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Mind the gap: means–end discrimination by pigeons
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Four experiments examined the discrimination performance of four pigeons in two means–end tasks. The
pigeons were required to discriminate between two ribbon/food dish assemblies in a simultaneous discrim-
ination. In the connected condition, the ribbon was attached to an out-of-reach food dish, allowing it to
be retrieved by the pigeon pulling it with its beak. In the unconnected condition, the ribbon was unat-
tached to the dish, preventing it from being used to retrieve the food. In experiment 1, the pigeons learned
this means–end task in fewer than 160 trials. Experiment 2 established that this discrimination was con-
trolled by the gap between the ribbon and dish, and, to a limited extent, by the ribbon’s colour. Experi-
ment 3 showed no transfer of this prior means–end training to a second means–end task using
a different physical arrangement of ‘connectedness’. Experiment 4 revealed that control of this second
task was also related to the perceptual features of the gap between the ribbons. The results indicate that
the pigeons did not comprehend the conceptual nature of connectedness across these means–end tasks,
but did successfully learn each discrimination based on its relevant perceptual features.

� 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Human and nonhuman animals regularly encounter
problems requiring goal-directed behaviour. Some of these
require completing various subgoals before the final goal
can be reached. The ability to have a generalized un-
derstanding of the means to such ends would be valuable
for any organism. With the development of fire mainte-
nance and tool use, for example, understanding such
means–end relations was certainly an important step in
hominid evolution. The conceptual capacity to use and
understand tools as a general class dramatically altered
hominid behaviour and the subsequent trajectory of its
biological and cultural evolution.

Piaget (1954) was among the first to appreciate these is-
sues in the understanding of human development. More
recently, to understand the evolution, biological distribu-
tion, and mechanisms of this capacity, increased attention
has been paid to examining how nonhuman primates
may perceive and conceptualize various kinds of means–
end relations (e.g. Anderson 1993; Visalberghi & Limongelli
1994; Hauser et al. 1999; Povinelli 2000; Kralik & Hauser
2002; Fujita et al. 2003). These analyses have focused on
a variety of tasks ranging from using tools to obtain
food (Anderson 1993; Visalberghi & Limongelli 1994;
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Povinelli 2000; Fujita et al. 2003; Nakamichi 2004) to
problems involving the physics of ‘connectedness’ and
‘support’ (in nonhumans: Hauser et al. 1999; Povinelli
2000; Kralik & Hauser 2002; in humans: Willats 1999).

In the domain of ‘connectedness’, Hauser and his
colleagues tested cottontop tamarins, Saguinus oedipus, in
a series of choice tasks in which the monkeys had to learn
various means–end relations (Hauser et al. 1999, 2002;
Kralik & Hauser 2002). These choice discriminations typi-
cally required the animals to recognize how out-of-reach
food could be obtained correctly within the limits of var-
ious physical situations. In simultaneous discriminations
involving the idea of support, food was placed directly
on a cloth that the animal could pull in and retrieve or
placed off to the side, in which case pulling on the cloth
would not retrieve the food. In a second simultaneous dis-
crimination testing the idea of ‘connectedness’, one cloth
was again continuous in nature, allowing the animal to re-
trieve the food, while the adjacent cloth was cut in two,
creating a physical gap that prevented the cloth from
functioning as a means to retrieve the food (Hauser et al.
1999). In each case, the food was out of reach, so the
tamarins needed to recognize which of these physical
arrangements would yield reward. After learning the dis-
crimination, the tamarins were then tested with a variety
of altered arrangements of the situations (i.e. changes in
colour, shape of cloth, gap size, cloth length). For the
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most part, the animals transferred quickly to these altered
conditions, with changes in features relevant to the
discrimination affecting behaviour more than changes in
irrelevant features. Hauser concluded that the tamarins
solved these tasks by understanding the abstract means–
end relations (i.e. support, connectedness) mediated by
the functionally relevant properties of their physical
arrangement.

Povinelli (2000) questioned this claim, suggesting in-
stead that primates only learn about the perceptual fea-
tures of these types of discriminations rather than about
any deeper causal understanding of mean–ends relations.
That is, the animals were learning only how to retrieve the
food, based on the perceptually salient features of the task
(continuous nature of the cloth; gap size or placement). As
such, the observed transfer across conditions in Hauser
et al.’s (1999) study reflects the direct generalization of
what was learned about these perceptual features rather
than any reasoning about means–end relations. Accompa-
nying experiments testing chimpanzees, Pan troglodytes, in
various support and connection problems supported Povi-
nelli’s (2000) perceptual interpretation.

The purpose of the present study was to extend the
comparative study of means–end discriminations to a non-
primate. Birds are interesting to compare with mammals
because of their status as the other major class of highly
active, diurnal and intelligent occupants of this planet
(Cook 2001). In addition, a number of species of birds
have shown the potential for using tools as a means to
obtain food both in the wild and in captivity (Millikan &
Bowman 1967; Aumann 1990; Hunt 1996; Tebbich et al.
2001; Chappell & Kacelnik 2002; Rutledge & Hunt
2004). Identifying the necessary conditions and mecha-
nisms that support the formation of such means–end be-
haviour across different taxa and species is clearly an
important question.

In the present study, we studied how the widely in-
vestigated pigeon, Columba livia, behaves in one type of
means–end test. We tested four pigeons in a modified an-
alogue of Hauser et al.’s (1999) connected/unconnected
food retrieval task. The pigeons were faced with two dishes
full of grain placed out of direct reach (Figs 1, 2). Selecting
and pulling on the ribbon connected to the food dish
could then be used to retrieve one of the dishes, but pull-
ing on the unconnected ribbon would fail to retrieve its
associated food cup. Using this task, our experiments
had three aims. First, to determine whether pigeons could
even learn this type of means–end discrimination (exper-
iment 1). Second, if they did, would this learning transfer
to another task with a similar means–end relation but a dif-
ferent physical arrangement of the components (experi-
ment 3)? Finally, we wanted to identify the features of
the task controlling any established discriminative behav-
iour (experiments 2, 4). Taken together, these experiments
can reveal whether any learned discrimination was medi-
ated by a conceptual understanding of the physical rela-
tions or guided by a perceptual analysis of the task’s
relevant features. We found that pigeons can indeed learn
to perform different types of means–end tasks, similar to
primates, but they do so based on the specific perceptual
features of each task.
EXPERIMENT 1: ACQUISITION

Methods

Subjects
Four male White Carneaux pigeons were tested. Each

had prior testing experience in computerized operant
chambers testing visual discriminations unrelated to the
current task. They were maintained at 80–85% of their
free-feeding weight and had free access to water and grit.

Apparatus
The plywood test chamber was 32 � 40 � 42 cm

(l � w � h) and painted matte black. A transparent Plexi-
glas screen formed the front wall of the chamber. Two
square openings (9 � 9 cm) in this panel allowed the
pigeons access to a presentation platform (40 � 48 cm)
attached to the front of the chamber. All test conditions
were presented on this platform. A vertical piece of thin
Plexiglas was positioned down the centre of the platform
to physically divide the space into two sides. Attached to
the sides of platform were pieces of matte black plywood
(32 cm high) to block out any lateral distractions. A
camera (Panasonic CCTV Camera, model no. BL200) was

Figure 1. Examples of the means–end tasks used in (a) experiments
1 and 2 and (b) experiments 3 and 4.
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Figure 2. Pigeon performing a trial in these experiments.
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placed at the end of the testing platform to record the pi-
geons’ choices. A small desk lamp (60-W bulb) was posi-
tioned on top of the chamber to illuminate the testing
area.

The stimuli in the experiment consisted of an assembly
combined from a ribbon and food dish (petri dish, 8.9 cm
diameter). The ribbons in the experiment were 1.27 cm
wide and purple. They were wrapped in a large loop that
the pigeon could easily pull. This loop was 6.5 cm in diam-
eter and was either attached with a small screw to the petri
dish or not (Fig. 1a). In the latter unconnected condition,
a 3-cm gap separated the ribbon from the dish (Fig. 1a).
Both food dishes were completely filled with mixed grain.

Procedure
Initial training. Pigeons were first taught to the pull on

the looped ribbon to retrieve food. Only the connected
condition was used. Initial training first involved placing
mixed grain within the loop itself to promote pecking and
pulling. This was done until the pigeon was regularly
pulling in the dish to retrieve the food. A small plastic
track was used to help guide the dish in the first few
sessions. Following this training, the pigeons were taught
to distinguish between two connected cups, one contain-
ing food and the other empty. Sessions with 20 trials per
day of this type of food/no food discrimination were
conducted until the pigeons reliably chose (>90% accu-
racy) the food cup for three sessions. This training took
about 7–10 sessions.

Discrimination training. While the experimenter was ar-
ranging the stimuli, an opaque black cover was placed
over the front of the chamber. This prevented the pigeon
from seeing the presentation platform. The dishes for the
connected and unconnected conditions were then placed
on the platform. The front loop of each condition was
approximately 5 cm from the choice openings and angled
at approximately 45 � relative to the front of the chamber.
This presentation angle for the two conditions provided
the pigeons with a better view of the features relevant to
the discrimination. The rightward and leftward presenta-
tion angles of the conditions were counterbalanced within
each session.

Each trial began with the removal of the opaque cover.
The pigeon then reached out its head and neck through
the small openings in the transparent front panel to
retrieve the food (Fig. 2). The accuracy of each choice was
scored based on the animal’s first contact with either rib-
bon. If it correctly pulled in the connected condition, the
pigeon had approximately 3–5 s to eat some of the food,
at which point the experimenter removed the dish. If it
incorrectly pulled the unconnected condition, the opaque
cover was replaced back in front of the pigeon. Intertrial in-
tervals were about 30 s. Training sessions consisted of 20 dis-
crimination trials, with each condition presented equally
often on the right and left in a randomized order. Four to
five sessions were conducted per week. At least 15 sessions
of training were conducted with each pigeon.

Results and Discussion

Pigeons took a mean of eight sessions to reach their
second session with at least 80% accuracy, and over the
last three sessions of training, mean accuracy for all four
birds was 93.5% (single mean t test: t3 ¼ 68.6, P < 0.05;
Fig. 3). There was a significant main effect across sessions
(repeated measures ANOVA: F14,42 ¼ 11.2, P < 0.001). The
pigeons usually made their choices within 10 s of the
black plastic sheet being lifted. The experimenter’s subjec-
tive impression was that the pigeons looked at both op-
tions more often than not.

These results indicate that the pigeons readily learned
this means–end task. The rapid improvement across ses-
sions and high accuracy suggest that this was a relatively
easy task for the birds, despite having two large piles of
food directly in front of them. Hungry animals sometimes
have a hard time learning discriminations where food is
directly visible (Boysen & Berntson 1995), but that was



ANIMAL BEHAVIOUR, 71, 3602
not the case here. What pigeons understood about the
means–end problem, however, was unclear. They may
have understood the concept of the ‘connection’. Like-
wise, they might have quickly shifted their visual atten-
tion from the food, the relevant feature during their
initial training, to the visual differences (e.g. the gap)
that distinguished the connected and unconnected condi-
tions. The visual differences would have allowed them to
solve the task without a deeper understanding of the
means–end problem.

EXPERIMENT 2: VARIATION OF RELEVANT AND

IRRELEVANT FEATURES

Hauser et al. (1999) argued that distinguishing between
relevant and irrelevant features is an essential element of
any means–end discrimination. Relevant features are
those components of the means (e.g. connectedness)
that allow the end to be obtained. Irrelevant features are
those that are not related to this goal (e.g. the colour of
the connection). In experiment 2, we manipulated three
features of the task to see how they influenced perfor-
mance. One manipulation focused on the distance or
size of the gap between ribbon and cup. If the pigeons at-
tended to the connection between the ribbon and cup,
then this feature of the task might influence discrimina-
tion. If ‘connectedness’ was the sole factor involved in me-
diating the discrimination, then the size of the gap should
not affect performance as long as the size could be de-
tected. The second manipulation focused on the relative
proximity of the food dish and ribbon in determining
choice. The presence of the gap in ribbon caused the
food dish of the unconnected condition to be slightly fur-
ther away. We considered it important to test conditions
in which this distance was equalized to ensure that the pi-
geons did not choose the connected condition because of
its food’s proximity. The third manipulation was the col-
our of the ribbon. Changes in this irrelevant property of
the arrangement should have little influence on perfor-
mance if ‘connectedness’ controlled behaviour.
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Figure 3. Mean percentage correct for four birds (labelled 1M, 2M,

3R, 4R) in the first 15 sessions of experiment 1. The dotted line rep-
resents chance performance.
Methods

Subjects and apparatus
The same pigeons and apparatus were used as in

experiment 1.

Procedure
Variation in ribbon/dish distance. Each session, the pi-

geons were tested on 20 trials arranged in the same
manner as experiment 1. The first four trials were
conducted with a 3-cm gap size and were not scored.
The subsequent 16 trials tested three different-sized gaps
between the ribbons and dish in the unconnected condi-
tion: 3 cm (eight trials), 5 cm (four trials), 1 cm (four tri-
als). The order of these 16 test trials was randomized
with all left and right positions counterbalanced. Five
test sessions were conducted.

Variation in food dish distance. The pigeons were tested
on 20 trials each session. The first four trials were
conducted with a 3-cm gap size and were not scored.
The subsequent 16 trials tested three conditions. Eight of
these trials were the same as those used during training in
experiment 1 (baseline). The other eight trials tested two
arrangements of the ribbon and food dish distances. Four
trials tested an equalized dishes condition, in which the
front edge of the food cup in the unconnected and
connected conditions was placed equidistant from the
pigeons. This meant that the ribbon loop was now closer
to the pigeons in the unconnected condition. Four trials
tested an equalized all condition, in which the gap size
was reduced to 1 cm and the front edge of the ribbon and
the food dish was equalized as best as possible, given the
geometric constraints, by splitting the difference between
the front and back edges (3 mm for each edge). The testing
order of these 16 trials was randomized with all left and
right positions counterbalanced. Six test sessions were
conducted.

Variation in ribbon colour. The first four trials were
conducted with a 3-cm gap size and were not scored. Of
the subsequent 16 test trials, eight trials were conducted
using the training (purple) ribbon for both the connected
and unconnected conditions (baseline) and eight trials
were conducted using a novel green ribbon of the same
dimensions for both conditions (colour change). The
order of these 16 test trials was randomized, with all left
and right positions counterbalanced. The gap for the
unconnected condition was 5 cm for all trials. Five test ses-
sions were conducted.

Results and Discussion

Variation in ribbon/dish distance
Overall, there was a slight decline in accuracy as the

distance between the ribbon and cup was decreased in the
unconnected condition. There were significant main
effects for distance (two-way repeated measures ANOVA:
F2,24 ¼ 6.9, P ¼ 0.028) and session (F4,24 ¼ 5.7, P ¼ 0.008;
Fig. 4). There was, however, no significant interaction
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between these factors (F8,24 ¼ 1.9, P ¼ 0.11). All three dis-
tances supported above-chance discrimination by the pi-
geons (Student’s t tests: 1 cm: t3 ¼ 7.9; 3 cm: t3 ¼ 21.4;
5 cm: t3 ¼ 32.9, all Ps < 0.01).

These results indicate that as gap size varied, the pigeons’
accuracy varied. As the distance between the ribbon and
cup became smaller, accuracy declined. The significant
effect of varying distance suggests that the pigeons were
attending to one of the most relevant features of the task,
the gap between the ribbon and the cup in the uncon-
nected condition. Nevertheless, the pigeons were still quite
good at the task even with the smallest gap tested. These
results indicate that the pigeons did not exclusively pro-
cess just the continuous nature of the ribbon in the
connected condition, but also attended to the gap in the
unconnected condition as well.
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Figure 4. Mean � SE percentage correct for the four pigeons as
a function of ribbon–cup distance in experiment 2. The dotted line

represents chance performance.
Variation in food dish distance
For the baseline and the two equalized distance con-

ditions, a repeated measures ANOVA showed no signifi-
cant effect of condition or its interaction with sessions
(Fig. 5a). These results suggest that the closer proximity of
food in the baseline condition or the ribbon in the equal-
ized dishes conditions had very little effect on choice be-
haviour. The nonsignificant reduction in accuracy in the
equalized all condition was comparable to the levels
seen in the 1-cm condition of the prior test (Fig. 5a). These
results suggest that these geometric features that related to
ribbon and dish placement were not important to the
discrimination.

Variation in ribbon colour
For the two different colour conditions, overall, chang-

ing the colour of the ribbon reduced accuracy in compar-
ison to the baseline condition, but pigeons still
maintained the basic discrimination at well above chance
levels. A two-way repeated measures ANOVA revealed
a significant main effect of colour (F1,15 ¼ 25.3, P < 0.01)
but no main effect (F5,15 ¼ 0.1, P ¼ 0.984) or significant
interaction with session (F5,15 ¼ 0.7, P ¼ 0.62). Choice be-
haviour was significantly above chance in both the purple
baseline condition (t3 ¼ 13.9, P < 0.001) and green trans-
fer condition (t3 ¼ 11.2, P < 0.01).

Together, these three tests suggest that the pigeons had
encoded something about a relevant feature of the task
(the gap), an irrelevant feature of the task (ribbon colour),
but little about the task’s geometric properties (food or
ribbon proximity). The reduced performance in the green
transfer condition suggests that the pigeons were sensitive
in part to the colour change of the ribbon. However,
the corresponding above-chance discrimination in this
transfer condition also indicates that features critical to
mediating the original learning were still present and
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Figure 5. Mean � SE percentage correct for the four pigeons in the test conditions of experiment 2. (a) Performance in the baseline and dif-
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recognized. Of course, if the pigeons had been attending
exclusively to the concept of ‘connectedness’, this colour
change should have had no effect, since this feature is
functionally irrelevant to this relation. It is well estab-
lished, however, that pigeons are highly prone to mem-
orizing many features of a task (Greene 1983; Vaughan &
Greene 1984; Edwards & Honig 1987; Cook et al. 2005),
and that colour is a salient dimension for them. Therefore,
it is not too surprising that the pigeons initial representa-
tion of the task contained the purple quality of the rib-
bons. Thus, the recognition of the colour change may
have produced a neophobic reaction to the novel test con-
ditions, resulting in reduced levels of choice accuracy. An-
other possibility is that the pigeons attended to just the
perceptual features of the task. In this case, green colour
against the black background may have resulted in a re-
duced capacity to see or recognize the gap.

EXPERIMENT 3: TRANSFER OF MEANS–END

BEHAVIOUR

Experiments 1 and 2 showed that pigeons can learn
a means–end task and do so in part by attending to
features related to the connection between the ribbon and
food dish. If the pigeons had learned this discrimination
based on a more conceptual understanding of ‘connect-
edness’, then this behaviour should transfer to other
discriminations in which the same means–end relation-
ship of connectedness is present, even if the individual
components are arranged differently. Hauser et al. (1999)
explored this by testing their tamarins with many small
variations in their connection task, and on which the tam-
arins performed quite well.

In experiment 3, we tested for the potential conceptual
basis of the pigeons’ discrimination by transferring them
to a new means–end task. We changed the physical
arrangement of the second task in several ways to provide
the most demanding task of this hypothesis (Figs 1b, 2).
The ‘connectedness’ of the ribbon to be pulled and the
cup remained the essential feature of the task for retriev-
ing food, but it was now implemented such that the un-
connected gap was in a different spatial position and
mediated by a different-coloured ribbon that was flattened
on the platform’s surface. If birds were able to transfer ac-
curately to this new discrimination, this result would pro-
vide strong evidence that they attended to the generalized
feature of ‘connectedness’. On the other hand, if they
failed to show immediate transfer, or at least some savings
during subsequent acquisition, this result would indicate
that the key features mediating the first task were not pres-
ent in the second. Such a finding would be more consis-
tent with a more perceptually based mediation of these
discriminations.

Methods

Subjects and apparatus
The same pigeons and chamber were used as in experi-

ments 1 and 2.
Procedure
Everything remained the same as in the prior experi-

ments, except that a different physical ribbon/dish ar-
rangement was introduced. The connected condition
consisted of a 7-cm-long white ribbon, 1.5 cm wide, at-
tached by screw to a white plastic PVC ring (3.2 cm diam-
eter) and petri dish (Fig. 1b). In the unconnected
condition, the ribbon was cut into two segments 3 cm
from the food dish, with a 1-cm gap between these two
lengths of ribbon (Fig. 1b).

The testing procedure was otherwise the same as in
experiments 1 and 2. Both the connected and unconnected
conditions were placed on the platform so that the plastic
ring was close enough (5 cm) for the pigeon to pull in and
retrieve the out-of-reach food. The conditions were again
angled at approximately 45 �. Sessions consisted of 20 tri-
als. Each pigeon experienced at least 26 sessions of testing.
The pigeons had trouble learning the task, so for sessions 7
and 8 only, we tested a 4-cm gap in the unconnected rib-
bon, and for sessions 11 and 12, we tested small white
ropes because we thought that they might be easier to
see. These replaced the ribbons in both connected and un-
connected conditions.

Results and Discussion

At the end of task 1, using the looped purple ribbon, the
pigeons were performing with a mean accuracy of 99.3%,
but upon the switch to task 2, using a white ribbon with
a PVC loop, accuracy declined (mean of the first three
sessions ¼ 54.5%; ANOVA comparing accuracy in the last
three sessions of task 1 with that from the first three ses-
sions of task 2: task type: F1,3 ¼ 122.9, P ¼ 0.002; Fig. 6).
There was no main effect (F2,6 ¼ 2.7, P ¼ 0.14) or interac-
tion with session (F2,6 ¼ 0.4, P ¼ 0.68). Task 2 accuracy
over the first three sessions also did not differ significantly
from that expected by chance (Student’s t test: t3 ¼ 1.1,
P ¼ 0.35). With experience, the pigeons improved with
task 2, reaching a mean of 80% accuracy by session 15
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(repeated measures ANOVA comparing accuracy over the
26 training sessions: F25,75 ¼ 3.6, P < 0.001). By the end
of training, the pigeons were significantly above chance
(Student’s t test: t3 ¼ 7.2, P < 0.01) with a mean accuracy
of 81.6% for the last three training sessions.

If a generalized concept of ‘connectedness’ was the basis
for task 1, then we expected some type of transfer to task
2. The pattern of results suggests little transfer from task 1
to task 2. First, initial transfer to the second task was quite
poor and not significantly different from chance. Second,
while the pigeons showed a clear acquisition function
with task 2 compared to their acquisition in experiment 1,
they learned this second task more slowly. This result
suggests that there was little acquisition savings between
the two tasks. Rather, we observed features that looked like
acquisition of a new task, which seems most consistent
with the idea that the features mediating each task were
perceptually different and had to be learned separately.

EXPERIMENT 4: EVALUATION OF CONTROLLING

FEATURES

The purpose of experiment 4 was to better identify the
features that might be controlling the discrimination of
the new task introduced in experiment 3. Again, the
presence of the gap in ribbon caused the food dish of the
unconnected condition to be further away in this second
task. As in experiment 2, we considered it important to
test conditions in which this distance was equalized. Thus,
in the first test of experiment 4, we again equated the
distance to the food dishes.

To establish that the gap in the ribbon was the essential
feature involved with the discrimination of task 2’s
condition, the second test of experiment 4 eliminated
this feature by means of occlusion. This occlusion was
accomplished by placing a small pink piece of paper over
the ribbons of both the connected and unconnected
conditions. This rendered them essentially identical in
appearance except for food distance (test 1). If the pigeons
relied on this gap feature, then any discrimination should
drop to chance in the occluded condition.

Methods

Subjects and apparatus
The same pigeons and chamber were used as in

experiment 3.

Procedure
Equalizing food dish distance. The pigeons were tested on

20 trials in each session. The first four trials were
conducted as warm-up trials and were not scored. The
subsequent 16 trials tested two conditions. Eight of these
trials were the same as those used during training in
experiment 3. The other eight trials tested an arrangement
in which the food dish in the unconnected and connected
conditions was placed equidistant from the pigeons. Thus,
the PVC loop used for grasping was closer to the pigeons
in the unconnected condition. The testing order of these
16 trials was randomized with all left and right positions
counterbalanced. Six test sessions were conducted.

Connection occlusion. The pigeons were tested on 22
trials in each session. The first four trials were conducted
as warm-up trials. The subsequent 18 trials tested two
conditions. Twelve of these trials tested the baseline task.
The remaining six trials tested the pigeons with a 2 � 5-
cm rectangular piece of pink paper covering the 1-cm
gap in the unconnected condition and placed in the
same location on the connected condition. The testing
order of these 18 trials was randomized with all left and
right positions counterbalanced. Three test sessions were
conducted. Finally, one additional session was conducted
in which the pink paper was placed over part of the food
dish. This partially hid some of the food but allowed the
ribbons to be fully visible. This condition tested for any
neophobic effect of the pink paper itself.

Results and Discussion

Equalizing food dish distance
A repeated measures ANOVA showed no significant

interactions (F3,9 ¼ 2.0, P ¼ 0.17) or main effects of condi-
tion (F1,3 ¼ 0.0009, P ¼ 0.93; Fig. 7a). This result indicates
that the pigeons were unaffected by equalizing the dis-
tance to the food dishes or the closer proximity of the
PVC loop in the unconnected condition. Combined
with the results of experiment 2, these results indicate
that these geometric features related to ribbon and dish
placement were not particularly salient to the birds’
choice behaviour.

Connection occlusion
The pigeons’ accuracy averaged 81.3% on baseline trials

and 55.4% on occlusion trials (Fig. 7b). Occluding the gap
in the unconnected condition dropped accuracy to
chance levels (Student’s t test: t3 ¼ 1.2, NS). There was
a significant main effect of occlusion (repeated measures
ANOVA: F1,3 ¼ 15.5, P < 0.05) and no main effect
(F2,6 ¼ 1.9, P ¼ 0.24) or interactions with sessions
(F2,6 ¼ 1.0, P ¼ 0.41). The high accuracy observed in the
control session where the pink paper was on the food
dish (79.2%) suggests that the prior drop in the occluded
conditions was not related to a neophobic reaction to this
introduced feature. The significant decrement in accuracy
with occlusion strongly suggests that the perceptual fea-
tures guiding the pigeons were related to the continuous
length of ribbon in the connected condition, the visible
break created by the ribbons in the unconnected condi-
tion or both.

GENERAL DISCUSSION

Using two different tasks, these experiments demonstrate
for the first time that pigeons can solve an analogue of
a means–end task previously tested with primates (experi-
ments 1, 3). Both tasks took 100–300 trials to learn to
criterion. The lack of transfer between these tasks suggests,
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however, that the pigeons failed to comprehend the
conceptual nature of ‘connectedness’ in these means–
end tasks (experiment 3). They did successfully learn to
perform them by attending to the relevant features of
both tasks (experiments 2, 4). In each case, however, the
learned basis of the discrimination seems best ascribed to
the simple and direct processing of the perceptual features
of the connected and unconnected conditions.

These features were, after all, readily available and quite
reliable indicators of the correct solution to each problem.
While deriving a more conceptual or deeper understand-
ing of the physics of the situation might be highly
desirable, the costs of this capacity may be too high or
impossible to implement in the pigeon brain. Given the
natural or urban history of pigeons, just how often do
means–end problems of this type actually occur? If they
are relatively infrequent, it may be cognitively more
efficient to solve such problems on an ad hoc basis by
relying on trial and error learning, rather than generating
or acquiring more complex generalized behaviours that
cover a wide range of sporadically occurring situations.
This perceptually based account also agrees with Visalber-
ghi & Limongelli’s (1994) and Povinelli’s (2000) sugges-
tions that, in certain settings, animals may rely on
readily observable perceptual features to guide their un-
derstanding of the physical world.

One way to test this perceptual account for the pigeons
would be in a setting where the normal physical structure
of the natural world was violated. If the perceptual
features of the task are all that matter, then the pigeons
should have no problems solving an identical task where
they must learn to pull on the ‘unconnected’ condition to
retrieve the food. Pigeons might be just as adept at
learning this inverted and ‘unnatural’ contingency using
magnets, very fine wires or other appropriate mechanical
deceptions as they were at learning to pull the connected
ribbon in the above experiments. Despite the fact that
pigeons surely do not understand the concept of invisible
forces, we suspect that they would have little trouble
adapting to such a contingency provided that the visual
features were the same as in the above experiments. Given
our laboratory’s past experience in testing pigeons in
computerized operant tasks (Cook 1980, 1992, 2000;
Wright et al. 1988; Cook et al. 1990, 1995, 1997a, b,
2001, 2005), if pigeons were presented with such natural
and inverted task contingencies using an operant tech-
nique similar to that used in Kralik & Hauser’s (2002) ex-
periments examining connectedness in tamarins, we are
reasonably confident that the pigeons would have learned
the two tasks equally quickly. Nevertheless, pigeons have
a long history of interacting with causality that involves
object contact, and, as a result, this inverted contingency
condition might be more difficult to learn even if the cur-
rent results are mediated by perceptual factors. The effects
of this inversion also might be more evident in a more
‘ecologically valid’ setting involving real objects.

One key question is whether our results represent
a species difference between animals or a class difference
between birds and primates. Given the over 8000 species
of birds in the world, one should not generalize too far
about this class based on the current results. Although
pigeons retrieve and manipulate items to construct nests,
for example, one can question the naturalness of the
present task for this species (of course, much the same
criticism holds for primates, too). Even after several
months of practise, the pigeons still occasionally had
trouble efficiently pulling in a dish. Perhaps a species that
relies on tool use or ‘general intelligence’ to survive might
do better at conceptualizing the means–end demands of
the current task. For instance, New Caledonian crows,
Corvus moneduloides, modify wire and select sticks that are
appropriate for food retrieval (Chappell & Kacelnik 2002;
Weir et al. 2002), and common ravens, Corvus corax,
show some degree of immediate flexibility in pulling up
a string to retrieve distal food (Heinrich 1995). Thus, these
potentially generalized problem-solving abilities would
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make these species interesting animals to test in a task
similar to the current one to evaluate the relative contribu-
tion of perceptual and means–end factors in controlling
discrimination. Species that hunt among the leaf litter,
such as towhees, would also be good candidate species, be-
cause they often have a partially disconnected view of ob-
jects hidden among the litter, and therefore, might
understand ‘connectedness’ in a different way than do pi-
geons. We suspect, however, that most birds probably rely
on direct physical features to solve most problems.

Among the animals tested in various means–end tasks
involving connectedness, it is not clear exactly how large
the species differences might be. Although the tasks that
have been used to test pigeons, tamarins and chimpanzees
are analogous, they are far from identical. The differing
degrees of success reported for each species may be related
to the different arrangement of the task components. The
tamarins, for example, were presented with many exam-
ples of connectedness from the start, whereas the pigeons
experienced only two contrasting examples. Furthermore,
because of the placement of the conditions, the tamarins
may have had improved opportunity to see both options
than did the pigeons. Unlike the tamarins, the pigeons first
learned to pull in the food cup in a setting that did not
require a discrimination, and the transfer tests conducted
in each case also differed in difficulty. For instance, in
comparison to most of the transfer tests conducted with
tamarins, the difference between our first and second tasks
was considerable. The location, colour, orientation and
nature of the connection (ribbon to cup; ribbon cut in two)
were all changed to provide the best test of the conceptual
hypothesis. In contrast, most of Hauser et al.’s (1999) trans-
fer tests involved smaller changes in the configuration of
the gap, all of which the tamarins passed with ease. Often
overlooked are the several reported conditions (G2, G3, K),
involving larger featural changes, which did give the tam-
arins more problems; supporting both poor transfer and re-
quiring several sessions or trials to reach criterion. Our
transfer test may be more like the latter. The above consid-
erations all suggest that appropriate caution is needed in
drawing conclusions about the relations between current
results and those previously collected with primates. An
evaluation of the importance of different perceptual or
physical differences between the testing situations is clearly
needed, and tests involving more directly comparable
tasks and transfer tests are required to better assess whether
any true comparative difference exists. With appropriate
modifications, animals that fail one kind of transfer test,
as is the case here, may under more favourable conditions
yield a more positive result.

Although the pigeons did not seem to grasp the concept
behind the means–end tasks presented here, they did
eventually solve them. Even the simplest means–end tasks
have perceptual elements that provide their solution, so
learning to attend to and to use these relevant perceptual
elements is the first step towards eventually understanding
deeper mean–ends relations. The first animals to succeed at
means–end tasks almost certainly did so perceptually. The
crucial evolutionary step is when these perceptual origins
begin to support a more conceptual representation of the
problem. The next crucial step would be when these closely
linked perceptual/conceptual representations begin to
mentally separate, and conceptual reasoning about means
and ends can be done without the aid of any obvious
perceptual linkage between events. The final step might be
when an animal can imagine these conceptual relations for
extended periods. Farming could not develop, for instance,
until humans could both understand that seeds and
maintenance lead to food, but could also tolerate and
reason about the long delays involved, as well. Within this
transformational framework, the present results suggest
that pigeons can only process perceptual relations leading
to an end. Given recent reports about crow tool use it seems
that this species, or corvids in general, may potentially
have cognitively evolved to the point where they have
a rudimentary concept of means–end relations that are not
directly reliant on perceptual features. Given the likely
perceptual origins of learning about means–end relations,
researchers in general should be cautious in interpreting
how animals solve such problems, especially when the
visual characteristics of the task are salient.

Acknowledgments

This research was supported by a grant from the National
Science Foundation to R. G. C. This research was conducted
as a Senior Honors Thesis by G.F.S. Thanks to Catherine
Fowler for help in conducting some of these experiments.

References

Anderson, J. R. 1993. Problem solving and learning. American Psy-

chologist, 48, 35–44.

Aumann, T. 1990. Use of stones by the black-breasted buzzard

Hamirostra melanosternon to gain access to egg contexts for

food. Emu, 90, 141–144.

Boysen, S. T. & Berntson, G. G. 1995. Responses to quantity: per-

ceptual versus cognitive mechanisms in chimpanzees (Pan troglo-

dytes). Journal of Experimental Psychology: Animal Behavior
Processes, 21, 82–86.

Chappell, J. & Kacelnik, A. 2002. Tool selectivity in a non-primate,
the New Caledonian crow (Corvus moneduloides). Animal Cogni-

tion, 5, 71–78.

Cook, R. G. 1980. Retroactive interference in pigeon short-term-

memory by a reduction in ambient illumination. Journal of Experi-

mental Psychology: Animal Behavior Processes, 6, 326–338.

Cook, R. G. 1992. Dimensional organization and texture discrimina-

tion in pigeons. Journal of Experimental Psychology: Animal Behavior

Processes, 18, 354–363.

Cook, R. G. 2000. The comparative psychology of avian visual cog-

nition. Current Directions in Psychological Science, 9, 83–89.

Cook, R. G. 2001. Avian visual cognition. http://www.pigeon.

psy.tufts.edu/avc/.

Cook, R. G., Wright, A. A. & Kendrick, D. F. 1990. Visual categori-

zation in pigeons. In: Quantitative Analyses of Behavior: Behavioral
Approaches to Pattern Recognition and Concept Formation (Ed. by

M. L. Commons, R. Herrnstein, S. M. Kosslyn & D. B. Mumford),

pp. 187–214. Hillsdale, New Jersey: Lawrence Erlbaum.

Cook, R. G., Cavoto, K. K. & Cavoto, B. R. 1995. Same–different

texture discrimination and concept learning by pigeons. Journal

of Experimental Psychology: Animal Behavior Processes, 21, 253–260.

Cook, R. G., Cavoto, B. R., Katz, J. S. & Cavoto, K. K. 1997a. Pi-

geon perception and discrimination of rapidly changing texture

http://www.pigeon.psy.tufts.edu/avc/
http://www.pigeon.psy.tufts.edu/avc/


ANIMAL BEHAVIOUR, 71, 3608
stimuli. Journal of Experimental Psychology: Animal Behavior Processes,

23, 390–400.

Cook, R. G., Katz, J. S. & Cavoto, B. R. 1997b. Pigeon same–differ-

ent concept learning with multiple stimulus classes. Journal of Ex-

perimental Psychology: Animal Behavior Processes, 23, 417–433.

Cook, R. G., Shaw, R. & Blaisdell, A. P. 2001. Dynamic object per-

ception by pigeons: discrimination of action in video presenta-
tions. Animal Cognition, 4, 137–146.

Cook, R. G., Levison, D. G., Gillet, S. & Blaisdell, A. P. 2005. Ca-
pacity and limits of associative memory in pigeons. Psychonomic

Bulletin and Review, 12, 350–358.

Edwards, C. A. & Honig, W. K. 1987. Memorization and ‘‘feature

selection’’ in the acquisition of natural concepts in pigeons. Learn-

ing & Motivation, 18, 235–260.

Fujita, K., Kuroshima, H. & Saori, A. 2003. How do tufted capuchin

monkeys (Cebus apella) understand causality involved in tool use?

Journal of Experimental Psychology: Animal Behavior Processes, 29,
233–242.

Greene, S. L. 1983. Feature memorization in pigeon concept forma-
tion. In: Quantitative Analyses of Behavior: Discrimination Processes

(Ed. by M. L. Commons, R. J. Herrnstein & A. R. Wagner), pp.

209–229. Cambridge, Massachusetts: Ballinger.

Hauser, M. D., Kralik, J. & Botto-Mahan, C. 1999. Problem solving

and functional design features: experiments on cottontop tamar-

ins, Saguinus oedipus oedipus. Animal Behaviour, 57, 565–585.

Hauser, M. D., Pearon, H. & Seelig, D. 2002. Ontogeny of tool use

in cottontop tamarins, Saguinus oedipus: innate recognition of
functionally relevant features. Animal Behaviour, 64, 299–311.

Heinrich, B. 1995. An experimental investigation of insight in com-
mon ravens (Corvus corax). Auk, 112, 994–1003.

Hunt, G. R. 1996. Manufacture and use of hook tools by New Cale-
donian crows. Nature, 379, 249–251.
Kralik, J. D. & Hauser, M. D. 2002. A nonhuman primate’s percep-

tion of object relations: experiments on cottontop tamarins, Sagui-

nus oedipus. Animal Behaviour, 63, 419–435.

Millikan, G. C. & Bowman, R. I. 1967. Observations of Galapagos

tool-using finches in captivity. Living Bird, 6, 23–41.

Nakamichi, M. 2004. Tool-use and tool-making by captive, group-

living orangutans (Pongo pygmaeus abelii). Behavioural Processes,
6, 87–93.

Piaget, J. 1954. The Construction of Reality in the Child. (Translated by
M. Cook). New York: Basic Books.

Povinelli, D. J. 2000. Folk Physics for Apes. Oxford: Oxford University
Press.

Rutledge, R. & Hunt, G. R. 2004. Lateralized tool use in wild New
Caledonian crows. Animal Behaviour, 67, 327–332.

Tebbich, S., Taborsky, M., Fessl, B. & Blomqvist, D. 2001. Do
woodpecker finches acquire tool-use by social learning? Proceed-

ings of the Royal Society of London, 268, 2189–2193.

Vaughan, W. & Greene, S. L. 1984. Pigeon visual memory capacity.
Journal of Experimental Psychology: Animal Behavior Processes, 10,

256–271.

Visalberghi, E. & Limongelli, L. 1994. Lack of comprehension of

cause–effect relations in tool-using capuchin monkeys (Cebus

apella). Journal of Comparative Psychology, 108, 15–22.

Weir, A. A. S., Chappell, J. & Kacelnik, A. 2002. Shaping of hooks in

New Caledonian crows. Science, 297, 981.

Willats, P. 1999. Development of means–end behavior in young in-

fants: pulling a support to retrieve a distant object. Developmental

Psychology, 3, 651–667.

Wright, A. A., Cook, R. G., Rivera, J. J. & Sands, S. F. 1988.

Concept learning by pigeons: matching-to-sample with trial-
unique video picture stimuli. Animal Learning & Behavior, 16,

436–444.


	Mind the gap: means-end discrimination by pigeons
	Experiment 1: acquisition
	Methods
	Subjects
	Apparatus
	Procedure
	Initial training
	Discrimination training


	Results and Discussion

	Experiment 2: variation of relevant and �irrelevant features
	Methods
	Subjects and apparatus
	Procedure
	Variation in ribbon/dish distance
	Variation in food dish distance
	Variation in ribbon colour


	Results and Discussion
	Variation in ribbon/dish distance
	Variation in food dish distance
	Variation in ribbon colour


	Experiment 3: transfer of means-end �behaviour
	Methods
	Subjects and apparatus
	Procedure

	Results and Discussion

	Experiment 4: evaluation of controlling �features
	Methods
	Subjects and apparatus
	Procedure
	Equalizing food dish distance
	Connection occlusion


	Results and Discussion
	Equalizing food dish distance
	Connection occlusion


	General discussion
	Acknowledgments
	References


