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a b s t r a c t

Substantial evidence suggests that observed actions can engage their corresponding motor representa-
tions within the observer. It is currently believed that this process of observation–execution matching
occurs relatively automatically, without the need for top-down control. In this study we tested the sus-
ceptibility of the observation–execution matching process to selective attention. We used a Go/NoGo
paradigm to investigate the phenomenon of ‘automatic imitation’, in which participants are faster to
initiate a hand movement that is congruent with a concurrently observed action, relative to one that is
incongruent. First, we replicated previous findings of automatic imitation, and excluded the possibility
that spatial compatibility effects might explain these results (Experiment 1). We then presented partici-
pants with the same goal-directed actions while directing their attention to an imperative stimulus that
spatially overlapped, but was distinct from, the observed actions (Experiment 2). Crucially, automatic imi-
tation no longer occurred when participants directed their attention away from the displayed actions and
ttention towards the spatially overlapping stimulus. In a final experiment, we examined whether the automatic
imitation of grasp persists when participants attend to an irrelevant feature of the observed action, such
as whether it is performed by a left or right hand (Experiment 3). Here we found that automatic imitation
is contingent on participants attending to the feature of the observed hand that was relevant to their
responses. Together these findings demonstrate the importance of selective mechanisms in the filtering
of task-irrelevant actions, and indicate a role for top-down control in limiting the motoric simulation of

observed actions.

. Introduction

The notion that actions are intrinsically linked to perception
s not new (Darwin, 1872/1965; James, 1890). Classical theorists
oted that observers are prone to mentally simulating and imitat-

ng the actions of others (Carpenter, 1874; Chevreul, 1833; James,
890; Lotze, 1852; Smith, 1759/1976). Darwin (1872/1965), for
xample, noted that spectators at leaping matches move their
wn feet as if imitating the athletes, and argued that man has
‘strong tendency to imitation, independently of the conscious
ill.’ More recently, it has been shown that humans have a ten-
ency to unconsciously and non-strategically mimic the bodily
ostures (Chartrand & Bargh, 1999), facial expressions (Dimberg,

982; Vaughan & Lanzetta, 1980) or gross arm movements of other
ndividuals (Kilner, Paulignan, & Blakemore, 2003). Furthermore,
uman neuroimaging studies have indicated that the process by
hich an observed action is transformed into its motor equivalent
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is mediated by the mirror neuron system—a network of parietal and
premotor areas that respond both to the observation and execution
of action (Chong, Cunnington, Williams, Kanwisher, & Mattingley,
2008; Dinstein, Gardner, Jazayeri, & Heeger, 2008; Grezes, Armony,
Rowe, & Passingham, 2003; Iacoboni et al., 1999, 2001; Koski,
Wohlschläger, Bekkering, Woods, & Dubeau, 2002; Rizzolatti &
Craighero, 2004; Rizzolatti, Fadiga, Matelli et al., 1996).

It has been suggested that perceiving an action activates the
corresponding motor representations within the observer auto-
matically and without conscious effort (Buccino et al., 2001;
Coricelli, 2005; Gallese, Fadiga, Fogassi, & Rizzolatti, 1996; Gallese
& Metzinger, 2003; Rizzolatti & Craighero, 2004; Rizzolatti, Fadiga,
Matelli et al., 1996; Wilson & Knoblich, 2005). Evidence in favor of
this proposal comes from studies that have recorded motor-evoked
potentials (MEPs) during the passive observation of action, and
which have shown increases in motor excitability specific to the
muscles involved in performing those actions (Fadiga, Craighero, &

Olivier, 2005; Fadiga, Fogassi, Pavesi, & Rizzolatti, 1995). In addi-
tion, electroencephalography (EEG) and magnetoencephalography
(MEG) studies indicate that the passive observation and active
execution of action have similar effects on rhythmic oscillations
originating from central regions of the brain (the mu and 20 Hz

http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:trevor.chong@svhm.org.au
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hythms, respectively) (Cochin, Barthelemy, Roux, & Martineau,
999; Hari et al., 1998).

Behaviorally, a consistent finding in favor of the automaticity
ypothesis arises from studies of so-called ‘automatic imitation’.
his is the observation that participants are typically faster to exe-
ute an action that is congruent with one that is concurrently
bserved, relative to one that is incongruent (Brass, Bekkering,

Prinz, 2001a; Brass, Bekkering, Wohlschläger, & Prinz, 2000;
raighero, Bello, Fadiga, & Rizzolatti, 2002; Heyes, Bird, Johnson, &
aggard, 2005; Press, Bird, Flach, & Heyes, 2005; Press, Gillmeister,
Heyes, 2006; Stürmer, Aschersleben, & Prinz, 2000; Vogt, Taylor,
Hopkins, 2003). Importantly, this effect is found even when the

bserved action is entirely irrelevant to participants’ responses.
any studies on automatic imitation have utilized simple intran-

itive actions, such as a lifting/tapping movement of a finger, or an
pening/closing movement of the hand (Brass et al., 2000; Brass,
ekkering et al., 2001; Heyes et al., 2005; Press et al., 2005, 2006;
türmer et al., 2000). By comparison, fewer studies have examined
he automatic imitation effect with more naturalistic, goal-directed

ovements, such as reach-to-grasp hand actions (Craighero et al.,
002; Vogt et al., 2003).

A representative example of an automatic imitation paradigm
ith goal-directed hand actions is the Go/NoGo task used by
raighero et al. (2002). In this paradigm, right-handed participants
ere trained to perform a precision grasp towards a clockwise- or

ounterclockwise-oriented bar that was positioned out of sight. Par-
icipants performed these movements in response to a ‘Go’ signal
hat was either the mirror image of their right hand in its final
osition or the mirror image of the right hand in the alternate
nd position. As predicted, reaction times were faster during the
bservation of congruent relative to incongruent hand postures.
urthermore, this congruency effect persisted even when the end-
ositions of the hands were similar but rotated rightwards by 90◦,
hich the authors argued excluded the possibility that their results
ere caused by mere spatial compatibility (i.e., by simple match-

ng of the end positions of the fingers and thumb to the imperative
timulus). In a subsequent study, Vogt et al. (2003) extended the
ndings of Craighero et al. (2002) in a simple reaction-time task.

n this study, participants grasped a vertical or horizontal rod that
as occluded from sight, in response to the appearance of any hand

timulus whatsoever, which could have been either congruent or
ncongruent with the executed action. The authors found that the
utomatic imitation of goal-directed actions persists even when no
isual discrimination of the target stimulus is required.

Although such congruency effects suggest an underlying auto-
aticity to the observation–execution matching process, the extent

f this automaticity remains unclear. The traditional distinction
etween automatic and controlled processes is that the former are
riggered involuntarily and do not require attention for their exe-
ution (Bargh, 1992; Cohen, Dunbar, & McClelland, 1990; Hasher &
acks, 1979; Posner, 1978). A corollary of this definition is that auto-
atic processes do not draw on general cognitive resources, and

hus do not interfere with, nor are they subject to interference from,
ther concurrent perceptual or cognitive demands. Consequently,
everal such processes can operate in parallel in the absence of
apacity limitations (Pashler, 1998). If the automaticity of the visuo-
otor transformation process is strong, an observed action should

e processed independently of whether that action is selectively
ttended.

Crucially, however, previous experiments have not explicitly
anipulated the allocation of attentional resources during the
rocessing of an observed gesture. Thus, the role of selective mecha-
isms in the observation–execution matching process is uncertain.
or example, some studies have required participants to perform a
imple finger movement (e.g., lifting or tapping a finger) in response
o a symbolic cue (such as a numeric prime which denotes the fin-
logia 47 (2009) 786–795 787

ger to be moved) or a spatial cue (such as a cross on an image of the
finger to be moved) (Bertenthal, Longo, & Kosobud, 2006; Brass et
al., 2000). While participants attended to these cues, they were con-
currently presented with the image of a congruent or incongruent
finger movement. The typical finding is that automatic imitation
occurs even when participants’ attention is directed towards the
secondary symbolic or spatial cue, and away from the observed
finger movement. Superficially, this would appear to be evidence
in favor of automaticity of the visuomotor transformation process.
However, such findings usually arise in the presence of attentionally
salient actions (e.g., those with a component of motion). Because
moving stimuli may act as powerful exogenous cues (Posner &
Cohen, 1984), it is unclear whether these apparent congruency
effects arise as a result of some inherent automaticity to the visuo-
motor transformation process, or simply due to the involuntary
capture of attention by the moving (albeit task-irrelevant) actions.

It has also been shown that automatic imitation persists when
participants attend to a feature of an observed action that is orthog-
onal to the required response (e.g., attending to the color of a hand
to execute the appropriate hand movement, Stürmer et al., 2000).
Often, however, the orthogonal discrimination imposes a low pro-
cessing load on cognitive resources. Previous studies on selective
attention have shown that such low processing loads can allow
attentional resources to ‘spill over’ to the processing of other irrel-
evant features of a stimulus (Lavie, 1995, 2000). In the present
context, the consequence would have been to allow attentional
resources not already consumed by the response-orthogonal dis-
crimination to be engaged in processing the response-relevant
feature of the observed action.

To summarize, the effect of selective attention on visuomotor
transformations of observed actions remains unclear. Nevertheless,
there are strong a priori reasons for supposing that the processing
of observed actions should be susceptible to top-down modulation.
In the natural environment, for example, we are typically con-
fronted with several actions and gestures simultaneously, of which
only a fraction are behaviorally relevant. Selective mechanisms
should be critical in enhancing the processing of these actions,
while suppressing those that are irrelevant or otherwise distract-
ing. In fact, the importance of selective attention in processing
observed actions was demonstrated in a recent functional mag-
netic resonance imaging (fMRI) study, which found that increasing
the attentional load of a secondary task suppressed activity within
left inferior frontal gyrus (IFG, BA 45; Chong, Williams, Cunnington,
& Mattingley, 2008)–an area that has previously been implicated in
the action observation network.

In addition to the neuroimaging study of Chong, Williams et
al., 2008, emerging behavioral data have provided evidence that
spatial attention may be important in the perception of body
parts in general. Bach, Peatfield, and Tipper (2007) required par-
ticipants to respond to the color of a target disc by pressing
a corresponding button with either their foot or their fin-
ger. The authors’ manipulation was to superimpose the colored
targets on either the foot or hand on a whole-body display.
They found that reaction times were faster when the attended
body part (e.g., the hand) matched the corresponding effector (e.g.,
a button press with one’s finger). This result shows that attending
to a body part non-specifically primes motor responses involv-
ing that particular effector. However, the authors also found that
attending to a neutral body part (e.g., the head) completely sup-
pressed this visuomotor priming effect. This result emphasizes the
role of spatial attention in action observation, by showing that

only those body parts that appear within the spotlight of attention
get processed. However, it is currently uncertain whether selec-
tive processes continue to be important when observed actions
can be specifically mapped onto participants’ own motor responses
(i.e., in automatic imitation). Furthermore, the question remains as
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o whether selective mechanisms are capable of suppressing the
isuomotor transformation of observed actions even when those
ctions appear at a spatially attended location.

The overarching goal of this study was to use a single experimen-
al paradigm to investigate the effect of selective attention on the
rocess of observation–execution matching. We used a Go/NoGo
aradigm that was modified from that of Craighero et al. (2002).
pecifically, participants were required to grasp a vertically ori-
nted rod with either a precision or whole-hand grasp in response
o a congruent or incongruent ‘Go’ signal. The specific features of
ur design were biologically motivated and intended to build on
revious studies of automatic imitation. First, we chose to examine
oal-directed actions, as mirror neurons show preferential activ-
ty for goal-directed actions over meaningless gestures (Rizzolatti,
ogassi, & Gallese, 2001). Second, instead of having participants
erform identical grasps to a target object that differed only in

ts orientation (Craighero et al., 2002; Vogt et al., 2003), we fixed
he target object in a single position and varied the reach-to-grasp
ction to be performed. We chose to vary the congruency of the
ction as a function of grasp based on extensive macaque data which
emonstrate a sensitivity of mirror neurons to end-effector config-
rations (e.g., grasping, tearing, and manipulating) (Gallese et al.,
996; Rizzolatti, Fadiga, Gallese, & Fogassi, 1996). Third, we used
mages of stationary hand actions rather than moving hand actions,
o examine the effects of task demands independent of stimulus
alience. Lastly, our target object was always in full view of par-
icipants. The two previous studies that used transitive gestures
ccluded participants’ view of the object (Craighero et al., 2002;
ogt et al., 2003), which might be less naturalistic than situations
ncountered in everyday life. In this study, we chose to present the
arget object in full view of participants based on empirical evidence
howing that grasping movements towards an occluded object rely
n the ventral visual pathway, and are qualitatively different from
hose towards a visible object, which rely on the dorsal pathway
Cant, Westwood, Valyear, & Goodale, 2005; Goodale, Jakobson, &
eillor, 1994; Hu & Goodale, 2000; Milner, Paulignan, Dijkerman,
ichel, & Jeannerod, 1999; Westwood & Goodale, 2003). It thus

emains to be determined whether automatic imitation of goal-
irected actions occurs only for actions that are memory-guided, or
hether this automaticity occurs as part of a more general visuo-
otor priming mechanism (c.f. Cant et al., 2005).
In Experiment 1, our primary aim was to replicate the finding

f automatic imitation with our new stimuli, prior to inves-
igating the critical issue of the role of selective attention in
he observation–execution matching process. Experiment 2 then
ssessed the extent to which an unattended hand could give rise
o automatic imitation. In this experiment, participants selected
heir grasp while directing their attention to a secondary stim-
lus at fixation, which was overlaid upon a task-irrelevant hand
ction. Finally, Experiment 3 examined whether automatic imita-
ion can be modulated by having participants attend to a feature
f the observed hand that was orthogonal to the response-relevant
imension. Participants in this experiment were required to select
heir grasp on the basis of the laterality of the target (a left or
ight hand)—a cognitively demanding discrimination that aimed
o reduce the attentional resources available to participants for
rocessing the grasp configuration of the hand. Importantly, Experi-
ents 2 and 3 held constant the low-level properties of the displays,

nd manipulated only the feature of each stimulus that was
ttended.
. Experiment 1

Based on previous findings of automatic imitation, our predic-
ion was that the appearance of a hand action that matched the final
logia 47 (2009) 786–795

posture of the executed movement should facilitate participants’
reaction times, relative to the observation of incongruent gestures.
This finding would be further evidence in favor of a visuomotor
coupling between a perceived stimulus and a subsequent action.

In this initial experiment, we also aimed to exclude the pos-
sibility that automatic imitation is driven simply by a spatial
compatibility effect (e.g., by participants matching the position of
their index finger to the location of the index finger in the dis-
play). As previously mentioned, Craighero et al. (2002) investigated
this possibility by presenting participants with two different sets of
stimuli: in one set, stimuli were mirror-images of the clockwise or
counterclockwise grasps that participants had to perform; in the
other, stimuli were the same images but rotated by 90◦ rightwards.
The authors found identical automatic imitation effects for both
stimulus sets. They concluded that such effects were unlikely to be
caused by spatial compatibility alone, and were more likely to be
due to sophisticated visuomotor-matching mechanisms. It should
be noted, however, that in both the rotated and non-rotated sets of
stimuli, the relative positions of the index finger and thumb in the
congruent condition matched those of participants’ own end posi-
tions for the grasps they performed. Thus, one cannot completely
exclude the possibility of a spatial compatibility effect in account-
ing for the automatic imitation found by Craighero et al. (2002). In
the present study, we reasoned that, if automatic imitation is sec-
ondary to a spatial compatibility effect, it should only be present
during the observation of a mirror image (left) hand, and not during
an anatomically symmetric (right) hand, with the relative positions
of fingers and thumb reversed. We therefore presented participants
with images of both left and right hands to investigate this hypoth-
esis.

Finally, automatic imitation is usually described in relation to
reaction times to initiate a movement. It is possible, however,
that the effects of visuomotor priming may extend to the pro-
file of the reach-to-grasp movement itself. We therefore measured
two distinct movement parameters: the time to commence each
movement (Initiation time) and the time between commencing the
movement and grasping the target object (Transport time).

2.1. Method

2.1.1. Participants
Sixteen students from the University of Melbourne gave their informed consent

to participate in this study (average age 22.1 years; S.D. 6.41 years; 12 females). All
participants were right handed as assessed by the Edinburgh Handedness Inven-
tory (Oldfield, 1971), and had normal or corrected-to-normal vision. No participants
reported a history of neurological illness. All of the experiments reported in this
paper were approved by the ethics committee at the University of Melbourne, Aus-
tralia, and were performed in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki.

2.1.2. Stimuli and apparatus
Participants were tested individually in a dimly lit room. Participants com-

menced each trial by depressing a button located immediately in front of them
(Fig. 1). At the onset of a target stimulus, they performed a reach-to-grasp movement
towards a vertically oriented rod located approximately 30 cm in front of the body
midline. The rod had a diameter of 3.3 cm and height of 14.3 cm, and was supported
by a base of diameter 12 cm and height 1.2 cm. The rod contained a force-sensitive
resistor along its right edge that was used to measure the transport time between
releasing the response button and grasping the target object.

Stimuli were stationary images of a left or right hand viewed from an allocen-
tric perspective against a black background (Fig. 2a). Stimuli of the right hand were
derived by horizontally flipping images of the left hand. The hand assumed one
of two prehensive postures—a precision grip (with index finger and thumb out-
stretched) or a whole-hand power grip (with four fingers and thumb outstretched).
The dimensions of the hands were life-sized and subtended a viewing angle of ∼9.5◦
horizontally and ∼12.4◦ vertically, as viewed from a distance of 60 cm. Stimuli were
presented at the center of a CRT monitor at a screen resolution of 1024 × 768 and
refresh rate of 85 Hz. Stimulus delivery and data recording were controlled with
Presentation software (Neurobehavioral Systems; http://www.neurobs.com), which
was run on an Intel Pentium IV 3.2 GHz computer with 1024 Mb of RAM and a 256 Mb
AGP NVidia video card.

http://www.neurobs.com/
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Fig. 1. Visual display and response rod used in Experiments 1–3, as viewed from
the participants’ perspective. Stimuli and apparatus were arranged against a black,
featureless background. Participants commenced each trial by holding down a cen-
tral button with their right middle finger. In the event of a target ‘Go’ stimulus,
participants executed a reach-to-grasp movement towards a vertically oriented rod.
A touch-sensitive strip located on the right edge of the rod detected participants’
responses. Two movement parameters were measured: the time prior to move-
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way rather than direct visual input via the dorsal route (Cant et al.,
2005; Goodale et al., 1994; Hu & Goodale, 2000; Milner et al., 1999;
ent selection and initiation (Initiation time) and the time required for movement
ompletion (Transport time).

.1.3. Procedure
The experiment utilized a Go/NoGo paradigm (Fig. 2c), in which the ‘Go’ signal

orresponded to the particular grip configuration of the hand image and alternated
etween blocks. Thus, in separate blocks, participants responded only to the pre-
ision grip or only to the whole-hand grip presented in the display. In order to
ommence each trial, participants held down the start button located immediately
n front of them using the middle finger of their right hand. They were instructed to
eep this button depressed until the onset of a ‘Go’ stimulus. After depressing the
utton, an instruction appeared in the center of the display regarding the specific
ovement that participants were to execute in the event of a ‘Go’ trial. This instruc-

ion was presented as a numeric display—the number ‘1’ instructed participants to
erform a precision (one-finger) grip, and the number ‘4’ represented a whole-hand
four-finger) grip. Thus, the grasps that participants themselves performed were
ither congruent or incongruent with the hand images that were presented, but the
dentity of the hand images were entirely irrelevant to the type of grasp that partici-
ants performed. The numeric instruction was displayed for 1.5 s, and was followed
y a random fixation period of between 1 and 2 s to prevent anticipations. At the
onclusion of the fixation period, the imperative target stimulus – a left or right
and in a precision or whole-hand grip – appeared. In the event of a ‘Go’ stimulus,
articipants released the button and executed a reach-to-grasp movement towards
he target object. Stimuli were present on the display until participants completed
heir grasp by activating the force-sensitive resistor. In the event of a ‘NoGo’ trial,
timuli remained present for 1.5 s prior to the onset of the next trial.

Participants completed 256 trials across four separate blocks, which were coun-
erbalanced according to the ‘Go’ stimulus in an ABBA design. Prior to each block,
articipants completed a practice block of 20 trials, which were not analyzed. ‘Go’
nd ‘NoGo’ trials were presented randomly but with equal frequency within each
lock. For all trials, we measured the time between stimulus presentation and move-
ent onset (corresponding to release of the start button; ‘initiation time’), and the

ime between movement onset and the completion of the movement (corresponding
o activation of the force-sensitive resistor; ‘transport time’). In addition, an exper-

menter seated out of sight behind each participant monitored their responses for
ccuracy, and their responses were verified offline through videotaped recordings
f participants’ grasps.
logia 47 (2009) 786–795 789

2.2. Results

Trials in which participants committed an error were eliminated
from the main analysis. These included trials in which participants
incorrectly initiated a movement in response to a ‘NoGo’ trial, or
performed an incorrect grasp during a ‘Go’ trial. To minimize the
effect of outliers on the main analysis, we excluded reaction times
that were greater than three standard deviations from the condi-
tional means of each participant.

Data were analyzed with a two-way repeated measures anal-
ysis of variance (ANOVA) on the factors of Hand Image Laterality
(Left vs. Right) and Congruency (Congruent vs. Incongruent). Sepa-
rate ANOVAs were conducted for mean initiation times and mean
transport times. The ANOVA on mean initiation times revealed
a significant main effect of Congruency (F(1,15) = 11.241, p < 0.005);
responses were faster for Congruent (M 410 ms, S.E. 8.80) than for
Incongruent trials (M 434 ms, S.E. 9.95) (Fig. 3). However, neither
the main effect of Hand Image Laterality (F(1,15) = 0.167, n.s.) nor its
interaction with Congruency (F(1,15) = 0.442, n.s.) were significant.
The ANOVA on mean transport times did not reveal any significant
effects of Hand Image Laterality (F(1,15) = 0.751, n.s.), Congruency
(F(1,15) = 0.970, n.s.) or their interaction (F(1,15) = 0.048, n.s.).

The overall mean error rate across participants was 2.7%. Errors
included trials in which participants incorrectly executed a ‘Go’
response to a ‘NoGo’ stimulus (false starts, 4.4% of ‘NoGo’ trials), and
trials in which participants performed an incorrect grasp to the tar-
get object (incorrect grasps, 0.9% of all ‘Go’ trials). Separate two-way
repeated measures ANOVAs on the factors of Hand Image Lateral-
ity and Congruency were conducted for both types of error. These
ANOVAs revealed no significant main effects or interactions. It is
therefore unlikely that the initiation time effects can be attributed
to a speed-accuracy tradeoff.

2.3. Discussion

As predicted, participants were faster to initiate their responses
to Congruent relative to Incongruent stimuli. This outcome repli-
cates previous findings of automatic imitation in the behavioral
literature (Bertenthal et al., 2006; Brass et al., 2000; Brass,
Bekkering et al., 2001; Craighero et al., 2002; Heyes et al., 2005;
Press et al., 2005, 2006; Stürmer et al., 2000; Vogt et al., 2003), and
excludes the possibility of a speed-accuracy tradeoff in accounting
for the results. In addition, we show that the automatic imitation of
goal-directed actions persists even when motion salience is con-
trolled with the use of stationary stimuli. Furthermore, because
these congruency effects are independent of Hand Image Laterality,
it is more likely that they are caused by a higher level representation
of the grasp itself rather than mere spatial compatibility. This find-
ing is consistent with the data from Craighero et al. (2002) regarding
spatial compatibility, but we extend these previous results by show-
ing that the automatic imitation effect persists even when the
postures of the hands are mirror-reversed images of participants’
end hand positions.

Although the principal aim of Experiment 1 was to replicate
the automatic imitation effect, our findings also extend previous
studies by showing that automatic imitation occurs for visually
guided grasping movements. In the only two studies on transi-
tive actions performed thus far, Craighero et al. (2002) and Vogt
et al. (2003) required participants to grasp an occluded object.
There is considerable evidence that grasping an occluded object
relies on planning from object memory in the ventral visual path-
Westwood & Goodale, 2003). The ventral pathway is exquisitely
sensitive to priming effects, and it is therefore not surprising that
automatic imitation is seen during actions towards an occluded
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Fig. 2. Examples of the stimuli used in Experiments 1–3, and sequence of events in a typical trial. (a) The four hand actions used in Experiments 1 and 3. These were images of
left or right hands in the posture of a precision or a whole-hand grasp. These actions were presented against a black background and viewed from an allocentric perspective.
Images of right hands were mirror-reversed images of left hands. (b) Sample stimuli used in Experiment 2. As in Experiment 1, hand actions were images of left or right
hands in the posture of a precision or whole-hand grasp. Superimposed on each hand action was a diamond-shaped outline, which was colored red or blue. (c) In each trial,
participants first received a numerical instruction regarding the type of action they were to perform in the event of a target ‘Go’ signal (‘1’ = precision grip and ‘4’ = whole-hand
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rip). This was followed by a variable fixation period of 1–2 s, after which the tar
ovement was completed in a ‘Go’ trial, or after a period of 1.5 s in the event of a ‘N

bject. In contrast, visually guided actions engage a different set
f visual mechanisms that are dedicated to transforming retinal
nformation into action in real-time. The question of whether auto-

atic imitation also occurs towards visible objects was therefore
n empirical one. Our finding that congruency effects persist even
or visually guided grasps suggests that the dorsal stream areas
nvolved in vision-for-action are also susceptible to task-irrelevant

otor primes.
Finally, it is worth noting that automatic imitation occurred only
or initiation time and not for transport time. One interpretation
f this finding is that the effect of an observed action on action
xecution occurs at relatively early stages of response selection,
nd is no longer evident once the movement has been initiated.
t is possible that our use of stationary stimuli may have con-
nd action appeared on the display. Stimuli were present until the reach-to-grasp
rial.

tributed to this greater congruency effect for response selection
relative to action execution. In particular, these stimuli had to be
processed and recognized prior to movement execution, and they
became irrelevant once the movement had been initiated. We might
speculate that moving images may be more likely to give rise to
congruency effects during the transport phase of the movement,
as they contain greater information about the kinematics of the
action, and may also continue to influence that action once it has
been initiated. Theoretically, it would be interesting to examine the

effects of moving stimuli in a similar automatic imitation paradigm,
although such effects would have to be interpreted cautiously given
the attentional salience of any moving stimulus. The absence of a
congruency effect in the measure of transport time is discussed
further in Section 5.
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Fig. 3. Data from Experiment 1. Graphs of (a) mean initiation time and (b) trans-
port time for the execution of Congruent and Incongruent hand actions, plotted
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ifest in initiation rather than transport times. Critically, however,
eparately for the observation of left and right hands. Significant congruency effects
ere found for initiation time during the observation of both left and right hands.

rror bars indicate +1 within-subjects S.E. *p < 0.005.

. Experiment 2

Having replicated previous findings of automatic imitation,
xperiment 2 investigated whether these congruency effects per-
ist independently of the task-relevance of the observed stimulus.
f an observed action is processed automatically, then directing par-
icipants’ attention to a secondary stimulus should not significantly
lter the congruency effect induced by the observed hand. In Exper-
ment 2, half the blocks were identical to those in Experiment 1
Attend Grasp), and required participants to attend to the grip con-
guration of each hand for the relevant ‘Go’ signal. In the remaining
alf of the blocks, participants’ attended to a diamond-shaped out-

ine that spatially overlapped the center of the observed hand, the
olor of which formed the critical ‘Go’ signal (Attend Color; Fig. 2b).
mportantly, identical stimuli were used in both the Attend Grasp
nd Attend Color tasks; the only difference between the two con-
itions was in the feature of the display that was task-relevant.

.1. Method

.1.1. Participants

A new group of 16 right-handed, neurologically healthy participants gave their

nformed consent to participate in this study (average age 21.6 years; S.D. 6.30 years;
2 females). All participants were right handed as assessed by the Edinburgh Hand-
dness Inventory (Oldfield, 1971), and had normal or corrected-to-normal vision.
o participants reported a history of neurological illness.
logia 47 (2009) 786–795 791

3.1.2. Stimuli
Stimuli of hand images were identical to those used in Experiment 1. However,

superimposed on each hand stimulus was a diamond-shaped figure that was col-
ored red or blue (Fig. 2b). The diamond frame subtended a viewing angle of ∼3.3◦ ,
and spatially overlapped the center of each hand. Notably, the part of the hand
which the diamond overlapped contained information that would be important in
discriminating the posture of the observed hand (an open or closed hand).

3.1.3. Procedure
This experiment was conducted using the identical Go/NoGo paradigm as that

used in Experiment 1. Two blocks were direct replications of Experiment 1 (Attend
Grasp), in which participants attended to the grasp configuration (precision or
whole-hand grip) as their ‘Go’ signal. In the remaining two blocks (Attend Color),
the ‘Go’ stimulus was the color of the diamond outline, which was either red or
blue. Importantly, the displays of hands and overlaid diamonds in the ‘Attend Grasp’
and ‘Attend Color’ blocks were identical; the blocks differed only in the stimulus
dimension to which participants attended.

Prior to each block, participants were informed of the relevant ‘Go’ signal—a
precision or whole-hand grip in the Attend Grasp blocks, and a red or blue diamond
in the Attend Color blocks. ‘Go’ and ‘NoGo’ trials were presented equiprobably in
each block, and the Attend Grasp and Attend Colour blocks were counterbalanced
within participants in an ABBA sequence. All participants completed 256 trials and,
prior to each experimental block, completed 20 practice trials, data from which were
not analyzed.

3.2. Results

A two-way repeated measures ANOVA was conducted on the
factors of Task (Attend Grasp vs. Attend Color) and Congruency
(Congruent vs. Incongruent). Incorrect trials and outliers greater
than three standard deviations from each participant’s conditional
mean were not analyzed.

The ANOVA on mean initiation time revealed a significant main
effect of Task (F(1,15) = 76.728, p < 0.0001), indicating that partici-
pants responded faster in the Attend Color task (M 393 ms, S.E.
12.7) than in the Attend Grasp task (M 444 ms, S.E. 13.1). There was
also a significant main effect of Congruency (F(1,15) = 7.454, p < 0.05),
indicating that participants responded faster in the Congruent con-
dition (M 412 ms, S.E. 11.8) than in the Incongruent condition (M
425 ms, S.E. 13.7). Most importantly, there was also a significant
interaction between Task and Congruency (F(1,15) = 9.457, p < 0.01).
Simple main effect analyses (Bonferroni adjusted) of this inter-
action revealed an initiation time advantage for congruent over
incongruent trials only for the Attend Grasp task (Congruent M
431 ms vs. Incongruent M 456 ms, p < 0.005), and not the Attend
Color task (Congruent M 393 ms vs. Incongruent M 394 ms; n.s.)
(Fig. 4). The ANOVA on mean transport time revealed no significant
effects of Task, Congruency or their interaction (F < 0.6, n.s.).

The overall error rate in this experiment was 1.6%. Errors
included trials in which participants incorrectly executed a ‘Go’
response to a ‘NoGo’ stimulus (false starts, 2.4%), and those in which
they performed an incorrect grasp to the target object (incorrect
grasps, 0.63%). The ANOVA on false starts revealed a significant main
effect of Task (F(1,15) = 15.380, p < 0.001), such that more reaches
were incorrectly initiated during the Attend Grasp task (M 1.05%,
S.E. 0.238) than in the Attend Color task (M 0.17%, S.E. 0.0797). The
main effect of Congruency (F(1,15) = 2.500, n.s.) and the interaction
between Task and Congruency (F(1,15) = 0.894, n.s.) were not signif-
icant. The ANOVA on incorrect grasps did not reveal any significant
main effects or interactions.

3.3. Discussion

The Attend Grasp task replicated the automatic imitation effect
found in Experiment 1, and again showed that these effects are man-
the data also demonstrate that automatic imitation is contingent on
the task-relevance of the observed action. Specifically, the congru-
ency effects were no longer significant when participants directed
their attention away from the background hand stimulus and
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Fig. 4. Data from Experiment 2. Graphs of (a) mean initiation time and (b) trans-
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ort time for the execution of Congruent and Incongruent hand actions, plotted
eparately for the Attend Grasp and Attend Color tasks. There was a significant con-
ruency effect in initiation time for the Attend Grasp task, but not the Attend Color
ask. Error bars indicate ±1 within-subjects S.E. *p < 0.005.

owards the task-relevant diamond. Notably, this occurred despite
he task being relatively undemanding (as reflected by the faster
verall initiation times in the Attend Color relative to the Attend
rasp blocks). In addition, both the hand and colored diamond were
resented at fixation, with the colored stimulus overlapping a part
f the gesture that was important for participants to determine grip
ype (the opened or closed hand). The preliminary conclusion from
xperiment 2, therefore, is that an observed gesture must be selec-
ively attended for it to exert a measurable effect on the initiation
f an executed action.

It should be noted that in this experiment participants either
ttended away from the hand stimulus entirely (in the Attend Color
ondition), or towards a specific feature of the hand that could be
apped onto their own responses (in the Attend Grasp condition).

hus, a question that remains is whether it is sufficient for partic-
pants to attend to any feature of the observed action, or whether
hey must attend to a response-relevant feature of that action, for
utomatic imitation to occur. Experiment 3 aimed to distinguish
etween these possibilities.

. Experiment 3
In Experiment 3, participants were presented with the identical
timuli as in Experiment 1 (i.e., left and right hands in the absence
f the diamond outline). In half the blocks, participants attended to
he grip configuration of the hand in order to derive the ‘Go’ signal.
logia 47 (2009) 786–795

These blocks were therefore identical to those used in Experiment
1 and the Attend Grasp task of Experiment 2. In the remaining half
of the blocks (Attend Laterality), the grip configuration was irrel-
evant, and the ‘Go’ signal for participants was determined by the
laterality of the hand (i.e., whether the stimulus shown was a left or
right hand). Importantly, discriminating a hand’s laterality requires
a judgment that is unrelated to discriminating its grasp type. Fur-
thermore, this type of orthogonal cue imposes a greater cognitive
load than that used in previous studies on automatic imitation (e.g.,
discrimination of a hand’s color). By increasing the processing load
imposed by the secondary task, we were able to limit the atten-
tional resources available for processing of the response-relevant
features of the action (i.e., its grasp).

4.1. Method

4.1.1. Participants
A further group of 20 participants from the University of Melbourne gave their

informed consent to participate in this study (average age 22.4 years; S.D. 6.56; 18
females). None of these participants had participated in the earlier experiments. All
participants were right handed as assessed by the Edinburgh Handedness Inven-
tory (Oldfield, 1971), and had normal or corrected-to-normal vision. No participants
reported a history of neurological illness.

4.1.2. Stimuli
Stimuli were identical to those used in Experiment 1 (i.e., they comprised images

of the precision and whole-hand grips without the superimposed diamond outline).

4.1.3. Procedure
The procedure was similar to that of Experiments 1 and 2. In half of the blocks

(Attend Grasp), the decision to initiate a response was determined by the grasp
configuration of the observed hand (i.e., a precision or whole-hand grip). In the
remaining half of blocks (Attend Laterality), participants ignored the grasp configu-
ration of the hand, and judged its laterality (i.e., whether it was a left or right hand)
to determine whether a response was required.

4.2. Results

The analysis of Experiment 3 was similar to that of Experiment 2.
A two-way repeated measures ANOVA was conducted on the fac-
tors of Task (Attend Grasp vs. Attend Laterality) and Congruency
(Congruent vs. Incongruent). Invalid trials were eliminated as in
Experiments 1 and 2. The ANOVA on mean initiation time revealed
a significant main effect of Task (F(1,15) = 9.254, p < 0.01), such that
participants were faster to discriminate Grasp (M 450 ms, S.E. 16.7)
than Laterality (M 477 ms, S.E. 21.4). This verifies the attentionally
demanding nature of the Attend Laterality task. The main effect of
Congruency was also significant (F(1,15) = 7.894, p < 0.05), indicating
that initiation times to Congruent trials (M 457 ms, S.E. 18.2) were
faster than those to Incongruent trials (M 470 ms, S.E. 19.3). Impor-
tantly, however, the interaction between Task and Congruency was
also significant (F(1,15) = 4.626, p < 0.05). Simple main effect analyses
(Bonferroni adjusted) of this interaction revealed a significant con-
gruency effect for the Attend Grasp condition (Congruent M 437 ms
vs. Incongruent M 462 ms, p < 0.005), but not for the Attend Lat-
erality condition (Congruent M 478 ms vs. Incongruent M 477 ms,
p = 0.936) (Fig. 5). The ANOVA on mean transport times revealed
no significant main effects (Task, F(1,15) = 1.102, n.s.; Congruency,
F(1,15) = 0.050, n.s.) or interactions (F(1,15) = 1.691, n.s.).

The overall error rate was 3.0%. Errors included trials in which
participants incorrectly executed a ‘Go’ response to a ‘NoGo’ stimu-
lus (4.2%), and those in which they performed an incorrect grasp to
the target object (1.8%). ANOVAs on these errors revealed no signif-
icant main effects or interactions, thus excluding a speed-accuracy
tradeoff.
4.3. Discussion

The results from Experiment 3 indicate that attending to a spe-
cific feature of an action stimulus (such as its laterality) does not
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Fig. 5. Data from Experiment 3. Graphs of (a) mean initiation time and (b) trans-
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eparately for the Attend Grasp and Attend Laterality tasks. There was a significant
ongruency effect in initiation time for the Attend Grasp task, but not the Attend
aterality task. Error bars indicate ±1 within-subjects S.E. *p < 0.005.

utomatically lead to the processing of the entire action. Instead,
he initiation of a grasp is only affected by the observed hand when
articipants attend to its grasp configuration, and not when they
ttend to a feature of the stimulus (its laterality) that is unrelated
o the required response. Furthermore, by engaging participants in
n orthogonal task that is relatively attentionally demanding (as
uggested by the main effect of Task), we were able to limit the
ttentional resources that were available to process the grasp con-
guration of the hand. Together with the results from Experiment 2,
hese data indicate that automatic imitation is contingent on par-
icipants attending to a feature of the observed stimulus that is
elevant to their response. The implications of these findings are
iscussed below.

. General discussion

The present study investigated the role of selective processes in
odulating the automatic imitation of goal-directed hand actions.

xperiment 1 verified previous findings of automatic imitation

y showing that the execution of reach-to-grasp actions is faster
or congruent relative to incongruent movements. Importantly, we
howed that this is not simply driven by a general spatial com-
atibility effect, and that the effect also occurs for visually guided
rasps. Experiment 2 investigated the effect of directing attention
logia 47 (2009) 786–795 793

towards an imperative stimulus which spatially overlapped, but
was distinct from, the displayed actions. The critical finding was
that automatic imitation no longer occurs when an observed ges-
ture is task-irrelevant. Finally, Experiment 3 examined whether the
automatic imitation of grasp can also be attenuated by directing
attention towards a feature of the observed hand that is orthogo-
nal to participants’ responses. The results showed that attending to
the laterality of the displayed hand did not lead to the automatic
processing of its grasp configuration. Together, these findings argue
against the proposal that the observation–execution matching pro-
cess is automatic, and reveal the critical role of selective attention
in the visuomotor transformation process.

Our findings accord with a recent behavioral study by Bach et
al. (2007), who showed that spatial attention is necessary for an
observed body site (e.g., an arm or a foot) to prime a button-press
response involving the corresponding effector. The present study
extends these recent findings in two important ways. First, we show
that attention also plays a critical role during the specific imitation
of an observed gesture. Second, we show that selective attention
is capable of modulating the processing of task-irrelevant gestures,
even when those gestures are spatially contained within the spot-
light of attention. A strength of the present paradigm is that, in
both Experiments 2 and 3, participants were always presented with
identical stimuli, and foveated the identical regions of space within
those stimuli, regardless of the task (Attend Grasp, Attend Color
or Attend Laterality). By only manipulating the item to which par-
ticipants attended, we were able to convincingly demonstrate the
effect of selective attention in modulating the automatic imitation
effect.

The Task × Congruency interactions in Experiments 2 and 3
demonstrate that the presence of a competing cognitive task may
inhibit the visuomotor transformation of an observed action. This
informs previous studies on automatic imitation. For example,
automatic imitation has apparently been found even in simple reac-
tion time studies, in which participants are not required explicitly
to discriminate any feature of the displayed action, but simply to
respond with a predetermined gesture (e.g., Heyes et al., 2005;
Press et al., 2005, 2006; Vogt et al., 2003). However, because the
processing of actions in these studies was not challenged by a sec-
ondary stimulus (c.f. Experiment 2) or cognitively demanding task
(c.f. Experiment 3), greater resources would have been available to
involuntarily match these actions with their motor equivalent. Our
data suggest that, when cognitive resources are directed away from
the action itself or are limited by a secondary task, few resources
remain to facilitate the process of observation–execution matching
(c.f. Lavie, 1995, 2000).

Furthermore, our findings demonstrate that stimulus salience
plays an important role in automatic imitation. For example, pre-
vious studies have reported that the initiation of a motor response
can be influenced by moving actions presented in the background,
despite those actions being task-irrelevant (Bertenthal et al., 2006;
Brass et al., 2000; Brass, Bekkering et al., 2001). However, motion
can be a powerful cue which is capable of capturing exogenous
attention (Posner & Cohen, 1984). Consequently, the involuntary
processing of moving, task-irrelevant gestures in previous studies
may have been driven by the visual salience of the stimuli, rather
than by automaticity of the observation–execution matching pro-
cess itself. Once motion salience is controlled through the use of
stationary stimuli (as in Experiment 2), it seems task-irrelevant
actions can be successfully filtered, and cease to undergo visuo-
motor transformation.
A further finding of the present study is that the processing
of a critical feature of an observed action (here, its grasp) occurs
only when attention is directed towards that feature. This finding
may appear inconsistent with previous studies which have shown
that attending to the color of a hand nevertheless results in con-
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ruency effects related to the hand’s posture (e.g., Stürmer et al.,
000). However, in this instance, the finding of automatic imitation
ay have been due to the nature of the required discrimination.

n particular, discriminating the color of a hand stimulus is a less
ognitively demanding task than discriminating its laterality. In the
ormer case, any attentional resources not already consumed could
ave ‘spilled over’ into the processing of the hand’s grasp. In con-
rast, the more demanding laterality discrimination of Experiment
would have left fewer attentional resources available to process

he remaining features of the action (Lavie, 1995, 2000).
The finding that the automatic imitation of grasp could be

odulated by attending to a response-irrelevant dimension of the
timulus (i.e., its laterality) implies that different features of an
ction may be processed within separate modules in the action
rocessing stream. The idea that actions are processed in a feature-
ased manner is consistent with current neuroimaging data, which
how that cortical regions involved in action observation tend to
ncode different aspects of a perceived action. Premotor and pari-
tal mirror areas, for example, are known to be sensitive to observed
ctions, and might subserve prehensile discrimination of the kind
equired in the ‘Attend Grasp’ tasks of this study. In contrast, areas
uch as the extrastriate body area (EBA) respond to images of
uman bodies or body parts, regardless of whether they depict an
ction (Chan, Peelen, & Downing, 2004; Downing, Jiang, Shuman,
Kanwisher, 2001; Urgesi, Candidi, Ionta, & Aglioti, 2007). In fact a

ecent TMS study has shown that the EBA is more sensitive to the
erception of bodily form than the action that is depicted (Urgesi
t al., 2007). It is therefore plausible that areas outside the mirror
ystem, such as the EBA, could have been preferentially involved
n decoding the laterality of the hand stimulus in Experiment 3,

hereas parietal and premotor mirror areas encoded the action-
elated features of the stimulus, such as its grasp.

The modulation of automatic imitation by selective attention
dds to the emerging view that observation–execution matching
rocesses are susceptible to top-down influences. For example,
eyes et al. (2005) found that automatic imitation is not ubiquitous,
ut can be attenuated by training participants in a preliminary ses-
ion to perform incongruent, rather than congruent, movements in
esponse to an observed action (e.g., hand closing in response to
and opening). This suggests that experience and prior exposure
o mismatched stimuli can also modulate the behavioral effect of
utomatic imitation.

In general, the fact that the covert simulation or overt expres-
ion of observed actions occurs only for actions that are attended
hould not be surprising. As social animals, we are confronted with
myriad of gestures in daily life, only a fraction of which are behav-

orally relevant. Cognitive capacity limits prevent all of these actions
rom being processed simultaneously. We recently showed that the
ctivity of action observation areas (specifically the left IFG, BA 45)
uring passive action observation can be suppressed by increasing
he attentional load of a secondary task at fixation (Chong, Williams
t al., 2008). These data indicate a key role for this area in gating the
erceptual input to the mirror system and limiting the perceptual
rocessing of those actions that are task-irrelevant.

Furthermore, if the visuomotor transformation of an action is as
utomatic as current data suggest (Fadiga et al., 1995; Stürmer et
l., 2000; Wilson & Knoblich, 2005), some mechanism should exist
o prevent actions from being imitated automatically (Kinsbourne,
005). Data from patients with echopraxia and imitation behav-

or suggest the neural source of such inhibitory control. Patients
ith echopraxia compulsively imitate the actions of others, even

hen they are instructed to perform a separate task (Luria, 1966);
atients with ‘imitation behavior’ imitate the gestures of an exper-

menter even when these gestures are socially unacceptable or
dd (Lhermitte, Pillon, & Serdaru, 1986). Echopraxia has been
ssociated with prefrontal and mesial cortical lesions, whereas imi-
logia 47 (2009) 786–795

tation behavior is usually associated with fronto-orbital lesions.
Both echopraxia and imitation behavior may therefore represent
instances of a ‘release’ of prefrontal cortical inhibitory inputs to the
mirror system that prevents overt movement production in normal
individuals. This conclusion is supported by fMRI data in healthy
participants, which show that having to perform an incongru-
ent versus congruent finger movement activates prefrontal areas
(including the frontopolar and middle frontal cortices), in addition
to the precuneus and anterior parietal areas (Brass, Zysset, & von
Cramon, 2001). Collectively, these data reveal the significance of the
prefrontal cortex in inhibiting inappropriate imitation of perceived
gestures. Such inhibition by the prefrontal cortex may underlie the
behavioral suppression of automatic imitation found in the present
study.

Finally, it is worth noting that, across all three experiments,
congruency effects were manifest in mean initiation times alone,
and not in mean transport times. Traditionally, chronometric stud-
ies of motor behavior consider initiation times to be a measure of
the time required for response selection and preparation (Pratt &
Abrams, 1994, but see also Meegan & Tipper, 1998). According to
such accounts, the findings from Experiments 1 to 3 suggest that
the interference between an observed and executed action mani-
fests itself most clearly during the relatively early phases of action
execution. However, once the movement is initiated, the present
data imply that it is performed independent of any such com-
petition. An obvious caveat to this claim is that transport times
represent the net sum of several kinematic variables that may not be
uniformly affected in a visuomotor priming study of the kind imple-
mented here. Based on the present data, the absence of an effect in
gross transport time suggests that any effects of automatic imita-
tion on movement parameters, if present, may be relatively subtle.
It remains for future investigations to more fully explore the kine-
matic consequences of executing an action during the observation
of congruent versus incongruent hand postures.

In conclusion, our data show that the visuomotor transforma-
tion of an observed grasp can be modulated by directing attention
towards features of the stimulus that are irrelevant to ongoing task
requirements. These findings emphasize the role of selective pro-
cesses in the filtering of task-irrelevant actions, and qualify previous
claims that the process of observation–execution matching occurs
automatically upon the perception of an action. More generally, our
data are consistent with a growing body of empirical data which
suggest that the processing of observed actions is susceptible to top-
down modulation in numerous contexts, such as prior exposure.
The selective filtering of task-irrelevant hands plays a critical role
in naturalistic environments, by inhibiting the indiscriminate sim-
ulation and imitation of the many gestures we perceive in daily life.
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