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Humans are known to reason by exclusion (McIlvane
et al., 1987; Meehan, 1995). For example, when humans
are presented, in a conditional discrimination in which
an initial or sample stimulus indicates which of two test
or comparison stimuli is correct, with a novel sample and
are given a choice between a familiar (defined) compar-
ison already associated with a sample and a novel (unde-
fined) comparison not yet associated with a sample, the
novel comparison is typically chosen (by exclusion). Pre-
sumably, the participants eliminate from choice those
comparisons that have learned associationswith other sam-
ples. The inferred relationship between undefined com-
parisons and undefined samples has also been demon-
strated in mentally retarded adults (Dixon, 1977) and in
normal children (McIlvane, Munson, & Stoddard, 1988).

Although, Tomonaga, Matsuzawa, Fujita, and Ya-
mamoto (1991) found no evidence for the use of exclu-
sion by chimpanzees, other research has suggested that
chimpanzees can choose by exclusion (Beran & Wash-
burn, in press; Hashiya, & Kojima, 2001; Tomonaga,
1993). Furthermore, both bottlenose dolphins (Herman,
Richards, & Wolz, 1984) and California sea lions (Kas-
tak & Schusterman, 2002; Schusterman & Krieger,
1984) have been found to choose an unfamiliar object
when presented with a novel sign (sample) in the pres-
ence of familiar alternatives.

To what extent is choice by exclusion in nonhumans a
capacity unique to large-brained mammals, such as
chimpanzees, dolphins, and seals? Research with pi-
geons has provided evidence that when they learn that

two different samples are associated with the same com-
parison, they represent those samples similarly, so that
they can then be substituted for each other in other con-
texts (Urcuioli, Zentall, Jackson-Smith, & Steirn, 1989;
Wasserman, DeVolder, & Coppage, 1992). The finding of
such emergent stimulus relations suggests that pigeons
are capable of forming classes made up of arbitrary stim-
uli. In other words, they are capable of class inclusion in-
volving arbitrary stimuli. When similar behavior is
demonstrated in humans, we say that the two stimuli have
the same meaning. If pigeons can show class inclusion,
can they also show class exclusion?

Early research suggested that pigeons do not choose
by exclusion (Cumming & Berryman, 1961). After pi-
geons had acquired an identity-matching task involving
three colors (red, blue, and green), a novel color (yellow)
was introduced. On trials involving the novel sample,
novel comparison, and one of the familiar comparisons,
the pigeons’ choice of the matching comparison was near
chance. However, pigeons have a natural tendency to-
ward neophobia (i.e., they will not naturally choose a
novel stimulus over a familiar one), which may have pre-
cluded positive results.

On the other hand, suggestive evidence that pigeons
can be encouraged to learn a conditional discrimination
by exclusion has been reported by Zentall, Edwards,
Moore, and Hogan (1981). Pigeons were trained on a
two-alternative conditional discrimination in which, for
each sample, the incorrect comparison was consistent
from trial to trial but the correct comparison varied among
four different stimuli. When, on test trials, the correct
comparisonwas replaced with a familiar stimulus, but one
that was unfamiliar in the context of this sample, the pi-
geons chose it over the incorrect comparison. However,
when the incorrect comparison was replaced (but the cor-
rect comparison remained), there was a substantial drop
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When humans acquire a conditional discrimination and are given a novel-sample–comparison
choice, they often reject a comparison known to be associated with a different sample and choose the
alternativecomparison by default (or by exclusion). In Experiment 1, we found that if, following match-
ing training, we replacedboth of the samples, acquisition took five times longer than if we replacedonly
one of the samples. Apparently, the opportunity to reject one of the comparisons facilitated the asso-
ciation of the other sample with the remaining comparison. In Experiment 2, we first trained pigeons
to treat two samples differently (to associate Sample A with Comparison 1 and Sample B with Com-
parison 2) and then trained them to associate one of those samples with a new comparison (e.g., Sam-
ple A with Comparison 3) and to associate a novel sample (Sample C) with a different, new compari-
son (Comparison 4). When Sample B then replaced Sample C, the pigeons showed a significant
tendency to choose Comparison 4 over Comparison 3. Thus, when given the opportunity, pigeons will
choose by exclusion.
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in choice accuracy. Thus, under these asymmetrical train-
ing conditions (multiple sample–correct-comparison as-
sociations), pigeons appear to learn to choose the correct
comparison by excluding the incorrect one.

Further evidence that pigeons can be encouraged to
learn a conditional discrimination by exclusion has been
reported by Clement and Zentall (2000). Pigeons were
trained on a conditional discrimination in which one
sample (a yellow hue) was associated with one of two
comparisons (vertical lines), and each of four other sam-
ples (red, green, blue, or white hues) was associated with
the other comparison (horizontal lines). Evidence from
retention tests (inserting a delay between the offset of the
sample and the onset of the comparisons), as well as
novel sample tests, indicated that the pigeons had learned
the original task as if they were following the rule, “If
the sample is yellow, choose vertical lines; otherwise,
choose horizontal lines.” That is, they had learned that
yellow belonged to one class and, by exclusion, every-
thing else belonged to the other.

In the present research, we asked whether pigeons
would naturally respond as if they were using an exclu-
sion rule to choose between comparisons without being
induced to do so by asymmetrical training procedures
(i.e., without making it difficult to learn the task unless
they learned by exclusion). In two experiments, we asked
whether a novel sample–comparison association would
emerge if it was placed in the contextof a familiar sample–
comparison association.

EXPERIMENT 1

Method
Subjects

The subjects were 8 White Carneaux pigeons, purchased as re-
tired breeders (5–8 years old) from the Palmetto Pigeon Plant
(Sumter, SC). The pigeons were maintained at 80% of their free-
feeding body weights throughout the experiment and were caged
individually, with grit and water available in the home cage. The pi-
geons were maintained on a 12:12-h light:dark cycle. All the pi-
geons had previously served in an unrelated study involving simple
simultaneous discriminations.

Apparatus
The experiment was conducted in a BRS/LVE (Laurel, MD)

sound-attenuating pigeon test chamber. Three horizontally aligned
rectangular response keys (2.5 cm high 3 3.0 cm wide) were
mounted on the response panel and were separated from each other
by 1.0 cm. Mounted behind each response key was a 12-stimulus in-
line projector (Industrial Electronics Engineering, Series 10, Van
Nuys, CA, with No. 1820 G.E. lamps) that projected red, green,
blue, and white hues (Kodak Wratten Filters 26, 60, and 38a and no
filter, respectively) and a white plus (13 mm long and 3 mm wide)
on a black background. The left and right projectors could also pro-
ject a white circle (with a 16-mm outside and a 13-mm inside di-
ameter). A houselight located at the center of the chamber ceiling
provided general illumination. A rear-mounted grain feeder was
horizontally centered on the response panel midway between the
pecking keys and the floor of the chamber. Reinforcement consisted
of 1.5-sec access to Purina Pro Grains. White noise and an exhaust
fan masked extraneous noise. The experiment was controlled by a
microcomputer located in an adjoining room.

Procedure
At the beginning of each trial, a sample stimulus was presented

on the center response key, and 10 pecks were required to turn it off
and turn on the comparison stimuli on the left and right keys. One
response to either comparison constituted a choice and ended com-
parison presentation. Comparison choices were followed by a
10-sec intertrial interval and, if the response was correct, by rein-
forcement. Stimuli and their locations (left /right) were counter-
balanced.

Pigeons were initially trained on a conditional discrimination
with S1 (red) and S2 (green) samples mapped onto C1 and C2 com-
parison stimuli (red and green, counterbalanced). Each session con-
sisted of 96 trials, 48 trials involving each sample. Each pigeon was
trained to a criterion of 2 successive sessions at 90% or better ac-
curacy on each sample type. Each pigeon was then overtrained for
an additional 20 sessions.

The pigeons were then randomly assigned to one of two groups.
For pigeons assigned to Group Single Novel, the transfer task con-
sisted of one of the samples from Phase 1 (red or green) and a novel
sample, with the same comparison stimuli as in initial training. Half
of these pigeons experienced a novel white sample (Group Single
Novel/S3), and the other half experienced a novel plus sample
(Group Single Novel/S4). For pigeons assigned to Group Both
Novel, the transfer task involved two new samples (white and plus,
S3 and S4). Again, each 96-trial session consisted of 48 trials in-
volving each sample type. The experimental design is presented in
Table 1. To determine whether the pigeons would exclude one com-
parison and respond by default to the remaining comparison, the
rate of acquisition of novel sample trials was compared for Group
Both Novel and the two single novel groups.

Results
Acquisition

Pigeons acquired Phase 1 matching to criterion on an
average of 8.0 sessions. Those pigeons that were subse-
quently assigned to one of the single novel groups took
an average of 8.2 sessions to attain criterion, whereas
those that were subsequently assigned to Group Both
Novel took an average of 7.7 sessions.

Test
Pigeons assigned to Group Both Novel learned the

white sample–comparison association to a criterion of
90% correct in a single session in an average of 15.8 ses-
sions, and they acquired the plus sample–comparison as-
sociation to that criterion in an average of 15.2 sessions.
Pigeons assigned to Group Single Novel/S3 and Group

Table 1
Design of Experiment 1

Group Training Transfer

Single novel/S3 red ® red red ® red
green ® green white ® green*

Single novel/S4 red ® red plus ® red†

green ® green green ® green
Both novel red ® red plus ® red†

green ® green white ® green*

Note—Half of the pigeonswere trained as above. The remaining pigeons
were trained to choose the nonidentity comparison (not shown). For
these pigeons, in transfer, the unchanged trial type also involveda non-
identity sample–comparison association. Acquisition of trial types with
* and with † represents the critical pairs to be compared.
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Single Novel/S4 learned the white sample–comparison
association to criterion in an average of 2.0 and 3.5 ses-
sions, respectively (see Figure 1). Because of large indi-
vidual differences in the rate of acquisition for the pi-
geons in Group Both Novel, which resulted in a skewed
distribution, the acquisition scores were transformed
(Y 5 square root of X ). The transformed acquisition
scores were then averaged over the two trial types for
Group Both Novel. A one-way analysis of variance
(ANOVA) performed on the transformed data indicated
that the two single novel groups acquired the transfer
task significantly more quickly than did the both novel
group [F(1,6) 5 8.24, p , .05]. If, more conservatively,
instead of averaging the scores for the two trial types for
Group Both Novel, one considers the lowest of the two
scores (i.e., the sample–comparison association that was
most rapidly acquired), the difference in the acquisition
scores for the two groups is still significant [F(1,6) 5
7.17, p , .05]. Thus, the pigeons in the single novel group
appear to have used the familiar sample–comparison as-
sociation as a basis for excluding one comparison when
they were presented comparison stimuli following novel
sample presentations.

Rapid acquisition by the single novel groups suggests
that the pigeons in these groups may have shown positive
transfer on the first test session. However, an examina-
tion of the first-session transfer data suggests that, on av-
erage, transfer was actually below chance for the single
novel pigeons. The Session 1 transfer data are presented
in Table 2. Furthermore, the first-session transfer data
were highly variable for single novel pigeons. Two pi-
geons showed strong negative transfer, 1 showed strong
positive transfer, and 1 responded at chance. Remark-
ably, despite the strong negative transfer (mean 5 3.2%
correct), these 2 pigeons attained the 90% correct acqui-
sition criterion in an average of 3.5 sessions.

Discussion
When the pigeons that had acquired a matching task

were required to learn a new matching task, acquisition
was greatly facilitated when only one of the sample–
comparison associations was new. Although one could
argue that the pigeons that had to learn two new associ-
ations had more to learn than did those that had to learn
only one new association, they also had twice as many
learning trials. Furthermore, the pigeons that could not
learn by exclusion took more than five times as many
sessions, on average, to acquire their task (15.50 sessions)
as those that could learn by exclusion (2.75 sessions).

Alternatively, the pigeons could have acquired the
original matching task by learning to avoid the incorrect
comparison—for example, if the sample was red, avoid
the green comparison, and if the sample was green, avoid
the red comparison. But such learning would not have
provided a relevant cue when the novel sample was in-
troduced. It is also possible, as one of the reviewers sug-
gested, that during original training the pigeons learned
to avoid the red comparison whenever the sample was
not red (i.e., if the sample was not red, avoid the red com-
parison). However, any tendency to avoid the incorrect
comparison would be considered a form of exclusion.

The fact that 2 of the pigeons in the single novel con-
dition actually transferred well below chance, whereas 1
transferred well above chance, suggests that some sub-
jects treated the novel white sample as red, whereas 1
subject treated it as green (or not red). It may be that,
without some prior experience with the white hue, there
is some ambiguity about how to treat the novel hue.

EXPERIMENT 2

A stronger case for the use of exclusion in a matching
task can be made when immediate positive transfer is
found following training. In Experiment 1, the introduc-
tion of novel sample stimuli that had to be discriminated
from each other (Group Both Novel) or from the re-
maining familiar sample (Group Single Novel) may have
delayed the appearance of group differences (some of the
pigeons in the single novel conditionactually transferred
well below chance). In the second experiment, we pre-
trained the pigeons to differentiate between the two sam-
ples that would be used in the test. In Experiment 2, the
pigeons were f irst given conditional discrimination

Figure 1. Experiment 1: mean sessions to criterion on novel
sample trials (S3 and S4) for the pigeons in the both novel group
and the pigeons in the two single novel groups.

Table 2
Experiment 1, Transfer Session 1: Percentage Correct on Novel

Trial Types for Individual Subjects

Both Novel Single Novel

46.9 79.2
50.0 2.1
51.0 4.2
45.8 50.0

M 48.4 33.9

Note—For pigeons in Group Both Novel, percentage correct has been
averaged over the two novel trial types.
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training with two sample stimuli (S1 and S2) and two
comparison stimuli (C1 and C2). The pigeons were then
given training with one of those samples (S1) and a new
sample (S3) and with a new pair of comparison stimuli
(C3 and C4). On a single test session, the pigeons were
then given the S1 and S2 samples presented with the
new, C3 and C4, comparison stimuli, and on S2-sample
trials, reinforcement was provided nondifferentially for
comparison choice. Thus, test session performance can
be taken as a conservative estimate of transfer.

Method
Subjects and Apparatus

The subjects were 8 pigeons similar to those used in Experi-
ment 1. The apparatus was the same as that used in Experiment 1.

Procedure
Phase 1: Pretraining. The pigeons were initially trained on a

conditional discrimination with red and green samples mapped
onto green and red comparison stimuli, respectively. In Experi-
ment 2, we decided to use nonmatching-to-sample during original
training, to ensure that the results found in Experiment 1 could not
in some way be attributed to the identity relation between the sam-
ple and the correct comparison. Following presentation of a red
sample, choice of the green comparison was designated as correct,
and following presentation of a green sample, choice of the red
comparison was designated as correct. In all other respects, ses-
sions, criterion performance, and overtraining were the same as
those in Experiment 1. Each session consisted of 96 trials, with 48
trials of each sample type.

Phase 2: Training. During Phase 2, the pigeons received condi-
tional discrimination training with one of the familiar (red or green)
samples and a novel white sample, with new circle and plus com-
parisons. Sample–comparison associations were counterbalanced.
Again, each session consisted of 96 trials, with 48 trials of each
sample type. Following each session, 24 refresher trials involving
Phase 1 trials were given, to ensure maintained familiarity with the
previous training contingencies. Each pigeon was trained to a cri-
terion of 90% correct or better accuracy for each of the sample
types on a single session before advancing to the test phase.

Test phase. During a single test session, the pigeons received the
red and green samples from Phase 1 with the circle and plus com-
parison stimuli from Phase 2. On trials involving the sample not
previously trained with these comparisons, choice of either com-
parison was randomly reinforced on 50% of the trials. The design
of Experiment 2 is presented in Table 3.

Results
Acquisition: Phase 1

The pigeons acquired Phase 1 matching to criterion in
an average of 15.2 sessions.

Acquisition: Phase 2
The pigeons acquired the matching task involving one

new sample and two new comparisons in an average of
24.0 sessions.

Test
The test data consisted of trials involving the sample

from Phase 1 that had not been presented during Phase 2.
Initially, the data from the four separate counterbalanc-
ing groups were considered separately. A two-way
ANOVA performed on the data from novel test trials,
with the hue replaced in Phase 2 (red or green) and the
shape associated with the replaced hue in Phase 2 (plus
or circle) as factors, indicated that the main effects and
the interaction were not significant. Thus, the data from
novel test trials for the four counterbalancing groups
were combined and were compared with chance (50%).

The pigeons chose the comparison not previously as-
sociated with the other sample on an average of 71.9% of
the test trials. A t test performed on the data from the test
session indicated that this difference was significantly
above chance [t(7) 5 4.93, p , .005]. Every subject
chose “by exclusion” at a level above chance on the test
trials. The data from the novel test trials for the individ-
ual pigeons appear in Figure 2.

Discussion
The pigeons were first trained to distinguish between

red and green samples and were then trained on a match-
ing task with one familiar sample (either red or green)
and a novel white sample associated with new compar-
isons. When the remaining sample from original train-
ing was substituted for the white sample, consistent with
the results from the first experiment, the pigeons chose
the comparison that was previously incorrect following
the familiar sample on almost 72% of the test trials.
Thus, the pigeons chose by excluding the comparison
stimulus on the basis of sample–comparison associa-
tions already established, and they responded by default
to the remaining comparison.

Choice by exclusion may also have occurred during
Phase 2 of the experiment. Given that the red sample was
already familiar and the white sample was not, the pi-
geons may have acquired the red ® circle association
first and then may have chosen the plus by default when-
ever the sample was not red. There is evidence that pi-
geons will adopt such a “strategy” when samples are
used that consist of the presence versus the absence of a
stimulus (e.g., a yellow hue vs. a dark key; Sherburne &
Zentall, 1993). That is, they appear to choose one com-
parison when a sample has been presented; otherwise
they choose the other comparison. Perhaps they also
choose by default when one of the samples is familiar
but the other is not. If this is the case, in the test phase
one should be able to replace the green sample with any
novel sample (e.g., a blue hue) and obtain the same re-
sults. Whether the pigeons chose by exclusion in Phase 2
and then continued to do so when tested in the transfer

Table 3
Design of Experiment 2

Pretraining Training Transfer Test

red ® green red ® circle red ® circle
green ® red white ® plus green ® plus*

or
red ® green white ® circle red ® circle*
green ® red green ® plus green ® plus

*Test trials (respondingon these trials was nondifferentially reinforced).
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phase or whether they began to choose by exclusion in
the transfer phase, an emergent untrained relation was
found that was indicative of rejection of the comparison
associated with the alternative sample presented on other
trials. In other words, it appears that the trained sample–
comparison trials provided the context needed for choice
by exclusion on untrained sample–comparison trials.

GENERAL DISCUSSION

The results of the two experiments are consistent in
showing that pigeons can choose by means of exclusion.
In both procedures, when confronted with unlearned
sample–comparison associations, pigeons tended to
choose a comparison by excluding the alternative. These
results stand in contrast to the assumption that pigeons
learn only stimulus–(correct)response relationships
when exposed to conditional discriminations (Skinner,
1950). Furthermore, the fact that these and other in-
stances of responding based on exclusion occur with
nonhuman animals is inconsistent with the claim that
such emergent processes require verbal behavior (Horne
& Lowe, 1996).

Although the present results suggest that pigeons can
choose by exclusion, they do not explain how such learn-
ing develops, nor under what range of conditions it will
occur. They do suggest that discrimination between sam-
ples may be necessary for exclusion to be found, because
without such training, choice by exclusion does not seem
to occur (see Session 1 transfer in Experiment 1). Fur-
thermore, with such training (in Experiment 2), imme-
diate choice by exclusion was found. Thus, the data sug-
gest that in Experiment 2, it would not have been
sufficient to replace the white sample with, for example,
a novel blue sample.

Finally, although the present research suggests that pi-
geons can choose by exclusion, it is not clear whether
this choice leads to new learning. For example, although
pigeons show a reliable tendency to choose C4 in the

presence of S2 because they reject C3, do they also learn
the new S2–C4 association? When presented with S2,
would they continue to choose C4 if, on other trials, the
sample was novel (S4)? Data reported by Kastak and
Schusterman (2002) suggest that, with practice, sea lions
do acquire the novel associations that they originally
choose by exclusion.
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