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Imitation is considered an important indicator of human
cognitive development (Piaget, 1962). Until recently, re-
ports of imitative learning by animals have been ques-
tioned because simpler mechanisms could be proposed
to account for the findings (see Zentall, 2003). For ex-
ample, if the behavior of a demonstrator draws attention
to a location or object, it may increase the likelihood that
an observer will move to that location (local enhance-
ment) or object (stimulus enhancement) and then by
chance make the appropriate response. Lorenz (1935/
1970), for example, found that ducks were more likely to
escape from a pen if they had previously observed an-
other duck escaping through a hole in the fence. How-
ever, attention drawn to the hole in the fence, rather than
imitation of the demonstrator duck’s behavior, may pro-
vide the simplest account of the observer ducks’ behavior.

Dawson and Foss (1965) first described a design to
study imitation in animals while controlling for enhance-
ment effects as well as other simpler motivational, per-
ceptual, and learning factors. In their study, budgerigars
(Melopsittacus undulates) learned to remove the lid of a
food container in one of three distinctive ways (twisting
it to the side with their beak, pushing it away from them-
selves with their beak, or pulling it toward themselves
with their foot). When observers that had watched the lid
removal were given access to the covered container, they
removed the lid in the way they had seen it removed. This
experiment demonstrates that observers can learn not
just to remove the lid, but also how to remove it.

A variant of Dawson and Foss’s (1965) procedure,
known as the two-action method, showed imitative learn-
ing in both Japanese quail (Coturnix japonica; Akins &
Zentall, 1996, 1998; Dorrance & Zentall, 2001) and pi-
geons (Columba livia; Kaiser, Zentall, & Galef, 1997;

Zentall, Sutton, & Sherburne, 1996). In these experi-
ments, birds observed a demonstrator either peck at or
step on a treadle for food reinforcement. When tested,
the observer birds made the response that they had ob-
served with high probability. This task can be described
as moving a manipulandum in the same way with two
different parts of the body.

A variation of the two-action method, known as the
bidirectional control procedure, was developed by Heyes
and Dawson (1990). In their study, demonstrator rats
were trained to push an overhead pole either to the left or
right. After observation, observer rats showed a signifi-
cant tendency to push the pole in the same direction that
they had seen it pushed. In contrast to the two-action
method, this task can be described as moving a manipu-
landum in two different ways with the same part of the
body. Later research, however, suggested that the direc-
tion that observers pushed the pole may have been influ-
enced by odor cues left by the demonstrators on the side
of the pole that they pushed, rather than by the visual ob-
servation of the demonstrators (Mitchell, Heyes, Gard-
ner, & Dawson 1999).

Akins, Klein, and Zentall (2002) modified this proce-
dure to test for imitation in Japanese quail, a species less
likely to be influenced by odor cues. In their design, ob-
server quail viewed a demonstrator push a feeder-blocking
screen to the left or right of a feeder opening. When
tested, the observer quail showed a significant tendency
to push the screen in the same direction as their demon-
strator. Furthermore, when control observers saw the
screen move without being pushed by the demonstrator
(a control for object-movement reenactment or learned
affordances), they did not match the direction of screen
movement (see also Klein & Zentall, 2003, for inclusion
of a control for possible odor cues). Thus, the bidirec-
tional control procedure appears to provide a valid alter-
native procedure for demonstrating imitation in birds.

In the imitation literature, a distinction has been made
between the imitation of a single action and that of a se-
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Developmental psychologists have described imitation as a process that suggests perspective-taking
abilities. However, imitative behavior has been found in animals, which are generally not considered
capable of taking the perspective of another. Previous studies with birds have demonstrated the imi-
tation of a single response (sometimes referred to as action-level imitation). In the present experi-
ment, we examined the extent to which pigeons would imitate an unfamiliar sequence of two behav-
iors (sometimes referred to as program-level imitation). Our results indicate that, although there are
individual differences, pigeons show a significant tendency to match a demonstrated sequence of be-
havior involving, first, a response to a treadle (pecking at it or stepping on it) and, second, pushing
aside a screen that blocks access to food (a left-vs.-right push).
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quence of actions (sometimes referred to as program-
level imitation; Byrne, 2002). For example, Barr, Dow-
den, and Hayne (1996) found that 6- and 12-month-old
infants are capable of imitating a single action but show
little evidence of imitating the second or third action in
a sequence even when they are physically able to per-
form each individual action. Although there is some ev-
idence that 1-year-olds can accurately imitate a two-action
sequence (Bauer & Mandler, 1992; Mandler & Mc-
Donough, 1995), the procedures involved prior practice
with two-action sequences, encouragement to imitate,
and a verbal description to the children of the actions that
were modeled. Thus, the ability to imitate a sequence of
actions, at least in younger children, appears to require
instruction with reinforcement for the completion of the
sequence to be designated as “correct.”

Free-ranging gorillas (Byrne & Russon, 1998) and
orangutans (Russon & Galdikas, 1993) have been re-
ported to imitate complex sequences of behavior. How-
ever, these reports are largely anecdotal in nature and do
not include necessary controls. Evidence for imitation of
a sequence of actions by an animal in a laboratory setting
has been reported by Whiten (1998), who observed that
chimpanzees, given sufficient training, can perform a set
of three actions to open an “artificial fruit” and obtain a
food reward. Imitation of an action sequence has been
referred to as program-level imitation because it requires
the organization of actions into a logical sequence (Byrne,
2002).

Howard and White (2003) examined the imitation of
a two-action sequence by pigeons. One action was step-
ping onto a box. The second was pecking a response key.
However, after observing a demonstrator, observers
showed little evidence of imitating the sequence, even
after they had been explicitly trained by the experimenter
to perform one of its elements—to peck at the response
key when the floor was raised.

The purpose of the present study was to determine
whether pigeons would be able to imitate a sequence of
two actions to obtain reinforcement. The two-response
sequence was a combination of the two-action method
involving the pecking and stepping responses used by
Akins and Zentall (1996) and the bidirectional-control
procedure used by Akins et al. (2002). First, demonstra-
tor pigeons were required to either peck at or step on a
treadle. The treadle response raised the feeder but a
screen in front of the feeder opening prevented the pi-
geon from eating. Second, to obtain food, the pigeon was
required to push the screen to the left or right. Each ob-
server was then exposed to a demonstrator performing
one of four behavioral sequences: treadle peck/screen
push left, treadle peck/screen push right, treadle step/
screen push left, or treadle step/screen push right. The
observer was then given access to the treadle and screen
and could obtain food by performing any one of the four
sequences. If the observers tended to match the sequence
demonstrated, it would indicate that they are capable of im-
itating a two-action sequence (program-level imitation).

METHOD

Subjects
Twenty-two adult White Carneaux pigeons (Columba livia) of

undetermined sex served as subjects. Four pigeons were trained as
demonstrators (these pigeons had previously served as observers in
a social learning experiment), and the remaining pigeons served as
observers. All of the pigeons were purchased as retired breeders
from the Palmetto Pigeon Plant (Sumter, SC). Ten of the observers
previously had been trained on an unrelated visual discrimination,
and the remaining observers were experimentally naive. The pi-
geons were individually housed in vented cages located in a colony
room on a 12:12- h light:dark cycle. They were placed on a re-
stricted food diet and were maintained at 80%–85% of their free-
feeding weights throughout the experiment. Water and grit were
freely available in the pigeons’ home cages.

Apparatus
The apparatus used in the present experiment (see Figure 1) com-

bined features from the apparatus used in similar imitative learning
studies involving Japanese quail (Akins et al., 2002; Akins & Zen-
tall, 1996). It consisted of two large modular chambers (Colbourn
Instruments, Model H10-11R-TC, Lehigh Valley, PA) placed side
by side. Each chamber measured 30.5 � 25.5 � 28.0 cm. The com-
mon sidewall of the two chambers was made of transparent Plexi-
glas, allowing observers to view demonstrator responses in the ad-
jacent chamber. A speaker attached to the front wall of the demon-
strator’s chamber provided white noise, which masked extraneous
noise while the pigeons were in either chamber.

The demonstrator chamber contained a response treadle (3.8 �
3.8 cm) attached to the front panel and located 1.0 cm from the wall
between the two chambers and 2.0 cm from the floor. A microswitch
attached to the treadle operated the feeder whenever the treadle was
depressed. A rectangular feeder opening was located on the front
wall of the demonstrator’s chamber. The opening could be covered
with a 7.6- � 5.0-cm-wide wire screen. Wires on the screen were
spaced apart 1.6 cm horizontally and 2.5 cm vertically. The screen
could be slid either to the left or right along tracks located above
and below the feeder opening. A stiff wire, attached to the screen
on the right side, protruded outside the demonstrator chamber, al-
lowing the experimenter to push or pull the screen along the track.
To prevent the demonstrator from pushing the screen in an unas-
signed direction, a stop was placed along the wire (outside the
chamber for right-pushing demonstrators, inside the chamber for
left-pushing demonstrators) during training and during the obser-
vation period of testing. The stop was removed when observer pi-
geons were tested, allowing the screen to move in either direction.
The subjects were given 2.0 sec access to food (Purina Pro Grains)
when the feeder tray was raised and illuminated by a feeder light.
The demonstrator chamber was continuously illuminated by a white
houselight (28 V, 0.1 A) mounted on the front panel near the cham-
ber’s ceiling.

The observer’s chamber was similar to the demonstrator’s cham-
ber, but it contained no houselight, treadle, or feeder. The lack of il-
lumination within the observer’s chamber allowed easier observa-
tion of the demonstrator’s responses.

Procedure
Demonstrator training. Demonstrators were feeder trained in

the demonstrator’s chamber and habituated to the presence of the
experimenter. The pigeons were then shaped to either peck at (n � 2)
or step on (n � 2) the treadle. Whether a response was a peck or a
step was judged by the experimenter, but the nature of the appara-
tus and the pigeon’s body made these responses mutually exclusive
(i.e., the pigeon had to lift its head and pull it back to step on the
treadle, whereas it had to step back from the treadle to peck at it).
Each successful response raised and illuminated the feeder, allow-
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ing the pigeon to eat for 2.0 sec. The reinforcement duration began
when a photobeam, located within the feeder opening, was broken
by the pigeon’s head. After a demonstrator reliably stepped on or
pecked at the treadle, a wire-mesh screen was introduced in front of
the feeder opening. Two demonstrators, one each from the pecking
and stepping conditions, were shaped by successive approximations
to push the screen to the left using their beak. The remaining peck-
ing and stepping demonstrators were shaped to push the screen to
the right. A screen-push response was defined as a push that moved
the screen far enough for the pigeon to insert its head into the feeder
opening and break the photobeam (which started the 2-sec rein-
forcement). Thus, each demonstrator was assigned to perform a
unique sequence of behavior (treadle peck/screen push left, treadle
peck/screen push right, treadle step/screen push left, or treadle
step/screen push right).

To reduce the likelihood of the presence of another pigeon dis-
rupting the performance of the demonstrator during the observa-
tion period in testing, following acquisition of the response se-
quence, the demonstrators performed in the presence of a pigeon
that was not used as an observer in the experiment.

Observer training. Observers were feeder trained in the demon-
strator’s chamber and were habituated to the observer’s chamber
and the presence of the experimenter. While observers were in the
demonstrator’s chamber, the screen was secured in an open posi-
tion either to the left or right (which was varied systematically over
daily training sessions to provide the observers with equal experi-
ence with the screen being positioned to the left and right of the
feeder opening). The criterion for successful completion of feeder
training for the observer pigeons was 10 sessions in which the ob-
server inserted its head into the feeder opening to obtain reinforce-
ment, 24 times within 10 min.

Testing. The observers were randomly assigned to groups with
the provision that each group was assigned either one or two of the
experimentally naive pigeons. During testing, an observer was
placed in the observer’s chamber until its assigned demonstrator
successfully completed 60 correct behavioral sequences. After
completing the sequences, the demonstrator was removed and the
observer was placed into the demonstrator’s chamber for 20 min.
Each response made by the observer was recorded. The perfor-
mance of any of the four sequences resulted in reinforcement. Two
observers that failed to push the screen in either direction (one that
observed a demonstrator peck the treadle and push the screen to the
left and one that observed a demonstrator peck the treadle and push
the screen to the right; the mean percentage of matching treadle re-

sponses for these two pigeons was 65.7%), were dropped from the
study and replaced by two similarly inexperienced pigeons.

RESULTS

We used the percentage of matching individual be-
haviors as a measure of imitation, and chance for the
treadle response and the screen push was 50%. Chance
for the percentage of matching response sequences was
25%. In all analyses, the differences between experi-
enced and naive birds were examined, but none were
found so the data were pooled.

Treadle Response
The observers varied considerably in the total number

of treadle responses made. The mean total treadle re-
sponses for the observers was 55.8 (SEM � 10.7), with
a range of 4–139 responses. Although the pigeons made
more stepping responses (M � 43.0, SEM � 10.3) than
pecking responses (M � 13.0, SEM � 8.5), this differ-
ence was not statistically significant [t(15) � 1.90, p �
.08]. However, because of this discrepancy, we used the
percentage of matching treadle responses (number of
matching treadle responses divided by total number of
treadle responses � 100) for each observer, for all sub-
sequent statistical analyses.

The results indicated a strong tendency for observers
to match the behavior of the demonstrator. The mean
percentage of matching treadle responses was 66.6%
(SEM � 11.0). Because the percentage scores were not
normally distributed, the percentages were subjected to
an arcsine transformation, which corrects for the upper
and lower limits (1.0 and 0, respectively) placed on per-
centage scores. The transformed percentage scores were
compared with the transformed expected value of 50%,
using a t test. The t test indicated that the percentage of
matching treadle responses was significantly greater
than chance [t(15) � 2.72, p � .02]. 

Observer Chamber Demonstrator Chamber

Houselight

Feeder Opening

Treadle

30.5 cm

28.0 cm

25.5 cm

Figure 1. A schematic of the apparatus used in the experiment.
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Unexpectedly, there was considerable variability in
the tendency to match treadle responses among the four
groups (see the left side of Figure 2). A two-way analy-
sis of variance (ANOVA) performed on the transformed
treadle-response matching scores indicated a significant
effect on matching of the observed treadle response [step-
ping vs. pecking, F(1,12) � 5.02, p � .05]. However,
neither the effect of the direction of screen push [F(1,12) �
1.06], nor the treadle-response � direction-of-screen-
push interaction (F � 1), was significant. The effect of
treadle response can be attributed to the fact that, inde-
pendent of group, the pigeons showed a bias to step on
the treadle (70.1%) rather than peck at it (29.9%). Thus,
they were more likely to match the step response than the
peck response.

Screen Push
The total number of screen pushes made by each ob-

server also varied considerably. The mean total screen
pushes for the observers was 44.4 (SE � 9.19), with a
range of 1–121. Overall, the pigeons tended to push the
screen more often to the right (M � 25.44, SE � 8.94)
than to the left (M � 18.9, SE � 5.10), although this dif-
ference was not statistically significant [t(15) � 1]. The
mean percentage of matching screen pushes was deter-
mined for each observer (number of matching screen
pushes divided by total number of screen pushes � 100).
The overall mean percentage of matching screen pushes
for the observers was 59.0% (SE � 10.0). When the
transformed percentage of matching screen responses
was subjected to a statistical test, however, the difference
from chance approached, but did not reach, statistical
significance [t(15) � 1.88, p � .08]. A two-way ANOVA
performed on the transformed screen-push matching
scores for the four counterbalancing groups indicated
that neither main effect (direction of screen pushing ob-
served or treadle response observed) nor the interaction
was significant (all Fs � 1.05).

Behavioral Sequence
For purposes of the present experiment, the measure of

two-action imitation is the mean percentage of matching
sequences relative to total sequences (47.0%, SE � 11.0).
Inspection of the data revealed that 9 of the 16 observers
tested obtained mean percentage scores greater than 25%.
A binomial test with chance at .25 indicated that this num-
ber was statistically different from chance ( p � .02).
When the transformed percentage score for each pigeon
was subjected to statistical analysis and compared with the
transformed value of chance (25%), the difference was
significant [t(15) � 2.36, p � .03]. A two-way ANOVA
performed on the transformed sequence-matching scores
for the four counterbalancing groups indicated that nei-
ther main effect (direction of screen pushing observed or
treadle response observed) nor the interaction was signif-
icant (all Fs � 2.03).

In addition, there was evidence that pigeons that imi-
tated the screen push also imitated the treadle response.
A Pearson product–moment correlation performed on
the percentage of matching treadle responses and the
percentage of matching screen pushes indicated signifi-
cant correlation (r � .44). Furthermore, if imitation of
the two responses were independent (as would be ex-
pected if pigeons did not tend to imitate the sequence of
their demonstrator’s behavior), the conditional probabil-
ity of treadle-response matching, given screen-push
matching (pigeons for which the percentage of matching
responses was above 50%) would be expected to be the
same as the conditional probability of treadle-response
matching, given the absence of screen-push matching
(pigeons for which the percentage of matching responses
was equal to or below 50%). However, for pigeons that
matched the demonstrator’s screen push, the probability
that it also matched the demonstrator’s treadle response
was .83, whereas for pigeons that did not match the demon-
strator’s screen push, the probability that it matched the
demonstrator’s treadle response was only .50 .

DISCUSSION

The results of the present experiment indicate that the
pigeons showed a signif icant tendency to match the
demonstrated treadle response. Evidence for matching
the demonstrated direction of screen push, although in
the right direction, was not so clear. However, when the
treadle response and screen-push data were combined, it
was found that the observers produced significantly more
matching sequences than would have been expected by
chance. Thus, in the present experiment, we found sug-
gestive evidence for imitation of a two-action sequence
of the type studied in infants (Bauer & Mandler, 1992;
Mandler & McDonough, 1995) and chimpanzees (Whiten,
1998). This conclusion is further supported by the cor-
relation between matching treadle responses and match-
ing screen pushes, as well as by the difference between
the conditional probability of treadle-response match-
ing, given the presence versus the absence of screen-
push matching. Although under the present conditions
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Figure 2. Percentage matching treadle responses (left), match-
ing screen pushes (center), and matching treadle response–
screen-push sequences (right) for pigeons that observed a demon-
strator step on the treadle and push the screen to the left (SL),
step on the treadle and push the screen to the right (SR), peck the
treadle and push the screen to the left (PL), and peck the treadle
and push the screen to the right (PR).



not all of the pigeons imitated the two-action sequence,
more of them did than would be expected by chance. To
our knowledge, this is the first evidence of two-action
sequence imitation in nonhuman animals other than
chimpanzees (Whiten, 1998).

In the present experiment, the pigeons had a some-
what greater tendency to step than to peck, independent
of the observed response. This bias is probably related to
the height of the treadle above the floor. Had the treadle
been raised slightly, the bias may have been avoided. In
support of this hypothesis, Japanese quail, a consider-
ably smaller bird, showed a stronger tendency to peck
than to step in the same apparatus (Akins & Zentall,
1996, 1998). Given the counterbalancing of treadle re-
sponse, however, this bias only could have constrained
the degree to which the pigeons imitated the treadle re-
sponse. Thus, in spite of this bias, the pigeons showed a
significant tendency to match the sequence of behavior
that they had observed.

It is not clear why there was better imitation of the
treadle response than of the screen push in the present
experiment. It is possible that the observation of a demon-
strator moving the treadle with a distinctive part of its
body is more detectable than the observation of it mov-
ing the screen in a distinctive direction. However, earlier
research with this same apparatus found that pigeons
demonstrated significant matching of left–right screen
pushing (Klein & Zentall, 2003). In fact, in that study, pi-
geons tended to match the direction of their demonstra-
tor’s screen push (85.0%) to the same extent as pigeons
in a previous study tended to match their demonstrator’s
treadle response (84.2%; Dorrance & Zentall, 2001). 

Alternatively, it is possible that adding the treadle re-
sponse to the screen-pushing response had a disruptive
effect on matching the screen-pushing response. It may
be that pigeons have more difficulty organizing a se-
quence of two behaviors even when they can readily im-
itate either behavior individually. Thus, when two behav-
iors are observed, the first may be better remembered and
imitated than the second (a primacy effect; see Barr et al.,
1996, for a similar effect found in infants). Nevertheless,
the results of the present study suggest that pigeons are
able to imitate a two-action sequence, a skill that does not
appear in human infants until they are at least a year old.
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