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ABSTRACT

Theorists and experimental researchers have long debated whether animals are able to imitate. A variety of
definitions of imitation have been proposed to describe this complex form of social learning. Experimental
research on imitation has often been hampered by either a too loose ‘anthropomorphic ’ approach or by too
narrow ‘behaviourist ’ definitions. At present neither associative nor cognitive theories are able to offer an
exhaustive explanation of imitation in animals. An ethological approach to imitation offers a different
perspective. By integrating questions on function, mechanism, development and evolution one can identify
possible directions for future research. At present, however, we are still far from developing a comprehensive
theory of imitation.

A functional approach to imitation shows that, despite some evidence for imitative learning in food
processing in apes, such learning has not been shown to be involved in the social transmission of either tool-
use skills or communicative signals. Recently developed procedures offer possible ways of clarifying the role
of imitation in tool use and visual communication. The role of imitation in explorative play in apes is also
investigated and the available data suggest that copying during play might represent a behavioural
homologue of human imitation.

It is proposed that the ability to copy the behaviour of a companion is under a strong genetic influence
in many social species. Many important factors have not been examined experimentally, e.g. the effect of the
demonstrator, the influence of attention and memory and the ability to generalize. The potential importance
of reinforcement raises the possibility that copying abilities serving divergent functions might be partly under
the control of different mechanisms.
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I. INTRODUCTION

‘On the playground a man has painted a wooden
pole in white colour. After the work is done he goes
away leaving behind a pot of white paint and a
beautiful brush. I observe the only chimpanzee who
is present, hiding my face behind my hands, as if I
were not paying attention to him…very soon…he
takes the brush, puts it into the pot of colour and
paints a big stone which happens to be in the place,
beautifully white ’ (Ko$ hler, 1926, pp. 156–157).

The above description would be interpreted by
contemporary investigators of imitation in many
different ways, and many would not treat this as a
case of imitation at all. During the last 5–10 years
there has been an ongoing debate about whether
animals can be credited with the ability to copy their
companions’ behaviour, and whether this ability can
be compared to the superior capacity for imitation in
humans. Whilst psychologists have always been
interested in the study of imitative behaviour both in
humans and animals, recently, philosophers and
ethologists have also shown renewed interest in this
phenomenon.

Despite countless anecdotes of imitative behav-
iour, many laboratory experiments either fail to
demonstrate imitation or produce results that have
been strongly criticized by others (e.g. Heyes, 1993,
1995; Byrne & Tomasello, 1995; Byrne & Russon,
1998).

Ethology, as an approach to the study of animal
behaviour, has the advantage of utilizing various
subdisciplines of biology, for example ecology,
evolutionary biology and neurobiology. The in-
tegrative role of ethology in the study of animal
behaviour was summarized in a fundamental paper
by Tinbergen (1963) who urged ethologists to seek
explanations of the function, mechanism, devel-
opment and evolution of any behaviour under

investigation, and stimulated them to pursue an
integrated approach when dealing with complex
behavioural phenomena. One possible reason for the
present confusion in imitation research may be due
to the lack of such an integrated approach, in spite
of numerous recent attempts to review imitation
behaviour in animals (e.g. Mitchell, 1987; Galef,
1988; Whiten & Ham, 1992; Heyes, 1993; Byrne &
Russon, 1998). The aim of the present review is to
summarize the current state of imitation research
from an ethological perspective (see also Bekoff,
1995; Jamieson & Bekoff, 1992).

In this review, because of the current controversy
over whether or not a given species can imitate,
when describing the results of particular experiments
I will use the more neutral expression word ‘copy’.
However, I will use the term imitation in a general
sense where I discuss present theories that were
intended to explain this type of social learning. In
the ethological literature, there is little reference to
the only species which all researchers do credit with
the ability for ‘ true’ imitation: Homo sapiens. I think
we should not exclude any species from a com-
parative study. In the case of humans, I will retain
the use of ‘ imitation’ if appropriate.

II. DEFINITIONS AND CATEGORIES OF

IMITATION

In the study of imitation, as in studies of other
psycho-biological phenomena such as language,
intelligence, deceit etc., acceptable definitions are
difficult to find. Only the most important definitions
are considered below.

Thorpe (1956) defines ‘ true’ imitation as copying
a novel behaviour for which there is no instinctive
tendency or for which other parsimonious explana-
tions (Morgan, 1894) can be ruled out. Whiten &
Ham (1992, p. 250) argue that the observer should
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copy ‘some aspect(s) of the intrinsic form of an act ’.
Heyes (1993, 1994) states that imitation is taking
place whenever ‘ individuals acquire, as a result of
observing a conspecific’s behaviour, X, the capacity
to execute a behaviour that is topographically similar
to X’ (Heyes, 1994, p. 1000). These and similar
definitions are descriptive on a purely behavioural
level and incorporate neither the enabling conditions
for imitation to occur or the function and mechanism
of this form of social learning.

The cognitive approach to behaviour aims to
categorize imitational phenomena by the supposed
‘computational requirement’ on the part of the
observer. Whiten & Byrne (1991) argued that
because the observer views the action from a different
spatial perspective it needs the capacity to re-
represent the action from its own point of view. This
re-representation is necessary for the duplication of
the observed act (Whiten & Ham, 1992). In short,
the observer takes the perspective of the dem-
onstrator. As these authors argue that such abilities
are restricted to apes and humans only, they
conclude that imitation in this sense should only be
possible in these primates. Call & Tomasello (1995)
insist that for ‘ true’ imitation to occur the observer
needs both to recognize the goal of the demonstrator
and to realize that reaching this goal is only possible
by copying the act(s) of the other animal.

Copying which does not involve recognition of a
goal has been termed ‘mimicking’ (Tomasello,
Kruger & Ratner, 1993a) or ‘response facilitation’
by Byrne & Russon (1998). In mimicking, the
observer copies the action precisely but does not
understand the goal of the model. If observation
enhances the relative frequency of an act that is
already in the repertoire of the animal, it is referred
to as response facilitation. The main disadvantage of
such ‘cognitively inspired’ definitions is that they
restrict the number of potential species that can
show imitative behaviour and by doing this, they fail
to give an evolutionary account for the homologies of
these phenomena.

In a recent account, Byrne (1995) and Byrne &
Russon (1998) offered a different approach to
imitation by discriminating two forms of imitation:
‘action-level ’ and ‘program-level ’ imitation. In the
case of the former, the observer copies details of a
simple action: the motor patterns of the observer
and the model match closely. In program-level
imitation, it is not the motor patterns but the
structural organization of the task that is copied and
the details of motor patterns are learned by trial and
error (see also Russon, in press). Without doubt, this

definition also demands a high level of ‘compu-
tation’ on the part of the observer.

III. BEHAVIOURAL ANALYSIS OF COPYING:

DESCRIPTION, NOVELTY AND COMPLEXITY

(1) Measuring and describing behaviour

One advantage of the ethological approach is that it
is always concerned with the proper description of
the behaviour. The continuous flow of behaviour is
divided into carefully defined discrete events and
studies investigate the presence (frequency, duration,
etc.) of these well-defined units or elements in the
sequence of behaviour (e.g. Slater, 1973;
Drummond, 1981). Behavioural units can be con-
ceptualized by stressing their hierarchical structure.
These levels range from the movements of individual
muscles to the movements of the animal’s body in
space. In practice, ethologists choose a particular
level of analysis that is judged to be the most
appropriate for answering their questions.

The analysis of imitation includes the problem of
comparing the behaviour of two individuals : the
model and observer. Since the presence of imitation
has to be judged by the degree of resemblance to the
model, methods based on a proper description of the
behaviour are necessary. However, most published
investigations lack such detailed descriptions, and in
many cases the behaviour of both the demonstrator
and the observer is judged arbitrarily by human
observers.

In a recent study by Custance, Whiten & Bard
(1995), for example, chimpanzees (Pan troglodytes)
were trained to copy arbitrary gestural actions
performed by a familiar experimenter in front of
their cage. After training with a finite number of
gestures, the chimpanzees were presented with new
ones that they had not been shown during the
training phase. The decisive question with regard to
imitation was whether the observers would copy
these novel actions. The results showed that the two
chimpanzees copied 13 and 17 actions out of the 48
novel actions presented to them. In one of these
novel actions, the human demonstrator touched her
nose with her index finger. This was always carried
out by placing the tip of the right index finger on the
end of the nose (Custance et al., 1995, p. 844). The
apes, however, used either the thumb or middle
finger in copying nose touching. It seems that the
manifestation of imitation in this case depends on
our level of behavioural description. One could
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conclude that chimpanzees copied ‘nose touching’ ;
however, they did not reproduce the actual lower-
level description of the demonstrated behaviour
(‘nose touching with right index finger’). (No
distinction between right or left hand was made.)

For theoreticians the question is whether this
provides evidence of ‘ imitation’ or not? Recent
references to this particular experiment give us an
opportunity to compare the evaluations of different
investigators. Whiten & Custance (1996) and
Tomasello & Call (1997) regard these results as clear
evidence of imitation. However, Heyes (1998), whilst
acknowledging that this observation might be inter-
preted as imitation, also notes that earlier general
social reinforcements by humans might have had
facilitative effects on the production of gestures. This
does not rule out the imitative interpretation. Byrne
& Russon (1998) see the chimpanzees’ reproductions
as instances of action-level imitations. However, it
should be noted that many of the copied gestures
violate the assumption of action-level imitation that
the observed and reproduced motor patterns should
show close matching.

(2) Novelty

Many theorists of imitation seem to agree that
‘novelty ’ is an important aspect of copying (e.g.
Thorpe, 1963; Visalberghi & Fragaszy, 1990; Byrne,
1995; Byrne & Tomasello, 1995; Zentall, 1996),
whereas Heyes (1995) disputes the presence of
novelty as a vital condition for imitation to occur. A
novel motor act (i.e. never made before by the
observer) would increase the researchers’ ability to
identify occurrences of imitation, and more im-
portantly the actual learning aspect of imitation
would be more obvious (the incorporation of a new
motor pattern).

Were the chimpanzees learning something new
whilst touching their nose in the above example? As
we have seen, the behavioural level of copying was
‘nose touching’ (and not nose touching with the
right index finger as shown). However, there are no
data presented regarding how ‘novel ’ this act was to
the observing chimpanzees. The novelty of the act in
the chimpanzees behavioural repertoire should have
been assessed by comparing the frequency of this
behaviour in the presence of an inactive human with
its frequency in the presence of a demonstrating
human. Chimpanzees might perform nose touching
by modifying earlier motor actions of face touching
(for similar argument see also Whiten, 1998b). A

proper description of the range of behaviours
including face touching in chimpanzees is clearly
necessary.

The foregoing analysis suggests that only a
detailed behavioural description can establish what
was actually learnt by the observer. For example, it
may turn out that nose touching was not a new act
for the chimpanzee, and promoters of the ‘novelty
criterion’ may classify this instance as a case of
response facilitation (Byrne & Russon, 1998) or
mimicking (Tomasello et al., 1993a).

There is no agreement among researchers as to
how novelty might be defined. Whiten & Custance
(1996) and Whiten (1998b) noted that novelty is a
relative concept, and identified a list of aspects (e.g.
shape, extent, orientation) that might be sources of
novelty. Any form of novelty can, however, be
detected only by a detailed description of the actions
of both the models and observers.

(3) Levels of complexity

As many authors have recognized, in theory one can
discriminate four possibilities regarding the com-
plexity of copying behaviour (see also Meltzoff,
1988a ; Whiten & Custance, 1996).

(1) The observer is copying a motor act that is
already in its repertoire, and, as a result of copying,
the frequency of the particular behavioural act
increases. The observer has not learnt anything
about the motor pattern; Byrne & Russon (1998)
apply the term ‘response facilitation’ to such cases.
Galef (1988) argues that response facilitation is a
necessary but not sufficient condition for ‘ true’
imitation to occur.

In many studies claiming to demonstrate
‘ imitation’ at this simple level, the lack of a
description of the actual motor aspects of the
behaviour make it difficult to judge whether
observers really modified their motor pattern as a
result of observation. For example, as recognized by
Whiten & Ham (1992) animals can use different
body parts to displace a manipulandum in an
operant task. Therefore, reports of increased
numbers of level pushes or joystick displacements etc.
do not reveal whether motor learning took place. In
some cases, a detailed analysis might offer a different
perspective on copying. Compare, for example, two
recent accounts both claiming to present a case for
‘ imitation’. Akins & Zentall (1996) report that
Japanese quail (Coturnix japonica) copy pecking or
stepping on a treadle depending on the behaviour of
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the demonstrator. Both acts are already present in
the behavioural repertoire of the species as shown by
the behaviour of the non-observer (control) birds.
Bugnyar & Huber (1997) showed that marmosets
(Callithrix jacchus) pulled a door (behind which food
was hidden) more frequently if they had been
exposed to an experienced model. Pulling is also a
general behavioural strategy in marmosets, since
control animals also pull. Bugnyar & Huber (1997)
realized, however, that it is very important to
observe and compare the behaviour of both the
model and the observer. A detailed analysis of the
motor aspects of pulling showed that as a result of
the observation two out of five marmosets modified
their pulling behaviour by using a different arm or
keeping the door open for a longer duration. It
might be the case that in quails pecking is a
relatively invariant behaviour; however, stepping
could be performed in different ways or the operant
task could be designed to require a more specific
motor act on the part of both the model and
observer.

It should be noted that in the case of minor
changes in motor behaviour observed in a small
number of animals the chance effect of individual
variability cannot be ruled out entirely. Within-
subject comparisons could make the case even
stronger if one includes baseline observations of, for
example, pulling activities in the marmosets, before
exposure to the model. This would support the
conclusion that any change in the behaviour of the
individuals is indeed the result of observation.

(2) An observer might copy a novel motor act.
The inherent problems associated with this level of
complexity were noted above. For example, there is
some argument (e.g. Heyes, 1993, 1995; Byrne &
Tomasello, 1995) about whether a change in the
orientation to a stimulus can be regarded as a ‘new’
component in copying. It seems that in this case
animals learn, instead, about the spatial relationship
between their behaviour and the environment. If a
given motor act is already in the repertoire of the
animal then it is likely that it has been performed in
various orientations to objects in the environment. A
new orientation presents only a minor change.
Moreover many investigators do not indicate what
they regard as the novel component or aspect of the
act to be learned. One might also note that the
‘novelty ’ aspect in a motor task also requires more
training on the part of the demonstrator, which in
turn makes it less likely that an observer would have
the capacity to acquire similar information only by
observation.

In some species, it is possible to increase the
chance of novelty by using ‘arbitrary’ acts for which
it is certain that the animal has never performed
before. For example, chimpanzees observed a human
demonstrating the opening of a box (‘artificial
fruit ’) that contained a food reward (Whiten et al.,
1996). One of the actions used to open the box
involved spinning a pin (however, the pin could be
removed without performing this movement). This
spinning movement was unlikely to have been
performed previously by any particular chimpanzee.
Nevertheless one out of six chimpanzees copied
spinning (combining the results of Whiten et al., 1996
and Whiten 1998b). This relative reluctance to copy
suggests that some arbitrary acts novel to the
observer might also be more difficult to copy.
However, it should be noted that most species are
incapable of performing radically new motor act(s).

(3) At another level animals might be able to
copy sequences of acts with the novelty of the
imitation represented in the temporal structure of
the motor acts (Visalberghi & Fragaszy, 1990;
Byrne, 1995; Whiten, 1998b). The combination of
actions would partly circumvent the problem of
novelty as discussed above since the probability of
copied acts occurring in sequence can be easily
calculated and compared to their performance by
chance. However, this ‘ innovation’ is not a complete
solution: by changing the conditions for imitation
we must recognize that we are now dealing with a
different level of learning. Observers are not learning
new motor acts but new ways of combining them,
therefore a higher level of motor behaviour
organization is being investigated.

By using the two-action procedure (e.g. Dawson
& Foss, 1965) demonstrators can perform a com-
bination of motor acts that are already in the
behavioural repertoire of the observer. For example,
to one group of observers (e.g. quails) the model
could display two actions one after the other (e.g.
pecking followed by stepping) to achieve a reward in
an operant box, while another group of observers is
exposed to the reverse series of actions performed by
another demonstrator. This procedure would show
whether the observers can learn series of acts, or the
structure of a complex action. A recent report on
social learning in ravens (Corvus corex) suggests that
these birds might have learnt the required sequential
organization of species-specific behavioural acts to
obtain access to food in a ‘puzzle-box’ (Fritz &
Kortschal, 1999).

Using a similar procedure, Whiten (1998b)
showed that chimpanzees could learn by observing
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action sequences. Chimpanzees observed the open-
ing of a food-box by different action sequences. After
three observation trials, each followed by inter-
mittent sessions where subjects were allowed to open
the box themselves, the chimpanzees were able to
copy the particular sequence of actions to which they
were exposed. Two reservations should be made,
first, the presence of sequence copying was based
mainly on judgements of similarity by human
observers and it is difficult to see how this method of
decoding behaviour could be used in situations
intrinsically less familiar to human coders (see also
Whiten et al., 1996). Second, the presence of objects
(bolts, handle, pin) that have been manipulated by
the demonstrator might have facilitated and}or
guided the sequential reproduction by reducing the
‘memory-load’ in this task. Nevertheless, two out of
four subjects succeeded in opening the box during
their first trial and all animals showed an im-
provement of matching in subsequent trials.

(4) The behaviour of the demonstrator might
consist of a series of novel actions. However, as
indicated above, in a number of species the possi-
bility of performing truly ‘novel ’ actions is limited.
Processing food or using tools is usually regarded as
a series of actions that in some cases might be
unfamiliar to the observer and need to be ordered in
the correct sequential order to achieve the ap-
propriate result. Although one might design a
sequence of relatively arbitrary actions for food
processing to be copied (see e.g. Whiten et al., 1996),
it is difficult to see how the novelty of similar motor
actions can be evaluated under natural conditions.

It seems to be a safe hypothesis that the ‘cognitive
load’ of imitation increases with the complexity of
the motor act(s) to be imitated. In the latter case
discussed above the observer would not only have to
learn a new motor act by observation but also, at the
same time, observe the sequential organization of
these new acts. Evidence for such an ability is lacking
in animals but 18-month-old children can imitate
relatively new sequential actions on toys (Abravanel
& Gingold, 1985).

Theoretically, one way of dealing with the
problem of complexity is the introduction of
programme-level imitation that relaxes the demand
on the observer to produce both a perfect copy of the
act and the sequence (Byrne, 1995; Byrne & Russon,
1998). Imitation is said to occur if observers copy the
hierarchical structure of the task. However, as
pointed out by Whiten (1998a) the hierarchy of
behavioural actions is as relative a concept as novelty
and it does not offer a better criterion.

In summary, it seems to be necessary to provide
both a detailed description of the behaviour to be
copied and that of the copy. Moreover, we need a
fair assessment of the likelihood that the observer
could have already seen or performed the
behavioural act(s) in question. Finally, researchers
should indicate the level of similarity between the
actions of models and observers.

IV. FUNCTION

To date not many studies have addressed directly
the question of the function of imitation. Moreover,
Heyes (1993) has argued that it might be too early
to perform such an investigation. Ethological
approaches to behaviour have shown, however, that
the neglect of a functional view can lead to serious
misconceptions, as occurred similarly in debates on
learning some years ago. Recently, Lefebvre (1995)
proposed that we should consider the interspecific
variation in social learning and cognition that might
represent adaptive specialization in species living in
different ecological niches (see also Russon et al.,
1997).

The functional approach to imitation should shed
light on the question of whether copying the
behaviour of a conspecific enhances the survival of
the observer under natural conditions. Many investi-
gators agree, however, that the answer to this ‘why’
question (why do some animals copy the behaviour
of others?) will often be difficult to obtain. A proper
analysis of function needs to be based on a task
description, and investigators have to know what the
behavioural problems are that the animal must solve
(Johnston, 1981). Unfortunately, laboratory investi-
gations of imitation usually precede our ecological
knowledge of the natural demands that animal
species face in the wild. The neglect of ecological
considerations has led to many poorly designed
laboratory studies, which often simply attempted to
demonstrate the absence or presence of imitation.

In the following section, I will try to summarize
both the observational and experimental evidence
available to infer the possible functions of imitation.
Most laboratory investigations have not been con-
cerned with functional aspects of imitation but some
such studies are included here to contrast them with
more ethologically inspired studies on function.

(1) The role of copying in feeding

The huge variability in the form of feeding-related
motor patterns within and between species has
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provided many opportunities for studying imitation
both under natural and laboratory conditions :
indeed, most demonstrations of animal copying are
closely connected with feeding.

In some cases, the animal is not able to eat the
food in its natural form and has to perform some
specific actions to obtain the edible parts. For
example, gorillas (Gorilla gorilla) use special handling
techniques to remove the stings of some plants
(Byrne, 1995), and squirrels have to crack nutshells
to gain access to the kernel. Similarly, the milk bottle
opening behaviour of birds (Fisher & Hinde, 1949)
can be regarded as food processing. In the laboratory
various food-processing devices have been used.
Animals have to manipulate bars or handles to gain
access to food, sometimes the physical location of
the reward is distant from the place of action (e.g.
Heyes, 1993; Call & Tomasello, 1995). Recently,
Whiten et al. (1996) introduced the artificial fruit (a
transparent plastic box that can be opened by
manipulating the catches restraining a hinged lid).

(a) Food processing

As argued above most experiments or observations
are based on the assumption that copying the
behaviour of a conspecific is advantageous in cases of
food processing. More precisely, observers gain a net
advantage by saving time and energy if they observe
and subsequently copy the behaviour of an ex-
perienced companion instead of discovering the
necessary action by themselves. The first published
observations in the ethological literature described a
number of cases where individuals seemed to copy
special food-related activities of conspecifics (e.g.
Fisher & Hinde, 1949; Goodall, 1973; Galef, 1985;
Kawai, 1965).

Recently, Byrne (1995) argued that in the
mountain gorilla (Gorilla g. beringei) the handling
techniques of plant feeding can be described in terms
of programme-level imitation. He suggested that the
young gorilla learns about the structure of the food-
processing task by observing its mother : that is, it
anticipates the order of actions that must follow each
other in sequence. The large individual differences
at lower levels of actions (hand use, hand con-
figuration, movement pattern etc. ; Byrne & Byrne,
1993) could be the result of trial-and-error learning.
Although the food processing in these gorillas has
often been described as a case of imitation (see also
Byrne & Russon, 1998) the lack of any experimental
evidence of a socially mediated process has led other

authorities to regard this observation as a case of
individual learning (see Tomasello & Call, 1997). By
the means of an ‘artificial fruit ’ task (see above)
Whiten et al. (1996) demonstrated that observer
chimpanzees spontaneously copied elements of one
component of the task (see also Whiten, 1998b, for
extension of this technique).

A series of observations described the cultural
transmission of pine cone opening in the black rat
(Rattus rattus) in pine forests near Jerusalem (Terkel,
1995). These animals developed a sophisticated
technique to gain access to the nutritious pine seed
by skilfully stripping off the scales in a circular or
spiral direction. Carefully controlled laboratory
experiments showed that neither adult rats (Aisner
& Terkel, 1992) nor pups can learn this kind of food
processing by observation alone, but pups learnt
this handling technique if they were raised together
with their mother. Moreover adults sometimes learn
this behaviour if provided with a series of partially
stripped pine cones (Terkel, 1995). These obser-
vations clearly supported the social transmission
hypothesis of food processing but there was no
indication of copying by observation.

Interestingly, a series of laboratory studies found
that observers of the closely related laboratory rat
(Rattus norvegicus) were able to copy the behaviour of
the demonstrator by pushing a vertical joystick in
the same direction as the demonstrator (Heyes &
Dawson, 1990; Heyes, Jaldow & Dawson, 1993).
For example, after watching 50 rewarded leftward
pushes by the demonstrator, observers pushed the
joystick more times leftward than rightward. Recent
investigations of this procedure, however, revealed
that odour cues left by the demonstrator on the
joystick played a major role in promoting
demonstrator-consistent behaviour (Gardner, 1997),
leaving doubt as to the actual role copying has in
these experiments.

In many other studies, the motor patterns of food
handling were also ‘equated’ with actions on a
manipulandum in a Skinner box. The classic
observations of Dawson & Foss (1965) demonstrated
that naive budgerigars (Melopsittacus undulatus)
showed a tendency to copy particular behaviours of
the model. These results were partially confirmed by
Galef, Manzig & Field (1986) and more recently by
Akins & Zentall (1996) who showed that Japanese
quail (for similar results on pigeons, Columbia livia,
see Zentall, Sutton & Sherburne, 1996) would
increase the frequency of either stepping or pecking
depending on the demonstrator’s behaviour. The
common objection to these and similar experiments
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is that the copied act was very likely already part of
the observer’s behavioural repertoire, making these
observations examples of ‘ response facilitation’
(Byrne & Russon, 1998) or ‘mimicking’ (Call &
Tomasello, 1995).

In contrast to the bird species mentioned above,
orangutans (Pongo pygmaeus) did not copy actions on
a manipulandum (Call & Tomasello, 1995). The
authors argued that orangutans did not copy because
they could not understand the relationship between
the manipulation and the food. However, this does
not explain copying in quails and pigeons, and as a
result Heyes (1993) argued that an understanding of
physical relationships is not necessary for copying to
occur. Furthermore, Bugnyar & Huber (1997) found
that marmosets reliably copied pulling actions
performed by the demonstrator.

In contrast to the discrepancies between studies on
non-human animals, investigators agree that human
children (two and three years old) could imitate all
tasks presented to apes (Call & Tomasello, 1995;
Whiten et al., 1996).

(b) Manipulation of tools

Interest in the use of tools by animals stems from
human tool use. Some animals use simple tools under
natural conditions ; it seemed possible that imitation
is important in the acquisition of tool use. However
many apparently complex tool-using activities de-
velop without social influence. In laboratory experi-
ments of this type, the demonstrator is taught to use
a simple tool for getting food. After a few obser-
vations of the demonstrator’s actions, the observer is
assessed for its use of the tool.

Chimpanzees perhaps make the most frequent
and diverse use of tools in the wild (Goodall, 1973;
Tomasello, 1990). Chimpanzees living in one region
of West Africa use a pair of stones (a hammer and an
anvil) to open oil-palm nuts (e.g. Sugiyama &
Koman, 1979; Boesch & Boesch, 1983). The nut-
cracking process is thought to be one of the most
difficult learned tasks performed by any animal in
the wild. Chimpanzees place a nut on a suitable
stone or sometimes a root (the ‘anvil ’) and hit it with
a carefully chosen stone or piece of wood (‘the
hammer’). Chimpanzees not only transport
hammers ; some wooden hammers are made by the
chimpanzees (Boesch & Boesch, 1990). One possi-
bility is that the chimpanzees understand the logical
structure of the task (Byrne, 1994) and the behaviour
sequence (taking the stone into the hand, putting the

nut on the anvil, hitting…etc.) and the details of the
acts are acquired by trial-and-error learning. This
could be described as an instance of ‘programme-
level imitation’ (a possibility not mentioned by
Byrne & Russon, 1998). A second possibility is that
observer chimpanzees might learn the simple acts by
copying and acquire the sequence by trial-and-error
learning (‘action-level imitation’ ; Byrne & Russon,
1998). Third, the particular sequence of acts could
be acquired by observation (‘ sequence imitation’ ;
Whiten, 1998b).

In contrast, recent reports demonstrate that
chimpanzees perform nut cracking reliably only
after 4–5 years of learning which does not suggest a
fast social learning by copying (Boesch, 1993). In a
detailed study on the development of nut cracking,
Inoue-Nakamura & Matsuzawa (1997) concluded
that ‘ the chimpanzees did not copy the motor
patterns or the way to relate nuts with stones ’ and
suggested that ‘ this learning process might be called
(goal) emulation’. This seems to be a fair conclusion
given the data presented, however, the natural
conditions of study, the lack of data on the
demonstrator’s behaviour and the broad categoriza-
tion of actions do not exclude the possibility that at
some level copying of motor pattern could have been
at work. Boesch et al. (1994) and Boesch (1996) also
argued that the presence of arbitrary culturally
transmitted ‘ social conventions ’ among chimpanzee
populations (e.g. leaf-clipping, killing of ectopara-
sites) and less well adapted cultural behaviour
patterns (e.g. Gombe chimpanzees use a more
efficient technique for dipping ants than their
conspecific companions living in the Tai region)
suggests a complex process of social transmission that
also involves some forms of copying.

One suggestive example of the social transmission
of tool use comes from a laboratory study where
Nagell, Olguin & Tomasello (1993) found that
although chimpanzees eventually came to realize the
relationship between the use of a tool and the
‘reward’ they paid less attention to actually copying
the details of the tool-using motor pattern of the
demonstrator. This suggests that the behaviour of
the demonstrator only drew the attention of the
observer to the tool and to the physical relationship
between the tool and the food. The actions of the
observers were based on trial-and-error learning as
they tried to emulate the goal of the demonstrator.
Summarizing the tool use of chimpanzees under
natural conditions and their performance in experi-
ments, Tomasello (1990) concludes that imitation
does not play an important part in the social
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transmission of tool use, mainly because imitation
can only take place if (1) the observer comes to
understand the functioning of the tool or the
relationship between the action and the goal of the
demonstrator, and (2) understands that by copying
the actions of the demonstrator the same goal can be
achieved (Call & Tomasello, 1995).

However, in animals tool use does not necessarily
mean that there is an understanding of the func-
tioning of the tools. In a series of interesting
experiments, Visalberghi (1993) showed that capu-
chin monkeys (Cebus apella) achieve success by trial-
and-error learning and not by understanding (e.g.
contact between a stick and reward is necessary for
pushing the reward out of the tube). It also remains
questionable what the chimpanzees ‘understood’
about the latches in the experiment with the artificial
fruit (Whiten et al., 1996).

One should distinguish carefully between two
different levels of understanding. The understanding
of physical interactions between two objects to
produce a desired result (e.g. hitting a nut with a
stone results in edible food etc.) should be separated
from the understanding of why an animal performs
an action (i.e. to get food). Call & Tomasello (1995)
argue that apes lack the understanding of this latter,
‘ intentional ’ component which presumably hinders
their ability to copy. However, the wide variety of
behaviours copied by rehabilitated orangutans ob-
serving humans is relevant to this question of whether
observers understand the actual goal of the dem-
onstrator. For example, orangutans were observed
to perform behaviours that closely resembled
weeding activities of the staff in the rehabilitation
centre (Russon & Galdikas, 1993). Weeding
involved ‘chopping the weeds off at the root with a
hoe and then pushing the cut weeds into a neat row
behind him along the centre of the path for later
removal ’ (Russon & Galdikas, 1993, p. 154). We can
assume that while the orangutans understood the
physical relation between the hoe and the roots, they
did not understand the aim of the task itself.
Nevertheless, their individual motor patterns, as well
as some action sequences revealed that their activities
were the consequence of copying the process of
weeding (Russon & Galdikas, 1993, 1995; Russon,
1996, 1999).

Tomasello et al. (1993b) found that ‘enculturated’
chimpanzees (chimpanzees reared with intensive
human contact) could be trained to copy simple
object-related actions of a human demonstrator.
Most human infants out-perform the apes under
similar experimental circumstances, and young

children were found to show high accuracy of
copying (Nagell et al., 1993). Nine to twelve months
old human infants were also found to copy simple
arbitrary tool-related acts (Meltzoff, 1988 c), and 14-
month-old infants could generalize across different
objects to repeat the observed action (Barnat, Klein
& Meltzoff, 1996). It seems that in humans copying
plays an important role in learning about how to use
tools. It remains a question, however, what these
children understood about the functions of these
objects}tools, and the relation between the object}
tool and action (Whiten & Custance, 1996).

(2) Communication

Many researchers assert that imitation can play an
important role in the social transmission of com-
municative signals. In the auditory domain, this
phenomenon is already well established although it
has been suggested that auditory-vocal imitation
should be separated from the visual-motor imitation
on computational grounds (for further details see
Moore, 1992; Whiten & Ham, 1992). It has been
demonstrated that in humans imitation plays a
crucial part in language learning (e.g. Speidel &
Nelson, 1989). Infants and children not only learn
phonemes and words but also attain new gram-
matical structures by imitation (Rodgon & Kurdek,
1977).

Interestingly, in ‘ language teaching’ experiments
(e.g. Gardner, Gardner & van Cantford, 1989), the
chimpanzee Washoe was not able to learn the
gestural signs for words and verbs by copying;
instead, her gestures had to be moulded by putting
her arms, hands and fingers in the required positions.
In contrast, Fouts, Hirsch & Fouts (1982) claimed
that Washoe’s infant learned gestural signs by
copying the gestures of his mother. However, later it
was reported that Washoe also used the moulding
technique to teach the signals (Fouts, Fouts & van
Cantford, 1989), therefore the significance of these
observations with regard to copying remains un-
certain.

There are two distinguishing features of imitation
in communication compared to that in food pro-
cessing and tool use. First, in the context of
communication the role of direct reinforcement for
copying is less obvious, and in most cases it would be
of a social nature. Second, at the end of the learning
process the copy must match exactly that presented
by the model, otherwise the signal cannot be
perceived reliably by other members of the group,
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and furthermore, could not be transmitted across
generations.

Tomasello et al. (1985) describing the development
of communication gestures in captive chimpanzees
found only little evidence for learning gestures by
copying. For example, chimpanzees in that par-
ticular group used an ‘arm-raise ’ gesture for
soliciting play. It is suggested that this gesture
developed from the modification of the hitting
movement of the solicitor to attract the attention of
the other. This developmental process in which
interacting animals create or invent new communi-
cative signals by modifying preexisting behaviour
patterns, was first referred to as conventionalization
(Tomasello et al., 1985) but later re-named as
ontogenetic ritualization (Tomasello & Call, 1997).
In a subsequent study on the same group of
chimpanzees Tomasello, Gust & Frost (1989) found
that some signals (e.g. throwing woodchips to elicit
play) might have dispersed among the infants by
learning through copying, i.e. the behaviour of the
inventor had been copied by the others. Given these
semi-natural observations, the copying of play-
soliciting gestures in chimpanzees deserves further
experimental study.

The renewed interest in pointing behaviour in
apes (e.g. Leavens, Hopkins & Bard, 1996) has also
raised the question how these animals learn this
gestural signal. Pointing is said not to occur in the
wild (Goodall, 1986; Menzel, 1973) whilst it was
observed among nut-cracking chimpanzees (Inoue-
Nakamura & Matsuzawa, 1997). Recent obser-
vations suggest that ‘enculturated’ chimpanzees use
a human-like referenial pointing gesture (Leavens et

al., 1996; Krause & Fouts, 1997) and there is a
report that chimpanzees (Washoe and Louise) also
used this gesture for spontaneous communication
between themselves (Fouts et al., 1982). At present
there is no evidence regarding whether pointing can
be learned by copying human behaviour or whether
it becomes conventionalized (Tomasello et al., 1985)
by modification of other similar gestures (e.g.
reaching).

Uzgiris (1981) offered a further function of
imitation in humans. She argued that in addition to
learning language, imitation in human infants serves
to express a kind of mutuality between the model
and the observer. In this case, imitation by itself is
communication. Meltzoff & Moore (1994) also
suggest that human infants use imitation for
communication with adults. Observations show that
imitative behaviour both in mothers and infants
plays an important role in early social interactions

(Moran et al., 1987). Meltzoff (1990) showed that
14-month-old infants are able to recognize when
they are being imitated and show more affective
behaviours (e.g. attending, smiling) when this
happens. Eckerman (1993) also suggests that in 2–3-
year-old children imitation has a communicative
function by facilitating joint attention and the
maintenance of coordinated actions. Later, this
function of mutual imitation will be replaced by
verbal communication.

Imitative aspects of communication might also
play a role in emotional synchronization among
group members. Hatfield, Cacioppo & Rapson
(1993) introduced the concept of emotional con-
tagion to explain the tendency of humans auto-
matically to mimic and synchronize expressions and
vocalizations with those of another persons’ and,
consequently, to converge emotionally : for example,
children showed facial sadness while watching a sad
film on videotape (Eisenberg, McCreath & Ahn,
1988).

Since animal behaviour is always dependent in
some way on inner motivational state, copying of the
behaviour of another might result in similar moti-
vational states of the group members. Such copying
might be important in animals if group members
have to harmonize their internal state before
engaging in joint action (e.g. group hunting). This
function of copying could play an important role in
infants that lack language. One might speculate that
a similar process could have operated during the
pre-linguistic stage of human evolution (Donald,
1991).

(3) ‘Non-functional’ imitation

Whiten & Ham (1992) listed many anecdotal
examples of relatively complex and sequenced
actions that included interactions with tools. A
common feature was that these observations came
mainly from the field or were descriptions of activities
in home-raised animals. Bruner (1972) suggested
that copying the behaviours of a demonstrator helps
the observer to attain appropriate movement com-
binations when dealing with objects. The essence of
this argument can easily be understood if one
considers that primates can produce a large range of
motor patterns (they have a large degree of freedom
of movement) and thus even a slight learning about
the motor design of an act can markedly reduce the
number of inaccurate attempts. In Bruner’s (1972)
view, copying is not a means to learn a specialized
task but provides information on how to use the
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arms, hands and legs to perform simple or more
complex motor acts. This view takes us to the
interesting, but debated, field of play behaviour.
Play is often referred to as having the function of
practising (Fagen, 1981) or executing actions that
are only just beyond the abilities of the individual
(Grastya! n, 1985). Most anecdotal reports of copying
can also be viewed as examples of play. The precise
use of lipstick by the chimpanzee Viki (Hayes &
Hayes, 1952), the description of ‘ serious play’ by
Ko$ hler (1927, see introductory anecdote), the recent
data on human-like activities in orangutans (Russon
& Galdikas, 1993, 1995; Byrne & Russon, 1998) and
a dolphin (Tursiops aduncus) copying a seal’s swim-
ming behaviour (Tayler & Saayman, 1973) are
probably instances of animals playing. The issue of
play and imitation will be discussed further below in
relation to ontogeny.

(4) Conclusions

Neglecting functional considerations on how imi-
tation could enhance the survival of an individual in
the wild has led to diverse laboratory experimen-
tation. Investigators attempted to find a good
‘model ’ species for imitation without considering the
possible function of imitation in that species. Direct
experimental evidence from the field is also lacking.
However, it should be noted that the many alterna-
tive explanations of imitation make such investi-
gations very difficult although not impossible. It is
likely that natural observations or field experiments
on their own will never provide satisfactory evidence
for imitation but at least they are able to suggest
testable hypotheses for laboratory research.

In summary, the evidence to date shows that some
animals may copy the behaviour of their companions
in the context of food processing. This is supported
by recent laboratory observations suggesting that
under special circumstances chimpanzees engage in
copying some aspects of the demonstrator’s be-
haviour; however, natural observations have not
validated a role for copying in the wild. There is no
experimental evidence for the same tendency in tool
use and communication.

The following points arise from the present state of
imitation research: (1) laboratory investigations
should be based upon a detailed description of the
natural behaviour of the species (task description).
(2) Modification of the original learning circum-
stances might interfere with the detection of imi-
tation in the laboratory. For example, to a rat
copying the pushing of a joystick may not be

equivalent to copying the removal of scales from a
pine cone, even though in both cases they ‘are
working for their food’ (see below). (3) In humans,
some possible functions of imitation have been
studied in detail (Yando, Seitz & Zigler, 1978;
Uzgiris, 1981; Gopnik & Meltzoff, 1994) which
should be taken into account when considering
animal imitation.

V. MECHANISM

Most investigators in this field of social learning
concentrate on demonstrating the presence of some
kind of imitation within a species. Less time has been
devoted to examining the actual mechanisms that
control this process (see also Whiten, 1998b). Future
research should attempt to identify the important
variables that affect imitation. Although specific
experimental studies on most of these issues are still
lacking, there are some data available with which to
present a preliminary analysis.

(1) Associative learning and/or cognitive
performance?

The investigation of social learning in the framework
of associative learning has a long history (e.g. Miller
& Dollard, 1941; Gewirtz & Stinge, 1968). Recently
Heyes (1994) provided a general account of social
learning phenomena, and argued that these mirror
the rules of associative learning elaborated in asocial
learning theory. Copying, in this sense, is said to be
a special form of response–stimulus (R–S) learning
where by watching the demonstrator the observer
learns the relationship between the motor pattern
performed by the model and the appearance of the
reward, so that the observer will reproduce the
observed act later in time to gain access to the
reward. The special feature of imitation is that it is
not the learner but the demonstrator that is
performing the response (Heyes, 1994). This account
assumes that copying can only take place if the
demonstrated act is rewarded. Rats seem to follow
the basic rules of associative learning (Heyes &
Dawson, 1990). For example, Heyes et al. (1993)
trained rats to push a joystick to obtain a reward.
Later, these animals were exposed to demonstrators
that pushed the joystick in the same direction but did
not receive a food reward. The non-rewarded
extinction trials of observers revealed that these rats
showed fewer responses (i.e. showed faster extinc-
tion) in the previously rewarded direction than rats
in the control groups. This indicates that the learning
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performance of the rats was probably under the
control of reinforcement (but see also Gardner,
1997).

The problem of this approach is that it offers an
overly broad basis for explaining imitation. In
contrast to Heyes (1994), many investigators seem to
believe that processes of social learning are to some
extent different to those of other learning (e.g.
Russon, 1997). Furthermore, since associative learn-
ing is thought to play an important role in most cases
of learning, this argument does not explain the
specificity of imitation. Since a variety of animal
species are able to learn instrumental conditioning
tasks why then is copying limited only to a small
number of species?

Explaining imitation in a cognitive framework
alone has the disadvantage of telling us little about
the actual mechanisms in question. Orangutans
showed a low level of performance when faced
with similar problems as rats (i.e. manipulating
a handle for a food reward, see above), which led
Call & Tomasello (1995) to conclude that copying is
not possible without understanding the goal of the
action, and that non-human primates (and other
animal species as well) lack this ability. However, in
some cases we find evidence of copying when (1)
there is not much to understand (e.g. imitation of
gestures ; see Custance et al., 1995), or (2) under-
standing is not necessary (e.g. imitation of turning
movements of a pin; Whiten et al., 1996; Whiten,
1998b).

Some argue that copying in apes requires
observers to re-represent the demonstrated behav-
iour (Whiten & Ham, 1992; Whiten, 1999a, b). The
complexity of this re-representation depends on the
actual complexity of the action to be imitated
(novelty, delay etc.). As a result, the representation
of the ‘motor plan’ in the demonstrator and the
observer shares similar characteristics. To this
extent, one could say that the observer has ‘read the
mind’ of the demonstrator (Whiten, 1999a). At
present, it is difficult to decide the importance of this
given the different cognitive interpretations of
complex copying of actions in apes. The programme-
level imitation approach (Byrne, 1995; Byrne &
Russon, 1998) asserts that the structural
organization of the act is represented, and the
observer learns to replicate the sequential regularity,
co-ordination of the elements and subroutines, whilst
low-level subgoals might be achieved by individual
trial-and-error learning. Whiten (1999a), however,
favours the view that the copied actions as well as
their sequence should be represented (see also

Whiten & Custance, 1996). The distinction between
these two approaches also relates to the question of
how previous experience and ‘ insight ’ into a given
task affect copying. In complex object- or tool-
related actions, the observer has to decide when
specified subgoals have been achieved. This ap-
proach can be exemplified by the re-analysis of the
experiments of Tomasello et al. (1987) and Nagell et

al. (1993) in Byrne & Russon (1998). In these
experiments, observer chimpanzees could witness a
trained conspecific who was using a rake-like tool to
pull food into the cage. Observers were found more
likely to succeed in getting food than non-observers ;
however, the use of the rake differed substantially
from that of the demonstrator. The original authors
argued that the observer did not imitate but tried to
‘emulate ’ the observed behaviour. By emulation it is
meant that the observer learns ‘ something about the
changes of the world that are possible ’ (Tomasello &
Call, 1997). In Byrne and Russon’s (1998) account,
the observer learnt to use the ‘rake as a tool ’ (see also
Whiten & Ham, 1992). However, the frequency of
raking in non-observing control animals suggests
that the chimpanzees had ideas on what a rake can
be used for (see Fig. 4 in Nagell et al., 1993), and
therefore there was little room for learning about the
actual motor structure of raking (Whiten & Ham,
1992; but see also Russon, 1999).

At present neither the associative nor the cognitive
model in itself offers an acceptable general model for
imitation. Closer observation of the actual process of
imitation learning may provide information on the
precise aspect a theory of imitation should explain.

(2) The role of reward

Rewards can influence the behaviour of the observer
in at least three different ways: (1) in many cases it
is necessary for the demonstrator to obtain a reward
for copying to occur; (2) the presence of a reward
during demonstration may distract the observer ; (3)
a reward obtained by the observer during exposure
to the demonstrator’s actions may reinforce a
different behaviour from that performed by the
demonstrator: i.e. scrounging might be learned.

(1) One feature of many learning tasks to be
copied is that demonstration is accompanied by
reward (food): observers see the demonstrator
rewarded for successful performance. Chimpanzees
were able to copy arbitrary actions if they had been
trained to do so (‘do as I do! ’-method; Hayes &
Hayes, 1952; Custance et al., 1995). Although the
results should be treated with caution (see above)
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there was a strong component of copying. However,
Custance et al. (1995) remarks that the withdrawal
of food reward greatly inhibited the display of copied
actions.

Pigeons (Columba livia) learned by observation to
open a box containing food that was covered by
paper (Palameta & Lefebvre, 1985). However, the
most important aspect of this experiment was that
copying only occurred if the demonstrator found
food in the box. For similar observations in Japanese
quails see also Akins & Zentall (1996). Similarly,
Heyes et al. (1993) observation that rats withhold an
already acquired action (joystick pressing), if they
are exposed to unrewarded attempts of the dem-
onstrator, shows that observed absence of reward
leads to extinction.

Observers face even more serious difficulties if they
have to copy sequential actions (e.g. in the artificial-
fruit processing task; Whiten et al., 1996). To be
successful the observer must attend to the action
sequence from the beginning since the observation of
only the final act does not guarantee the reward (see
also Fritz & Kortschal, 1999). This process is the
opposite of the conventional operant conditioning
procedure where a sequence of acts is trained in
backward fashion, contradicting the predictions of
the associative theory.

(2) Recently, Whiten (1998b) noted that the
presence of the visible reward in the ‘artificial food’
box also interfered with the performance of the
observers. Similarly, in the tool-using task of
Tomasello et al. (1987) the chimpanzees were
probably distracted by seeing the food directly and
they paid much less attention to the demonstrated
tool-using behaviour (raking, see above for a
description of this experiment). Their behaviour,
described as emulation, might also be viewed as a
struggle to get the food as soon as possible ! In a
study by Boysen & Berntson (1995), ‘counting’
chimpanzees (who were able to comprehend
numbers, see also Boysen & Berntson, 1989) were
presented in turn with two different amounts of
candy. If they chose the smaller amount then this
was given to a companion and the chooser received
the larger amount of candy. Neither chimpanzee
could learn this task (they always chose the larger
amount and as a consequence the smaller number of
candies was gained); their performance increased if
the candies were replaced with arabic numerals.
Here again, the immediacy of the presence of the
reward strongly interfered with the cognitive
mechanisms needed for successful performance of the
task.

(3) It is often assumed that scrounging has an
inhibiting effect on social learning. For example,
Giraldeau & Lefebvre (1987) demonstrated that
scrounging inhibits transmission of social behaviour
in pigeons. Under natural circumstances in many
cases observers are able to snatch food from
producers (as in the case of the nut-cracking
chimpanzees where infants could easily gain pieces of
food by taking them from others instead of struggling
with the cracking itself). In the associative account,
these conditions should not favour efficient social
learning (see also Heyes, 1993). One might suppose
that even if we assume that animals such as gorillas
or chimpanzees learn by some kind of imitation in
the wild, the observed lengthy learning period (2–4
years) is needed for the observer to become
‘detached’ from the direct influence of the reward.
However, this might not be always the case since
observer ravens (Corvus corax) learned to open a food
box by observation despite having many oppor-
tunities to scrounge (Fritz & Kortschal, 1999).

In many cases, it is therefore highly probable that
as a result of both distraction and scrounging
observers will change their strategy to trial-and-
error learning leaving little room for copying details
of the demonstrated action. These conditions seem to
imply that observers will show individually distinct
motor patterns that differ from those of the model.

Tomasello, Savage-Rumbaugh & Kruger (1993b)
found that enculturated chimpanzees could copy
arbitrary actions on tools where no obvious reward
was present. They concluded that this success can be
explained by the fact that chimpanzees reared in
human social environments are more likely to receive
social reward for imitative actions. These arguments
also have a long history in human psychology, and,
for example, Gewirtz (1969) argued for an operant
conditioning account of imitation based on social
reinforcement. Interestingly, a parrot (Psittacus

erithacus) was found to copy and reproduce in
isolation a number of arbitrary human motor
actions, and at present it is not clear what a form of
social reinforcement, if any, was at work (Moore,
1992).

(3) The effect of the demonstrator

Most experiments on imitation have focused on the
behaviour of the observers and the role of the
demonstrators has often been neglected. This ap-
proach shows the strong influence of the traditional
associative learning theory which assumes that the
sight of the reinforced demonstrator provides the
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situation necessary for copying to occur. Two major
points require further consideration: (1) the physical
separation of observers and demonstrators ; (2) the
social relationship between observers and demon-
strators.

(1) Most if not all experiments have been
arranged in such a way that the demonstrator is
physically separated from the observer (only experi-
ments on humans are exceptions). This experimental
design allows the experimenter to control the
learning process and reduce the effect of stimulus
enhancement (for related arguments see also Galef,
1988; Whiten & Ham, 1992). Apparently, demon-
strators were separated from observers throughout
the duration of the experiments with rats of Heyes et

al. (1993), and the same was probably true for the
quails studied by Akins & Zentall (1996). However,
this situation is unusual in nature! In group-living
animals, members are not only in continuous visual
contact but they are also in physical contact. A food
item found by one member of a group might attract
others and the discoverer will make efforts to try to
escape with the food or to conceal its discovery. In a
laboratory experiment, rats were taught to dive for
food underwater. Naive members of the group tried
to seize the food from the divers instead of learning
to dive (Galef, 1985). Dominant chimpanzees do not
allow juveniles to use their hammer (Inoue-
Nakamura & Matsuzawa, 1997). Chalmeau & Gallo
(1993) confronted a group of chimpanzees with an
operant task where the manipulation of a handle
resulted in food reward. Some members of the group
learned how to operate the handle and gained the
food reward. However, the dominant animal who
obtained most of the food items never produced an
operant response ! These and other examples show
that it does not always pay to copy the behaviour of
group mates if there are other ways to obtain the
food. The tendency of group members to get food
directly from others (it might be viewed as a form of
scrounging, see above) has a strong inhibitory effect
on any copying to be realized. If we want to show the
real effect of imitation in groups of animals we have
to find ways of observing this phenomenon in
interacting members of the group. Behavioural
ecologists would never agree that animals confined
to adjacent cages provide a good model of a social
group.

(2) From many reports of laboratory experiments
it is not clear whether the observers and demon-
strators had any previous contact with each other,
whether they came from the same or a different
social group, how they were related etc. Observations

on home-reared chimpanzees and other animals
seem to contradict the simple assumption that the
relationship between model and observer can be
neglected. Recently, Russon & Galdikas (1995)
argued that not all demonstrators are similarly
effective in eliciting copying from observers, and that
the familiarity between observers and demonstrators
has an enhancing effect. Closer contact between
demonstrators and observers makes observation not
only easier but the observer is also more familiar
with the general motor patterns of the model and
this can help him to recognize significant changes in
the model’s behaviour. This process could be
especially important if observer animals copy the
behaviour of humans, as in the case of the studies by
Tomasello et al. (1993b) or Custance et al. (1995)
where chimpanzees had to reproduce human
gestures and actions.

(4) Attention and memory

The enabling effect of attention and memory has not
been addressed by students of imitation in animals.
This lack of interest relates perhaps to the earlier
general view (based on experience with humans)
that observers should be able to reproduce an action
after a short exposure to the model’s action.
However, it is clear that imitation is rarely a case of
‘one-trial ’ learning. There is a relatively high
‘computational ’ demand on the part of the observer
during the demonstration. First, it has to watch the
conspecific for a sufficient duration to perceive the
act to be copied. The amount of the attention
necessary depends partially on the relative novelty of
the act. Behaviours that are already in the observer’s
repertoire might be recognized in shorter time than
novel ones. The attention span of a given species
might constrain the amount of information that it
can learn at once.

Second, the observer has to have a relatively large
short-term memory capacity for storing the observed
behaviour. This is even more important when the
observer has to store sequences of motor acts. In this
case, it is not enough to remember the last act before
the appearance of the ‘reward’. Observers have to
recall antecedent actions as well, and they cannot
know beforehand when the relevant actions begin.
This leads to the prediction that more complex
demonstrations need more presentations ; it is not
surprising that chimpanzees exposed to a sequence of
actions by Whiten (1998b) did not copy the sequence
at the first instance. Similarly, it can be argued that
‘emulative ’ actions in chimpanzees (e.g. Tomasello
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et al., 1987) occur as a result of insufficient exposure
to the model’s behaviour; observers simply do not
remember the particular details of the task at hand.

Both limited attentional and memory capacity
can be counterbalanced by increasing the number of
performances by the demonstrator. However, this
creates two further problems. First, it is difficult to
ensure that the demonstrator always performs the
act which is to be copied in a similar manner. This
variability presents a new difficulty for the observer
since it has to recognize similarity among dem-
onstrated actions. Secondly, extended periods of
demonstrations are likely to give the observer the
opportunity to act out the behaviour himself, and
various other learning processes (e.g. trial-and-error
learning) start to operate.

Some have argued that ‘ true’ imitation can only
be inferred if individuals are able to perform the
copy in the absence of the demonstrator and after a
considerable time has elapsed since the last pres-
entation (‘deferred imitation’) (Piaget, 1962). For
imitation to fulfil its social utility function observers
should be able to imitate long after the dem-
onstration (Meltzoff, 1988 c). This view implies that
imitation can only be acknowledged if the observer
is able to enact the copy from memory. A few
experiments have aimed at investigating the effect of
delay on imitation. For example, Tomasello et al.
(1993b) found that enculturated chimpanzees could
reproduce the copy after 24 h, and Meltzoff
(1988b, c) showed that 9-month-old human infants
duplicate acts after 24 h, but 14-month-olds can
perform a copy of motor acts after a delay of 1 week.

(5) Categorization and generalization

The generalization of learnt information is an
important ability since under natural conditions
animals face a relatively variable environment. With
regard to imitation we should seek to determine the
extent to which animals might use information
learnt by copying in a different context from that
observed. Observers have to display two different
kinds of abilities with regard to copying. They have
to be able to recognize and categorize the actions of
the demonstrator. For example, when modelling nut
cracking chimpanzees might use different tools, at
different places, and the executed motor patterns
might differ because of the particular characteristics
of the hammer or nut at hand. When performing a
previously observed act, however, the former ob-
server has to show an ability to generalize because
the conditions during the re-enactment will probably

differ from those present during observation. It is not
always a good strategy to copy the fine details of the
motor patterns displayed by the demonstrator (see
also Russon, 1999). There are no relevant data from
animals but 14-month-old human infants are able to
generalize imitative behaviour to different contexts
or objects (Barnat et al., 1996).

(6) Motor and neural aspects

Recently, investigators argued that at the neural
level imitation is a ‘demanding variety of visual-
tactile cross-modal performance’ (Heyes, 1993), or is
based on kinesthic-visual matching (Mitchell, 1994).
To account for early infant imitation Meltzoff &
Moore (1994) introduced the active intermodal
mapping hypothesis that proposes that the move-
ments of infants provide proprioceptive information
that is compared to the visual target.

The significance of cross-modal association in
animals is a seriously under-researched field. In a
relatively recent and exhaustive review, Ettlinger &
Wilson (1990) came to the conclusions that (1) cross-
modal performance (CMP) does not depend on
special neural processes, and different senses can
directly access each other from their sensory-specific
systems; (2) CMP is a specialization of within-modal
performance, and that new brain structures are
required to support it. Monkeys, apes and humans
share similar abilities to perform CMP tasks, and
under appropriate circumstances all show relatively
high levels of performance. Rats also demonstrated
reliable learning in cross-modal (visual–audio)
transfer tests (e.g. Church & Meck, 1983). The most
important and yet unanswered question is, how the
sensory codes of the two modalities achieve iso-
morphism (see Ettlinger & Wilson, 1990). Since
there are many unknown aspects of CMP, at present
this model offers only limited help in understanding
the neural mechanism of imitation.

With regard to copying there is another neural
mechanism that could play an important role in the
reproduction of the observed behaviour. Perrett et al.
(1992) found neurons in the temporal cortex of
macaque species that are view selective in their
response to hand movement. They also observed
that there is a population of neurons in the superior
temporal sulcus that seems to be selectively re-
sponsive to the body positions of an observed person.
It is argued that one function of these cells is to
determine to what the attention of the observer
individual is directed. However, the neural rep-
resentation of this visual information might be
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accessible for other neural systems. In the premotor
area of pigtail macaque (Macaca nemestrina),
Pellegrino et al. (1992) described neurons that were
responsive to both the grasping act of the monkey
itself and the similar movements of an observed
person or conspecific. This provides a clear example
of how visually perceived, topographically different
movements are mapped onto the same neuron. Such
neurons allow a difference of hand posture to be
detected, and play then a key role in coping. Given
the possibility that there are other neurons with
similar representational ability, one might think of
possible structures that might play an important role
in executing observed actions. For example, if other
species-specific behaviours are mapped similarly in
the brain then this would explain why in some
species the production of an action after observation
can be brought under control of reinforcement. This
mechanism could also help in the rapid recognition
of the basic actions of others allowing more attention
to be devoted to learning about the specific features
of the motor act.

It can be assumed that similar neural structures
exist in other species that do not copy actions of
conspecifics, and although some devoted neural
structures might indeed be necessary for a species to
copy the behaviour of other conspecifics their mere
presence does not guarantee the emergence of
imitative abilities (see also Miklo! si, 1999).

(7) Genetic predisposition

The question of interest is why the observation of a
conspecific’s action should release a similar response
in the observer. Most asocial learning processes are
driven by some form of stimulus-reinforcement
contingencies that affect the individual ‘ learner’
directly. A feature of copying is that observers do not
seem to need such a direct input or, even when
rewarded for an alternative behaviour (see for
example Whiten, 1998b), they prefer to perform the
demonstrated action. Therefore, in contrast to the
general learning approach, one might assume that
some species are genetically predisposed to copy the
behaviour of conspecifics in a similar manner to
some bird species that are predisposed to learn about
their companions soon after hatching (imprinting).
Since, in many cases, the first reproductions of the
demonstrator’s actions might not achieve the desired
results, a genetic predisposition could play an
important role in maintaining the copying activities
in the observer.

This view has not received particular attention in

spite of the fact that humans seem to operate in this
manner. Even one-day-old infants show evidence of
copying the facial gestures of others (e.g. Meltzoff &
Moore, 1977; see also Myowa, 1996, for facial
imitation in a chimpanzee), and a number of studies
suggest that infants are very good at copying acts of
others, and that they copy functional and arbitrary
actions even in the absence of an extrinsic reward
(Meltzoff, 1988d). There is also documentary evi-
dence from abandoned children who grew up
together with animals (e.g. dogs) showing that these
infants copied a number of behavioural acts (eating
by licking, ‘walking on four feet ’ etc.) from their
companions (Gesell, 1942). A recent unfortunate
case in Hungary provides such an example. A child
abandoned for most of the time by its parents spent
most of his time with their dog. After being rescued
it was found that at first he licked soup from plates,
used sounds similar to those of the dog and preferred
to walk on all fours (reported on Hungarian
television: Night News at 10 o’clock, 8.10.1995). It
should be also pointed out with reference to the
social-conditioning hypothesis, that these children
received little if any ‘social reward’ for their
imitative behaviour. It is also known that the lack of
appropriate models seriously retards the develop-
ment of social as well as cognitive skills in humans
(Lane, 1976). In contrast to humans, cross-fostering
experiments to a limited extent are possible in
animals, but apart from some anecdotal reports it is
not known whether the cross-fostered young of any
species are able to copy species-typical motor
patterns of the foster parent which are not naturally
present in the behavioural repertoire of the offspring.

Recently, Meltzoff (1996) argued that humans
are the only species where there is no need for any
enculturalization or other reinforcement for imi-
tation to develop. In his view, humans are genetically
predisposed to imitate others, and this predisposition
allows us to become an imitative generalist (Homo

imitans : Meltzoff, 1988d).

(8) The social process of imitation

In most cases, the role of the demonstrator is mainly
a passive one. Both under natural conditions and in
laboratory experiments demonstrators do what they
are supposed to do and pay little attention to
whether others are watching or not. In this sense,
imitation is based on eavesdropping, the observers’
success in copying depends on their ability to
observe. Reporting on nut-cracking behaviour of
chimpanzees, Inoue-Nakamura & Matsuzawa
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(1997) noted that there was neither social reinforce-
ment nor any feedback from the mother to the nut-
cracking attempts of the infants, and many hundreds
of hours of observation of nut cracking revealed only
two instances of active teaching in this species
(Boesch, 1991).

It is only in humans where from being a uni-
directional process, imitation becomes truly inter-
active. In humans, the model has the ability to
recognize the fact that he or she is being copied
(Meltzoff, 1990). This means that the demonstrator
can also influence the effectiveness of the copying act
by performing the act slowly or repeatedly etc. Since
infants as young as 14 months old are able to
recognize if they are being copied, in humans the
ability to imitate and the recognition of being
imitated seems to develop in parallel.

VI. DEVELOPMENT

(1) Relationship between age and copying

One of the most surprising facts about research on
imitation in animals is the partial ignorance of the
developmental aspects of this phenomenon. In most
laboratory experiments, an adult animal observes an
adult conspecific and for many investigators this
seems to represent the best condition for studying
imitation. It is often assumed that most tasks of
copying require considerable computational abilities
on the part of the observer. These abilities develop
with age therefore older}adult animals are more
likely to be able to copy the behaviour observed.
However, it could be argued that older animals are
likely to be more resistant to changing their
behaviour as a result of observation, and younger
animals might benefit more from copying since this
could give them an opportunity to enhance their
motor repertoire. Field observations of social learn-
ing have revealed that young animals are more likely
to incorporate new actions into their behavioural
repertoire as, for example in the case of potato
washing in the Japanese monkey (Macaca fuscata)
(Kawai, 1965) or pine cone opening in black rats
(Terkel, 1995). Similarly, in chimpanzees both
complex forms of food processing and tool-use
behaviour emerge by the end of infancy or during
the juvenile ages (Inoue-Nakamura & Matsuzawa,
1997; Goodall, 1986).

The close contact between young offspring and
the mother (or other group member), and the
common long-term interest might create ideal con-

ditions for social learning in a number of species,
including the copying of behavioural acts. Fur-
thermore, infants usually have a protected status in
their early development, adults tolerate their pres-
ence and closeness, and are less aggressive towards
them. For example, infant chimpanzees were
observed to get easier access to tools of the adults
than juveniles (Inoue-Nakamura & Matsuzawa,
1997). This suggests that in theory infants have
better opportunities to observe the behaviour of
adults.

In contrast to the associative learning theory of
imitation, the cognitive account of imitation asserts
that the observer has to reach a certain level of
cognitive processing to perform an imitative act. For
example, Custance et al. (1995) argued that they
used chimpanzees older than 4 years of age because
‘ they were old enough to be cognitively capable ’ of
copying the demonstrated gesture. Whiten et al.
(1996) found that 4–5-year-old chimpanzees copied
a component of a demonstrated action whilst in a
recent study older, 10–26-years-old (and more
‘enculturated’) chimpanzees were able to copy the
sequence of the observed action. However, one study
(with one subject) indicates that five-week-old
chimpanzees might be able to copy facial gestures of
humans which is comparable to abilities of human
babies (Myowa, 1996).

The general belief that under special circum-
stances older animals might copy more complex
actions than younger ones is mirrored in the
description of copying activities of rehabilitant
orangutans in the field (Russon & Galdikas, 1995).
However, they also reported instances where
younger orangutans duplicated actions even if they
‘did not achieve the results modeled’. Moreover,
younger infants (n¯ 4) were observed to copy 102
simple acts of their mother’s behaviour. In another
study (Hayes & Hayes, 1952), the chimpanzee, Viki,
aged two years was observed to copy acts, e.g. she
was observed putting on lipstick in a similar manner
to humans (Hayes & Hayes, 1952, p. 451). It is
highly possible that apes younger than four years old
might be able to copy simple or less complex actions.
It might also be the case that young apes are more
selective and sensitive to both their relationship with
the demonstrator (e.g. they only copy the behaviour
of the mother etc.) and the particular social situation.

More data are available on the development of
imitative abilities in humans. Object-related imi-
tation emerges as early as nine months after birth
when the representational abilities of the infants are
believed to be limited (Meltzoff, 1988a). Older
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infants and children show more complex forms of
imitation. In a developmental study, Abravanel &
Gingold (1985) showed that 18-month-olds were
able to imitate serial and sequential coordinations in
contrast to 12-month-old children (see also Parker &
Milbrath, 1995). Many studies seem to demonstrate
that children are not very selective in their imitative
response. In appropriate experimental (play)
situations, most children imitated behaviour that
was demonstrated by strangers. This decreased
selectivity might be an important difference between
ape and human imitation.

In a series of experiments, Eckerman & Didow
(1989) and Eckerman & Stein (1990) observed the
emergence of spontaneous imitation in play during
development. At the age of 2–3 years the role of
imitation in play becomes dominant, and they
argued that imitation is a means to induce co-
ordinated actions before the full-fledged use of
language (see Eckerman, 1993 for a review). Fur-
thermore, imitation is thought to have a facilitatory
effect on the development of language skills for
organizing joint actions. However, later in devel-
opment (at the end of the third year) the frequency
of imitation decreases, probably in parallel with the
consolidation of language ability in children. In-
formal observation in humans also show that
spontaneous imitation remains at low level after
childhood but that humans retain their ability to
imitate throughout their life.

(2) Imitation and play

Given the functional aspects discussed above in mind
most studies have focused on the goal-oriented
aspects of copying and seemingly ‘non-functional ’
imitative actions remained a mystery. In the litera-
ture on imitation, however, there is a line of
argument that suggests a possible close relationship
between play and imitation in some species. In
contrast to imitation, most students of behaviour
agree (at least in the case of birds and mammals)
when they observe animals playing. Both phenom-
ena, however, suffer from the lack of an
acknowledged definition and functional explanation
(Bekoff, 1976; Fagen, 1981; Martin & Caro, 1985).

It is, however, worthwhile listing some features of
play that might help to understand why in some
cases imitation can be a part of playing. On a
structural level in play behavioural acts can be
similar but not identical to those performed by the
adult, their sequence can vary, and behaviour acts

with different functional roles can be combined
(Bekoff & Byers, 1981; Fagen, 1981). There is also no
consummatory phase in play activity (Fagen, 1981).

It is perhaps not accidental that many experiments
on ape or human imitation have been performed in
a play context. Tomasello et al. (1993b) report that
their experiment took place in a free play situation;
Whiten et al. (1996) note that children seem to
imitate the non-functional part of the model’s action,
probably because they perceive the situation as play.
In contrast, while orangutans had to work for food,
children were presented with a game version of the
same task, and Call & Tomasello (1995) found that
the children but not the orangutans were able to
copy the demonstrated actions. Given the copying
abilities of rehabilitant orangutans (Russon &
Galdikas, 1993), these species-specific differences
can also be explained by the different experimental
conditions under which humans and orangutans
were tested.

Of the many possible functions proposed for play,
its function in explorative learning and as a means of
learning about the intentions of others will be
considered. The similarity of both hypotheses is that
the animal has to perform certain acts in order to
learn either about the physical environment
(‘knowing through action’ ; Werner, 1948) or about
oneself and other companions by interacting with
them (Parker & Milbrath, 1995; Bekoff & Allen,
1998). It is assumed that young animals and human
infants learn about objects by acting on them in the
context of object-play. For example, Schiller (1952)
found that if chimpanzees had the opportunity to
play with sticks then later they were able to use a
stick in a more efficient way as a tool for pulling in
food. In exploratory play, 9–16-month-old infants
transferred knowledge gained through prior ex-
perience with one toy to interaction with another toy
(Baldwin, Markman & Melartin, 1993). It is also
interesting to note that although Tomasello et al.
(1987) used a broad definition of tool play in their
experiments, subjects that showed more play with
the tool appeared to be more successful in getting a
reward, moreover there was a tendency towards an
inverse relationship between play behaviour and
success, since tool-related play appeared to decrease
as subjects became more skilled in obtaining the
food.

In humans, it is clear that children can imitate
actions demonstrated on a toy, and that they are
able to transfer this information to a similar object
(Meltzoff, 1988 c ; Barnat et al., 1996). Similarly,
observing chimpanzees’ copying abilities in the
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context of play, Tomasello et al. (1993b) also found
that the apes copied simple actions demonstrated
with objects.

Bekoff & Allen (1998) proposed that interactions
between conspecifics during play might promote
learning about the intentions of others. They suppose
that, for example, in the social play of dogs
participants come about to know that the partner
wants to play by knowing what they feel when they
elicit play in the other. Meltzoff & Moore (1994,
p. 83) argue that ‘ imitation is to understanding
people as physical manipulation is to understand
things ’. The context of play provides an advan-
tageous opportunity for this type of imitation to take
place.

The concept of exploratory play for copying
activities in some species has the following important
features (Miklo! si, 1998). (1) The context of play
affords a special ‘ state of mind’ for imitative
behaviours to emerge. Animals are playing if they
are ‘relaxed’ and free from any immediate needs
(e.g. hunger) or threats (Martin & Caro, 1985). This
is highlighted by the observation that the presence of
any extrinsic reward (e.g. food) inhibits play
(animals usually stop playing when given the
opportunity to eat) and the subjects will try
persistently to get the food (see also Schiller, 1952).
In a series of experiments, Harlow, Harlow & Meyer
(1950) and Harlow (1951) clearly showed how
manipulative play in rhesus monkeys (Macaca

mulatta) can be inhibited by the introduction of food.
Monkeys were presented with complex mechanical
puzzles that they learnt to solve after several
attempts. Subsequently, monkeys (n¯ 3) made only
four errors during the tests where there was no food
present but the same animals made, on average, 15
errors if the puzzle contained hidden raisins.

(2) Liberation from reinforcement contingencies
widens opportunities for copying to occur. Under
these conditions observers may try to copy actions
that they did not observe in full or do not fully
understand. This can result in incomplete repro-
ductions of the demonstrated motor pattern and}or
the sequence of the actions. Yando et al. (1978,
p. 163) suggest that ‘children probably imitate most
when they are confronted with a problem that is just
beyond the cutting edge of their abilities ’. In-
dependent evidence of language imitation also
suggests that children prefer to imitate linguistic
items that they only partly understand (e.g. Clark,
1977).

(3) In play, the result of the action actually
copied is of limited importance, e.g. whether any

‘reward’ can be gained or whether any new action
has been learnt. In play, observers have the
opportunity to execute perceived motor acts in
different forms or combinations, and observe their
effect on the environment and themselves. One
could assume that during play copying animals do
not strive to produce an exact copy of the dem-
onstrated action (and}or sequence). During play,
the general mental experience gained through
copying is what is important and not the effect of a
particular copy on subsequent behaviour.

For example, consider the studies of Russon &
Galdikas (1993, 1995) who described behavioural
acts of rehabilitant orangutans that showed strong
resemblances to actions performed by human care-
takers. Orangutans copied various human activities
such as making fire, sharpening an axe blade,
hammering nails into wood, sawing etc. (see also
Russon, 1999). More than 65% of the acts copied
were also described as non-functional, and their
description closely resembles the picture that was
presented by Ko$ hler (1926; and see also introductory
quotation). Probably the simplest explanation for
the occurrence of most of these behaviours is that the
orangutans or chimpanzees were playing and that
in the course of the play they incorporated several
actions or combinations of actions that they had
observed in humans. From the original description
(Russon & Galdikas, 1993) it is also clear that, for
example, orangutans trying to reproduce fire-
making behaviour of the carers were facing a difficult
task, because humans apparently used different acts
and their combinations for making fire. Since
orangutans do not know about the physics of fire
making it is difficult to judge whether the dis-
crepancy between their fire making attempts and
those of the humans was the result of limited capacity
for copying because of the variability in the
demonstrated behaviour, or the lack of the ability to
reproduce long sequences of behaviour actions (for
other interpretations see also Byrne & Russon, 1998;
Whiten, 1999b). If we accept that these apes were
playing then one can also explain the difficulties of
Russon & Galdikas (1995) in their effort to replicate
these observations. For example, one orangutan was
observed hammering nails etc. for a short period of
time. On a second occasion one of the authors failed
to elicit this behaviour by presenting the same tools
again. One possible reason for this is that the
orangutan lost its interest in these objects after
extensive use and experience of them. This phenom-
enon can also be observed in human children when
the solution of a problem in the play context
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decreases the attractiveness of a toy or game later.
The repeated presentation of a toy does not
guarantee that play will follow, and perhaps it is
more difficult to elicit play in orangutans. Con-
sidering the explorative function of copying during
play, it is not difficult to see why many attempts have
failed to find evidence for ‘ true’ imitation in the
laboratory.

In play, however, the important thing is the play
itself. It can be said that in such circumstances the
animals duplicate actions ‘ for the mere sake of
imitating’ (G. J. Romanes, cited in Whiten & Ham,
1992). Regarding the ‘knowing through action’
hypothesis one might suppose that orangutans were
interested in either what ‘ it feels like ’ to make fire or
hammer a nail (intentional function of play) and}or
to learn about the affordances of the object they
came into contact with (for related interpretations
see also Russon & Galdikas, 1995). Having gained
this experience the particular task}object}situation}
action loses its initiative power.

VII. EVOLUTION

There are three important evolutionary issues that
should be answered separately in future studies.
First, the origin of the superior imitative abilities of
humans should be explained. The copying activities
of enculturated chimpanzees and other apes living in
close contact with humans might reveal that human-
like imitation evolved early in primate evolution
(Tomasello et al., 1993b ; Russon & Galdikas, 1993,
1995; Whiten, 1998b). Whiten & Ham (1992)
present a working hypothesis that assumes that
copying activities of apes result in qualitatively
different representations compared to those of other
mammalian or avian species. Whiten & Byrne (1988,
1997) have argued that since these apes show some
forms of ‘mindreading’ abilities, imitation is a
behaviour strategy used to build ‘metarepre-
sentations ’ of others’ actions (see also Whiten,
1998b).

With regard to the evolutionary origins of social
abilities the argument of exaptation may be relevant.
Gould & Vbra (1982) suggested that certain abilities
may appear earlier in evolution, well before they
present any adaptive advantage for the species. For
example, they argue that the feathers of birds can be
viewed as an exaptation for flight. Based on
paleontological evidence, feathers appeared earlier
than the enhanced flying ability in birds. This means
that although feathers did not evolve for flight, later

in evolution they became a useful means for
enhancing the flight abilities of birds. In similar
fashion it might be argued that some socio-cognitive
abilities, such as some forms of imitation, evolved
before they could have contributed fully to the
social life of the species. Therefore, imitation in
primates might be a form of both object-related and
social exploration that only in humans became
integrated into the process of cultural transmission
along with the ability to teach. Interestingly, the
same argument can be put forward with regard to
play (see also Martin & Caro, 1985). Play behaviour
might originally have evolved for a very different
reason to the role that it plays now in the social life
of primates. For example, as a result of new selection
pressures the cognitive capacities of some species
may have altered, and some forms of social learning,
including imitation, became incorporated into play
behaviour that in turn changed also the function of
play.

The present analysis has shown that there are also
fundamental differences between copying in apes
and humans (level of complexity, difference in age,
selectivity of the model etc.). We should not forget
that in humans the ability to imitate and the
recognition of being imitated are both present, and
that these processes seem to complement each other.
If there was perfect imitation, then there would be
no need for teaching. The recently established strong
functional connection between imitation and teach-
ing in humans underlines the possibility of genetic
changes in these behaviour systems during the course
of evolution (Tomasello et al., 1993a).

However, it should be kept in mind that to some
extent imitative actions of apes and humans show
many similarities if they are displayed during play,
and it is worth considering that the homology of
primate imitation can be studied best by the
comparative observation of imitative play in these
species.

The second main question should focus on the
convergent and homologue aspects of imitation, i.e.
how the imitative activities of divergent species
could be related to each other in evolutionary terms.
Moore (1992) concludes that avian imitation is not
homologous with copying in mammals. Both
differences in the copying process itself and the lack
of copying behaviours in living reptiles (descendants
of the common ancestors of birds and mammals)
suggest that copying in birds and mammals evolved
independently. Until now only a few bird species
(quails, pigeons, ravens(?), parrots) have shown any
evidence of copying at different levels of complexity,
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presenting too narrow a picture for further con-
templation of the evolution of imitative behaviours
within the order of birds.

Since some recent evidence suggests that dolphins
might also show evidence of copying (Tayler &
Saayman, 1973; Bauer & Johnston, 1994), there is a
possibility that visuo-motor imitative abilities
evolved at least twice independently within the
mammalian order. In a recent summary, Tomasello
& Call (1997) found no evidence of copying in
monkeys, and maintain that only enculturated apes
(animals raised in human environments) and
humans display abilities for copy. Challenging this
view, other investigators (e.g. Whiten et al., 1996;
Byrne & Russon, 1998) have argued that imitative
abilities manifested earlier in primate evolution since
they are present in all ape species. Tomasello & Call
(1996) also note that the effect of enculturation is not
clear and should be addressed experimentally.
However, it would be strange if imitative abilities of
apes could only emerge in a human environment
without having played a role earlier in evolution of
the Pongidae. It might be that the exaptive feature
of imitation restricts this ability to manifest only in
particular conditions, and until now most laboratory
investigations have failed to create the appropriate
experimental circumstances. The neglect of func-
tional issues of imitation may also have led to the
confused situation we are facing today. For example,
the ability to copy should not be separated from the
evolution of social behaviour in various species. This
ability should be seen as form of interaction between
group members even when the demonstrator appears
to be passive in most cases.

Third, the question of the role of copying activities
in cultural behaviour should be addressed. By
clarifying the problems mentioned in the foregoing
discussion, the function of imitation in cultural
transmission can also be assessed. It is almost certain
that imitation plays some part in cultural trans-
mission (but see Heyes, 1993 for an argument to the
contrary). Recently, Boesch (1996) argued that
imitation, together with other forms of social
learning, might form the basis of culture by a process
of canalization. Given the complexity and sensitivity
of copying activities it is highly probable that just by
observation of animals in the wild the role of
imitation in cultural transmission can never be
determined.

VIII. CONCLUSIONS

(1) The ethological concept in the study of
imitation

In a review of the available literature, copying
activities of animals (including humans) were
categorized based on four possible functions of
imitation, and eight important aspects relating to
the mechanisms involved were also discussed in some
detail. It is recommended that to develop a fruitful
research programme for the future, issues of function,
mechanism and development should be handled in
an integrated fashion.

It is still an open question whether the different
functions of imitation (food processing, tool use,
communication, exploration, skill learning) are
based on the same or similar mechanisms across
different species but our present understanding of
the bewildering array of imitative behaviours
supports the possibility that different functions of
copying to some extent invoke different behavioural
mechanisms. As for other features of behaviour,
which have a strong genetic component, copying
ability might also be under selection pressures which
might favour or oppose its presence. The seemingly
independent emergence of imitative behaviours in
taxonomically unrelated animal groups might also
point to the involvement of divergent mechanisms.

There is both experimental and observational
evidence that the copying of a companion’s be-
haviour plays a part in the learning process of food
processing. In this case, a role of the external
reinforcement gained by the demonstrator is also
inevitable, since this assures that observers learn
behaviour acts that are successful. A predisposition
for this type of social learning also might be
necessary. Many species-specific feeding behaviours
might be coded genetically in a form of neural
representation, and the demonstrator’s actions in-
duce similar or the same actions in the observer. The
strong dependence on reinforcement also offers the
possibility of investigating associative aspects of
copying, and the role of trial-and-error learning in
the learning of food processing. Under natural
conditions animals learn food-processing techniques
when young and in many species older animals are
more resistant to learning from others by obser-
vation; the development of these abilities is an
important issue. Offspring with a less developed
nervous system might be more willing to copy
slavishly than older animals, but they might be also
more sensitive to their relationship to the model.
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Tool use presents, in most cases, an inherently
more complex task since animals need not only to
realize the relationship between parts among their
body and some external goal but they also need to
take into account a threefold relationship of their
body, the goal and the tool. The many unsuccessful
attempts required to learn such a task will limit the
role of reinforcement, making the role of genetic
predisposition in maintaining copying activity very
important. Tool-using species usually exhibit strong
preferences for objects matching those that become
their tools later. This preference for particular objects
in itself only enables trial-and-error learning and
does not explain copying by observation. Copying of
the companion’s behaviour in tool-use situations
with the possibility of reward has not been supported
experimentally until now. However, in certain
circumstances, e.g. during play, animals have been
observed to copy difficult object related actions. The
copying of tool-use behaviour requires enhanced
attention and memory, furthermore observers should
have the ability to generalize from the observed
action to the action performed by themselves.
Similarly to food processing, in tool use, young
observers may be better at copying demonstrated
actions even if they do not ‘understand’ what they
are doing.

In contrast to humans, where imitation has an
important role in the transmission of communicative
signals between generations, in animals such a role
for visuo-motor copying is still debated. Although
the acquisition of a motor pattern serving as a
communicative signal might not present a great
difficulty for the observer, the particular circum-
stances of these types of learning make all the
difference. The observer not only needs to extract
the actual signal to be learnt from the continuous
flow of behaviours but it should also aim to perfect
the signal to perfection (in most cases) without any
positive influence by the demonstrator and with
limited use of trial-and-error learning. Without any
predisposition to reproduce the behaviour of a
companion this kind of copying could never arise. In
other cases, the communicative signal might involve
a new motor pattern that again decreases the chances
of easy reproduction. The ambiguous influence of
reinforcement makes this situation difficult to analyse
with methods originally developed for the analysis of
classical associative learning.

Copying has also been implicated in playing a
general enhancing role in skill learning. The proxi-
mate cause for this function is difficult to prove
experimentally but circumstantial evidence suggests

that some animals copy many more behavioural
actions than they actually incorporate into their
everyday behaviour. Although very little is known
about the nature of this kind of copying, which
occurs mostly in animals that are strongly associated
with humans, it can be assumed that it has an
exploratory function. This form of copying seems to
relate to play activities and depends on the novelty
of the observed behaviour. This might also explain
the rarity of such observations in nature where
frequency of novel behaviours to be copied is
probably much lower. The relationship between
play and imitation has not been investigated but
might present a good opportunity to compare the
similarities and dissimilarities between human and
ape copying. The lack of reinforcement, and the
insignificance of both ‘understanding’ and accuracy
in a play context might offer the best situation for the
nature of the genetic predisposition behind copying
to be revealed.

(2) Critical issues for future investigations

From the foregoing discussion it should be clear to
the reader that attempting to find a simple and
informative definition of imitation is a waste of time.
The phenomenon is too complex to describe with a
short sentence. Based on the previous suggestions of
Byrne & Russon (1998) and Whiten (1998a) the
following levels can be proposed: (1) copying
increases the frequency of an already acquired motor
pattern or changes its orientation in space (‘response
facilitation ’) ; (2) copying modifies the motor pattern
of an already acquired action (‘action-level imi-
tation’) ; (3) copying changes the sequential relation-
ships between actions (‘ sequence imitation’).

These levels represent increasing complexity of the
supposed neural representation of the actions but are
not exclusive, for example an animal might modify a
motor pattern and at the same time re-order the
sequences of its actions. The ability to assign any
copied motor behaviour to one of these categories
will depend crucially on the detailed description and
comparison of the motor patterns. In other words,
the detection of any copying activity rests crucially
on the investigators’ ability and willingness to
compare the behaviour of the demonstrator and the
observer. In future studies on imitation, investigators
should aim to present evidence for distinguishing
between the levels of copying. For example, observers
might reproduce motor acts belonging to the same
behavioural category (e.g. pulling) while not
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copying lower-level motor details of the same action
(e.g. pulling with both hands at the same time).

We have to take seriously the warning of
ethologists that any hypotheses on aspects of animal
behaviour should originate from field observations
(e.g. Lehner, 1996). Interspecific differences
observed under natural conditions might lead to
hypotheses about the role of imitation in social
transmission (Lefebvre, 1995). However, the number
of detailed descriptions of the motor acts used in food
processing and tool use in the wild is still limited.
The assessment of the individual variability of these
motor actions within a group together with the social
relationships among individuals might indicate
whether any form of social learning could be
involved. For example, is the skilfullness or clumsi-
ness of the mother reflected in her offspring’s
behaviour, or are youngsters that spend more time in
the vicinity of their feeding or tool-using mother
better at executing such kinds of behaviour? One
might compare similar behaviour patterns of popu-
lations of the same species and make predictions as to
how these can be maintained over generations (e.g.
Boesch, 1996). In some special cases, researchers
could even perform field experiments. For example,
in the colony for rehabilitation of orangutans one
might deliberately introduce new human activities
(e.g. ‘playing golf ’) that these animals have not
witnessed before. By controlling the number, timing
etc. of these demonstrations researchers could follow
precisely the process of copying.

In the laboratory, three points have to be taken
seriously (see also Bugnyar & Huber, 1997). (1) For
any task presented to the animals, the variation in
the motor actions should be quantified by exposing
control observers to the context of the task in the
absence of a demonstrator (‘non-exposed controls ’ ;
Heyes et al., 1993; see also Boesch, 1996). This type
of observation is not only important in providing a
control for the presence and actions of the dem-
onstrator but also offers the possibility of determining
the level of analysis of the motor pattern. It should
be noted that this procedure does not in itself control
for the effects of social facilitation. For example, an
observer could watch a human experimenter hiding
food behind a door before being given the op-
portunity to retrieve the food itself. The behaviour of
the observers should allow the researcher to estimate
the ‘power’ of trial-and-error learning in the given
species, and also the type of motor pattern that
might emerge during the solution of the task in the
naive animal. If all subjects show a low variation in
their low-level motor pattern during the acquisition

of the task, then there might be little to learn as a
result of the observation of a conspecific. In contrast,
high variation in the motor pattern might indicate
that the observation of a skilled conspecific would
enhance the success of the observer.

(2) The training of the demonstrators is also
important. The behaviour of the demonstrators
should reflect the level of analysis. An exact
description of the motor behaviour of the demon-
strators at the end of the training and during their
role as demonstrator is essential.

(3) After exposure to the demonstrators, the
behaviour of observer animals should be described in
a similar manner. The reason for this can be
understood easily when attempting to explain the
results of a study. For example, if it is shown that
naive animals displayed gross motor activities (e.g.
‘pulling’, ‘pecking’) during trial-and-error learning,
and in the observers the frequency of the relevant
action increases after observation, then the copying
witnessed can be described as ‘response facilitation’.
However, if one shows that the particular motor
pattern is virtually absent in naive animals but is
frequent after observation, then it is more likely that
animals have modified the motor details of their
action and the results can be interpreted as ‘action-
level ’ imitation. Thus, by changing the level of
analysis one might be better able to determine the
particular features that they have learnt as a result
of the exposure.

In my view, future laboratory experiments should
concentrate on the following four aspects of copying.
(1) For any species and task under investigation it
should be clear whether copying is under the control
of reinforcement. It is likely that copying behaviour
with divergent reinforcement or without reinforce-
ment are related to its divergent functions in the
social life of the species. It can be proposed that
species with a strong genetic predisposition to
copying will copy motor behaviour of conspecifics in
the absence of reward. In some species, this might
also be a function of age, i.e. younger animals may
be more likely to copy. The tendency to copy
without reinforcement can be examined by allowing
a subject to learn by trial and error to solve a task,
and then exposing it to an alternative method of task
solving presented by a demonstrator. Observers that
are eager to copy will attempt to incorporate the
demonstrator’s behaviour into their own
behavioural repertoire.

(2) The effect of separation of the demonstrator
from the observer, and of its relationship to the
observer (unfamiliar, familiar or close relative etc.)
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should be given more attention. Experiments could
establish whether copying is more likely to occur in
unseparated animals or whether it is inhibited by the
presence and interaction of other group members
(see also Russon, 1996; Lefebvre & Helder, 1997).
For example, observers could be exposed to two
different demonstrators (one at a time) performing
different behaviours. One could ask whether
observers show a preference for copying the be-
haviour of one or the other demonstrator depending
on their familiarity, relatedness, age etc.

(3) Only a limited number of studies have aimed
at examining the role of memory in animal copying.
At present we do not know how the number of
demonstrations and the delay between observation
and reproduction affects copying. It might be the
case that for more complex motor behaviours even
chimpanzees need an ‘ incubation period’ before
successful reproduction of the observed action (see
Moore, 1992; Whiten, 1998b).

(4) It is unlikely that the conditions of demon-
strations will conform to those present during
reproduction by the observer. Therefore, one should
suppose some ability to generalize on the part of the
observer. Studies are seriously lacking where the
context for demonstration and reproduction is
systematically varied.

The effect of the age of the observer should also be
taken into account by conducting developmental
studies on copying activities. It needs to be examined
whether there is a relationship between the ability to
understand and copy or whether the genetically
driven copying activities of younger animals counter-
balance their lack of understanding. The relationship
between play behaviour and imitation needs to be
reexamined. It seems that in some species animals
are more likely to reproduce observed motor patterns
if they are playing.

Species clearly differ to a large degree in their
species-specific motor movements and in the extent
to which these behaviours can be modified. This
means that there are genetically determined
constraints on an animal regarding the represen-
tation of its and others actions. At this stage it is
difficult to assess whether in relative terms, by
copying others, marmosets or chimpanzees perform
the more difficult computational processes given that
these species also differ in their computational
demands for the ‘everyday’ execution of behaviour.
It might be that for a marmoset it is as difficult to
copy the behaviour of a conspecific as for a
chimpanzee. However, it is another question
whether information gained by imitation will be

accessible to other functional parts of the brain, and
whether re-representations of imitations can be
‘used’ in mindreading. Until these issues are clarified
to some degree, it is difficult to ascertain what types
of representations play a role in imitation.

IX. SUMMARY

In this review, I have attempted to demonstrate
that detailed ethological analysis of imitation is not
only possible but also necessary. The history of
ethological research on animal behaviour has proved
that the search for general mechanisms can be
misguided. Recent evidence suggests that imitation
might be involved in the transmission of food-
processing skills but at present there is little, if any,
widely accepted evidence for its role in the learning
of tool use or visuo-motor communicative signals.
Using the results of observational studies the role of
imitation in play was also considered. In some
species, imitation of other’s behaviour can be a part
of explorative play, however, more experimental
evidence is needed.

Imitation is a complex form of learning and can be
separated only with difficulty from other forms of
social learning. Therefore, it is important that future
studies recognize the significance of describing both
the behaviour of the observer and the demonstrator
in detail at different levels of motor action. By
investigating the mechanisms of imitation it was
shown that there might be an important distinction
as to whether species imitate only in the presence of
extrinsic ‘reinforcement’ or not which could be
connected with a genetic predisposition to imitation
that also has been neglected in studies to date.
Imitative behaviour serving different functions
across species might be based on different
mechanisms. Only an integrated approach to func-
tion and mechanism will eventually lead to the
understanding of imitation.

Imitation in apes is often regarded as homologous
with similar capacities of humans. However, the
interactive nature of imitation (between demon-
strator and observer) in humans has not been found
in other animals, and this ability greatly enhances
the importance of imitation in humans compared to
other forms of social learning.
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