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Abstract Two-action tests of imitation compare groups
that observe topographically different responses to a com-
mon manipulandum. The general aim of the two experi-
ments reported here was to find a demonstrator-consistent
responding effect in a procedure that could be elaborated
to investigate aspects of what was learned about the
demonstrated lever response. Experiment 1 was a pilot
study with rats of a variant of the two-action method of in-
vestigating social learning about observed responses.
Groups of observer rats (Rattus norvegicus) saw a demon-
strator push a lever up or down for a food reward. When
these observers were subsequently given access to the
lever and rewarded for responses in both directions, their
directional preferences were compared with two ‘screen
control’ groups that were unable to see their demonstra-
tors’ behaviour. Demonstrator-consistent responding was
found to be restricted to observers that were able to see
demonstrator performance, suggesting that scent cues
alone were insufficient to cue a preference for the demon-
strators’ response direction and thereby that the rats
learned by observation about body movements (imitation)
or lever movement (emulation). Experiment 2 assessed re-
sponding on two levers, one that had been manipulated by
the demonstrator, and a second, transposed lever posi-
tioned some distance away. Demonstrator-consistent re-
sponding was abolished when actions were observed and
performed in different parts of the apparatus, suggesting
that observed movement was encoded allocentrically with
respect to the apparatus rather than egocentrically with re-
spect to the actor’s body. With particular reference to the
influence of scent cues, the results are discussed in rela-
tion to the strengths and weaknesses of this and other va-
rieties of the two-action procedure as tests of imitation in
animals and human infants.
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Introduction

It has taken 100 years to find a widely agreed upon an-
swer to one question about animal imitation: how is
matching behaviour that results from learning about the
topography of a conspecific’s behaviour (imitation) to be
distinguished empirically from matching based on learn-
ing about the stimulus consequences of observed behav-
iour (e.g., stimulus enhancement, observational condition-
ing)? What had been needed was a procedure in which
demonstrator-consistent responding provided evidence
that animals could ‘from an act witnessed learn to do an
act’ (Thorndike 1911). More specifically, the problem was
how to control adequately for the possibility that copies of
a conspecific’s behaviour can be achieved by observers
attending to, and learning about, the stimulus changes that
actions produce.

Most commonly, imitation has been investigated using
the non-exposed control method. For example, in Huang
et al.’s (1983) experiment with rats, lever-pressing behav-
iour by observers that had seen a lever-pressing demon-
strator was compared with a control group that had been
confined to the apparatus prior to the test without a demon-
strator present. The authors reported more frequent lever
pressing in the experimental animals, and this is consis-
tent with the idea that observers imitated the topography
of lever pressing. Equally, however, enhanced lever press-
ing in socially exposed animals could have been the result
of several psychological processes that do not involve
learning about response topography. For example, obser-
vation of a demonstrators’ lever responses might have in-
creased observers’ attention to the lever via a stimulus-en-
hancement process (Spence 1937). In this case, one might
expect observers to engage in more vigorous exploratory
behaviour, making chance lever-press responses more
likely in these animals than in non-exposed controls. Al-
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ternatively, social exposure may have provided observers
with the opportunity to learn about the affordances of the
lever via emulation learning (Tomasello 1996). An under-
standing of the movement properties of the lever could fa-
cilitate individual learning on tests about the relationship
between lever pressing and reward. According to a social
facilitation hypothesis (Zajonc 1965), a conspecific’s pres-
ence generates ‘energizing’ arousal that increases the fre-
quency of those behaviours that a stimulus typically elic-
its. Pressing is a plausible unconditioned response to a
lever, and therefore, Huang et al.’s observers may have
been showing a social facilitation effect. A fifth possibil-
ity is that during observation, experimental observers learned
an association between the lever and reward via observa-
tional conditioning (Mineka et al. 1984). If the lever be-
comes an appetitive conditioned stimulus for experimen-
tal observers, they would be more likely than non-ex-
posed controls to approach the lever and make fortuitous
lever-press responses that would earn a reward and be re-
peated.

More recently, two-action tests have been used to in-
vestigate imitation, and their increasing use in different
social-learning laboratories suggests that they can provide
more sound evidence of social learning about response
topography (Akins and Zentall 1996; Bugnyar and Huber
1997; Campbell et al. 1998; Collins 1988; Dawson and
Foss 1965; Heyes and Dawson 1990; Meltzoff and Moore
1983; Ray 1997; Voelkl and Huber 2000; Whiten 1998).
Two-action tests involve two groups of observers that see
a different response made to the same manipulandum.
Voelkl and Huber (2000), for example, used a procedure
in which a plastic canister could be pulled opened in one
of two ways by marmosets. Before being given access to
a canister, one group of observers saw a conspecific demon-
strator remove the lid to obtain food using its hands,
whereas the other group saw demonstrators using their
mouths to remove the lid. The authors found a demonstra-
tor-consistent responding effect whereby observers of
mouth opening used their mouths to open the canister
more frequently than observers of hand opening, and hand
observers only lifted the lid using their hands.

In Whiten’s procedure, chimpanzees were rewarded
for opening an ‘artificial fruit’, a transparent box contain-
ing food (Whiten 1998). Human models demonstrated
how the box could be opened by removing a pair of bolts
and a pair of T-bars. All four observers saw the T-bars
spun or turned out of their fastenings, and one of two ac-
tions for bolt removal; the bolt was either twisted and
pulled, or poked out of its lodgings. Whiten also manipu-
lated whether bolt or T-bar removal occurred first. With
regard to action sequence, chimpanzees showed a ten-
dency to manipulate the bolts first if their demonstrator
had done that first, and vice versa for T-bar removal.

Two-action tests of imitation are innovative and pow-
erful because they compare groups that observe topo-
graphically different responses to a common manipulan-
dum. Thus, all observers in a two-action test are exposed
in the presence of another animal to the conditions neces-
sary for socially enhanced attention to the manipulandum,

and to the relationship between the manipulandum and re-
ward. Thus, there is equal opportunity across groups for
social facilitation, stimulus enhancement, and observa-
tional conditioning about the manipulandum, and there-
fore these processes cannot explain the finding that each
observer group preferentially uses the response they ob-
served.

The current experiment 1 piloted a two-action test with
rats that involved a vertical lever that could be pushed up
or down for a food reward. The directional preferences of
observers that had seen reinforced down pushing were
compared with those of observers that had seen the lever
pushed up for the food reward.

The general aim was to find a demonstrator-consistent
responding effect in a procedure that could be elaborated
to investigate aspects of what was learned about the
demonstrated lever response. In particular, experiment 2
explored whether information was encoded egocentri-
cally, as, for example, movement upward relative to the
rest of the observer’s body, or allocentrically, as towards
some specific feature in the environment, or relative to the
apparatus as a whole (Campbell 1954). In experiment 1,
when a single manipulandum was used to test the effects
of response observation, the egocentric and allocentric en-
coding hypotheses were confounded. Therefore, experi-
ment 2 involved two bidirectional levers, one that the
demonstrator contacted, and an identical lever situated in
a different part of the apparatus. An effect of transposition
on demonstrator-consistent responding would suggest al-
locentric encoding of movement (Campbell 1954). This
question about the frame of reference used for encoding
applies whether observers learned about body movements
(imitation) or lever movements (emulation).

Experiment 1

The primary aim of experiment 1 was to establish whether
a demonstrator-consistent responding effect could be
found in rats with a bidirectional lever that was available
during observation and testing. Group Up was exposed to
a demonstrator that pushed the lever up for a food reward,
and their lever responses made in a subsequent test ses-
sion were compared with group Down, which had seen
demonstrators making reinforced down pushes.
Experiment 1 also investigated whether scent cues de-
posited by demonstrators on a manipulandum could be re-
sponsible for demonstrator-consistent responding in this
procedure (Mitchell et al. 1999). If, for example, the un-
derside of a lever that has been pushed up is scent bearing,
attraction to these odour deposits could explain a prefer-
ence for up responses by group Up; fortuitous up re-
sponses might be more likely from beneath the lever.
Thus, experiment 1 included two additional groups, group
Up-Screen and group Down-Screen. During the observa-
tion session an opaque screen prevented observers in the
Screen groups from seeing the responses their demonstra-
tors were making. Failure to replicate a demonstrator-con-
sistent responding effect in the Screen groups would sug-



gest that attraction to scent cues on the lever is an incom-
plete explanation for matching in the current procedure,
and that observation of a demonstrator’s behaviour is
needed for demonstrator-consistent responding.

A screen control seemed a more appropriate method
for investigating the effects of scent cues than cleaning
the manipulandum in between observation and testing, as
it is not possible to establish conclusively that all odour
residues have been removed by cleaning. In a similar bidi-
rectional control experiment using joysticks, Mitchell et
al. (1999) examined scent effects by rotating the manipu-
landum for half the observers in between observation and
testing. This approach was impractical given the current
apparatus in which the levers could be retracted from the
demonstration chamber but could not be detached and ro-
tated.

Methods
Subjects

Forty-eight male hooded Lister rats served as subjects.
The 16 demonstrators, whose free-feeding body weights
ranged between 470 and 567 g, had demonstrated in a pre-
vious observational lever-press experiment. The 32 ob-
servers were experimentally naive. Their weights prior to
the introduction of scheduled feeding ranged between 413
and 486 g. For the duration of the experiment, all animals
were maintained at 90% of their free-feeding body weight.

Apparatus

The animals were trained and tested in four identical
operant chambers. The chamber walls and ceiling were
made of aluminum. Each chamber was divided into two
compartments by a wire-mesh partition. The demonstra-
tion compartment measured 24x26x20 cm. The smaller
observation compartment was 15%26x20 cm, and feature-
less. In the centre of the ceiling of the demonstration com-
partment was a 24-V, 2.8-W houselight. The grid floor
was constructed of stainless steel rods spaced 1 cm apart.
A stainless steel screen (26x20 cm) could be attached to
the wire-mesh partition to obscure observers’ view of the
demonstration compartment.

There was a rectangular stainless steel lever in the wall
of the demonstration compartment opposite the wire-mesh
partition, 3 cm to the left of the centrally placed food
magazine, and 11 cm above the floor. The end of the lever
(1.5%1 cm) extended 1 cm from the wall. Thus, from their
position in the observation compartment, observers viewed
the demonstrators from behind. The lever could be dis-
placed up or down by a maximum of 3 cm. A response
was recorded if the lever moved 2 cm in either direction.
A 45-mg sucrose pellet was delivered to the food maga-
zine for each correct response (defined below). A BBC
Master computer running Spider on-line control language
controlled the equipment and collected the data.
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Procedure

Each session began with illumination of the houselight
and ended when the light went off. The houselight was ex-
tinguished immediately following the delivery of the 50th
food pellet, or, if an animal failed to make 50 responses,
after 1 h.

Demonstrator training. Half of the demonstrators were
trained to push the lever up, and half to push it down. The
demonstrators received 11 daily training sessions, and
across sessions the required magnitude of deflection in-
creased until the lever had to be moved at least 2.5 cm in
the relevant direction for a response to be reinforced.
Sugar was occasionally applied to the bottom of the lever
to encourage up pushing. ‘Dummy’ observers were pre-
sent in the observation compartment during the final two
training sessions. These animals were not part of the ex-
periment proper and were not tested. They were included
to familiarize the demonstrators with the presence of an
observer in the test chamber.

Observer training and testing. Initially observers received
three daily magazine training sessions in the demonstra-
tion compartment. A random time 60-s schedule governed
delivery of 30 sucrose pellets. The lever, which was not
retractable, remained in the compartment during magazine
training.

Immediately before its test session, each observer was
placed in the observation compartment while its demon-
strator made 50 up responses (groups Up and Up-Screen),
or 50 down responses (groups Down and Down-Screen).
For the Screen groups, an opaque screen attached to the
wire-mesh partition blocked the demonstrator from view.
Each correct response was followed by delivery of a food
pellet to the demonstrator. Any down responses made by
an up-pushing demonstrator were not reinforced, and vice
versa. When a demonstrator had earned 50 sucrose pel-
lets, it was removed from the experiment. The observer
was then transferred to the demonstration compartment,
and responding in either direction was reinforced until
50 reinforcers had been delivered, or 1 h had elapsed.

Results and discussion

Twelve observers failed to make 50 responses in testing,
resulting in the following group sizes: group Up, n=6;
group Down, n=7; group Up-Screen, n=2; group Down-
Screen, n=5. Figure 1a shows observers’ responses as dis-
crimination ratios, calculated by dividing the number of
up responses by 50. Despite apparent group mean differ-
ences in responding, because of large within-group vari-
ance, analysis of variance (ANOVA) failed to reveal any
reliable effects: Direction (£ 9=0.317, P=0.58); Screen,
(F119=0.456, P=0.51); DirectionxScreen, (F9=3.7, P=
0.07).

In case group differences had declined in the course of
the test session, due to non-differential reinforcement,
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performance early in the test session was also examined.
Discrimination ratios were calculated across the first five
test responses only. The data were partitioned in this way
because a similar social-learning procedure using two uni-
directional levers found effects with the first five re-
sponses (Heyes et al. 2000). Three animals from group
Up-Screen failed to make five responses in testing and
were excluded from the analysis.

Figure 1b shows for each group the mean proportion of
the first five responses that were up pushes, and when
compared with Fig. 1a suggests that the pattern of group
responding was consistent across the session. ANOVA in-

0.8 1

Mean Diserimintion Ratio u/50

no screen SCreen

a screen

Mean Discrimination Ratio u/3

N SCreen

b screen

Screen

Fig.1 a Mean discrimination ratios calculated using all responses
made on test (the number of up responses divided by 50) for each
group in experiment 1. b Mean discrimination ratios (the number
of the first five responses that were up pushes divided by 5) for
each group in experiment 1. Black bars groups Up; shaded bars
groups Down

dicated that, although there were no reliable main effects
of demonstrator Direction (F; ,5=0.43, P=0.52) or Screen,
(F1,5=3.06 P=0.092), there was a significant interac-
tion between direction of demonstrator responding and
whether the observer’s view of its demonstrator was oc-
cluded, (F,5=6.9, P<0.015). This interaction was exam-
ined further with simple effects ANOVA using the error
term from the overall ANOVA. This showed that group
Up made proportionally more up responses than group
Down (F,5=6.25, P<0.021), and that groups Up-Screen
and Down-Screen did not differ (F ,5=1.73 P=0.2).

Thus, using a procedure that involved a vertical-move-
ment lever that could be pushed up or down, experiment 1
found that demonstrator-consistent responding was re-
stricted to observer groups that could see their demonstra-
tors’ actions. The absence of demonstrator-consistent re-
sponding by rats in the Screen groups suggests that, in
isolation, scent cues were not sufficient to produce a pref-
erence in observers for their demonstrators’ response di-
rection.

The intention in experiment 1 was that by adopting
the two-action test design, unlike a non-exposed control
procedure, the opportunity for observers to learn using
processes such as stimulus enhancement, social facilita-
tion, and observational conditioning would be equal
among experimental groups. All observers in groups Up
and Down were exposed to the static properties of a ma-
nipulandum in the presence of a demonstrator, and be-
cause every demonstrator made lever responses of one
kind or another, all these observers were exposed to dy-
namic properties of the manipulandum. The aim, with re-
spect to social facilitation, was to equate observers’ expe-
rience of arousal as a result of a demonstrator’s presence.
Similarly, it was hoped that the lever would be equally
salient for groups Up and Down because they both saw it
manipulated, and that this would control for the operation
of stimulus-enhancement processes. In terms of the op-
portunity for observational conditioning to occur, all ob-
servers in groups Up and Down were exposed to 50 rein-
forced lever responses, and this was done with the inten-
tion of equating across groups the association between the
lever and the reward. Insofar as the results of experiment
1 are not explicable in terms of scent cues (local enhance-
ment), stimulus enhancement, social facilitation, or obser-
vational conditioning, they are consistent with the idea
that observers learned by observation about response
topography. However, although all observers had the op-
portunity to learn that the lever was movable, different
movement dynamics were displayed to observers of up and
down responses. It is possible, therefore, that the ob-
servers engaged in emulation learning; for example, group
Up may have learned that the lever afforded upward
movement.

Experiment 2

In experiment 2, observers saw demonstrators respond up
(group Up) or down (group Down) on one lever as in ex-



periment 1 but were given the opportunity to respond to
two identical vertical-movement levers situated either
side of, and equidistant from, the food magazine. The ad-
ditional lever was introduced to investigate how informa-
tion about observed lever responses was encoded.

Demonstrator-consistent responding on a lever a demon-
strator had operated and on a transposed lever was com-
pared to dissociate egocentric and allocentric hypotheses
about encoding of movement information. The allocentric
encoding hypothesis that information was encoded with
respect to a frame of reference based on the apparatus pre-
dicts a reduced demonstrator-consistent responding effect
with a transposed lever. By contrast, it is not obvious why
responding should be influenced by the position of a
manipulandum if topographic information was encoded
egocentrically.

Methods

The method used differed from experiment 1 in the fol-
lowing respects.

Subjects

Forty-eight male hooded Lister rats served as observers.
They had been observationally trained to push a joystick
in an earlier experiment. Before the introduction of sched-
uled feeding, their weights ranged between 421 and 592 g.
The demonstrators were those used in experiment 1.

Apparatus

The demonstration compartment contained two retractable
levers with the same dimensions as the lever used in ex-
periment 1. The position of the left lever was also the
same. The right lever was attached to the wall on the
right-hand side of the food magazine at the same height
and distance from the magazine as the left lever.

Procedure

Observers were randomly assigned to group Up and group
Down. Between two sessions of magazine training, the
observers were given the opportunity to habituate to the
observation compartment. With the houselight on, and the
demonstration compartment empty, the observers were
confined to the observation compartment for 30 min.

For half of the observers in each group, responding
was demonstrated on the left lever, and the remaining half
saw responses to the right lever. Only the lever to which
the demonstrator was to respond was present during ob-
servation. In the subsequent test session, both levers were
available to the observer. Responding in either direction
and to either lever was reinforced during the test session,
which ended after 50 reinforcers had been delivered.
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Results and discussion

Computer error meant that no data were collected for four
animals from group Up. Three animals failed to make
50 responses in testing (two from group Up, and one from
group Down) and were, therefore, excluded from the
analysis. Thus, the resulting group sizes were 18 and 23
for groups Up and Down, respectively. When responding
throughout the test session was considered, ANOVA of
observers’ up discrimination ratios on the two levers
failed to find any reliable effects: Direction (F3,=0.1,
P=0.75); Lever (F;3=0.08, P=0.78); DirectionxLever
(F37=3.48, P=0.07). Nor was there an effect of the coun-
terbalancing variable, whether the demonstrator responded
to the left or right lever (F 3,=1.78, P=0.19).

Turning to the early part of the test session, where ef-
fects were found in experiment 1, an up/down discrimina-
tion ratio (up responses/up+down responses) was calcu-
lated separately for the lever the demonstrator had con-
tacted and the transposed lever using observers’ first five
responses. In the exceptional case in which all five re-
sponses were directed to a single lever, the discrimination
ratio included all responses made until both levers had
been contacted at least once. This method for data inclu-
sion was chosen to minimize missing data on the repeated
measures factor (Lever). It was appropriate because the
data were converted to discrimination ratios prior to
analysis, and therefore, the proportion of up responses to
either lever was compared within subjects, rather than the
absolute number of responses.

Three animals failed to make five responses in testing
(two from group Up, and one from group Down) and
were, therefore, excluded from the analysis. One animal
made no responses at all to the transposed lever. Six ani-
mals, three each from groups Up and Down, were ex-
cluded from analysis as statistical outliers because their
discrimination ratios were more than 2 standard devia-
tions from the group mean (Tukey 1977). Thus, the re-
sulting group sizes were 15 and 19 for groups Up and
Down, respectively.

Preliminary analysis found no effect of the counterbal-
ancing variable, whether demonstration occurred on the
left or right lever, (all Fs<1, except SidexLever: F| ;=
1.87, P=0.18), and therefore, subsequent analyses disre-
garded this variable.

Figure 2 shows the group mean up discrimination ra-
tios for the demonstrator-operated and transposed levers.
It suggests a preference for up responses in group Up
when compared with group Down, and that this prefer-
ence was more marked on the lever that had been operated
by the demonstrator. ANOVA revealed a main effect of
direction (F 3,=6.39, P<0.017), confirming that group Up
made a greater proportion of up responses than group
Down. Although the DirectionxLever interaction was not
reliable, (F; 3,=2.72 P=0.1), simple effects analysis, using
an error term that comprised a weighted average of the
within and between sources of error, revealed that demon-
strator-consistent responding was restricted to the demon-
strator-operated lever (Howell 1987). Group Up made a
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Fig.2 Mean discrimination ratios (using either the first five re-
sponses, or all responses until both levers had been contacted once,
up responses were divided by the total of up and down responses)
for each group for the demonstrator-operated and transposed
levers. Black bars Up; shaded bars Down

greater proportion of up responses on the lever the demon-
strator had operated than did group Down (F ,=9.185,
P<0.001), whereas the mean difference between groups in
the proportion of up responses made on the transposed
lever was not reliable (F; ¢,=0.37, P=0.55).

It is unlikely that this effect of transposition was the re-
sult of observer neophobia with respect to the transposed
lever, because the comparison between levers was of the
proportion of responses in a particular direction, rather
than the absolute level of responding to each lever. The
effects of stimulus enhancement also do not straightfor-
wardly predict a reduction in the proportion of matching
responses under transposition conditions. The levers were
identical in all but position, and as such, there were no
non-spatial cues that identified them. Therefore, on the
basis of stimulus enhancement, one would expect similar
discrimination ratios on both levers.

Therefore, an effect of transposition on demonstrator-
consistent responding suggests that information about re-
sponse direction was lost through transposition. More
specifically, it suggests that observers had encoded move-
ment details allocentrically. An up response observed on
the right lever, and encoded allocentrically as, for exam-
ple, ‘movement upwards, away from the food magazine,
which is bottom left” would be expected to produce a
weaker up preference on the transposed lever, which is to
the left of the magazine. Whereas, if observers encoded
movement information egocentrically, one would have
expected the levers, irrespective of their position, to pro-
duce comparable demonstrator-consistent responding.

General discussion

In experiments 1 and 2, observer responding on a vertical-
movement lever that had previously been operated by a
demonstrator revealed a directional matching effect: ob-
servers of up pushing made a greater proportion of up re-
sponses than observers of down pushing.

Experiment 2 compared observers’ directional prefer-
ence on a lever previously operated by a demonstrator
with responses to a second lever situated in a different
part of the apparatus. Observers showed no signs of hav-
ing learned about their demonstrator’s behaviour under
transposition conditions, suggesting that movement infor-
mation was encoded allocentrically.

In general, up discrimination ratios were much lower
in experiment 2 than experiment 1, with a more profound
reduction in up responding by group Up. Although we
have no ready explanation for this, the introduction of a
second lever during testing in experiment 2 may have at-
tenuated up responding to the demonstrator-operated lever
via generalization. All test responses were reinforced, and
in both groups the vast majority of responses to the trans-
posed lever were down. If reinforcement of down re-
sponding were to generalize to the demonstrator-operated
lever, one might expect a facilitation of down responses
that was more apparent in group Up; floor effects in group
Down may have masked some of the effects of general-
ization.

Response learning by observation in two-action tests

The current procedure belongs to a subset of two-action
tests, bidirectional controls, in which two demonstrated
actions have different effects on a manipulandum. For ex-
ample, the dynamic effects on the manipulandum are dif-
ferent for up and down lever responses, pushes and pulls
on a pendulum door (Bugnyar and Huber 1997), twists
and pushes on a bolt (Whiten 1998), and left and right
joystick responses (Heyes and Dawson 1990). Emulation
— a term introduced by Tomasello to describe social learn-
ing about the affordances of manipulanda (Tomasello
1996) — is a plausible alternative to imitation as an expla-
nation for demonstrator-consistent responding in bidirec-
tional controls. We take an emulation account to suggest
that, rather than learning about response topography, ob-
servers that preferentially use their demonstrator’s response
type in bidirectional controls may do so because they have
learned by observation about the different dynamic prop-
erties of the manipulandum. In our experiment, for exam-
ple, only group Up had the opportunity to learn through
observation that the lever could be raised.

Whiten’s (1998) data on topographic (rather than se-
quence) matching by chimpanzee observers in his artifi-
cial fruit procedure are interesting in this regard, because
they provide some support for the hypothesis that emula-
tion learning can occur in bidirectional control proce-
dures. The artificial fruit has three embedded two-action



tests, and within each of these the comparison actions dif-
fer in topography. However, only in the case where the ac-
tion’s dynamic effects on the manipulandum differed most
(a bolt that could be poked through a ring in one direction,
or twisted out in another direction) was there any sign that
chimpanzees showed topographic matching.

In their two-action test of imitation in quail, Akins and
Zentall (1996) used a unidirectional treadle as the manip-
ulandum. Observers saw a treadle demonstrator stepping
on, or pecking at, a treadle, and when given access to the
treadle themselves, tended to use the treadle action they
had seen performed. By contrast with bidirectional controls,
a treadle procedure is a ‘different action/same motion’
test, because a treadle’s movement is the same whether it
is pecked, or stepped upon. By controlling for simple em-
ulation learning in this way, different-action/same-motion
tests provide better evidence that observers learned about
the topography of observed behaviour than bidirectional
controls.

However, whereas different-action/same-motion pro-
cedures are effective in showing that observers’ behaviour
has been affected by the demonstrators’ response topogra-
phy, they may not show conclusively that this effect was
mediated by response learning, rather than stimulus-learn-
ing mechanisms (Byrne 1999; Byrne and Russon 1998).
In other words, an observer that reproduces an action in a
different-action/same-motion procedure may do so using
motor-learning processes that represent information about
the topography of the observed behaviour in effector-spe-
cific form, or via perceptual-learning processes that en-
code what the action looked like to the observer (Cohen et
al. 1990; Heyes and Foster 2002). For example, quail ob-
servers of treadle-stepping behaviour repeatedly see a
‘foot-on-treadle’ configuration that is perceptually trans-
parent, that is, similar sensory input is received when trea-
dle stepping is observed and performed (Heyes and Ray
2000). During observation, the foot-on-treadle configura-
tion would be vicariously reinforced and, therefore, would
be expected to acquire reinforcing properties of its own
(Rescorla 1980). Consequently, a chance step response by
a stepping observer would be rewarded, leading to ob-
servers of stepping making more step responses than ob-
servers of pecking.

A similar explanation of the tendency for pecking ob-
servers to treadle peck is implausible because the sensory
input attending observation and execution of pecking is
very different. However, it is not clear whether this im-
plies that group Pecking acquired information about
topography via observational response learning. The
problems with group Stepping (outlined above), which is
the control group for non-imitative routes to matched
pecking, mean that it is not clear how observers that ex-
perienced all and only those effects associated with peck-
ing other than its topography would behave — observers
might treadle peck under these circumstances.

Thus, the advantage of different-action/same-motion
two-action tests over bidirectional controls is that they
provide better evidence that demonstrator topography was
causal in the development of observer behaviour. How-
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ever, because every action has unique stimulus correlates,
it is possible that even observers in different-action/same-
motion procedures learn about topography using stimu-
lus-learning processes.

A study by Heyes et al. (1992)! illustrates how, in prin-
ciple, bidirectional controls can be modified to provide
secure evidence of social response learning about topog-
raphy [olfactory cues are likely to have contaminated the
imitation effect reported by Heyes et al., but not the logic
of their experimental design (Mitchell et al. 1999)]. Ob-
servers were tested on a joystick transposed, more ex-
tremely than the second lever in the current procedure, so
that it moved in a plane perpendicular to that observed.
The authors found that demonstrator-consistent respond-
ing persisted despite the fact that, from the joystick’s new
position, all reward-correlated stimuli, static and dy-
namic, were uninformative with respect to the demonstra-
tor-consistent response direction. Excluding the possibil-
ity of scent cues, this would suggest that observers
learned topographic details of the observed joystick be-
haviour and used a social response learning mechanism to
do so.

In the case of different-action/same-motion two-action
tests, response-learning mechanisms would be implicated
if observers reproduced two perceptually opaque actions.
In this case, differences between groups in visual infor-
mation about topography during observation would be un-
available to guide observers’ subsequent imitative perfor-
mance. This is the strength of Meltzoff’s cross-target test
of imitation in human infants (Meltzoff and Moore 1983)
that compared frequency of a perceptually opaque action,
lip protrusion, in observers following modeling of lip pro-
trusion and mouth opening, which is also perceptually
opaque.

The scent hypothesis of demonstrator-consistent
responding

The pattern of simple effects in experiment 2 whereby
demonstrator-consistent responding was restricted to the
demonstrator-operated lever is consistent with the hypoth-
esis that demonstrators deposited attractive scent cues on
the lever. However, experiment 1 found that matching was
abolished in group Screen. If scent deposits alone were in-
sufficient to produce demonstrator-consistent responding,
it seems unlikely that their absence on the transposed

'The purpose of Heyes’s experiment was to show a matching effect
under conditions in which only a response learning mechanism could
operate. To be convincing empirically, the decision was made to ac-
cept as imitative only examples of matching responses that were ego-
centrically encoded, and this was done by locating the transposed joy-
stick in a position where no allocentric information could influence re-
sponse direction. However, there is no reason to assume that imitative
responses are only encoded in this way, only that allocentrically en-
coded imitative responses cannot be easily discriminated from re-
sponses that result from social stimulus learning. Any allocentric en-
coding could only have been revealed if there had also been a joystick
present in the position it occupied during observation, and this was not
the experiment’s concern.
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lever will explain why observers failed to match their
demonstrators’ response direction on that lever.

However, these findings do not show conclusively that
demonstrator-consistent responding in experiments 1 and
2 was due to the acquisition of visual information about
movement. It is possible that scent cues must summate
with visual information about the manipulandum to cue a
directional preference. Furthermore, a scent hypothesis
can accommodate demonstrator-inconsistent responding,
because directional preference is likely to depend on ex-
actly where scent deposits are on the manipulandum, and
this will vary with each demonstrator’s lever action, and
the history of responding across sessions. We found mean,
but not statistically significant, demonstrator-inconsistent
responding in (1) Screen observers in experiment 1, and
(2) transposition performance across the test session in
experiment 2.

The allocentric encoding hypothesis

In summary, we found a demonstrator-consistent respond-
ing effect in rats using a bidirectional control procedure, a
variety of two-action test. According to current under-
standing of these kinds of experimental procedure, find-
ing demonstrator-consistent responding suggests that ob-
servers socially learned about topography, and they did so
using a response-based process. We have argued that this
conclusion is not secure, and we discussed the individual
strengths and weaknesses of the two types of two-action
test procedure, bidirectional controls, and different-mo-
tion/same-action tests, as diagnostic tests for imitation.
Using two bidirectional levers, experiment 2 asked about
the spatial frame of reference used to encode socially ac-
quired information. Observers showed demonstrator-con-
sistent responding on the demonstrator-operated lever but
not under transposition conditions, suggesting that move-
ment information controlling matching responses was en-
coded allocentrically. This would seem to be the case
whether observers learned using emulation or imitation
processes. The screen control data are consistent with this
hypothesis to the extent that they suggest that scent cues
alone are insufficient to produce demonstrator-consistent
responding. However, because these scent data do not
conclusively rule out a role for scent cues, it might be bet-
ter for the question of what is learned when a response is
acquired observationally to be pursued using subject spe-
cies other than rats, which are olfactory dominant (Mitchell
et al. 1999). The procedure used in the present experi-
ments could readily be modified for use with a different
subject species.

Acknowledgements This research was supported by a SERC stu-
dentship. We would like to thank Roger Bunce for building the ap-
paratus, and two anonymous reviewers for their helpful comments.
The experiments were conducted in compliance with British law.

References

Akins CK, Zentall TR (1996) Imitative learning in male Japanese
quail using the two-action method. J Comp Psychol 110:316—
320

Bugnyar T, Huber L (1997) Push or pull: an experimental study on
imitation in marmosets. Anim Behav 54:817-831

Byrne RW (1999) Imitation without intentionality. Using string
parsing to copy the organization of behaviour. Anim Cogn 2:
63-72

Byrne RW, Russon AE (1998) Learning by imitation: a hierarchi-
cal approach. Behav Brain Sci 21:667-721

Campbell DT (1954) Operational delineation of “what is learned”
via the transposition experiment. Psychol Rev 6(3):167-174

Campbell F, Heyes CM, Goldsmith A (1998) A demonstration of
simultaneous stimulus learning and response learning by obser-
vation in the European starling using a two object/two action
method. Anim Behav 58:151-158

Cohen A, Ivry RI, Keele SW (1990) Attention and structure in se-
quence learning. J Exp Psychol Learn Mem Cogn 16:17-30

Collins RL (1988) Observational learning of a left-right behavioral
symmetry in mice (Mus musculus). J Comp Psychol 102:222—
224

Dawson BV, Foss BM (1965) Observational learning in budgeri-
gars. Anim Behav 13:470-474

Heyes CM, Dawson GR (1990) A demonstration of observational
learning in rats using a bidirectional control. Q J Exp Psychol
B 42:59-71

Heyes CM, Foster CL (2002) Motor learning by observation: evi-
dence from a serial reaction time task. Q J Exp Psychol A (in
press)

Heyes CM, Ray ED (2000) What is the significance of imitation in
animals. Adv Study Behav 29:215-245

Heyes CM, Dawson GR, Nokes T (1992) Imitation in rats: initial
responding and transfer evidence. Q J Exp Psychol B 45(3):
229-240

Heyes CM, Ray ED, Mitchell CJ, Nokes T (2000) Stimulus en-
hancement: controls for social facilitation and local enhance-
ment. Learn Motiv 31:83-98

Howell DC (1987) Statistical methods for psychology. Kent, Boston

Huang I, Korski CA, DeQuardo JR (1983) Observational learning
of a bar-press by rats. J Gen Psychol 108:103-111

Meltzoff AN, Moore MK (1983) Newborn infants imitate adult fa-
cial gestures. Child Dev 54:702-709

Mineka S, Davidson M, Cook M, Keir R (1984) Observational
conditioning of snake fear in rhesus monkeys. J Abnorm Psy-
chol 93:355-372

Mitchell CJ, Heyes CM, Gardner MR, Dawson GR (1999) Limita-
tions of a bidirectional control procedure for the investigation
of imitation in rats: odour cues on the manipulandum. Q J Psy-
chol B 52:193-202

Ray ED (1997) Social and associative learning. PhD thesis, Uni-
versity of London

Rescorla RA (1980) Pavlovian second-order conditioning: studies
in associative learning. Erlbaum, Hillsdale, N.J.

Spence KW (1937) Experimental studies of learning and higher
mental processes in infra-human primates. Psychol Bull 34:
806-850

Thorndike EL (1911) Animal intelligence. Macmillan, New York

Tomasello M (1996) Do apes ape? In: Heyes CM, Galef BG (eds)
Social learning in animals: the roots of culture. Academic Press,
London, pp 319-346

Tukey JW (1977) Exploratory data analysis. Addison-Wesley,
Reading, Mass.

Voelkl B, Huber L (2000) True imitation in marmosets. Anim Be-
hav 60:195-202

Whiten A (1998) Imitation of the sequential structure of actions by
chimpanzees (Pan troglodytes). J Comp Psychol 112(3):270—
281

Zajonc RB (1965) Social facilitation. Science 149:269-274



