First publ. in: Vision, brain, and behavior in birds / ed. by H. Philip Zeigler and Hans-Joachim Bischof. - Cambridge, Mass. [u.a.] : MIT Press, 1993. - S. 377-390. - ISBN 0-262-24036-X

Beyond Sensation: Visual Cognition in
Pigeons
Jacky Emmerton and Juan D. Delius

Much research on the visual capacities of birds has focused on the ways
in which they process relatively simple optical stimuli (see, e.g., Emmerton, 1983). However, birds have evolved in a complex and highly
variable natural environment, and it seems unlikely that they function
merely like feathered automata, reacting reflexively to the elementary
dimensions of randomly encountered stimuli. Indeed, the elaborate
organization of their visual systems and the complexity of their behaviors suggest that they not only make full use of the array of environmental stimuli, but extract from it information which is processed,
stored, and used to guide their later behavior.
For this reason, birds, especially pigeons, are often used as subjects
in studies of learning. Such research typically concentrates on the processes involved in associating stimuli with each other or with specific
responses. The stimuli used in these studies have traditionally been
simple, arbitrary, and easy tQ present under controlled laboratory conditions. In recent years, rather than asking how associations are acquired, some researchers have instead begun to explore the cognitive
processes by which the properties of complex stimuli are encoded, how
this stored information is further transformed, and how it might guide
behavior.
Cognitive experiments often use standard conditioning techniques to
control the pigeon's response. However, they differ from traditional
learning experiments both with respect to the number and complexity
of their stimuli, and in demanding discriminations based, not on some
simple and invariant physical property of the stimulus, but on relational
or abstract properties. These experiments with pigeons have demonstrated their capacity to deal with a variety of discriminations in a
manner suggesting that they encode and store information about stimuli
in the form of internal representations. The concept of an internal
representation implies that exposure to a stimulus produces a neural
trace that preserves essential characteristics of the stimulus so that these
remain accessible for some variable period and can affect behavior even
in the absence of the original physical stimulus. The precise nature of
Konstanzer Online-Publikations-System (KOPS)
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-206166

the neural storage mechanisms is still elusive. The encoding process,
on the other hand, and the transformations that internal representations
undergo are amenable to behavioral analysis, using experimental paradigms designed to examine what properties of a stimulus complex are
abstracted and stored by the animal. This chapter reviews some experiments in avian visual cognition, and explores the processes involved
in the internal representation of complex visual stimuli by birds.
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DISCRIMINATION OF NUMEROSITY
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Earlier work by Otto Koehler and his students (1935) demonstrated that
birds can discriminate between stimulus arrays on the basis of the
number of items they contain (e.g., groups of 4 vs. 5 seeds). However
this ability seemed to operate within fairly strict numerical limits.
Whereas Koehler tested his animals in seminatural situations, we used
operant conditioning procedures in order to have better control of stimulus factors and to explore those numerical limits more precisely. Stimuli
were varying numbers of small white dots, projected onto dark pecking
keys, and pigeons were trained to respond on each trial to the key
displaying the greater number of dots by reinforcing their correct
choices with grain. Because the differential brightness of the groups of
dots could provide cues to their numerosity, brightness was later controlled using neutral density filters. In transfer tests with novel stimuli,
pigeons discriminated the new stimuli about as well as the old ones,
showing that they had acquired a generalized numerical concept of
"more" versus "less."
We next explored the limits of pigeons' numerical discrimination by
restricting the difference between groups of dots to only a single unit,
i.e ., 1 vs. 2, through to 7 vs. 8 dots. As figure 21.1 shows, discrimination
accuracy declined as the number of items in each group increased, so
that by 7 vs. 8 dots, performance bordered on chance.
It may be a "pernicious coincidence" (Miller, 1956) but, in most species
tested, numerosity discrimination breaks down when one of the displays contains the modal "magical number" of 7 items. Miller's remark
originally referred to apparent limitations in processing capacity for a
wide variety of tasks, including one in which human subjects rapidly
and accurately reported the number of dots in a briefly presented single
group of up to 6 dots, a behavior called "subitizing" (Kaufman et aI .,
1949). Interestingly, when we tested students with brief presentations
of the same pairs of stimuli used with pigeons, their performance also
fell to chance with groups of 7 vs. 8 dots. This similarity in results
suggests that birds and humans might process these dot displays in
similar ways. What remains at issue for any species is whether there is
a specialized mechanism specifically for quantifying small numbers and,
if so, what form of processing is used (e.g., serial scanning of elements
in a stored image, or recognition of canonical patterns of objects: see
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Figure 21.1 Test for the limits of numerosity discrimination. Dashed horizontal line
indicates the upper limit of chance performance according to binomial statistics. Examples
of stimulus pairs are shown at the top.

Miller, 1993, for a discussion of subitizing). However, whether or not
birds, and indeed humans, have a limited capacity to process visual
stimuli, the question still remains as to how they solve numerosity
problems.
One possibility is that, even without a linguistic code, they can count,
i.e., store precise information about the absolute or cardinal number of
up to 7 items in a set (Davis and Memmott, 1982; Davis and Perusse,
1988). Any stimulus group would be compared with this store, or
internal representation, of absolute number and chosen if it matched.
However, "counting" was unlikely in the present experiment, since the
number of items per stimulus varied randomly from trial to trial and a
particular stimulus group was correct only when it contained more units
that the other group . Instead, our subjects probably made relative numerousness judgments (d. Davis and Perusse, 1988). To solve this
problem, one of the stimulus displays would first have to be stored
briefly, and the number of items seen in the second group then compared with this stored representation. Any capacity limitation would
apply only to the short-term storage involved in the completion of a
trial. Alternatively, the capacity limitation of about 7 items may be more
apparent than real, and what might be discriminated is the ratio of
items. Honig and Stewart (1989) showed that pigeons are capable of
such a ratio discrimination when numerically larger arrays, containing
mixtures of different elements, are involved.
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Having tested the pigeon's capacity to discriminate "more" from
"less," we next asked whether they could also order quantities of dots
according to a numerical scale such that 4 > 3 > 2, for example. Birds
were first trained in a conditional discrimination paradigm to distinguish the class "many" stimuli (groups of 6 or 7 elements) from the
class "few" stimuli (groups of 1 or 2 elements) that were displayed on
a central key. Following presentation of a "many" stimulus, pecks at a
red, right-hand key were reinforced; following a "few" stimulus, pecks
at a green, left-hand key were correct. During prolonged training, novel
stimuli were often introduced to test acquisition of a generalized concept
of "many" versus "few." Then on test trials, stimuli included not only
novel exemplars of the type "few" (lor 2 items) and "many" (6 or 7
items) but also, for the first time, stimuli comprising the intervening
numerosities, 3, 4, and 5. We asked if the birds would rate these
completely novel 3, 4, and 5 item stimuli as being more similar to the
6 and 7 or else to the 1 and 2 item stimuli. In these tests the birds rated
novel stimuli that contained 6 or 7 elements as being of the "many"
type, and new stimuli consisting of 1 or 2 items as being "few," as they
had done in training. More importantly, the new numerosities, 3, 4,
and 5, were serially ordered between these two extremes (figure 21.2).
These results were confirmed using a variety of control manipulations
(such as altering stimulus shapes, equating brightness, etc.), none of
which interfered with birds' orderly discrimination of number. All these
studies indicate that pigeons are capable of abstract discriminations
based on numerical quantities, an ability that might be ecologically

useful when, during foraging, they need to make quick decisions about
which food patch to choose. However, little is known about the mechanisms underlying this cognitive ability.
INTERNAL REPRESENTATIONS OF MOVEMENT PERCEPTIONS

Movement provides an important source of information about other
animals in the bird's environment. This coordinated oscillatory movement has been called "biological motion" (Johansson, 1973). Pigeons
can quickly learn to discriminate movement patterns (Lissajous figures),
generated on an oscilloscope and consisting of either a single point of
light tracing one of two cyclically variable pathways, or outline patterns
resembling small wire figures rotating about a central axis (Emmerton,
1986). Various tests suggested that the animals' ability to distinguish
these motion patterns could not be explained by discrimination of just
a simple dimension of movement, such as a difference in overall velocity
or direction. Instead, their latencies to respond to the different stimuli
showed that they must have acquired internal representations of the
overall patterns of movement. The starting phase of anyone pattern
varied randomly from trial to trial and its component phases were also
repeated in a cyclical fashion, which took between 2 and 12 sec to
complete. Trained birds usually responded within 1 sec of the appearance of a correct pattern, indicating that their recognition of the pattern
was based on only a small part of the overall movement. This implies
that they compared that part with a previously stored representation of
the complete pattern when deciding whether to peck at the pattern.
The ability to differentiate cyclical variations in movement could be
important for the more ecologically relevant task of recognizing conspecifics, and other animals, on the basis of motion characteristics. The
ability to store information about movement trajectories also makes it
possible to preserve its perceptual continuity when it is briefly hidden
from view. For example, a bird may be briefly occluded when it flies
behind a tree. An observer that can extrap9late the animal's movement
trajectory can then recognize the bird that emerges as being the same
one that disappeared earlier.
An analogous situation was modeled in an experiment by Neiworth
and Rilling (1987) . They presented a computer-generated bar that, like
a clock-hand, was rotated with constant velocity through some fixed
angle. When this movement trajectory was completed and the bar
stopped, the birds had to peck one of two response keys to obtain food
reward. On other trials, however, the bar was "occluded," i.e., it disappeared part-way through the trajectory and then, after a delay, reappeared elsewhere as a static stimulus. From the bars constant velocity
and the delay period, it is possible to compute where it should reappear.
If it reappeared in an appropriate location, the birds were reinforced
for making the same response as if it had been visible throughout the
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Figure 21.2 Initial test results for pigeons' serial ordering of numerosity with novel
stimulus displays . Mean choices in a conditional discrimination paradigm are plotted
relative to responses that would have been correct for a "many" stimulus (consisting of
6 or 7 elements) . Inset shows an example of a stimulus.

380

381

delay. If it reappeared in a location inconsistent with a constant velocity
of rotation, then pecks to the alternative key were reinforced. Training
involved two different "visible" trajectories of bar movement, through
either 135 or 180°. On the "occlusion" trials there were also two different
time delays, corresponding to the correct and incorrect reappearance
positions of the bar for each trajectory.
Neiworth and Rilling were not just interested in whether pigeons
form an internal representation of a moving stimulus. They also asked
whether birds can, in the absence of the stimulus, further transform
that representation so as to extrapolate the movement of a stimulus that
was no longer visible. Only then could the pigeons correctly identify
how far it should have moved while it was occluded. Critical test trials
involved a change in trajectories so that they ended in new locations,
and corresponding novel delay periods for stimulus "occlusion." Birds
still performed well on these tests so that Neiworth and Rilling concluded that pigeons have the ability to form images, i.e., they can store
complex visual information in a transformable, picture-like form, or one
that operates like an analog code of the physical environment.

nation transfer to novel objects is assumed to be based on their physical
Similarity with the training objects. The deficiency in transfer, in contrast, is attributed to the nonidentity between novel and familiar objects
(Pearce, 1988) . Within the same framework the many-exemplar subjects
are expected to have a broader overall generalization gradient and thus
transfer better than the few-exemplar group.
As the number of exemplars with w~ich a subject is familiar increases,
gradients should also broaden. We tested this by gradually augmenting
the number of stimuli in the training set until the two groups were
dealing with sets of 184 and 260 spherical and nonspherical, respectively. Despite this profusion of exemplars subjects continued to show
appreciable transfer decrements. Even at a late stage about 8 reinforced
presentations of initially novel stimuli were required to bring them up
to the discrimination performance typical for highly familiar training
objects (figure 21.3).
An alternative hypothesis proposes that the pigeons memorized their
experiences with the training objects in two different ways . One involves a by-rote storage of individual stimuli. When faced with novel
objects, the subjects obviously could not retrieve them from this memory store. Rather, they had to recur to another store encoding two
clusters of features or properties dissociated from individual objects but
corresponding to abstract concepts of spheres and nonspheres, respectively. Although these differing, so-called episodic and semantic representations of the same material are conceived as separate by
theoreticians, they may nevertheless rely on closely related neural

CATEGORIZATION OF THREE-DIMENSIONAL OBJECTS

In the preceding experiments the stimuli were two-dimensional patterns. The cognitive processing that controls visually guided behavior
must, however, be structured to cope with three-dimensional objects.
We have recently attempted to maximize the cognitive performance of
pigeons by using three-dimensional stimuli. A simultaneous presentation of several stimuli, and a closer spatial contiguity between stimuli,
responses and rewards than is traditional in operant laboratories also
better approximates the normal foraging situation of pigeons (Delius,
1992). Small junk objects (beads, sequins, screws, transistors, etc.),
glued to a transport chain in sets of three, were successively brought
into view under portholes of a horizontal platform attached to a conditioning chamber. Pecks at them were detected by shock sensors;
correct choices were reinforced 'with grain, incorrect choices punished
with darkness.
Two groups of pigeons were taught to discriminate between spherical
(rewarded) and nonspherical (nonrewarded) objects, drawn from sets
of either 36 or 72 different objects (exemplars). Acquisition was quite
rapid (90% correct choices within 200 trials). Test trials after less than
500 training trials revealed significant discrimination (75% correct) of
new sets of spherical and nonspherical stimuli, thus proving true categOrization learning. The transfer to new objects by the many-exemplar
group was however slightly but significantly superior to that of the fewexemplar group . The classical explanation for these findings invokes
generalization gradients and decrements. The occurrence of discrimi-
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Figure 21.3 Spherical (positive) and nonspherical (negative) object discrimination by
pigeons (n = 4). (Right) Detail of experimental apparatus. (Left) Concurrent mean discriminative performance on routine training object sets (3 x 54 objects; familiar) and on
new test object sets (3 x 18 objects; novel) across successive presentations. Discrimination
performance with novel stimuli reaches that with familiar stimuli on only about the ninth
reinforced presentation. Modified from Delius (1992).

383

100

mechanisms. The results may instead reflect two alternative retrieval
strategies, the less specific one operating as a fallback strategy that sets
in when the more specific one fails to trigger a behavioral routine.
The flexibility of the unspecific, semantic representation is highlighted
by the result of a test in which the pigeons could choose only between
nonspherical objects. They selected those having at least some attributes
typical of spheres, demonstrating that they co~ld categorize t~e o~jects
in a relativistic manner, much as humans do m comparable SItuations.
Categorization models based on neural networks relying on so-called
relaxation principles are capable of precisely this performance, but they
are too complex to elaborate here (see Roitblat and Fersen, 1992) .
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As just described, pigeons responded quite differently to familiar and
novel items belonging to identical stimulus classes . Is that just an ~~
cidental consequence of retrieval efforts, or does it indicate specIfIc
characteristics of memory? An experiment by Fersen and Delius (1989)
suggests that a degree-of-familiarity label may be attached to ~ach item'.s
representation in the pigeon's episodic memory. The expenme~t, pnmarily designed to explore pigeons' visual memory capacIty (d.
Vaughan and Greene, 1984), utilized a large number of different ~o
dimensional shapes. Of these stimuli, 100 were assigned to a posItive
set and 625 to a negative set. They were projected in pairs on the
pecking keys of a conditioning chamber. The pige.ons were r~warded
with grain and punished with darkness for choosmg respectively the
positive or negative stimulus of these pairs . They needed as many as
9000 trials to achieve the 80% correct criterion, possibly because of the
use of simple, flat shapes.
An economical way to solve this task is to memorize only the relatively few positive stimuli. Test trials in which these stimuli were ~aired
with completely novel shapes seemed to indicate at first that the pIgeons
used this strategy. However, they were significantly better on these
trials than on concomitant normal trials involving both positive and
negative training shapes. This indicated that they somehow detec~ed
the switch from familiar to novel negative shapes. Moreover, test tnals
pairing negative shapes used during training with novel shapes revealed that the pigeons had in fact also memorized most of the 625
negative shapes . They avoided responding to them, p~efe:rin.g t.o p~ck
the novel stimuli with slightly less accuracy than theIr dIscnmmation
performance on concurrent normal training trials (figure 21.4). Control
trials in which both shapes were novel led to chance levels of
performance.
.
.'
The suggestion is that as the pigeons learned to recogruze the mdIvidual stimuli by-rote (episodically), they also stored information about
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Figure 21.4 Novelty/familiarity effects in pigeons (n = 3) trained to discriminate between
stimulus pairs assembled from 100 ("few") positive and from 625 ("many") negative
shapes. (Right) Examples of stimulus shapes. (Left) Bars, discrimination performance on
familiar training stimulus pairs; columns, concurrent discrimination of either "few"/novel
test stimulus pairs or noveU"many" test stimulus pairs (2 series of sessions, each involving
2 x 100 test pairs) and control noveUnovel stimulus pairs (one series of sessions, 100 test
pairs; modified from Fersen and Delius, 1989) .

how often they had seen them. During training, the few positive stimuli
were seen on average every 100 trials and thus were probably labeled
in memory as "very familiar" while the many negative stimuli, which
were seen on average only every 625 trials, were possibly labeled as
"somewhat familiar." On this familiarity-unfamiliarity continuum,
novel stimuli merit the extreme label "not familiar." When stimuli of
this latter kind were paired with the positive, very familiar shapes the
enhanced label contrast augmented the choice accuracy beyond the
normal by-rote level. When however the novel stimuli replaced the
positive, very familiar stimuli, the inverse contrast with the negative
shapes labeled somewhat-familiar degraded the dominant by-rote
avoidance of the latter.
Meantime there is further, independent evidence that pigeons are
exquisitely responsive to the novelty-familiarity of visual stimuli (Macphail and Reilly, 1989), supporting the view that pigeons may not just
passively react to, but actively record, the frequency of past events.
Indeed, this may be why they have some competence in judging large
numerosities (Honig and Stewart, 1989). There is no doubt, incidentally,
that humans keep a surprisingly precise count of the frequency of
experience attached to most of the contents of episodic memory and
that this information can readily be used for stimulus discrimination
(Zechmeister and Nyberg, 1982).
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Chalmers, 1977), pigeons seemed to behave in accordance with the B >
D conclusion that derives from the premises. Indeed, the birds continued to evince analogous transitive responding when the training series
was expanded to a 7 stimulus series and they were tested with 5
different novel pairings.
Classical theories assume that the solution of transitive inference
problems by humans involves the application of language-couched
propositions. A more modem hypothesis however supposes that the
premises are integrated in memory into a linearly organized representation of the stimulus sequence, much as we have written it above. This
can account for the transitivity performance of linguistically unskilled
young children (Bryant and Trabasso, 1971) and offers itself as an explanation for the pigeons' transitive responding. Guided by this model,
Fersen (1989) attempted to shorten the pigeons' otherwise slow acquisition of the premises (some 5000 trials) by using shapes graded in size
from A (largest) to E (smallest). The pigeons could now, in principle,
master the task by learning to choose the larger shape of each pair.
Moreover, it could be expected that the size ordering of the stimuli
would facilitate the mental linear mapping alluded to above. In the
event, the subjects dealing with this paradigm proved just as slow in
learning as the regular group dealing with same-sized stimuli. The
former pigeons were also no more efficient in solving the presumably
easier different-size BD test than were the latter ones that dealt with
the more symbolic equal-size transitivity test (figure 21.5). These results
indicated that the pigeons were generally not judging the test stimuli
on the basis of any relational rule or, even less, sequence representation.
Prompted by this result, J. E. R. Staddon (Fersen et aI., 1992) discovered that a surprisingly elementary, easily computable learning mechanism can account for the transitivity results. He proposed that stimulus
A, always rewarded, accumulates the highest response eliciting value
and stimulus E, always punished, the lowest one. Stimulus B, though
punished when presented with A, benefits partly from A's higher values by being compounded with it. D, similarly, loses some value by
being compounded with E. The result is a graded magnitude of stimulus
weights with B having a higher value than D. Couvillon and Bitterman
(1992) in tum suggested that this value transfer model required an
unnecessary construct. Instead they pointed out that contrary to the
intention of the experiment, the middle stimuli B, C, and D were not
actually rewarded and punished with equal frequency. Because of the
special status of the end stimuli A and E (consistently rewarded and
punished respectively), subjects learn to discriminate the end pairs AB
and DE more rapidly than the middle pairs. B is thus rarely punished
as a member of the AB pair, which in tum facilitates learning when it
is rewarded in the BC pair. D is often rewarded when a member of DE,
which results in its being very often punished when it is part of the CD

TRANSITIVE INFERENCE PERFORMANCE

In the preceding pages we espoused a cognitive view of pigeon behavior
based on evidence that they store and retrieve intricate representations
of experience. Now we focus on a behavior that, when it occurs in
humans, has been viewed as prototypically cognitive, but that on closer
examination may be explicable in terms of simpler mechanisms.
Fersen (1989) examined the performance of pigeons in a task involving
what is known in classical logic as transitive inference. If premises state
that A is larger than B and B is larger than C, humans concludes that
A is larger than C. For pigeons, the relevant stimuli were different
shapes presented on pecking keys but are referred to here by letters.
During training, 5 stimuli were successively presented in four overlapping pairs A + B- , B + C - , C + D-, D + E-, where positive signifies
reward and negative means punishment. These premise pairs imply
the stimulus ordering A > B > C > D > E. When criterion discrimination of the individual pairs was achieved (80% choices correct), the
subjects were tested for transitive inference in non-reinforced trials with
the novel pair BD consisting of two stimuli that were nominally equally
often rewarded and punished during training. Nevertheless, B was
chosen in preference to D to the same degree as were the positive
shapes of the training pairs (figure 21.5). Like young children (Bryant
and Trabasso, 1971) and some primates (Gillan, 1981; McGonigle and
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Figure 21.5 Transitive inference responding by two groups of pigeons (each n = 4) that
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pigeon groups. Modified from Fersen (1989).
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Delius, j. D. Categorical discrimination of objects and pictures by pigeons . Anim . Learn.
Behav. 20 (1992), 301-311 .

pair. On this basis, a very elementary learning mechanism, the so-called
Luce operator, is indeed sufficient to generate the graded stimulus
values required for transitive inference responding (Wynne et al., 1992).
Nevertheless, value transfer mediated by a simple adjunctive classical
conditioning process has been recently demonstrated so that Staddon's
model is still an explanatory option (Siemann et aI., 1993).
However that may be, a performance by pigeons that initially appeared prototypically cognitive, in seemingly requiring a complex representation, now appears to be based on straightforward strengthening
of stimulus-response links by conditioning processes. Surprisingly,
when presented with the same kind of problem disguised as a computer
game, human adults appear also to deal with the task according to
similar conditioning principles, even though some subjects explicitly
describe the game as a transitive inference problem (Siemann and Delius, 1993; Werner et aI., 1992). It is presently uncertain whether classical
propositional rules or linear mapping representations are ever used by
them. On the other hand, it would be premature to consider such issues
as settled. Connectionist models that mediate between simple conditioning and complex representations are beginning to yield interesting
explanations and predictions for transitive responding (Carmesin and
Schwegler, 1993) . Indeed, such models are likely to generally upset
many of the current ideas about the mechanisms underlying perception
and cognition, both in humans and pigeons. It is precisely because they
force us to reevaluate established explanations of behavior that comparative 'studies are so heuristically useful.
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