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Abstract Humans use the same representations to
code self-produced and observed actions. Neurophysi-
ological evidence for this view comes from the discov-
ery of the so-called mirror neurons in premotor cortex
of the macaque monkey. These neurons respond when
the monkey performs a particular action but also when
it observes the same behavior in another individual. In
humans, such direct links between perception and
action seem to mediate action priming, where a
response is facilitated when a similar action is
observed. An issue that has not been fully resolved
concerns the role of selective attention in these pro-
cesses. Action priming appears to be an automatic pro-
cess in the sense that the observed action can be
irrelevant to the observer’s task and nevertheless
prime similar responses. However, it is not known
whether attention has to be oriented to the action for
these processes to be engaged. It is demonstrated here
that spatial attention indeed has to be oriented to the
action related body site for action priming to take
place. Furthermore, if attention is oriented to the
appropriate body site, there need be no visual cues to
action for action priming to emerge.

Introduction

Humans have a tendency to non-consciously and non-
strategically mimic the bodily states of other people
(e.g. Chartrand and Bargh 1999; Van Baaren et al.

2004). Similarly, action observation facilitates the exe-
cution of similar actions and interferes with the execu-
tion of diVerent actions (Bach and Tipper 2006;
Stürmer et al. 2000; Brass et al. 2000; Kilner et al.
2003). Even when this mimicking behavior is not
overtly exhibited, some sort of covert imitation takes
place. Transcranial magnetic stimulation (TMS) to the
motor cortex elicits stronger muscle activity when the
participants simultaneously observe an action involv-
ing the same muscles than when they see an action
involving diVerent muscles (for reviews, see Fadiga
et al. 2005; Maeda et al. 2002).

This tendency to imitate seems to arise because the
human sensorimotor system directly links observed
actions to actions the observer can produce. Neuro-
physiological evidence for this view comes from the
discovery of the mirror neurons in the macaque premo-
tor cortex. Mirror neurons Wre not only when the mon-
key performs a particular action, but also when it
observes a conspeciWc carry out the same action
(DiPellegrino et al. 1992; Gallese et al. 1996). Imaging
studies have conWrmed that a similar system is also
present in humans (e.g. Grèzes et al. 2003; Buccino
et al. 2001; Iacoboni et al. 1999; Koski et al. 2002), and
this system has been linked to the automatic imitation
of actions by imaging and behavioral studies (e.g.,
Jackson et al. 2006; Leslie et al. 2004; Wohlschläger
and Bekkering 2002).

However, mimicry eVects are not restricted to the
observation of action. Even bodily states that are not
actions per se are mimicked, such as facial expressions
(e.g., Dimberg 1982; Vaughan and Lanzetta 1980), body
postures (e.g., Bernieri 1988; Chartrand and Bargh
1999) or regular arm movements that are not directed
towards a goal (Kilner et al. 2003). Of particular
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510 Exp Brain Res (2007) 178:509–517
importance is that even another person’s passive body
parts are represented with respect to the same body
schema that also structures the representation of the
observer’s own body (e.g., Reed and Farah 1995;
Thomas et al. 2006). For instance, simply viewing the
hand or neck of somebody else increases perceptual
sensitivity at the same body site in the viewer (e.g., Tip-
per et al. 1998, 2001). These Wndings indicate that per-
ception–behavior links are an overarching property of
the sensorimotor system and that all stimulus features
that can also be features of an individual’s own
responses are mirrored (Wilson 2001; Hommel et al.
2001; Prinz 1990).

This new view of the human (and monkey) sensori-
motor system had a major impact on various areas of
research. In recent years it provided a unifying frame-
work for such diverse Welds as the study of language
evolution (Rizzolatti and Arbib 1998; Arbib 2005),
infant learning and imitation (e.g., Elsner and Ascher-
sleben 2003), social cognition (Barsalou et al. 2003;
Preston and de Waal 2002; Carr et al. 2003), and the
causes of the autistic disorder (Williams et al. 2001;
Théoret et al. 2005; Sebanz et al. 2005; Dapretto et al.
2006). Yet, not much is known about the processes that
underlie this mirroring capacity, and models explaining
the properties of the mirror neurons are scarce (see,
however, Oztop and Arbib 2002).

One unresolved issue is, for instance, the role of
attention in these processes. That is, is the imitation of
bodily states a fully automatic process, or does it
require that attention be directed towards the observed
actions?

The prior literature suggests that action mirroring is
indeed highly automatic. For example, mirror neuron
activity is elicited during action observation even when
the monkey has no intention of acting upon the target
object (e.g. Gallese et al. 1996). Similarly, in humans,
several studies have demonstrated that action mirror-
ing takes place even when the observed actions are
irrelevant to the participant’s own task (e.g., Brass
et al. 2000; Stürmer et al. 2000). For example, Bach and
Tipper (2006) required participants to identify two
individuals with either foot or Wnger responses. The
individuals were shown in video clips either kicking a
soccer ball or typing on a keyboard. Although these
actions were irrelevant and spatially separated from
the faces relevant to the identiWcation task, they never-
theless facilitated the execution of similar responses
(i.e., faster foot responses when viewing the kicking
action; faster hand responses for the typing action).

Of course, such Wndings do not conWrm that action
mirroring takes place in the absence of attention. In the
studies on monkeys as in those on humans, biological or

apparent motion was present in the stimuli. Motion is a
powerful exogenous cue that draws attention to the
moving part of the stimulus display (e.g., Posner and
Cohen 1984), namely the actions in question. It there-
fore remains to be seen whether imitative tendencies are
also evoked in the absence of such exogenous cues, or
when these cues draw attention away from the actions.

The present study investigates this question. In the
Wrst experiment, participants made foot and hand
responses to distinguish between targets of two colors
that were superimposed on static image versions of the
action movies used in the study of Bach and Tipper
(2006). The photographs depicted the actions of kicking
a soccer ball and typing on a keyboard (see Fig. 1, upper
panel). We hypothesized that seeing these actions
would facilitate responses with the same limbs even
though they were irrelevant to the primary color deci-
sion task. However, if attention is necessary for actions
to be mirrored, then it should make a diVerence where
the color targets appear on the screen. More speciW-
cally, the actions should only be mirrored if the colored
targets appear on the critical limbs—thus drawing
attention to the actions. In contrast, the observed
actions should not facilitate similar responses when the
colored targets appeared near the head of the observed
person, thus drawing attention away from the action.

The second experiment further explored the role of
attention in imitation. We investigated whether draw-
ing attention to body sites is by itself enough to evoke
action with the same body site, even when these body
sites are not involved in an action. We employed the
same task but now the colored targets were superim-
posed over photographs from which all cues for action
were removed. That is, images of the same individuals
are shown in the same general environments, but they
are passively standing or sitting, so that the depicted
body sites are not involved in an action (see Fig. 1,
lower panel). Furthermore, there were no objects pres-
ent that would automatically evoke actions (see Tucker
and Ellis 1998), such as the soccer ball or keyboard.
The critical issue was whether orienting attention to
the feet and hands suYces to elicit responses with the
same body sites, even when these sites are irrelevant to
the task at hand.

Experiment 1: Action perception

In the Wrst experiment, the participants saw photo-
graphs depicting the end states of the actions of typing
on a computer keyboard and kicking a soccer ball (see
Fig. 1, upper panel for examples). Colored targets were
superimposed on these photographs, and appeared
123



Exp Brain Res (2007) 178:509–517 511
either near the head of the person, or near the limb
involved in the action (on the hand when typing on the
keyboard, or on the foot when kicking a soccer ball).
The participants were instructed to press a foot key if
the target was of one color, and a Wnger key if the tar-
get was of the other color. Thus, the responses of the
participants were either similar or dissimilar to the
irrelevant action presented on the screen.

If imitative tendencies are evoked automatically irre-
spective of where attention is distributed on the stimulus
display, there should be no eVect of target position
(head or limb involved in the action) on the compatibil-
ity eVects. Foot responses should generally be faster and
more accurate when the kicking action is presented and
Wnger responses should be faster and more accurate
when the typing action is presented. However, if these
processes depend on the allocation of spatial attention
towards the (irrelevant) actions, then the actions should
only give rise to imitative behavior if the colored targets
appear near the critical limbs. Action observation
should not evoke compatibility eVects when the colored
targets appeared near the head of the observed person,
because attention is drawn away from the action.

Method

Participants

Twenty-four students (17 females) ranging in age from
18 to 25 years participated in the study. The assignment

of colors (red/blue) to response keys (foot/Wnger) was
counterbalanced across participants. Participants satis-
Wed all requirements in volunteer screening and gave
informed consent approved by the School of Psychol-
ogy at the University of Wales, Bangor and the North-
West Wales Health Trust, and in accordance with the
Declaration of Helsinki. All participants had normal or
corrected-to-normal vision.

Material and apparatus

The experiment was controlled by Presentation run on
a 3.0 GHz PC running Windows XP. Sixteen pictures
made up the stimulus set (see Fig. 1, upper panel for
examples). They subtended 6° visual angle vertically
and 8° horizontally, given an average viewing distance
of 60 cm. The photographs either showed a person hit-
ting a key on a computer keyboard, or a person kicking
a soccer ball. A colored target (either red or blue) was
superimposed (alpha: 50%) on these actions. It was
placed either near the head of the acting person, or
near the limb involved in the action (near the hand for
the typing action, near the foot for the kicking action).
The visual angle between the critical body sites of head
and foot was 5.5° in the kicking scene and between the
head and hand in the typing scene it was 4.7°. In one
half of the photographs, the action direction was
always from left to right. To exclude possible con-
founds arising from compatibility of movement direc-
tion and response, for each of these eight images a

Fig. 1 Examples of the stim-
uli used in the experiments. 
The upper panel shows the im-
ages presented in Experiment 
1 depicting the actions of kick-
ing a soccer ball and typing on 
a keyboard, with the colored 
targets superimposed either 
over the limb involved in the 
action or on the person’s 
head. The lower panel shows 
the stimuli presented in 
Experiment 2 with the same 
person in situations where he 
is not acting and where no tar-
get objects implying action 
were visible. Again, colored 
targets were superimposed ei-
ther over the head or the 
limbs of the person
123
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mirror-inverted version was created, in which the
movement direction was from right to left.

Procedure and design

The participants were seated in a dimly lit room facing
a color monitor at a distance of 60 cm. After the com-
puter-driven instruction and a short training phase of
16 trials the experiment proper started. It lasted for
about 15 min and consisted of 320 trials. The sixteen
photographs were presented at equal rates in a ran-
domized order. Thus, there were 160 trials in which a
Wnger response was required. In these trials the
observed person was equally often typing on a com-
puter keyboard (compatible) or kicking a soccer ball
(incompatible). The colored targets either appeared
near the acting eVector or near the head of the person.
In the remaining 160 trials the colored target had to be
identiWed with a foot response. In these trials, he was
again either kicking a ball (compatible) or typing on
the computer keyboard (incompatible). Again, the col-
ored target appeared either on the acting eVector or
near the head of the person. Thus, participants saw
exactly the same photographs in the limb and head tri-
als. The head trials only diVered to the limb trials with
respect to where the colored targets were presented on
the photographs.

The course of each trial was as follows: After the
participants initiated the trial by pressing the space
bar with their left hand, the photograph was pre-
sented after 500 ms. They identiWed the color of the
target by either pressing the foot pedal with their
right foot or the enter button on the computer key-
board with their right index Wnger. Participants were
instructed to give their judgment in the interval in
which the photograph was on the screen (1,100 ms). If
their judgment was correct, the next trial started. If
they committed an error or did not react in the given
response interval of 1100 ms. an error-message was
displayed.

Results

For the analysis of reaction times (RTs), trials where
the participant made the wrong response or did not
respond within the time limit were eliminated (6.4%).
The remaining data were entered into repeated mea-
sures ANOVA with the factors compatibility (com-
patible/incompatible) and attention (to the limb
involved in the action/to the head). There were main
eVects of compatibility (F[1,23] = 8.101, P = 0.008)
and attention (F[1,29] = 5.058, P = 0.032), and a sig-
niWcant interaction of these factors (F[1,23] = 8.923,

P = 0.006). Post hoc t tests showed that the advantage
of compatible over incompatible responses was only
present when attention was directed towards the limb
involved in the action (P = 0.004) but not when atten-
tion was directed towards the head (P = 0.25).

The error rates were entered into the same
ANOVA. Again, there were main eVects of compati-
bility (F[1,29 ] = 11.093, P = 0.002) and attention
(F[1,29] = 4.671, P = 0.039), plus an interaction of both
factors (F[1,29] = 5.305, P = 0.029). Post hoc t tests
showed that the advantage of compatible over incom-
patible responses was present when attention was
directed towards the limb involved in the action
(P = 0.004) but not when attention was directed
towards the head (P = 0.66) (Fig. 2).

Discussion

The present experiment demonstrated that action mir-
roring requires that spatial attention be directed
towards the observed action. When the colored cues
appeared near the limbs involved in the action, the
results of the color decision task replicated prior
reports of perceived actions facilitating compatible
responses and/or interfering with incompatible

Fig. 2 The vision-action-compatibility eVects obtained in Exper-
iment 1 (action perception) for RTs (upper panel) and error rates
(lower panel)
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responses (e.g., Brass et al. 2000; Kilner et al. 2003).1

When, however, spatial attention was directed away
from the action towards the head of the actor, the com-
patibility eVects were completely eliminated in both
RTs and Error Rates. Thus, only when observed
actions are salient and at least some attention is
directed towards them does the sensorimotor system
directly link observed actions to one’s own responses.

Experiment 2 investigates whether the mimicry
eVects in Experiment 1 are restricted to action observa-
tion, or whether drawing attention to resting body
parts suYces to facilitate compatible responses that are
performed with the same body part. This question is
motivated by Wndings that suggest that—as is the case
for action—the body parts of other persons are repre-
sented with respect to the observers own body, and
might therefore also prime actions with these body
parts.

Experiment 2: Viewing body sites

Experiment 2 further explores the role of spatial atten-
tion for imitation. It addresses the question whether
imitative tendencies can also be evoked in the absence
of action perception, by simply drawing attention to
the body sites that are also involved in the responses of
the participants. As in Experiment 1, the participants
had to discriminate between red and blue targets that
were superimposed on photographs of a person. Now,
however, all cues for action were eliminated from the
stimuli. The persons were presented either standing on
a Weld without a soccer ball visible and without per-
forming a kicking action, or sitting next to a table from
which the computer was removed and without per-
forming a typing action (see Fig. 1, lower panel, for
examples).

If the observation of action is a critical boundary
condition for mimicry, all eVects of mimicry should be
abolished in the present experiment where no actions
are presented, even when the colored targets appear
on the body sites that were also involved in the

responses of the participants. If, however, viewing the
body sites of another person can automatically prime
actions with this body part of the viewer, then compati-
bility eVects should still be observed.

Method

Participants

Twenty-four students (23 females) ranging in age from
19 to 30 years participated in the study. One female
participant was excluded from the analysis because she
was not naïve to the purpose of the experiment. All
other aspects of the participant selection were as in the
previous experiment.

Material and apparatus

The apparatus was identical to that of the previous
experiment. The materials again comprised 16 static
images, from which all cues for action were eliminated
(see Fig. 1, lower panel, for examples). In one half of
the images, the actor was presented standing on the
same Weld as in the soccer images of Experiment 1.
However, the soccer ball was not present in the images
and he was not performing a kicking action. Similarly,
in the other half of the images, the person was sitting
next to the same table as in the typing images of Exper-
iment 1. However, no computer keyboard was present
on this table, and the person was not performing a typ-
ing action. Colored targets were again superimposed
on these photographs, either near the limbs (feet and
hands) or the head of the actor, as in Experiment 1.
Visual angles and exposure times were identical to
Experiment 1. Again, the people could either be facing
to the left or to the right.

Procedure and design

The experimental setup and the course of each trial
were identical to the previous experiment.

Results

The RTs were analyzed as before. Trials in which the
participant made the wrong response or did not
respond within the time limit were eliminated (6.9%).
The ANOVA revealed a main eVect of Attention
(F[1,29] = 19.749, P = 0.0001), and a marginally signiW-
cant main eVect of compatibility (F[1,29] = 4.019,
P = 0.054). The critical interaction between Attention
and Compatibility was also replicated (F[1,29] = 9.483,
P = 0.005). Post hoc t tests showed that the advantage

1 Please note that our paradigm does not allow us to diVerentiate
between facilitation and interference accounts of the eVect. The
reason is that the ‘head’ condition is not an appropriate baseline
condition. In the ‘limb’ condition, the colored targets could ap-
pear on either the feet or on the hands of the actor. In the ‘head’
condition, however, the colored targets always appeared on the
actor’s head. Thus, for any given trial, the probability for a target
to appear on the head is 50%, whereas it is 25% for either of the
limbs (feet or hand). This should speed up detection times of the
targets in the ‘head’ condition. face, which might have speeded up
detection times of the colored targets.
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of compatible over incompatible responses was only
present when attention was directed towards the limb,
(P = 0.014) but not when attention was directed
towards the head head (P = 0.864). Comparing the size
of the compatibility eVects in Experiment 2 with
Experiment 1 did not reveal any signiWcant diVerences
(F[1,58] < 1).

The ANOVA analyzing the Error Rates showed no
main eVect of Compatibility), no main eVect of atten-
tion, and no interaction between both factors (all,
F[1,29] < 1). However, numerically, the error rates
show the same pattern as the RTs, with the advantage
of compatible over incompatible responses being
larger when attention was directed towards the limbs.
Between-experiment comparisons tended to show that
the compatibility eVects were larger in Experiment 1
than in the present Experiment (F[1,58] = 3.937,
P = 0.054) (Fig. 3).

Discussion

Experiment 2 replicated the RT results of Experiment
1. Even though there were no cues to action in the
stimuli, the responses of the participants were more

Xuent when they involved the same limb that was also
highlighted by the colored target. In contrast, all com-
patibility eVects were eliminated when the colored tar-
gets appeared near the head of the individuals, thus
drawing attention away from the limbs that were also
involved in the responses of the participants. There-
fore, Experiment 2 demonstrated that drawing atten-
tion to body sites suYces to facilitate responses
involving the same body sites and/or to interfere with
responses with diVerent body parts, even when they
are irrelevant and were not involved in an action.

General discussion

Previous work has shown that actions are imitated
automatically when the observed actions are irrelevant
to the observer’s own goals. Unresolved as of yet was
the role of attention in these processes, as this was
never controlled for or explicitly manipulated.

The current work resolves this issue. It replicated
previous research demonstrating that the perception of
task-irrelevant actions facilitates similar responses and/
or interferes with dissimilar responses (e.g., Bach and
Tipper 2006; Stürmer et al. 2000; Brass et al. 2000;
Kilner et al. 2003). As in these prior studies, hand
responses were faster and more accurate when observ-
ing a hand action than when observing a foot action,
and vice versa for foot responses. However, the present
work also demonstrated the critical role of spatial
attention in these processes. In Experiment 1, compati-
bility eVects were only observed when attention was
drawn to the irrelevant actions by the colored targets
relevant for the participant’s primary task. When the
colored targets drew attention away from the actions
towards the head of the actor, the action system
seemed to be eVectively blind to the actions, and all
compatibility eVects were eliminated from RTs and
error rates.

This suggests that one reason why observed actions
were mimicked automatically in previous research,
even when attention was oriented away from the action
related body site, is because actions possess motion.
Motion is a powerful exogenous cue that draws atten-
tion towards the moving stimulus properties, namely
the actions in question. Hence in the previous studies of
Bach and Tipper (2006), viewing video clips of action
evoked compatibility eVects, even though the partici-
pants’ task required them to attend to the faces of the
actors to enable identiWcation of them. When, however,
motion was removed from these stimuli, and static
images were presented as in Experiment 1 here, visuo-
motor compatibility eVects were no longer observed.

Fig. 3 The vision-action-compatibility eVects obtained in Exper-
iment 2 (viewing resting body sites) for RTs (upper panel) and er-
ror rates (lower panel)
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However, the role of attention in imitation seems to
extend even further. Experiment 2 demonstrated that
the allocation of attention to body sites is by itself
enough to aVect the action system. In this experiment,
all cues to action were removed from the stimuli: the
person was viewed passively standing or sitting and any
potential target objects were also removed from the
photographs. Nevertheless, similar (but smaller) com-
patibility eVects as in Experiment 1 were observed
when the colored targets simply drew attention to the
body sites that were also involved in the responses of
the participants. Thus, not action perception, but
rather attention to a body site seems to be the critical
boundary condition for imitative tendencies to emerge.

This Wnding is in line with the notion of a general-
ized body schema that represents locations on the
observer’s body and on the bodies of others in a com-
mon format (e.g., Reed and Farah 1995; Thomas et al.
2006). Perceiving the body parts of one’s self or of
somebody else rendered ones own discrimination of
tactile stimuli on the same body sites more accurate
(e.g., Tipper et al. 1998, 2001). Similarly, participants
moving their legs were more eYcient in detecting
changes in a model’s leg posture than in the model’s
arm posture, and vice versa for participants moving
their arms (Reed and Farah 1995). As in the present
study, this automatic coding of body parts seemed to
be automatic; it was preserved even when the partici-
pants knew in advance where a possible change might
occur (feet or hand).

Note, however, that these prior studies have only
demonstrated eVects on a purely sensory level. The
present study is the Wrst to demonstrate that drawing
attention to the body site of another person suYces to
prime actions with the same body site of the observer.
Thus, generalized body schemas are not only involved
in representing sensations on one’s own and other’s
bodies, but are also involved in the production and per-
ception of action (Goldenberg 1996). These data are
also consistent with the view that the human sensori-
motor system generally uses the same codes to plan
one’s own actions and to represent bodily stimuli in the
environment (Wilson and Knoblich 2005; Wilson 2001;
Prinz 1990; Hommel et al. 2001). Accordingly, all stim-
ulus properties that can also be features of one’s own
actions can be used for action planning and will give
rise to imitative tendencies when they are attended.

Future studies must address which neuronal struc-
tures mediate our eVects. Current accounts of imitation
stress the role of the so-called mirror neurons, as Wrst
described by DiPellegrino et al. (1992) for the macaque
monkey. These neurons represent actions in the same
way when they are observed or self-produced, and are

thus an ideal candidate for explaining the link between
perception and action in imitation. Brain areas with
mirror properties have also been discovered in the
human parietal and premotor cortices (e.g., Grèzes
et al. 2003; Iacoboni et al. 1999; Koski et al. 2002;
Leslie et al. 2004). Consistent with the present Wndings
of body part speciWc mirroring eVects, these brain
structures are somatotopically organized and represent
foot and hand actions in anatomically distinct areas
(Buccino et al. 2001).

Problematic for this account may be that the mirror
neurons seem to be speciWcally involved in the repre-
sentation of action. It has yet to be established if the
known parietal and premotor mirror areas would also
represent body parts in the absence of action percep-
tion, as suggested by Experiment 2 of the present
study. Alternatively, there might be further areas with
mirror properties that are speciWcally concerned with
the coding of body part related information.2 Lesion
and imaging studies have associated the left inferior
parietal lobe with disturbances of the body scheme,
such that the patients could neither localize parts of
their own body nor parts of the bodies of others (e.g.
Goldenberg 1995). Consistent with the view that this
areas is also involved in imitation, a recent imaging
study (Chaminade et al. 2005) found this area to be
activated particularly for the selection of the appropri-
ate body part (foot or hand) in imitation, but not for
the selection of the appropriate action.

Conclusion

Human imitative behavior is not as automatic as is typ-
ically assumed. For actions to be mirrored, spatial
attention needs to be directed towards the acting body
parts. In addition, our study showed that directing
attention towards passive body parts of others is by
itself enough to facilitate responses with these body
parts. As such, our Wndings indicate some continuity
between imitation in adults and the earliest forms of
infant imitation, which, at Wrst, only consist in the
selection of the appropriate body part, but not yet in
the performance of the appropriate action (MeltzoV
and Moore 1997).

Acknowledgments The work was supported by a Wellcome
Trust Progamme grant awarded to SPT.

2 The extrastriate body area (EBA) described by Downing et al.
(2001) (Urgesi et al. 2004) also codes bodies and body parts, even
in the absence of action perception. However, it does not seem to
have a motor role (Peelen and Downing 2005), which makes its
role in automatic imitation doubtful.
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