the identity matching test
(46.5%) and slightly above chance for those
given the oddity test (52%). By contrast, the

combined accuracies on baseline and novel-
location trials (i.e., A-B trials with side- and
center-key samples, respectively) were 92%
and 96%, respectively, for pigeons tested in
the identity and oddity conditions. Post hoc
contrasts from the interaction term of ANO-
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Fig. 4. Accuracy over 20 test sessions for individual pigeons on oddity test trials (i.e., inconsistent reflexivity test)
in Experiment 2.

VA showed that pigeons matched more ac-
curately on the A-B (baseline and location)
trials than on the A-A (reflexivity) trials, Fs(2,
20) 5 69.05 and 59.38, p , .05, for the iden-
tity and oddity conditions, respectively.

Over repeated test sessions, reflexivity test-
trial accuracy tended to be variable. More-

over, pigeons in the identity test condition
did not acquire their A-A task any more
quickly on average than those in the oddity
condition: 11 sessions (range, 5 to 18) versus
13 sessions (range, 5 to 20), respectively. Ac-
curacies on baseline and location-test trials
remained high for all pigeons.
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Identity Training and Symmetr y Retest

Pigeons were trained for up to 59 sessions
on A-A and B-B identity matching with side-
key samples when the tasks were combined in
a single session. Only 5 of the 12 pigeons (C3,
C5, I3, I5, and I6) reached criterion levels of
performance on the identity tasks and were
advanced to the symmetry test. The remain-
ing pigeons were placed on the correction
procedure or were given sessions in which
line and hue stimuli appeared separately. The
number of sessions spent under these contin-
gencies varied between 40 and 130. Terminal
performance levels on A-A and B-B MTS,
however, were similar across the two symme-
try test groups: 98% and 90% for pigeons
tested in the consistent and inconsistent con-
ditions, respectively. Matching accuracy on
the last A-B refresher training session preced-
ing testing averaged 96% and 97% for the
consistent and inconsistent groups, respec-
tively.

Figures 5 and 6 depict accuracy over re-
peated symmetry test sessions for each pi-
geon in the consistent and inconsistent
groups, respectively. First-session accuracy on
the B-A trials was at or near chance, on av-
erage, for both groups (47% and 53%, re-
spectively). In contrast, both groups main-
tained high accuracies on baseline trials
(89% and 98% for the consistent and incon-
sistent groups, respectively). Accuracies on
novel-location trials were significantly lower
than those on baseline trials for the consis-
tent group (75%), F(1, 10) 5 5.97, but not
for the inconsistent group (88%), F(1, 10) 5
3.14, p . .05. Nonetheless, accuracies were
well above chance for most pigeons. In ad-
dition, the inconsistent group matched more
accurately on center-key and side-key baseline
trials than did the consistent group, Fs(1, 10)
5 10.78 and 5.44, respectively.

Contrary to predictions, pigeons in the
consistent group did not acquire B-A match-
ing any more quickly than those in the in-
consistent group. Only 2 pigeons in each
group (C5 and C6 in the consistent group
and I3 and I5 in the inconsistent group)
reached criterion levels of accuracy within the
20 test sessions. Matching accuracies for the
remaining pigeons varied between 50% and
80% throughout testing. On the final test ses-

sion, accuracy on the B-A (symmetry) test tri-
als averaged 80% correct in both groups.

Baseline matching accuracies remained
high for all pigeons except C1 throughout
testing. Although accuracy on novel-location
trials was initially below that on baseline trials,
accuracy on these trials was similar to that on
the baseline trials by the 10th session for all
pigeons.

DISCUSSION

We hypothesized that one reason pigeons
did not show symmetry in Experiment 1 was
their inability to discriminate the vertical and
line stimuli when they appeared as samples
during tests. Although B-B identity training
ensured this successive discrimination prior
to the symmetry retest, pigeons still showed
no evidence that the learned A-B relations
were symmetrical. On the first test session in
this experiment, most pigeons matched at or
close to chance levels on symmetry test trials.
Moreover, pigeons in the consistent group
did not acquire B-A matching any more
quickly than pigeons in the inconsistent
group. The poor performance on symmetry
is particularly striking given the fact that, in
Experiment 1, these pigeons experienced test
sessions identical to those given here.

When initially tested for reflexivity with the
hue stimuli from the baseline A-B task, pi-
geons also matched at chance, demonstrating
that multiple-location training was ineffective
in producing this property of equivalence
classes. In light of these reflexivity results, the
failure to observe symmetry here and in Ex-
periment 1 is not surprising. For symmetry to
emerge, the pigeons must match each stim-
ulus to itself. If this ‘‘same’’ relation does not
hold between two identical stimuli (e.g., a red
sample and a red comparison), there is little
reason to expect it to hold between two dis-
similar stimuli (Sidman, 1994). The results of
the current reflexivity test demonstrate that
the pigeons did not, despite multiple-location
training, treat the red and green stimuli as
the same whether they appeared as samples
or as comparisons.

Despite no evidence for symmetry in this
experiment, some pigeons acquired B-A
matching, suggesting that directly training
the requisite discriminations affected the pi-
geons’ behavior (i.e., that discrimination fail-
ure had been a problem in Experiment 1).
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Fig. 5. Accuracy over 20 symmetry test sessions for individual pigeons in the consistent group on all three trial
types in Experiment 2.

Although additional ‘‘practice’’ or carryover
effects from Experiment 1 may have contrib-
uted too, their impact seems small given that
C5, the only pigeon to acquire B-A matching
in Experiment 1, initially matched at chance
on the B-A test trials in this experiment and
did not relearn the task any more quickly
than the other pigeons.

EXPERIMENT 3

Experiment 3 systematically replicated Ex-
periment 2 with experimentally naive pigeons
and with some procedural changes to avoid
problems encountered previously. For exam-
ple, the pigeons in Experiment 2 experi-
enced difficulty learning the identity MTS
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Fig. 6. Accuracy over 20 symmetry test sessions for individual pigeons in the inconsistent group on all three trial
types in Experiment 2. Symmetry refers to B-A test trials in which choices inconsistent with symmetry were reinforced.

tasks following the reflexivity test. Although
the source of this difficulty is unknown, it
might have affected the symmetry perfor-
mances. In Experiment 3, then, pigeons were
trained on two independent symbolic MTS
tasks (other than the target A-B task) that ac-
complished the same purpose as the identity
tasks in Experiment 2. For one symbolic task,

the A samples from the target (A-B) task ap-
peared as comparisons for different sample
stimuli (i.e., in C-A matching). For the other
task, the B comparisons from the target (A-
B) task were presented as samples for differ-
ent comparison choices (i.e., in B-D match-
ing). Thus, pigeons again learned to make
both successive and simultaneous discrimi-
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nations between the two hue and the two line
stimuli that appeared in the symmetry test.

Second, because most pigeons in the prior
experiments did not acquire B-A matching
when 50% of each test session was made up
of baseline (side-key sample) trials, these tri-
als were omitted from the test sessions in this
experiment. Consequently, the total amount
of reinforcement was more strongly tied to
performance on the symmetry test trials. This
should increase the sensitivity of detecting be-
tween-group differences as a function of con-
sistent versus inconsistent symmetrical rela-
tions.

The predictions here were the same as be-
fore. First, all pigeons were expected to trans-
fer their baseline (A-B) matching perfor-
mances to novel locations. Second, if explicit
multiple-location training on all requisite dis-
criminations yields symmetrical A-B relations,
then pigeons tested with consistent B-A rela-
tions should be more accurate than those
tested with inconsistent B-A relations. If sym-
metry does not emerge, however, the groups
should not differ from one another.

METHOD

Subjects and Apparatus

Twelve experimentally naive pigeons were
divided into two groups of 6. The pigeons
were housed and cared for in the same man-
ner as in Experiment 1. The apparatus was
the same as in the previous experiments ex-
cept that the inline projectors were modified
to present a white homogeneous field, a
white X on a black background, a solid white
triangle on a black background, and a yellow
circle stimulus (BRS/LVE Pattern 696). The
yellow circle was created by placing a yellow
filter over the circle stimulus.

Procedure

Following hopper training, pigeons were
initially trained to peck at the white field on
the center response key, after which they
were trained to peck red, green, vertical, hor-
izontal, white, X, yellow circle, and triangle
stimuli using procedures similar to those of
Experiment 1.

Next, all pigeons learned three symbolic
matching tasks with left- and right-key sam-
ples. In Phase 1, the samples were red and
green hues and the comparisons were vertical

and horizontal lines (A-B matching). The
symbolic relations were counterbalanced
such that for half the pigeons, choices of ver-
tical were reinforced after the red sample and
choices of horizontal were reinforced after
the green sample; for the remaining half,
these contingencies were reversed. In Phase
2, the samples were vertical and horizontal
lines and the comparisons were the white ho-
mogeneous field and the X (B-C matching),
with the sample–comparison relations again
counterbalanced across pigeons. In Phase 3,
the samples were a triangle and a yellow cir-
cle and the comparisons were red and green
hues (D-A matching), with counterbalancing
as before. All other MTS details were identi-
cal to those described in Experiment 1. Pi-
geons were trained on each symbolic match-
ing task for a minimum of 10 sessions and
until at least 90% accuracy occurred for five
of six successive sessions. In addition, accu-
racy with samples in each location (left and
right) needed to be at least 87.5% correct.
After completing Phase 3, all pigeons were
given daily, rotating refresher sessions on all
three tasks until criterion performance was
reestablished on all three within a single
block.

Next, each pigeon received novel-location
tests with all three training relations to test
for transfer of performances to the remain-
ing center-key location. These test sessions
were conducted separately for each matching
task, and each consisted of 48 training trials
(24 left-sample and 24 right-sample trials)
and 48 novel-location (center-sample) trials.
On novel-location test trials, all pigeons re-
ceived food reinforcement for choosing the
same comparison after each sample as in
training (i.e., all received a consistent transfer
test).

For the first three location test sessions,
each set of matching relations was tested
once (e.g., A-B on Session 1, B-C on Session
2, and D-A on Session 3), the order of which
was counterbalanced across pigeons. After
the first three sessions, each pigeon was re-
turned to its first location test (e.g., A-B) and
received reinforced training on those match-
ing relations at all three sample locations.
This continued for a minimum of 9 addition-
al days and until each pigeon matched at or
above 90% correct overall for five of six suc-
cessive sessions and at or above 87.5% correct
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with the samples at each location. Then, the
pigeons received reinforced training with the
remaining two sets of baseline matching re-
lations (e.g., B-C and D-A) at all three loca-
tions, one set at a time. After completing this
series, each pigeon received a refresher ses-
sion on the A-B matching relations (i.e., red
and green samples and vertical and horizon-
tal comparisons) with samples on all three
keys to ensure high baseline accuracy prior
to the symmetry test.

A symmetry (B-A matching) test then fol-
lowed. Each symmetry test session consisted
of 48 baseline trials with red and green cen-
ter-key samples followed by vertical and hor-
izontal side-key comparisons and 48 symme-
try test trials with vertical and horizontal
samples on the center key followed by red
and green comparisons on the left and right
side keys. Thus, both the baseline (A-B) and
the test (B-A) relations involved center-key
samples. For the pigeons assigned to the con-
sistent group, comparison choices consistent
with symmetry were reinforced, whereas for
pigeons assigned to the inconsistent group,
comparison choices inconsistent with sym-
metry were reinforced. Pigeons were tested
for a minimum of 10 sessions and until the
aforementioned accuracy criteria were
reached.

RESULTS

Although the number of training sessions
to criterion for each set of baseline relations
with side-key samples varied considerably
across those relations (range, 5 to 90 ses-
sions), matching accuracy over the last five
sessions with each baseline relation was both
high (92% to 95%) and similar across groups.

Figure 7 depicts matching accuracy for
each group on the initial three novel-location
tests that preceded the symmetry test. Note
that all pigeons, regardless of group, received
reinforcement for choices consistent with A-
B baseline contingencies on these location
tests. (In other words, ‘‘consistent’’ and ‘‘in-
consistent’’ refer to the B-A matching contin-
gencies experienced on the subsequent sym-
metry test.) Both groups matched well above
chance (73% to 89%) on novel-location trials
on the first session of each location test but
at significantly higher levels of accuracy (82%
to 95%) on side-key (baseline) trials, as in-
dicated by separate group main effects in AN-

OVA for each location test, Fs(1, 10) 5 5.19,
14.3, and 13.1, respectively.

During the reinforced novel-location ses-
sions that followed the initial test session
(data not shown), matching accuracies on the
novel-location trials steadily increased such
that by the end of testing, they were similar
to those on baseline trials with all three sets
of stimuli. On the A-B refresher session prior
to the B-A symmetry test, the consistent and
inconsistent groups chose the correct com-
parison on 97% and 96% of novel-location
trials, respectively.

Figure 8 shows the symmetry results over
all test sessions for each pigeon in the consis-
tent group. Figure 9 shows the corresponding
results for each pigeon in the inconsistent
group. On the first test session, matching ac-
curacy on the symmetry (B-A) trials averaged
52% and 56% for the consistent and incon-
sistent groups, respectively. Although 2 pi-
geons in the consistent group (CN3 and
CN6) matched above chance, the remaining
4 matched at or below chance. Likewise, al-
though 1 pigeon in the inconsistent group
(IN6) matched below chance, 2 (IN3 and
IN5) matched well above chance and the re-
maining pigeons matched at chance. Both
groups maintained accurate baseline (A-B)
performances: 94% and 98% for the consis-
tent and inconsistent groups, respectively.

The inconsistent group actually reached
the 90% accuracy criterion on the B-A test
relations more quickly than did the consistent
group, F(9, 81) 5 2.69, the opposite of that
predicted by symmetry. Four of the 5 pigeons
in the inconsistent group matched at or
above 90% accuracy within the first 10 ses-
sions. In contrast, only 1 of the 6 pigeons in
the consistent group reached that level dur-
ing the first 10 test sessions. On average,
matching accuracy by the inconsistent group
on symmetry trials was at a level equal to that
on the center-key-location baseline (A-B) tri-
als within seven sessions, whereas the consis-
tent group needed 14 sessions to achieve that
same level of performance. With the excep-
tion of Pigeon CN2, baseline accuracies re-
mained high throughout testing.

DISCUSSION

The pigeons in this experiment were
trained on two symbolic MTS tasks in addi-
tion to the target A-B task to provide the suc-
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Fig. 7. Mean accuracy on the first session of each novel-location test for the consistent and inconsistent groups
in Experiment 3. For both groups, choices consistent with training relations were reinforced; designations of consis-
tent and inconsistent refer to symmetry test contingencies.
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Fig. 8. Accuracy on repeated symmetry test sessions for individual pigeons in the consistent group in Ex-
periment 3.

cessive and simultaneous discriminations be-
tween the A and B stimuli necessary for
accurate performance on the symmetry test.
In addition, the extra training gave the pi-
geons experience with each stimulus as both
a sample and a comparison so that the pi-
geons were familiar with the stimuli in those
roles prior to the symmetry test.

Despite this, most pigeons matched at or

close to chance levels of accuracy on the first
symmetry test. Two notable exceptions were
pigeons in the inconsistent group that
matched well above chance (70% to 80%).
Our protocols indicate that these perfor-
mances are not attributable to primary stim-
ulus generalization. Perhaps, then, another
unknown SCT enhanced their first-session ac-
curacies, or the extensive and varied discrim-
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Fig. 9. Accuracy on repeated symmetry test sessions for individual pigeons in the inconsistent group in Experiment
3. Symmetry refers to B-A test trials in which choices inconsistent with symmetry were reinforced.

ination they received prior to the symmetry
test produced rapid within-session acquisition
of the novel B-A relations.

The inconsistent group also acquired B-A
matching more rapidly than the consistent
group despite having sample-comparison test
contingencies that opposed the symmetrical re-
lations, although this difference was in large
part due to IN3 and IN5, which were accurate

from the outset of testing. In any event, there
was no evidence, once again, of symmetry. The
predicted between-group differences (consis-
tent . inconsistent) did not materialize even
with a test session structure and a repeated test-
ing format that were designed, quite success-
fully, to make the reinforcement contingencies
more effective (i.e., all pigeons did acquire the
B-A matching task).
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As before, the pigeons in this experiment
were trained with samples that appeared in
two locations (the left and right keys). This
was done to ensure that location was not an
effective SCT. Indeed, on all three novel-lo-
cation tests, pigeons matched above chance
and many matched at the same level on nov-
el-location trials as on baseline trials. Thus,
location was not a major contributor to the
pigeons’ choices on A-B trials.

Only one other study reported in the lit-
erature (Sidman et al., 1982) ensured that
subjects could make all the necessary simul-
taneous and successive discriminations com-
prising the symmetry relations. In that study,
baboons and monkeys were trained on two
identity MTS tasks with the A and B stimuli
prior to a B-A symmetry test. The current ex-
periment differed from that of Sidman et al.
by using multiple sample-location training
and by training additional symbolic relations.
The results, however, were no different.

EXPERIMENT 4

Another potentially important variable for
the emergence of symmetry is the subject’s
history of reinforced symmetrical responding
(Schusterman & Kastak, 1993). Prior to the
symmetry test in Experiment 3, the pigeons
never experienced reinforcement for A-B and
B-A matching. Schusterman and Kastak sug-
gested (and provided evidence) that such ex-
perience may be necessary for animals to
show emergent symmetry. In their study, a
California sea lion was trained on multiple
(30) A-B relations involving a large variety of
stimuli. When later given unreinforced sym-
metry tests with 12 of those relations, it
matched at chance. B-A matching was then
explicitly trained with those 12 stimulus sets,
after which symmetry tests with the remain-
ing 18 stimulus sets were given. On these
tests, the sea lion matched at greater than
90% accuracy on 14 of the 18 relations.
Schusterman and Kastak attributed these pos-
itive findings to the sea lion’s history of re-
sponding on symmetrical matching relations.
The absence of such a training history char-
acterizes nearly all other investigations of
symmetry in animals, and in these studies, no
evidence for symmetry was found (D’Amato
et al., 1985; Hogan & Zentall, 1977; Lipkens
et al., 1988; Sidman et al., 1982).

If a reinforced history of symmetrical re-
sponding is necessary for the emergence of
new symmetrical relations in animals, then
providing such a history should facilitate the
effect in pigeons. Experiment 4, then, was a
systematic replication of Schusterman and
Kastak (1993). Pigeons from Experiment 3
that were trained to a high level of accuracy
with one symmetrical matching relation were
retrained on the two additional symbolic
MTS tasks from that experiment and then
were given symmetry tests on those relations.
Although this constitutes a relatively limited
history of reinforced symmetrical respond-
ing, we thought that it might nonetheless be
effective, especially in conjunction with mul-
tiple-location training.

METHOD

Subjects and Apparatus

The subjects were 11 pigeons from Exper-
iment 3. One subject (IN1) was not included
because it failed to complete testing in Ex-
periment 3. The same apparatus was used.

Procedure

The pigeons had initially been trained on
three sets of symbolic matching relations and
had received a symmetry test with one set in
Experiment 3. Six pigeons (the consistent
group) were then trained to 90% correct on
the symmetrical matching relations involving
the red and green and vertical and horizontal
stimuli; the remaining 5 were trained to cri-
terion on the opposing relations (the incon-
sistent group). Immediately following this
training, the pigeons were retrained on the
second set of previously learned symbolic re-
lations (B-C) with samples appearing on all
three keys. The samples were vertical and
horizontal lines, and the comparisons were a
white homogeneous field and an X. Retrain-
ing was continued until each pigeon reached
an overall accuracy level of 90% or better for
one session with at least 87.5% correct with
samples in each location for one session.

All pigeons were then given a second sym-
metry test with white and X samples and ver-
tical and horizontal line comparisons (i.e., C-
B matching). Each test session consisted of 48
baseline (B-C) trials and 48 symmetry (C-B)
trials with the samples always presented on
the center key. Group designations remained
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the same as in Experiment 3. Comparison
choices consistent with symmetry were again
reinforced for the consistent group, whereas
choices the opposite of the symmetrical re-
lations were again reinforced for the incon-
sistent group. Pigeons were tested for a min-
imum of 10 sessions and until they reached
90% correct or better accuracy on the C-B
symmetry test trials for five of six successive
sessions.

After completing the second symmetry test,
pigeons were retrained on a third set of
matching relations involving triangle and yel-
low circle samples and red and green com-
parisons (i.e., D-A matching). Upon reaching
90% accuracy, each was given its third and
final symmetry (A-D) test, this time with red
and green samples and triangle and yellow
circle comparisons. As before, 48 symmetry
test trials were intermixed with 48 baseline
trials in each test session with samples always
appearing on the center key. Unlike the first
two tests, however, choices consistent with
symmetry were reinforced for all pigeons.
The rationale for this change was as follows.
Pigeons in the consistent group had presum-
ably been learning symmetrical matching re-
lations during the two prior reinforced tests,
whereas pigeons in the inconsistent group
had, if anything, been learning the opposite.
If these reinforced histories were effective,
then the behavior of the two groups during
the final symmetry test in which the rein-
forced relations were identical for both
groups should differ. Specifically, the consis-
tent group should initially match at accuracy
levels above chance and should be more rap-
id in acquiring A-D matching than the incon-
sistent group, which should initially match at
levels below chance. Pigeons were tested for
a minimum of 10 sessions and until they met
the aforementioned accuracy criteria.

RESULTS

Baseline Refreshers

Matching accuracies on the refresher ses-
sion prior to the second symmetry test aver-
aged 94.5% for the consistent group (range,
93% to 97%) versus 95.2% for the inconsis-
tent group (range, 94% to 96%). On the re-
fresher session prior to the third test, accu-
racies averaged 95.8% for the consistent
group (range, 94% to 100%) versus 93.5%

for the inconsistent group (range, 92% to
96%).

Symmetr y Test 2

Figures 10 and 11 depict the individual-sub-
ject data for the consistent and inconsistent,
respectively, over the successive sessions of
Symmetry Test 2. During the first test session,
4 of the 6 pigeons in the consistent group
matched above chance (57% to 67%) on sym-
metry trials, and the remaining 2 matched
below chance. In the inconsistent group, 3 of
the 5 pigeons matched below chance (14%
to 47%) and 2 matched above chance. Aver-
aged across pigeons, first-session accuracy was
significantly higher in the consistent group
(54%) than in the inconsistent group (42%),
F(1, 9) 5 6.11.

Although a significant between-group dif-
ference also occurred on the second test ses-
sion, 58% versus 47% correct, respectively,
F(1, 9) 5 9.6, it disappeared by the third test
session, F(1, 9) 5 0.03. Indeed, there was lit-
tle or no evidence that the consistent group
acquired the B-A task any more quickly than
the inconsistent group. For example, the con-
sistent group required an average of 6.2 and
10 sessions, respectively, to reach accuracy lev-
els of 80% and 90% whereas the inconsistent
group required 8.2 and 10.2 sessions, respec-
tively. As before, baseline accuracies re-
mained high throughout testing for all pi-
geons.

Symmetr y Test 3

Figures 12 and 13 depict the individual-sub-
ject data for the consistent and inconsistent
groups, respectively, over the successive ses-
sions of Symmetry Test 3, during which all
pigeons were tested with A-D relations that
were truly symmetrical with the baseline D-A
relations. In contrast to Test 2, average
matching accuracy for each group on the
symmetry trials of the first test sessions were
similar: 53.4% versus 52.5% correct for the
consistent and inconsistent group, respective-
ly.

With repeated testing, all pigeons, regard-
less of their past histories, quickly learned the
A-D matching task. Most were matching at
80% correct or better by the fourth or fifth
session. The consistent group reached accu-
racy levels of 80% and 90% correct in 4.0 and
6.3 sessions, respectively, whereas the incon-
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Fig. 10. Accuracy over repeated test sessions on Symmetry Test 2 for individual pigeons in the consistent group
in Experiment 4.

sistent group reached these levels in 3.6 and
4.8 sessions. Baseline accuracies again re-
mained high throughout testing.

DISCUSSION

In this experiment, pigeons already trained
to high levels of accuracy with one set of sym-
metrical matching relations were tested for
symmetry involving a new set of stimuli.

Then, performances on this second set of
symmetrical relations were trained to a high
level of accuracy before symmetry testing with
a third set of stimuli. If such a history of re-
inforced symmetrical responding facilitated
the emergence of symmetry, then the consis-
tent group should have matched more accu-
rately on Symmetry Tests 2 and 3 than the
inconsistent group did.
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Fig. 11. Accuracy over repeated test sessions on Symmetry Test 2 for individual pigeons in the inconsistent group
in Experiment 4. Symmetry refers to B-A test trials in which choices inconsistent with symmetry were reinforced.

On Symmetry Test 2, the consistent group
did match significantly better on average than
the inconsistent group. However, this differ-
ence was small and transient: the between-
group differences were apparent only over
the first two test sessions. In addition, the ef-
fect was largely attributable to 2 pigeons: 1 in
the consistent group that matched above
chance on all test sessions (CN4) and 1 in the

inconsistent group that matched well below
chance over the first several sessions (IN6).
Obviously, the trend within each group was
tilted toward no effect.

If a history of reinforced symmetrical re-
sponding is effective in producing symmetry,
stronger evidence should be found with more
exposure to trained symmetrical relations, re-
sulting in greater between-group differences
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Fig. 12. Accuracy over repeated test sessions on Symmetry Test 3 for individual pigeons in the consistent group
in Experiment 4.

in Test 3 than in Test 2. There was no differ-
ence between the groups on symmetry trials
on the first session of Test 3, however, and
both groups matched close to chance. Al-
though 2 pigeons in the consistent group
matched above chance, they did not acquire
the B-A task any more quickly than the pi-
geons in that group that initially matched at
chance. Moreover, the pigeon that showed

the strongest positive transfer (i.e., above-
chance performance) in Test 2 (CN5)
matched at chance on Test 3. Apparently,
then, the above-chance performance by some
of the consistent pigeons (CN3 and CN5)
and the below-chance performance by the in-
consistent pigeon (IN6) in Test 2 reflect ran-
dom variation. Had their Test 2 results truly
reflected symmetry, their Test 3 results should
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Fig. 13. Accuracy over repeated test sessions on Symmetry Test 3 for individual pigeons in the inconsistent group
in Experiment 4. Symmetry refers to B-A test trials in which choices consistent with symmetry were reinforced.

have been similar or stronger, given their
more extensive experiences.

The current study differed from that of
Schusterman and Kastak (1993) in that our
pigeons were trained on only two symmetrical
relations, whereas their sea lion was trained
on 12 relations prior to showing evidence of
emergent symmetry. Multiple-location train-
ing, then, was not sufficient to overcome

whatever constraints may arise from limited
experience with reinforced symmetrical rela-
tions. Perhaps pigeons, too, need to experi-
ence a greater number of symmetrical rela-
tions before they exhibit effects of the sort
observed in the sea lion.

Dugdale and Lowe (2000) attempted to
replicate the results of Schusterman and Kas-
tak (1993) using 3 language-trained chimpan-
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zees with a history of explicit training on ap-
proximately 92 to 100 symmetrical relations
in which they had been taught to choose a
particular lexigram in the presence of an ob-
ject and vice versa. The chimps were then
trained on A-B matching using stimuli similar
to the ones used in the current study. On a
subsequent B-A symmetry test, these chimps
performed poorly. Dugdale and Lowe con-
cluded that a history of symmetrical respond-
ing is not critical for symmetry, although
their chimps’ history may have been inade-
quate because it involved natural object and
lexigram stimuli that were very different from
those used in the symmetry test (i.e., if train-
ing and testing involved new object → lexi-
gram relations, symmetry may have been ob-
served).

The results of Experiment 4 are nonethe-
less consistent with those reported by Dug-
dale and Lowe (2000). A limited history of
reinforced symmetrical responding (with
multiple-location training) involving stimuli
of the type later tested for symmetry does not
yield the later emergence of symmetry in pi-
geons.

GENERAL DISCUSSION

The present experiments were specifically
designed to reduce the known discrepancy
between the SCTs that govern pigeons’ sym-
bolic matching performances (Lionello &
Urcuioli, 1998; Lionello-DeNolf & Urcuioli,
2000) and that required for a valid, and po-
tentially successful, symmetry test. In addi-
tion, they included manipulations that en-
sured the sample and comparison
discriminations required for symmetry and
that provided a history of reinforced sym-
metrical responding. The results were con-
sistent but uniformly negative in their evi-
dence for emergent matching relations.

In Experiment 1, pigeons were trained on
symbolic MTS with samples appearing in mul-
tiple locations to reduce stimulus location as
an SCT. Indeed, performances on the novel-
location tests were highly accurate, indicating
that pigeons matched primarily on the basis
of the physical characteristics of the stimuli
rather than on the location of those stimuli.
Despite this, pigeons matched at chance lev-
els of accuracy on symmetry test trials.

In Experiments 2 and 3, pigeons were

trained on two additional MTS tasks (either
identity or symbolic) besides the target A-B
task to provide experience with the A and B
stimuli as both samples and comparisons and
to ensure that they could successively and si-
multaneously discriminate between them.
Even with this additional training, symmetry
still did not emerge. Moreover, reflexivity
tests with the hue stimuli from the A-B task
in Experiment 2 produced similar results. In
other words, A-B training with multiple loca-
tions did not yield performance indicative of
equivalence classes even with stimuli that
were physically identical to one another.

Experiment 4 attempted, unsuccessfully, to
facilitate the emergence of symmetry by pro-
viding a reinforced history of symmetrical re-
sponding. Although some suggestive evi-
dence of symmetry was found in the test
immediately following the first set of rein-
forced symmetrical relations (i.e., the consis-
tent group matched more accurately on av-
erage than the inconsistent group over the
first two test sessions), the effect was transient
and, more important, not replicable. When
tested again following a second set of rein-
forced symmetrical relations, pigeons
matched close to chance from the outset of
testing and did not differ from one another
as a function of whether their prior history
was consistent or inconsistent with symmetry.

The results of these experiments show that
when baseline training controlled for a num-
ber of potentially problematic methodologi-
cal variables, the outcome was not apprecia-
bly affected. For instance, we now know for
certain that location as a dominant SCT is not
the sole cause for past failures to observe sym-
metry because pigeons in the present exper-
iments did not show symmetry even though
they matched very accurately when stimuli
from the baseline (A-B) task were presented
in new locations. Likewise, past failures can-
not be due simply to an inability to discrimi-
nate among the test stimuli, because all the
requisite discriminations were directly trained
in Experiments 2 and 3. This latter point
could be gleaned from Sidman et al. (1982),
too, although our results make the point even
stronger given our multiple-location training
procedure. Finally, the lack of a reinforced
history of symmetrical responding is also not
solely responsible, given that such a history,
albeit with a limited number of relations, was
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not sufficient to produce symmetry in Exper-
iment 4.

The results of this study bolster the claims
of Hayes (1991) and Horne and Lowe (1996)
that lack of language ability is a key reason
for the difficulty in observing stimulus equiv-
alence in nonhuman animals. According to
Horne and Lowe, positive equivalence test
outcomes are a direct result of being able to
name stimuli. Without that ability, no organ-
ism will pass a test of equivalence. Hayes’ re-
lational frame theory states that although
naming per se is not responsible for positive
outcomes on equivalence tests, language
training is. As humans learn language, reflex-
ive, symmetrical, and transitive responses are
reinforced. The general idea, then, is that
language training provides an appropriate
context in which equivalence can be learned.
Multiple-exemplar training of the sort provid-
ed in Experiment 4 should thus be effective
in generating equivalence effects in animals
by providing them with a ‘‘contextual’’ ana-
logue to human language training (McIlvane
et al., 2000; Schusterman & Kastak, 1993).
The results of Experiment 4, however, along
with those reported by Dugdale and Lowe
(2000), suggest otherwise, at least when small
numbers of stimulus sets are used.

Another possible reason for the failure to
find symmetry here is that other competing
SCTs remained. For example, in all the ex-
periments, 10 pecks were required to each
sample, but only one was required to the cor-
rect comparison. In training, pigeons may
have learned that ‘‘red pecked 10 times goes
with vertical pecked once.’’ If that is the case,
it does not follow that ‘‘vertical pecked 10
times goes with red pecked once,’’ as was the
case in all of the symmetry tests reported
here. However, the pigeons did have some ex-
perience pecking 10 times at former compar-
ison samples prior to symmetry testing. In Ex-
periment 1, pigeons were given a session of
pretraining just prior to symmetry testing in
which they were required to peck 10 times at
each stimulus that would be a sample in test-
ing. In Experiments 3 and 4, training the
three symbolic relations gave pigeons expe-
rience pecking 10 times at four of the six
stimuli used as samples in symmetry testing.
None of these pigeons showed symmetry.
Nonetheless, this issue can easily be settled by
training pigeons on multiple-location MTS in

which 10 pecks are required to both the sam-
ple and correct comparison.

Another competing SCT may be the tem-
poral relation between the samples and com-
parisons in A-B training. For example, pi-
geons may learn ‘‘match A1 at Time 1 to B1
at Time 2.’’ If so, then pigeons would not be
expected to match accurately on the symmet-
rical relations because they necessarily involve
stimuli with different temporal loci.

Reducing the potential impact of tempo-
ral control may prove to be especially diffi-
cult, however. Simultaneously presenting the
sample and comparison stimuli at the start
of the trial and requiring only a comparison
response would minimize the problem, but,
unfortunately, it would also minimize the
likelihood of learning the baseline task (Eck-
erman, Lanson, & Cumming, 1968). More-
over, even if pigeons were to learn such a
task, the procedure might introduce stimu-
lus configuration as another SCT that would
preclude symmetry, given the new configu-
rations produced by the test trials. Finally,
even under optimal circumstances, this pro-
cedure does not guarantee the elimination
of temporal cues because pigeons may none-
theless learn to observe the simultaneously
presented stimuli sequentially (Wright &
Sands, 1981).

Alternatively, temporal control might be re-
duced by presenting each stimulus as both a
sample and as a comparison within the same
training session, thus presumably emphasiz-
ing that when a stimulus appears is unimpor-
tant as opposed to what it is. Providing ex-
perience with many reinforced symmetrical
relations seems to be one way to accomplish
this. The results of Experiment 4, however,
indicate that merely training two sets of sym-
metrical matching relations is insufficient to
achieve this goal.

Finally, the reinforcement procedures of
matching training itself might affect what, if
any, novel relations emerge (Kastak et al.,
2001; Meehan, 1999; Urcuioli & DeMarse,
1997). For example, using differential out-
come training, Urcuioli and DeMarse (Ex-
periment 2) found evidence of symmetry be-
tween the comparison stimuli and their
consequent reinforcers in one-to-many MTS
training (in which a single sample is followed
by two or more different sets of compari-
sons). In the symmetry test, the outcomes
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(food vs. a lit food hopper only) were pre-
sented as samples and were followed by a
choice between the familiar comparisons. Ur-
cuioli and DeMarse found that pigeons were
more likely to choose the comparison that
had been followed by food in training if the
sample were food than if it were the lit but
unraised food hopper (and vice versa). Per-
haps differential outcomes facilitate the for-
mation of two distinct categories of stimuli,
whereas a common outcome (as was the case
here) hinders such class formation (Sidman,
1994). Unfortunately, Urcuioli and DeMarse
did not also reverse the roles of the samples
and comparisons to determine if differential
outcome training might also have yielded
symmetrical relations between those stimuli.
Nevertheless, the test data they did collect at
least encourage the view that symmetry may
not be language dependent.

Thus, although the current set of experi-
ments indicate little evidence of symmetry be-
tween conditional and discriminative stimuli
in pigeons, they certainly do not settle the
issue. The temporal placement of samples
and comparisons, for instance, may well be
yet another SCT that conflicts with the de-
sired functional relations. A more extensive
history of reinforced symmetrical relations
might overcome this, although this is purely
speculation on our part. We do know, how-
ever, given the present results, that the SCT
arising from stimulus location cannot explain
past failures to obtain symmetry in the three-
key MTS paradigm with pigeons.
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