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A DISTANCIA AND UNIVERSIDAD DE SEVILLA

In Experiment 1, 10 pigeons were exposed to a successive symbolic matching-to-sample procedure in
which the sample was generated by the pigeons’ own behavior. Each trial began with both response keys
illuminated white, one being the ‘‘correct’’ key and the other the ‘‘incorrect’’ key. The pigeons had no
way of discriminating which key was correct and which incorrect, since these roles were assigned on
a random basis with the same probability of 0.5 for each key. A fixed ratio of five responses was required
on the correct key. However, each time the pigeon pecked the incorrect key, the correct key response
counter reset. Five consecutive pecks on the correct key was the only way to end this component, and
switch off both key lights. Two seconds later, these same keys were illuminated again, one green and the
other red (comparison stimuli). Now, if the correct white key had been on the left, a peck at one color
produced food, and if the correct white key had been on the right, a peck at the other color produced
food. When the pigeons had learned this discrimination, they were exposed to several symmetry tests
(simultaneous presentations of both keys illuminated the same color—i.e., both red or both green), in
order to interchange the sample with the comparison stimuli. In Experiment 2, the importance of
requiring discrimination between the samples and between the comparisons was analyzed. In
Experiment 3, we compared the results of Experiment 1 with a slightly different experiment, which
resulted in discrimination of key position, an exteroceptive stimulus. The results showed that symmetry
emerged only when different responses were used as samples.
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_______________________________________________________________________________

The usual way to obtain the phenomenon of
stimulus equivalence classes is to train subjects
in a standard conditional discrimination pro-
cedure (Sidman & Tailby, 1982). During this
training, if a consistent relationship is estab-
lished among three otherwise dissimilar stim-
uli (a and b, b and c), the following relations
(R) frequently occur in the absence of specific
training: aRa, bRb, cRc (reflexivity); bRa, cRb
(symmetry); aRc (transitivity) and cRa (equiv-
alence).

It is well documented that the emergence of
equivalence classes between stimuli is obtained
when human beings with verbal ability are
used (Dugdale & Lowe, 1990; Hayes & Hayes,
1989; Sidman, 1994). However, the current
consensus is that equivalence, according to
widely adopted criteria proposed by Sidman,
has not yet been demonstrated in subjects
(Dugdale & Lowe, 2000; Zentall & Smeets,
1996).

From the different emergent relationships
included in equivalence classes, symmetry has
turned out to be crucial with respect to the
differences between human beings and other
species. In nonhuman animals, there is some
evidence (Hearst, 1989; Honey & Hall, 1989)
for the development of symmetrical relations
following Pavlovian conditioning training (back-
ward associations), although negative results
have been the most common findings in
symmetry tests using nonhuman subjects
(Gray, 1966; Hogan & Zentall, 1977; Lionello-
DeNolf & Urcuioli, 2002; Richards, 1988;
Rodewald, 1974; Sidman et al., 1982). One
positive report (McIntire, Cleary, & Thomp-
son, 1987) may depend on directly condi-
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tioned chains of mediating behavior (Dube,
McIlvane, Callahan, & Stoddard, 1993; Hayes,
1989; Saunders, 1989). Even in studies in
which emergent equivalences have been
found (e.g., in sea lions, Kastak, Schusterman,
& Kastak, 2001; Schusterman & Kastak, 1993;
in chimpanzees, Yamamoto & Asano, 1995;
and in pigeons, Meehan, 1999) the animals
initially found it difficult to demonstrate
emergent symmetrical relations (i.e., given
AB training initially, emergent BA relations
were not found). Recently, Frank and Wasser-
man (2005) reported a case of associative
symmetry in the pigeon. They used a succes-
sive go/no-go matching-to-sample procedure
in which all of the training and testing stimuli
were presented in one location and inter-
mixed arbitrary and identity matching trials.
They reported robust symmetrical respond-
ing, but their procedure differed from that
typically used in equivalence investigations
with humans in that the pigeons did not view
the two comparison stimuli (the correct one
and the incorrect one) simultaneously.

The origin of the emergence of untrained
relationships between stimuli in equivalence
classes has been the center of attention of
research in this matter (see Garcı́a & Benju-
mea, 2001). There are two main lines of
thought within the scientific community. On
the one hand, Sidman (1990, 1994, 2000)
suggested that stimuli equivalence could be
‘‘a primitive,’’ that is, a basic function which
is not derived from other processes, conclud-
ing that stimuli equivalence is an emergent
property of conditional discrimination train-
ing procedures. According to this ‘‘primi-
tive’’ hypothesis, failure to obtain the emer-
gence of equivalence in animals would have
to be resolved through phylogeny in the
end.

On the other hand, as pointed out by Dube
et al. (1993), positive results using standard
equivalence procedures could involve behav-
ioral prerequisites that humans, but not
laboratory animals, are likely to have acquired
through preexperimental experience. Some
authors have postulated that language could
be this prerequisite. Perhaps human beings
form classes of equivalent stimuli, not because
they have a specific innate ability (‘‘primi-
tive’’), but because when stimuli appear they
name or label them (‘‘Naming Hypothesis’’:

see for example, Dugdale & Lowe, 1990; Hayes
& Hayes, 1989).

Catania, Matthews, and Shimoff (1990)
suggested that the bidirectional character of
verbal behavior and of stimuli equivalence
could be a manifestation of the same behav-
ioral competence: the ability to establish
conditional discriminations based on one’s
own behavior.

Sidman (2000) suggested that the differ-
ences found between animals and human
beings could be due to critical procedural
variables. While accepting that equivalence
may be a primitive that arises directly from
the reinforcement contingency, we still need
to include not only the samples and compar-
ison stimuli but also the responses and re-
inforcers in the equivalence classes. Viewed in
this way, the Naming Hypothesis could be
included within this framework without con-
troversy. The crucial factor may be that human
beings use different responses (i.e., names and
labels) whereas in the procedures normally
used with animals the same response (e.g., key
peck) would be used for different stimuli.

Evidence exists that rudimentary symmetry
is obtained with animals when different
responses are used in conditional discrimina-
tions. McIntire et al. (1987) trained monkeys
to make differential responses to both the
sample and the correct comparison, and they
found symmetry. Another study which pre-
sented positive results with regard to emergent
relations was that of Zentall, Sherburner, and
Steirn (1992), in which biologically relevant
stimuli (unconditional stimuli) were used as
samples. In this procedure, what might have
happened is that the pigeons really did
discriminate and choose the correct compar-
isons according to the different intense, and
therefore more discriminative, consummatory
responses that they had carried out in the
presence of the different sample stimuli.
Along the same lines, one of the most relevant
factors in the work of Meehan (1999) was the
use of differential reinforcers for each of the
classes that he was trying to obtain in his
experiment. As he himself commented, this
use of different reinforcers generated different
behavioral patterns to each sample. As we
already have suggested, those patterns were
probably the events discriminated by the
pigeons in that work (see also Urcuioli &
DeMarse, 1997).
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In all previous studies, different sample
stimuli have been used in conjunction with
different responses. However, there also exists
the more straightforward possibility of estab-
lishing conditional discriminations based ex-
clusively on different responses acting as
samples, without being accompanied by dif-
ferent exteroceptive stimuli. Although pre-
vious experiments using this type of condi-
tional discrimination exist (Baninger, Kendall,
& Vanderwolf, 1974; Lionello-DeNolf & Ur-
cuioli, 2003; Reynolds & Catania, 1962; Shimp,
1982, 1983, 1984), in none of them was the
emergence of symmetrical relationships test-
ed.

The aim of the present research, therefore,
was to test the emergence of symmetry in
a conditional discrimination situation using
pigeons as the experimental subjects and their
own behavior as the (propioceptive) sample
stimulus.

EXPERIMENT 1
METHOD

Subjects

Ten experimentally naı̈ve homing pigeons
(Columba livia), which were maintained at
approximately 80% of their free-feeding weight,
were used. A 12 :12-hr light : dark cycle was
employed in the rooms where the pigeons were
housed. Water was always available.

Apparatus

Five standard experimental chambers with
two response keys were used. Each chamber
was 275 mm high, 240 mm wide, and 320 mm
long. One wall of the chamber contained two
response keys with white, red, or green 6-W
keylights, a houselight, and an opening of
50 mm by 60 mm to provide access to mixed
grain. The keys were mounted about 50 mm
from the nearest wall and 130 mm from each
other, center-to-center. A computer was used
to control and record the experimental events.

Procedure

The experiment was divided into three
phases: pretraining, conditional discrimina-
tion training, and symmetry testing.

Pretraining. After magazine training, three
sessions of autoshaping with a conditional
stimulus (CS) of 8 s, an intertrial interval

(ITI) of 52 s, and a fixed ratio 1 (FR 1) was
applied to all the possible key combinations
(i.e., white, red, green, in left and right
positions). The pigeons were then exposed to
a FR 10 schedule to increase the number of
responses on the keys. The reinforcer in this
phase and all subsequent phases was 3-s access
to mixed grain.

Conditional discrimination training. A train-
ing trial consisted of two consecutive compo-
nents: a sample component followed by
a comparison component. The sample com-
ponent began with both keys illuminated
white. In each trial, one key was assigned as
‘‘correct’’ and the other as ‘‘incorrect’’ with
a probability of 0.5. Each time a pigeon pecked
on the incorrect key, the correct key counter
reset, so five consecutive pecks on the correct
key was the only way to end this component
which, after an interval of 2 s during which
both key lights were switched off, was followed
by the comparison component. The compar-
ison component consisted of one key being
lit green and the other red, with position
randomized. For half of the pigeons, a peck on
the red key after previously pecking on the left
white key and a peck on the green key after
previously pecking on the right white key
produced food (left–red/right–green corre-
spondence, see Figure 1: top diagram). For
the other half of the pigeons, these relations
were reversed (left–green/right–red corre-
spondence). Pecking the incorrect color key
was followed by a 10 s time-out (houselight
off), and then another presentation of the
same comparison component. In this way, we
ensured that the same amount of reinforce-
ment was obtained in the presence of each
color. Each training session concluded when
40 reinforcers had been delivered. This train-
ing phase continued until the pigeon re-
sponded correctly on at least 90% of the trials,
in each of three consecutive sessions (mean
number of sessions: 48.7; range: 35–65).

Symmetry test sessions. The symmetry trials
(see Figure 1, bottom diagram) consisted of
the presentation of both keys illuminated the
same color (red or green) and continued until
the pigeon made a total of 10 keypecks,
regardless of which key was pecked; the pigeon
then moved on to the next trial without food
presentation.

Each test session consisted of 44 trials, 40
conditional discrimination trials and 4 test
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trials (two green trials and two red ones).
These test trials were interspersed among
blocks of 10 consecutive training trials, so the
test trials were the 11th, 22nd, 33rd and 44th

trials. The probability that the test trial had
been preceded by a right or left response or
by a response to a red or green comparison
stimulus depended upon the type of compar-
ison component associated with the preceding

training trial; this had been assigned by the
computer at random (see training phase for
details). The order of the tests was counter-
balanced; half of the sessions started with red
tests (11th Red, 22nd Green, 33rd Green and
44th Red) and the other half started with green
tests (11th Green, 22nd Red, 33rd Red and
44th Green). Half of the pigeons from each
correspondence-trained group started with
a red test trial and the other half with a green
test trial.

The symmetry sessions were employed on
two different occasions: as the baseline in
Sessions 3 and 5, when the pigeons were still
responding at random on the conditional
discrimination task (about 50% accuracy),
and after the end of the conditional discrim-
ination training, as a test of the emergence of
symmetry. This posttraining test was presented
twice: the first session after the performance
criterion had been met, which was then
followed by another training session, and
then again following this training session.
Thus, each symmetry test (baseline and post-
training tests) included a total of 80 re-
sponses from each pigeon (eight trials of 10
pecks each). All of the trials, in both the
conditional discrimination training sessions
and the symmetry test sessions, were preceded
by an ITI of 10 s, during which only the
houselight was on.

RESULTS

Conditional Discrimination

Figure 2 shows percent correct responses for
each of the pigeons session by session. The
percent correct was calculated from a total of
40 responses per session (one response per
trial); the responses given in the correction
trials were not included.

All of the pigeons attained the criterion of
90% success rate in the conditional discrimi-
nation task. The pigeons’ position bias in red–
green disappeared, as the high percent correct
obtained in the discrimination at the end of
phase shows. However, a bias did not disap-
pear in white–white, as some of the pigeons
mainly started pecking on the left key while
others started on the right key, although the
white–white component finished when the
pigeon made five consecutive responses on
the key that was randomly assigned as ‘‘cor-
rect’’ by the computer in this trial.

Fig. 1. Top: The conditional discrimination training
procedure used in Experiment 1. The sample was which of
the two white response keys was pecked, and the
comparison stimuli were the colors red and green (left–
red/right–green correspondence). Bottom: Symmetry
tests from the previous training.
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Symmetry Tests

With regard to the interpretation of the
symmetry trial results, for the pigeons trained
on the left–red/right–green correspondence,
the correct responses were: left choices on red
trials (when both keys were red) and right
choices on green trials (when both keys were
green). Complementary to this, the correct
responses for the pigeons trained on the left–
green/right–red correspondence were: pecks
on the left key when both keys were green, and
pecks on the right key when both keys were
red.

The degree of symmetry was expressed as
the proportion of ‘‘correct’’ responses. For
instance, if all ten responses were counted,
and the first six responses of a pigeon trained
on the left–red/right–green correspondence
were made on the left red key, and the
following four responses were made on the
right red key, the proportion of correct
responses (i.e., symmetry) was 60% for this
trial.

Baseline symmetry test. Before the pigeons
achieved criterion performance on the dis-
crimination task, their performance in the
symmetry test was approximately random:
a 50% success rate when we consider the first
response in each symmetry trial, 49% when we
consider the first five responses, and 52% for

all 10 responses. They again showed position
biases. Some pigeons always pecked the left
key (in both red–red and green–green trials),
whereas others always pecked the right key. In
either case, the same level of chance respond-
ing was observed in the pretest.

Symmetry test after discrimination. Figure 3
shows the Experiment 1 symmetry test results
for the first response in each test trial. The
different pigeons are represented on the
horizontal axis and the percentage of correct
responses on the vertical axis. The line graph
indicates the percent correct obtained by each
pigeon in the pretest (before learning the
discrimination task) and the bar graph indi-
cates the percent correct for each pigeon in
the posttest (after learning the discrimination
task). With the exception of Pigeon S5, all the
pigeons obtained a higher percent correct in
the posttest than in the pretest.

The mean of 70% success rate, when only
the first response in each trial was counted
(see Figure 3), dropped to 67% when the first
five responses were counted, and to 61% when
all ten responses were counted. Since the tests
were carried out in extinction (after the
training phase with FR 1 and the green and
red keys as comparison stimuli), the pigeons
switched from left to right or vice versa on
many occasions, with the first change being
located between the fifth and sixth responses.

An Analysis of Variance on all the test
conditions (pre- and posttests for one, five,
and ten responses) revealed that there were
significant differences (F2,18 5 4.759; p 5
0.001). A posteriori contrast analysis was carried
out to see which comparisons produced these
differences. The Tukey Test showed that these

Fig. 2. Top: Acquisition of the conditional discrimina-
tion of the left–red/right–green correspondence pigeons.
Bottom: Acquisition of the left–green/right–red
correspondence pigeons.

Fig. 3. Percentage of correct first responses in the
symmetry test carried out during the baseline before the
acquisition of the conditional discrimination (line graph)
and that carried out after having learned this discrimina-
tion (bar graphs).
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significant differences were obtained when the
results for the posttest first response were
compared with the results obtained for the
pretest first response (p 5 0.01), first five
responses (p 5 0.009), and all ten responses
(p 5 0.011).

To sum up, compared with their perfor-
mance in the pretest, 9 of the pigeons
improved their preference for the correct
option in the symmetry posttests, which were
carried out after achieving a 90% success rate
in the conditional discrimination task.

This proportion (9 of the 10 pigeons
improving their performances between the
pretest and posttest) was maintained both
when the first response in each test (see
Figure 3) and the first five responses were
considered, but decreased to 7 out of 10
pigeons when all ten responses in each test
were considered. No differences were found
between the red–red and green–green symme-
try tests, nor between the pigeons trained in
the left–red/right–green and left–green/
right–red correspondences.

DISCUSSION

This experiment shows that pigeons will
spontaneously transfer from a position–color
(A–B) matching-to-sample task to a color–
position (B–A) test task. A–B was trained, and
B–A emerged. Similar results have been widely
reported for human subjects, but lack of
symmetry has been the most common result
for nonhuman animals (Dugdale & Lowe,
2000).

The only source of discrimination for our
pigeons in each trial was their own behavior—
pecking left versus pecking right. Success in
this task could not come under the control of
any external event (both keys were white all
the time when the pigeons were responding
on the sample component). For instance,
when a pigeon trained in the left–red associ-
ation chose red and received food, reinforce-
ment was delivered only because the pigeon’s
previous behavior had been a left peck.

All of the pigeons were able to discriminate
their own behavior in the matching-to-sample
procedure. The sample was the position of the
last key pecked and the comparison stimuli
were the colors of the keys in the following
component. There was no evidence of symme-
try when the pigeons did not discriminate
their own behavior (symmetry pretest). How-

ever, after sufficient training in the discrimi-
nation task, 9 out of 10 pigeons showed a bias
towards the position which was the sample of
the color presented on both keys in the
symmetry test (see Figure 3).

The consistent biases towards a certain
position when both keys were white eliminated
an alternative explanation for our results.
Bidirectional training might have been pro-
duced if, for instance, a pigeon had used the
following kind of strategy:

1) after a left white response, the pigeon
chose red and received food, and then
its response is once again on the left key
and,

2) after a right white response, the pigeon
chose green and received food, and then
its response is once again on the right
key.

Using such a strategy, the training carried
out would not only have been position–color,
but also position–color–position. The results
shown by the pigeons avoided this possibility.

With our procedure, it is unlikely that either
the color or the position reinforced on
a particular training trial could have affected
the responses given in the following trial
because between the two trials the reinforcer
was given and there was an ITI of at least 10 s
(see Olton, 1978, for interference effects
produced by a reinforcer).

After being trained to discriminate and label
their own behavior, the pigeons apparently
used these labels (colors) to guide their
behavior (choice of right or left key). Taking
these results as a starting point, we suggest that
the pigeon’s discrimination of its own behav-
ior provided the basis for the emergence of
bidirectional relationships or, at least, that
different responses to the sample were neces-
sary.

Since the pigeons had shown symmetry in
the context of a task of discrimination of their
own behavior, we next analyzed the different
components that might have allowed this
relation to emerge. In Experiment 2 we
assessed the relative importance of having to
discriminate between samples and compari-
sons. In Experiment 3 we compared the results
obtained in Experiment 1 with a procedure in
which the event to be discriminated was not
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the pigeon’s own behavior but the spatial
position of the sample.

EXPERIMENT 2

In Experiment 1 we showed that when
pigeons are trained to discriminate their own
behavior they also show symmetry. In Experi-
ment 2, we tried to analyze the effect of some
variables on this emergence of symmetry in
pigeons by introducing some modifications to
the experimental design. We first considered
whether the pigeons in the first experiment
could have had some difficulty in learning the
exact behavior pattern that would serve as
a sample for choosing the correct comparison
stimulus. For instance, if a pigeon started
a particular trial by pecking the right white key
(incorrect), and after five or six responses
changed to the left key (correct), after which
the comparison stimuli were switched on, and
then the pigeon chose red and received food,
although the five responses on the left key
were the ones that produced the change to the
comparison stimuli, the correct red choice
might have been associated with ‘‘respond
several times on the right key, then change to
the left key and after that, choose red.’’ If the
pigeon always started pecking on the left or
right white key, half of the trials would begin
with a few pecks on the incorrect key, followed
by five pecks on the correct one, possibly
hampering the acquisition of the conditional
discrimination and possibly affecting the sym-
metry test. To sum up, in Experiment 1, we
could not guarantee that only the responses
given on the correct key in the sample
component were associated with the choice
of the corresponding color of the comparison
stimulus. To avoid this problem, in Experi-
ment 2 we introduced a condition in which
only the correct response key was illuminated
white and the other was unlit. The problem
with this procedure is that the exteroceptive
stimulus, the right or left illuminated key,
instead of the pigeon’s own behavior, could
become the real conditional stimulus that
controls the subsequent choice of the red or
green key. For this reason, a control condition
was included with both keys lit white as in
Experiment 1.

Another question concerns the role that
differential reinforcement may or may not play
in the emergence of symmetry. In a standard

procedure of symbolic matching-to-sample,
each comparison stimulus has a double func-
tion: to act as a positive stimulus in the presence
of a sample and as a negative stimulus in the
presence of the opposite sample. It is possible,
however, that the effect of symmetry in Exper-
iment 1 might just be explained as a simple
Pavlovian backward association between the
sample response and the comparison stimulus.
In order to check this hypothesis, we included
a condition in which only the correct compar-
ison stimulus was present after each sample,
and 100% of these ‘‘errorless’’ forced trials
ended with food.

Finally, although Experiment 1 revealed
a consistent tendency towards symmetry when
the first response of the tests was considered,
this consistency gradually decreased as more
responses occurred. Even though we have
tentatively explained this problem, the perfor-
mance might be better if we required five
consecutive responses to the correct compar-
ison stimulus.

METHOD

Subjects

The subjects were 16 experimentally naı̈ve
pigeons similar to those used in Experiment 1,
housed and maintained in the same way.

Apparatus

The apparatus was the same as that de-
scribed in Experiment 1, except that only four
standard experimental chambers were used.

Experimental Design

We used a 2 3 2 experimental design
according to the number of keys used as
sample stimulus (either one or two white
keys) and the number of keys used as
comparison stimulus (either two or just the
correct color).

Procedure

Pretraining. The procedures used in pre-
training were the same as those used in
Experiment 1. After magazine training and
autoshaping with FR 1 and FR 10 schedules,
the pigeons were distributed randomly into
four experimental groups with 4 pigeons in
each group. Figure 4 shows diagrams of the
four experimental conditions.
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Training. In Group 2S2C (two samples and
two comparisons) the training was exactly the
same as in Experiment 1, except with a FR 5
(instead of FR 1) schedule required on the
correct comparison. In Group 2S1C (two
samples and one comparison), the procedure
was the same as in Group 2S2C, except that
only the correct comparison (red or green)
was present. The difference between Group
1S2C (one sample and two comparisons) and

Group 2S2C was that only the correct white key
(left or right) was lit. Finally, in Group 1S1C
(one sample and one comparison) only the
correct white key and the correct comparison
were lit. This first training phase ended after
40 sessions.

After this training, all the pigeons were
assessed for the emergence of symmetry, after
which all the pigeons were trained in the 2S2C
procedure for a further 30 sessions. At the end
of this training another symmetry test was
conducted.

Symmetry tests. These trials were carried out
in exactly the same way as in Experiment 1 and
were common to all of the groups. The criteria
also were the same. When a pigeon from
Group 2S2C performed the symmetry test,
a yoked-control pigeon from Group 2S1C with
the same position–color correspondence did
likewise. Furthermore, when a pigeon from
Group 1S2C performed the test, one of the
pigeons from Group 1S1C with the same
position–color configuration did likewise.
The pigeons were assessed in symmetry three
times: after pretraining, as the baseline; after
the first 40 sessions of conditional discrimina-
tion training, which was different for each
group; and after the further 30 sessions of the
2S2C procedure, which applied to all of the
groups.

RESULTS

Symmetry pretest (baseline). The pigeons’
performance was at chance level, with the
mean success rate for all the pigeons being
53% (ranging from 37% to 58%).

First discrimination training. For the pigeons
from Groups 2S1C and 1S1C no data are
available for analysis from this phase because
only the correct comparison stimulus ap-
peared in each trial. Figure 5 shows the
acquisition data for the other two groups;
2S2C is shown in the top and 1S2C is shown
in the bottom graph. As can be seen in the
top graph, after 40 sessions, 2 of the pigeons
(A3 & A18) from Group 2S2C had learned
to discriminate (more than 90% of their
responses were correct), whereas the other 2
pigeons (A1 & A19) had not. All of the
pigeons from Group 1S2C had learned the
task in this number of sessions (bottom
graph). When we compare these results with
those from Experiment 1, we find that Group
2S2C performed worse (a mean of 74.75% of

Fig. 4. The conditional discrimination procedures
employed with each of the four groups of pigeons in
Experiment 2 (red–left/right–green correspondence).
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the choices were correct compared to 87.80%
in Experiment 1). However, the results for
Group 1S2C revealed better performance than
observed in Experiment 1 (92.75 % of the
choices were correct).

Second symmetry test. All the pigeons con-
centrated all their responses on the same key
in each symmetry trial without changing keys,
so there was no difference in results for the
first response, the first five or all ten in each
trial. We therefore focused on the first re-
sponse in each trial. The top graph of Figure 6
shows the percentage of correct responses
given in the symmetry test for the pigeons in
each group.

Of the 4 pigeons that composed Group
2S2C, the 2 that had acquired the conditional
discrimination showed high symmetry levels.
Pigeon A3 scored an 88% success rate and
Pigeon A18 scored 75%. The 2 pigeons from
this group who had not done better than

chance after 40 sessions only scored 25% (A1)
and 50% (A19).

In Group 2S1C the results were more
homogeneous. Two pigeons (A12 & A21)
scored 55%, 1 (A23) scored 50%, and the
4th (A8) had a success rate of just under 40%.
All in all, none of the pigeons in this group
seemed to show symmetry.

Three of the 4 pigeons from Group 1S2C
performed well in the symmetry tests. Pigeons
A6, A13, and A15 each obtained 75%. The
other pigeon (A17) scored 62%.

The results for Group 1S1C were similar to
those for Group 2S1C. One pigeon (A5)
achieved a 55% success rate, 2 (A9 & A24)
achieved 50%, and Pigeon A4 was correct on
38% of the test trials. Thus, there is no
indication of symmetry in this group.

Second discrimination training. When all the
pigeons were changed to the 2S2C procedure,
the pigeons from Group 1S2C started with

Fig. 5. Top: Acquisition of the conditional discrimina-
tion for each pigeon in Group 2S2C. Bottom: Acquisition
of the conditional discrimination for each pigeon in
Group 1S2C.

Fig. 6. Top: Percentage of correct responses for each
pigeon from each experimental group in the symmetry
test, after the corresponding conditional discrimination
training. Bottom: Percentage of correct responses given by
these pigeons in the first session of the conditional
discrimination, when they were faced for the first time
(except Group 2S2C) with two samples and two compar-
isons (second conditional discrimination).
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a correct response level of nearly 100%, but
Groups 2S1C and 1S1C began near chance.
The bottom graph in Figure 6 shows percent
correct choices of red and green in the first
session of the training. The performance of
the pigeons in Groups 2S2C and 1S2C was
similar to that shown in the first 40 sessions,
whereas Groups 2S1C and 1S1C (trained with
only the correct comparison stimulus) aver-
aged a 50% success rate in the first session of
this new phase, which entailed both compar-
ison stimuli (correct and incorrect).

In the 30 sessions of the 2S2C procedure, 13
of the 16 pigeons responded correctly over
90% of the time towards the end of training.
However, 3 pigeons did not reach our criteri-
on of correct responses (i.e., 90%; see Exper-
iment 1) at any time during training. Pigeons
A1 (Group 2S2C) and A5 (Group 1S1C)
achieved a 75% success rate, while Pigeon
A12 (Group 2S1C) remained at chance level.

Third symmetry test. Figure 7 shows the
results of the symmetry test following the 30
sessions of training on the 2S2C procedure. All
of the 13 pigeons that had reached criterion
showed symmetry above chance level (an
average of 70% correct). Out of these 13
pigeons, 9 were correct on 75% or more of the
trials. Three of these 9 pigeons came from
Group 2S2C and 2 from each of the remaining
three groups. The other 4 pigeons that had
learned the discrimination also were consis-
tently above chance level; 63% of the re-
sponses were correct for each pigeon.

In contrast, the pigeons that failed to reach
criterion also failed in the symmetry tests:
Pigeons A1 and A5 distributed their responses
randomly (50% success rate), while Pigeon

A12 responded correctly only on 38% of the
trials.

DISCUSSION

The results of Experiment 2 corroborate the
findings of Experiment 1; all of the pigeons
that achieved high success rates in the 2S2C
conditional discrimination (13 out of 16)
obtained levels higher than chance in the
symmetry test trial (Figure 7). These results,
along with those from Experiment 1, suggest
that conditional discrimination based on one’s
own behavior is a crucial condition for the
emergence of symmetry.

The response requirement of five consecu-
tive responses to the correct comparison
stimulus seemed to produce a negative in-
fluence on the acquisition of the conditional
discrimination; comparing the results ob-
tained for Group 2S2C with those from
Experiment 1, in which only one response
was required, seems to demonstrate this. This
result concurs with other research (Lydersen,
Perkins, & Chairez, 1977). However, the re-
quirement of five responses produced a more
uniform response in the presence of the
colored keys, resulting in no significant
differences among the first response, the first
five, and all 10 responses in the symmetry
trials.

The more rapid acquisition by Group 1S2C
compared with both Group 2S2C and the
pigeons in Experiment 1, might have been
because the Group 1S2C pigeons made their
choices based on which response key had been
lit before (exteroceptive discriminative stimu-
lus), as opposed to the 2S2C procedure
subjects, that were probably discriminating
based on their own behavior. This possibility
is unlikely, however, because all the pigeons in
Group 1S2C were successful almost 100% of
the time, right from the first session using the
2S2C procedure. Since both keys were lit
white, potential control by exteroceptive stim-
uli would no longer exist. It is therefore
important to point out that the high levels of
symmetry obtained after training in the 1S2C
procedure can be interpreted as the emer-
gence of bidirectional associations resulting
from discrimination based upon the propio-
ceptive stimuli generated by the place where
the pigeon pecked, and not upon the extero-
ceptive stimuli arising from the position of the
lit key.

Fig. 7. Percentage of correct responses in the third
symmetry test by each pigeon in Experiment 2, after
having been trained in the 2S2C procedure. The bars in
white illustrate the symmetry results for those pigeons that
had not reached the required discrimination index after
the 2S2C conditional discrimination training phase.
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Once it has been accepted that the re-
sponses to the white keys constituted the
sample that controlled the subsequent choice
of the correct color, the higher acquisition
speed of Group 1S2C would therefore arise
because the only behavior sample that could
occur for this group was the one to control
the subsequent choice of the corresponding
color.

Having more than one option (not just the
correct one) when labeling the behavior
seemed to be of great importance. The
pigeons from Groups 2S1C and 1S1C that
could not err when choosing the correct
comparison (the only stimulus that was pres-
ent) did not show symmetry, despite having
received 1600 matches between the sample
and the correct comparison. These results
concur with those obtained by Gick and
McGarry (1992) and Ross (1984, 1987, 1989)
on the important role played by the presence
of the incorrect comparison. All of these
studies, despite using different procedures,
support the idea that the presence of only one
key lit either red or green does not constitute
discrimination training.

To summarize, only the pigeons that had
learned to label their own behavior were the
ones that showed the emergence of symmetri-
cal associations between the label and corre-
sponding behavior.

EXPERIMENT 3

In the previous two experiments, all of the
pigeons that established conditional discrimi-
nations based on their own behavior showed
the emergence of symmetrical associations.
Although the pigeons in Group 1S2C showed
good control by stimuli based on the position
where they pecked the only key lit white, it still
is possible that along with the control by these
propioceptive stimuli, control by the associat-
ed exteroceptive stimulus of key position could
have occurred. Although it seems unlikely that
this would occur, because of the probable
overshadowing of one source of control by the
other (see Urcuioli, 1984), Experiment 3 was
designed to study the possibility of the
emergence of symmetry in a task similar to
that of the two previous experiments, but in
which the conditional discrimination could
only be established on the basis of the
exteroceptive stimuli.

METHOD

Subjects

Four experimentally naı̈ve pigeons were
maintained at 80% of their free-feeding weight
during the experiment. They were housed and
maintained the same as the pigeons in
Experiments 1 and 2.

Apparatus

Four experimental chambers like those pre-
viously described were used. Video recording
equipment also was used.

Procedure

Pretraining. The procedures used in pre-
training were the same as those in Experi-
ments 1 and 2.

First conditional discrimination training (exter-
oceptive). The procedure was identical to that
used with Group 1S2C in Experiment 2, except
for two important differences: (i) instead of
applying a FR 5 schedule to the white-lit key, in
order to pass on to the colored component,
five seconds had to elapse without pecking the
white-lit key (a DRO 5-s schedule was used);
and (ii) only one peck was required on the
comparison component, as in Experiment 1.
Figure 8 diagrams the procedure.

This procedure continued until each
subject had responded correctly to at least
90% of the trials in each of three consecutive
sessions.

Second conditional discrimination training (pro-
pioceptive). Once all of the pigeons had
learned the task of conditional discrimination
of an external event (which of the two white
keys had previously been lit), the training of
conditional discrimination using propiocep-
tive stimuli began. The conditional discrimi-
nation procedure of Experiment 1 was used,
maintaining the same position–color associa-
tions for each pigeon as in the first conditional
discrimination.

Symmetry tests. As in Experiment 2, symme-
try test sessions were conducted on three
different occasions: (i) as the baseline in
Sessions 3 and 5 in the DRO conditional
discrimination training, when the pigeons
were still responding at chance level (about
50%); (ii) at the end of the first conditional
discrimination training; and (iii) after the
second conditional discrimination training
had finished.
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RESULTS

Symmetry Pretests

In the symmetry test carried out at the
beginning of the training (when the pigeons
had still not learned to discriminate), the
results did not differ from chance (mean 5
48.5%; range: 40% to 55%).

First Conditional Discrimination
Training (exteroceptive)

The top graph of Figure 9 shows the percent
correct choices of red and green across blocks
of 10 sessions. Acquisition was slower than in
Experiments 1 and 2. However, after 140
sessions (5600 trials) all of the pigeons had
learned the task, with a success rate of over
90%.

Second Symmetry Test (after DRO)

The bottom graph of Figure 9 shows the
results of the symmetry test carried out after
the pigeons had learned the exteroceptive
conditional discrimination. Two pigeons (A72
and A73) performed at chance level, one’s
success rate (A74) was over 80%, and the
remaining one (A75) only achieved 40%
correct.

On analyzing the video recordings from the
final sessions of this first training period, we
were able to verify that Pigeon A74 was the
only one that behaved differently in the
presence of the left and right white-lit keys. It
stood near the key that was lit (either the left
or right) and sometimes pecked around and
about it, but only on very few occasions did it
peck the key itself. Pigeons A72, A73, and A75,
however, did not behave differentially in this
way. Normally, they stayed in the middle of
the chamber near the front panel, and at
other times they flapped their wings or turned
around. However, it was not observed that they
behaved differentially in the presence of right
or left white-lit keys. None of the four pigeons
pecked the key that was unlit.

Second Conditional Discrimination (propioceptive)

As can be seen in the top graph of
Figure 10, all of the pigeons learned to
discriminate and label the last position to
which they had responded. We should empha-
size that, unlike the other pigeons, Pigeon A74
(the one that had responded differentially in

Fig. 8. The conditional discrimination procedure used
in Experiment 3 in which no response was to be given to
the sample (red–left/green–right correspondence).

Fig. 9. Top: Percentage of correct responses for each
of the pigeons in Experiment 3 during acquisition of the
first conditional discrimination in which no response was
to be given to the sample stimulus. Bottom: Percent
correct responses during the subsequent symmetry test.
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the exteroceptive discrimination) just re-
sponded randomly during the first two ses-
sions. From the sixth session on, it achieved
a 90% success rate and, by the end of the
training, it performed in several consecutive
sessions without making an error.

Third Symmetry Test (after the Propioceptive
Conditional Discrimination)

As can be seen in the bottom graph of
Figure 10, only one pigeon responded at
chance level (A73). Pigeon A72’s success rate
increased to 62%, Pigeon A74 maintained the
result of 75% obtained in the previous
symmetry test, and Pigeon A75 made symmet-
rical responses 85% of the time.

DISCUSSION

One pigeon (A74) showed differential re-
sponding (standing near the illuminated key
and making incipient pecking movements) to
each sample even though no differential
responding was required during this first
conditional discrimination training phase. In

the posttraining test carried out to evaluate the
emergence of symmetry, this pigeon was the
only one that showed evidence of symmetry.
The other 3 pigeons did not respond differ-
entially in this way, nor did they show
symmetry. In the discrimination training phase
that required differential responding to the
samples, Pigeon A74 learned the new task
quickly. Three of the 4 pigeons obtained high
or very high levels of symmetry after complet-
ing this training successfully, and one still
responded at chance level.

In the conditional discrimination phase,
based on the localization of an external event,
the pigeons needed a large number of sessions
before learning the task. This circumstance
could be due to the punishment (for pecking
the white-lit keys) of a delay before passing on
to the following component. The pigeons
could react by moving away from the key or
even turning around with their backs to the
front panel, as a compromising response to
avoid pecking the white-lit keys. This type of
behavior would delay learning the task. An-
other element that may have had an influence
is that of not requiring the pigeons to peck the
sample, a factor that delays acquisition of
discrimination (Eckerman, Lanson, & Cum-
ming, 1968).

As in the previous experiments, all the
pigeons learned the conditional discrimina-
tion task when required to use their own
behavioral responses as samples.

In brief, in Experiments 1 and 2, we
observed that pigeons showed evidence of
symmetry when they had learned that the
event to be discriminated was their own
behavior. In Experiment 3, in a task in which
the location of external events was to be
discriminated, only the pigeon that converted
this into a task discriminating its own behavior
showed symmetry. Those pigeons that did not
do so did not obtain symmetry.

GENERAL DISCUSSION

These three experiments show that pigeons
can show a bidirectional relationship if their
own behavior serves as a sample in a condi-
tional discrimination task.

In Experiment 1, the pigeons learned to
choose red after pecking the left white-lit key,
and to choose green after pecks on the right
white-lit key (with the color–position corre-

Fig. 10. Top: Percentage of correct responses for each
of the pigeons in Experiment 3 during acquisition of the
second conditional discrimination in which a response to
the sample stimulus was required. Bottom: Percent correct
responses during the subsequent symmetry test.
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spondences counterbalanced for half of the
pigeons). After learning this discrimination,
they were given symmetry tests in extinction by
being presented with both keys illuminated
either red or green; they showed a significant
position preference for the left key when both
keys were red and for the right key when both
keys were green. We consider this to be
evidence of the emergence of a symmetrical
relationship, that is, after learning a position–
color association, the pigeons showed evi-
dence of an untrained color–position associa-
tion.

In Experiment 2 four groups were trained
using all four possible combinations of one or
two samples with one or two comparisons. The
pigeons in the two groups that were trained
using two comparison stimuli showed evidence
of symmetry in the test phase, whereas those
trained using just one comparison stimulus
(and consequently unable to make ‘‘mistakes’’
during training) did not achieve symmetry.
This suggests that having two comparison
stimuli was important for the development of
the symmetrical relationship; that is, it was not
exclusively an outcome of a backward associ-
ation of the Pavlovian kind.

In Experiment 3, a DRO procedure to
discourage pecking the white-lit keys was used,
and most of the pigeons did not show
symmetry under these conditions. The excep-
tion was the one pigeon that spontaneously
behaved differentially in the presence of each
sample, despite this not being explicitly
demanded by the reinforcement program,
and who later passed the symmetry test. When
all the pigeons were subsequently trained
using a procedure that required responses on
the white-lit keys, three of the four pigeons
showed evidence of a bidirectional association.

The main result of these experiments is that
25 of the 30 pigeons showed the emergence of
bidirectionality or symmetry. Moreover, out of
the 5 pigeons that did not show signs of this
emergence, 3 had not previously acquired the
conditional discrimination well. To sum up, 25
of the 27 pigeons that learned the conditional
discrimination responded at the position
which had previously served as a conditional
stimulus when they were presented with both
keys lit up in the same color that had
previously served as its corresponding compar-
ison stimulus. This responding was produced
even though: (i) the amounts of reinforce-

ment received for red and green, and right
and left, were identical, due to the correction
procedure employed during training; (ii) the
symmetry trials were employed in extinction;
and (iii) the test trials entailed a novel stimuli
configuration, and possibly acting as an
external inhibition to a certain extent.

The results of this research work contradict
what is usually obtained from research that has
tried to obtain spontaneous symmetry in
animals (Gray, 1966; Hogan & Zentall 1977;
Lionello-DeNolf & Urcuioli, 2002; Richards,
1988; Rodewald, 1974; Sidman et al., 1982;
Zentall, 1996), and thus questions the hypoth-
esis of a phylogenetic difference between
human beings and nonhuman subjects. Sid-
man (2000) claimed that the differences
found between human beings and animals in
equivalence studies could be due to procedur-
al variables. He suggested that all the elements
involved in the reinforcement contingency
(antecedent stimuli, responses, and conse-
quences) should be included in the equiva-
lence class. An important procedural differ-
ence which may exist between the procedures
used to generate equivalence using human
beings and those using animals is the possible
spontaneous use of differential responses by
human beings to the sample (the Naming
Hypothesis: Dugdale & Lowe, 1990; Horne &
Lowe, 1996). Smith, Dickins, and Bentall
(1996) demonstrated that human subjects
failed to form equivalence classes when
trained to name stimuli incongruent with the
classes produced by conditional discrimination
training. The normal procedures used with
animals involve the use of the same response
(pecking the central key) to the different
samples, which should subsequently form
equivalence classes according to the associated
comparison stimulus. That is to say, if we
include the pigeon’s own responses in the
traditional procedures used with pigeons into
the equivalence classes, as Sidman (2000)
suggests, there would be an incongruity
between the classes to be trained on the basis
of the exteroceptive stimuli (samples and
comparison stimuli), and the only class de-
rived from the common preceding response
(propioceptive control).

The inclusion of responses and reinforcers
into equivalence classes allows the Naming
Hypothesis to be included into a framework
that is not exclusively human. As Skinner
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(1953) suggested, it seems that the discrimi-
native response to one’s own behavior and the
variables of which this is a function are the
exclusive product of the social environment.
Whether or not a subject is aware of itself
depends upon the extent to which the group
has insisted on replies to such questions as:
‘‘What are you doing?’’ or ‘‘Why did you do
it?’’ or ‘‘How do you feel?’’.

What we really have done in these experi-
ments has been to put a pigeon in a conven-
tional social situation that uses the pigeon’s
own behavior as conditional discriminative
stimuli, and also introduces both correct and
incorrect arbitrary (symbolic) comparison
stimuli. We have placed pigeons in a learning
and assessment context in which only mem-
bers of the human species have been situated
traditionally (inside the ontogenetic and cul-
tural domains of their development). The
results have been convergent, in a sense: the
emergence of symmetrical associations from
those directly trained. When Sidman (1990)
considered the development of equivalence
classes to be a primitive or basic function,
which could not be derived from other
functions and was also exclusive to the human
species, he was placing this phenomenon
within the domain of human phylogenetic
development. By working with individuals
from another species in a situation that is
normally intrinsic to the human ontogenetic
and cultural domain, we have taken another
step towards understanding the origin of this
ability to spontaneously establish symmetrical
relations and symbolic behavior.
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