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Neural circuits involved in imitation and perspective-taking

Philip L. Jackson, Andrew N. Meltzoff, and Jean Decety*

Social Cognitive Neuroscience-Institute for Leaning and Brain Science, Box 357988, University of Washington, Seattle, WA 98195-7988, USA

Received 24 August 2005; revised 10 November 2005; accepted 15 November 2005

Available online 10 January 2006
Is it important to adopt the perspective of the model when learning a

new skill? Is the ‘‘mirror system’’ equally involved when the teacher is

facing or side-by-side with students? In this functional MRI study, we

measured the cerebral hemodynamic changes in participants who

watched video-clips depicting simple hand or foot actions. The

participants either watched passively or imitated these actions. Half

the video-clips depicted actions filmed from the perspective of the

participant (1st-person perspective) and half from a frontal view as if

watching someone else (3rd-person perspective). Behavioral results

showed that latency to imitate was significantly shorter for the 1st-

person perspective than the 3rd-person perspective. Functional

imaging results demonstrate that the observation of intransitive actions

engaged primary visual and extrastriate visual areas, but not the

premotor cortex. Imitation vs. observation of actions yielded enhanced

signal in the contralateral somatosensory and motor cortices, cerebel-

lum, left inferior parietal lobule and superior parietal cortex, and left

ventral premotor cortex. Activity in the lateral occipital cortex around

the extrastriate body area was significantly enhanced during imitation,

as compared to observation of actions confirming that this region

involvement reaches beyond the perception of body parts. Moreover,

comparisons of the two visual perspectives showed more activity in the

left sensory–motor cortex for 1st-person, even during observation

alone, and in the lingual gyrus for 3rd-person perspective. These

findings suggest that the 1st-person perspective is more tightly coupled

to the sensory-motor system than the 3rd-person perspective, which

requires additional visuospatial transformation.
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Introduction

There has been an upsurge of interest for the neurophysiolog-

ical investigation of imitation, which derives from at least three

sources (see Brass and Heyes, 2005; Meltzoff and Decety, 2003;
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Meltzoff and Prinz, 2002). First, human newborns imitate,

suggesting a common representation mediating the observation

and execution of human action (Meltzoff, 2005; Meltzoff and

Moore, 1997). Second, the discovery of mirror neurons in the

monkey has provided a physiological model for the basic

mechanism of this perception–action coupling, which is involved

in imitation and action understanding (Rizzolatti and Craighero,

2004; Rizzolatti et al., 2001; Rumiati and Bekkering, 2003;

Williams et al., 2001). These mirror neurons, located in the ventral

premotor cortex (area F5), as well as in parietal area PF, fire both

when the monkey carries out a goal-directed action and when it

observes the same action performed by another individual.

Subsequent observations (Umilta et al., 2001; Kohler et al.,

2002) strongly suggest that mirror neurons represent general

aspects of actions such as the goal or its consequences rather than

some other more elementary property of the movements (e.g.,

specific motor commands, muscle activity, movement direction).

Third, new neuroimaging methods have become available to

examine the anatomical areas involved in perception–action

coupling in humans under diverse sophisticated paradigms

(Decety, 2006; Decety and Chaminade, 2005; Iacoboni, 2005;

Jackson and Decety, 2004).

In humans, a large number of neurophysiological studies

demonstrated that a motor resonance mechanism in the premotor

and the posterior parietal cortices exists when subjects observe

goal-directed actions being executed by other people (e.g.,

Baldissera et al., 2001; Buccino et al., 2001; Fadiga et al., 1995;

Grafton et al., 1996; Hamzei et al., 2003; Hari et al., 1998) or even

when only the goal of these action is visible (Chao and Martin,

2000; Grèzes and Decety, 2001a; Grèzes et al., 2003a,b). This

motor resonance mechanism is also involved in action imitation as

reported by various functional imaging studies (e.g., Buccino et al.,

2004; Chaminade et al., 2002; Decety et al., 1997, 2002; Iacoboni

et al., 1999; Nishitani and Hari, 2000; Tanaka et al., 2001; Tanaka

and Inui, 2002; Williams et al., 2005). Furthermore, interference

between action observation and action execution has been

demonstrated in a number of behavioral studies (Brass et al.,

2001; Castiello, 2003; Kilner et al., 2003; Prinz, 2005), which also

suggests a direct link between perception and action.

Together, monkey and humans data have often been interpreted

in favor of the direct-matching hypothesis, which states that we

understand actions by mapping the visual representation of the
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observed action onto our motor representation of the same action

(Rizzolatti et al., 2001). Nevertheless, there remain unresolved

issues not accounted for by the current mirror neuron system

interpretation such as, for instance, whether an action needs to be

directed towards a goal object for this system to be involved (i.e.,

Ftransitive_ action). Moreover, human brain imaging studies have

not been as clear cut as the monkey literature showing that the

ventral premotor cortex is involved whether the movements were

goal-directed (e.g., Grèzes et al., 2003a,b) or not (e.g., Iacoboni et

al., 1999, Koski et al., 2003; Tanaka and Inui, 2002). While it

appears clear the action mirror system is involved when a goal is

present, it remains uncertain whether it still is when the action to be

imitated is Fintransitive_. Intransitive actions are particularly

interesting because they are simple, easy to execute, and constitute

the first actions that newborns are able to imitate (Meltzoff and

Moore, 1977, 1997).

Another aspect of imitation that has been less investigated is the

effect of the visual perspective of the model on the neural basis for

this type of behavior. Despite various definitions of imitation, most

scholars agree that this capacity requires that one maps one’s own

behavior onto the behavior observed in another individual.

Therefore, visual perspective transformation is a crucial aspect

for matching one’s own body to that of another person. It remains

uncertain whether mirror neurons are differentially involved by

varying visual perspectives. The goal of the act is invariant

regardless of which perspective it is viewed from. Assuming that

mirror neurons code the goal of an action and not the movements

to achieve it, which is the traditional assumption in the literature,

they would not be sensitive to the visual perspective of the model.

Most functional neuroimaging investigations have presented

movements or actions via static images or video-clips shown from

a 3rd-person visual perspective only, i.e., the model facing the

imitator.

In this experiment, we presented participants with a series of

simple hand and foot intransitive actions (such as rotations, lateral

of vertical movements) from two different visual perspectives and

which they had to imitate or observe. One perspective (1st person)

did not require spatial transformation because the model was

presented as if the camera was in the viewer’s eyes. In the other

perspective (3rd person), the model was presented from the front,

as if looking in a mirror or seeing someone else’s limbs (Fig. 1).

We predicted that both task and perspective differences will lead to

motor-areas-related changes. At the behavioral level, we predicted

that, when the model’s perspective matched that of the participants

(1st-person perspective), the time taken to initiate the same
Fig. 1. Static illustration of the video-clips used in the experiment, as they

were shown to the participants. Top row: 3rd-person visual perspective

bottom row: 1st-person visual perspective.
;

movement should be shorter than when the model perspective is

seen from the front (3rd-person perspective), because the motor

representation of the action should be more readily available and

thus lead to a more robust pattern of activation within motor-

related structures. At the hemodynamic level, it was therefore

expected that imitation and observation (which also evoke motor

representations) in the 1st-person perspective yield stronger

activation in the sensory–motor regions including primary motor

cortex, supplementary motor area and cerebellum. This pattern was

also predicted when comparing imitation to observation of action.

In visual areas, greater hemodynamic response was predicted

especially in areas of the lateral occipito-temporal region special-

ized for processing body parts (Chan et al., 2004), when spatial

transformations are needed in imitation (3rd-person perspective).

Moreover, specific involvement of the right temporo-parietal

junction was expected during 3rd-person perspective based on

previous work on perspective-taking (e.g., Ruby and Decety,

2001). It is known that the posterior parietal cortex plays a

fundamental role in motor representation (Halsband et al., 2001;

Rushworth et al., 2003; Sirigu et al., 1996) and bodily awareness

(Berlucchi and Aglioti, 1997). Although there is no dispute that

this region has an important role in action understanding and

imitation (e.g., Buxbaum et al., 2005; Meltzoff and Decety, 2003;

Chaminade et al., 2005), its contribution to different visual

perspectives remains to be clarified. An area in the posterior

parietal cortex at the temporo-parietal junction seems to mediate a

specialized neural mechanism for egocentric perspective trans-

formations (Jeannerod, 2003). We thus expected to detect signal

changes related to the different visual perspectives in this region.

Finally, the fact that the actions used in the study are ‘‘intransitive’’,

that is, they do not involve any objects, reduces the potential

participation of the inferior frontal gyrus (the human homologue

region of monkey area F5) during conditions of visual observation

of the model.
Material and methods

Subjects

Sixteen healthy individuals aged 29 T 6.5 years were recruited

(8 females, 8 males). Participants gave informed consent according

to the declaration of Helsinki. They were paid for their

participation. The study was approved by the local ethics

committee.

Stimuli and task

A series of 5-s video-clips showing different hand and foot

actions performed by a human model were used. Examples of the

videos are shown in Fig. 1. Half of the clips were from the 1st-

person visual perspective and half from the 3rd-person perspective

(see Fig. 1), and, within each perspective, half the clips were of

hands and half of feet movements. Three different types of

movements were shown, each executed in two directions for a total

of 6 different movements: rotations (clockwise and anti-clock-

wise), horizontal movement (initiated on the left or the right), and

vertical movements (initiated towards the top or the bottom). The

video-clips were edited to show only the limbs of the model

centered against a blue background. Each clip was comprised of

two repetitions of the same action.



Fig. 2. Latency to imitate the actions (+SE) as a function of perspective

from which the model was seen (1st vs. 3rd person) and limb used.
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In the scanner, the participants were shown the video-clips

and instructed to either watch the actions (Observation) or to

imitate on-line the actions (Imitation) by starting as quickly as

possible. Note that imitation of the 1st-person perspective model

meant that the subject was watching and doing the actions from

the same perspective they saw on the video-clip, but with their

own body; whereas imitation of the 3rd-person perspective

involved reproducing an action while observing another person

do it, as if you are facing that person. Finally, a baseline

condition consisted on watching a static cross on a blue

background.

Functional MRI procedure

Participants took part in five EPI runs following a 2 � 2

factorial design (Perspective = 1st-person or 3rd person � Task =

Imitation or Observation). Each run comprised 18 blocks of three

trials. Each block consisted of 3 trials of the same perspective and

the same task but with one of each different type of movements

(rotation, horizontal, vertical). A trial consisted of 2 repetitions of

the exact same movement for a total duration of 5 s. Each of the 4

following conditions was repeated 4 times in a run: (1) observe 1st-

person, (2) observe 3rd-person, (3) imitate 1st-person, (4) imitate

3rd-person, and a fifth condition, consisting of a visual baseline

(static cross) was repeated twice in each run. Half the blocks

presented hand stimuli, half feet stimuli, randomized across

sessions. The participants were instructed via a 1-s screen at the

beginning of each block to either ‘‘watch’’ the actions (or the cross)

shown without moving their limbs (observation 1st-person,

observation 3rd-person) or ‘‘imitate’’ these actions in synchrony

with the model (imitation 1st-person, imitation 3rd-person).

Participants were provided with several training trials prior to the

scanning sessions in order to learn to comply with the task and

perform the actions as instructed.

Participants’ behavior was videotaped with a digital camera

during scanning. These recordings were later coded for errors

(i.e., whether the action imitated was the correct one and whether

movement occurred during observation trials). Response latencies

were also scored; frame-by-frame analysis of the videotaped

records was conducted (one frame = 1/30th s) to evaluate the

delay between the beginning of the model’s action and that of the

participant. Response latencies were submitted to a 2 (Perspec-

tive) � 2 (Limb) ANOVA.

Functional MRI data acquisition and analysis

MRI data were acquired on a 3-T head-only Siemens

Magnetom Allegra System equipped with a standard quadrature

head coil. Changes in blood-oxygenation-level-dependent (BOLD)

T2*-weighted MR signal were measured using a gradient echo-

planar imaging (EPI) sequence (repetition time TR = 2000 ms,

echo time TE = 30 ms, FoV = 192 mm, flip angle 80-, 64 � 64

matrix, 34 slices/slab, slice thickness 4.5 mm, no gap, voxel size =

3.0 � 3.0 � 4.5 mm). For each scan, a total of 166 EPI volume

images were acquired along the AC–PC plane. Structural MR

images were acquired with an MPRAGE sequence (TR = 2500,

TE = 4.38, FoV = 256 mm, flip angle = 8-, 256 � 256 matrix, 160

slices/slab, slice thickness = 1 mm, no gap).

Image processing was carried out using SPM2 (Wellcome

Department of Imaging Neuroscience, London, UK), implemented

in MATLAB 6.5 (Mathworks Inc. Sherborn, MA). Images were
realigned and normalized using standard SPM procedures. The

normalized images of 2 � 2 � 2 mm were smoothed by a FWHM

8 � 8 � 8 Gaussian kernel. A first fixed effect level of analysis

was computed subject-wise using the general linear model with

hemodynamic response function modeled as a boxcar function

whose length covered the three successive trials of the same

condition. The five conditions described previously were included

in the model. Note that the decision not to include Limb as a

separate factor stems from the facts that changes in perspective and

task were the main questions of interest, and the results of

preliminary analyses revealed potential power issues. First-level

contrasts were introduced in second-level random-effect analysis to

allow for population inferences. Main effects were computed using

one-sample t test, including all subjects for each of the contrasts of

interest, which yielded a statistical parametric map of the t statistic

(SPM t). A voxel-level threshold of P < 0.001 uncorrected for

multiple comparisons (t = 3.73) and extend threshold of k = 10

were used to identify regions where significant hemodynamic

changes were observed. Unless otherwise specified, all spatial

localizations were made using MNI coordinates.
Results

Behavioral results

The video analysis of participants’ behavior shows that the

overall error rate for the imitation trials was very low, 3.9%. No

errors were made on the limb (hand of foot) or the type of

movement (rotation, vertical, horizontal); the only errors were in

the direction of the movement (e.g., rotation clockwise as opposed

to counterclockwise). This demonstrates that participants under-

stood the directions and performed the task efficiently. Interest-

ingly, however, 90% of those errors were made during the 3rd-

person condition.

As expected, the analysis of the response latencies showed a

significant main effect for visual perspective. Participants were

significantly faster in imitating a model seen from the 1st-person

versus 3rd-person perspective [F(1,15) = 31.62, P < 0.001] (Fig.

2). In fact, every subject showed this effect. This fits our

hypothesis that the more visuospatial similarity between the model

and the observer, the easier the movement is initiated. Other studies

have previously shown that compatibility between the movement

to be executed and the model is a factor that significantly
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influences motor performance (e.g., Brass et al., 2001; Craighero et

al., 2002; Heyes et al., 2005; Vogeley et al., 2004; Vogt, 2003).

Participants were also faster at imitating with the hand versus the

foot [F(1, 15) = 8.39, P < 0.05] which makes sense given the

differences in motor control. There was no significant Visual

Perspective � Limb interaction.

Functional imaging results

The functional imaging data are presented in the following

order: (1) main/simple effects related to the task, comparing

Observation and Imitation and comparing both to the Baseline

condition, (2) simple/main effects related to the visual perspective,

comparing 1st-person and 3rd-person perspectives and comparing

both to the Baseline condition, and (3) interactions between Task

and Perspective factors.

Effects of task

The imitation conditions versus the visual baseline (static cross)

showed the extensive neural network involved in action production

including the left motor and somatosensory cortices, bilateral

inferior parietal lobule, superior parietal cortex, and cerebellum

(Fig. 3). Distinct activation sites were detected in the foot (x = �6,
y = �32, z = 78) and hand (x = �32, y = �22, z = 60) areas of the

somatosensory motor cortex. Moreover, significant bilateral

activation was found at the lateral occipital cortex near the

temporal junction, including MT and the extrastriate body area

(EBA; e.g., Downing et al., 2001).
Fig. 3. (a) Results from the Imitation vs. Baseline contrast showing the network i

superior parietal cortex, cerebellum, and (b) motor and somatosensory cortices [foo

Peak of activity in the ventral premotor cortex (x = �48, y = 0, z = 2) and (d) perc

1st-person; o1 = observe 1st-person; i3 = imitate 3rd-person; o3 = observe 3rd-p
The cerebral activity during Observation irrespective of the

visual perspective of the model contrasted with the visual baseline

resulted in different clusters of activation in the cuneus (BA 18)

and extensive bilateral activation at the occipito-temporal junction.

The latter clusters were centered around the EBA in both

hemispheres [(x = �50, y = �74, z = 2) and (x = 48, y = �72,
z = 2)]. No signal change was found in the ventral premotor cortex,

even at a very liberal threshold (P < 0.1 uncorrected).

Signal change in EBA was greater in the Imitation than in the

Observation conditions in both hemispheres (Fig. 4). Percentage

signal changes were extracted for each session separately, averaged

for each subject, and analyzed separately for each hemisphere.

Values in the right EBA for each Task (Imitation, Observation) and

each Perspective (1st-person, 3rd-person) were submitted to a 2 �
2 repeated measures ANOVA. The results showed a significant

effect of Task [F(1,15) = 7.17, P < 0.05], but not of Perspective

[F(1,15) < 1, ns] and no significant interaction between these

variables [F(1,15) < 1, ns]. The same pattern of results was found

for the left EBA (not shown).

The main effect of Task (Imitation vs. Observation) collapsed

over the different perspectives showed a number of motor-related

areas including primary motor cortex, supplementary motor area

(SMA), dorsal and ventral premotor cortex (precentral operculum),

thalamus, and cerebellum (Table 1). Additional peaks were found

in the parietal cortex, notably in the right inferior and superior

parietal lobules and the precuneus. The reverse contrast (Observa-

tion vs. Imitation) did not yield any significant peaks.

When each condition of imitation was contrasted with its

corresponding observation condition (i.e., imitation 1st-person vs.
nvolved in action production, including the left inferior parietal lobule and

t x = �6, y = �32, z = 78 (b), and hand area x = �32 y = �22, z = 60]. (c)

ent signal change (+SD) in this area for the different conditions (i1 = imitate

erson). Results are superimposed on the MNI MRI template.



Fig. 4. Peak of activation in the right extrastriate body area (EBA) in the

Imitation vs. Baseline contrast and percent signal change (+SD) in the same

region (x = 48, y = �72, z = 2) for the different conditions (i1 = imitate 1st-

person; o1 = observe 1st-person; i3 = imitate 3rd-person; o3 = observe 3rd-

person). Results are superimposed on the MNI MRI template. Note that the

same pattern of result was found for the left EBA.

Fig. 5. Peak of activation in the left SII in the contrast Imitation 1st-person

vs. Observation 1st-person perspective and percent signal change (+SD) in

the same region (x = �56, y = �26, z = 18; t = 4.40) for the different

conditions (i1 = imitate 1st-person; o1 = observe 1st-person; i3 = imitate

3rd-person; o3 = observe 3rd-person). Results are superimposed on the

MNI MRI template.
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observation 1st-person perspective, and imitation 3rd-person vs.

observation 3rd-person perspective), thus removing the visual

input from the model, significant activation was detected in the left

ventral premotor cortex, the SMA proper, the cerebellum (mostly

in the ipsilateral hemisphere), as well as the primary somatosensory

and motor cortices (in the hand and foot areas). Although this

network was similar for the contrast in both perspective conditions,

one major difference was that activation was more bilateral and

extended to the left secondary somatosensory cortex (SII) in the

1st-person perspective task contrast (Fig. 5).

Effects of perspective

The contrasts of 1st-person perspective vs. Baseline and 3rd-

person perspective vs. Baseline yielded very similar results and
Table 1

Main effect of Task: brain regions that showed significantly more activation

during the Imitation than during the Observation condition for both visual

perspectives collapsed

Region L/R x y z t value

Precentral gyrus — front operc — PMv R 58 16 �6 5.41

Precentral gyrus — PMv L �56 12 �8 5.55*

Inferior frontal gyrus L �60 10 30 4.13

Middle frontal gyrus — PMd L �56 4 42 4.64

Middle frontal gyrus — PMd R 46 2 60 4.16

Precentral gyrus — PMv L �48 0 2 4.99

Thalamus L �12 �6 16 4.26

Middle frontal gyrus — PMd L �24 �8 74 9.00*

Medial frontal gyrus — SMA L �4 �14 78 9.90*

Cerebellum — lobule III R 22 �30 �34 4.70

Primary motor cortex L �4 �32 78 8.95*

Inferior parietal lobule R 52 �38 60 4.35

Inferior parietal lobule R 44 �38 46 4.21

Cerebellum — lobule IV R 4 �50 �4 4.78

Cerebellum — lobule VI L �38 �56 �30 3.95

Superior parietal lobule R 8 �58 70 4.35

Cerebellum — lobule VI R 34 �60 �26 4.53

Precuneus R 10 �70 62 4.47

The peaks are ordered from the most rostral to the most caudal. Localization

of the cerebellum peaks was done based on Schmahmann et al. (2000).

* P < 0.05 corrected.
very extensive bilateral activation of the occipital regions and

occipito-parietal junction, as well as motor-related areas, mainly in

the left hemisphere. Comparison of the two visual perspectives,

collapsed over the different tasks, was then directly performed (1st-

person vs. 3rd-person perspective) and showed peaks of activation

in the cuneus bilaterally, right orbitofrontal cortex, right middle

temporal gyrus, left inferior frontal gyrus, and most interestingly in

the left post- and precentral gyri (Fig. 6 and Table 2). The reverse

contrast (3rd-person vs. 1st-person perspective) yielded a single

cluster in the lingual gyrus (x = 4, y = �78, z = �2), which fell

below our conservative extend threshold (Table 2).

Separate contrasts between perspectives, for each task, yielded

peaks in the frontal pole, left orbitofrontal cortex, cuneus

bilaterally, and left pre- and postcentral gyrus for Imitate 1st-

person vs. Imitate 3rd-person perspective (Table 2), while the

Observe 1st-person vs. Observe 3rd-person perspective contrast

resulted in significant activity in the cuneus bilaterally and left

precentral gyrus (Table 2).

The reverse contrasts comparing imitation following a model

seen from the 3rd-person and seen from a 1st-person perspective

led to an increase in the right inferior frontal gyrus, the cerebellar

vermis, the right superior occipital gyrus (temporo-occipital

junction), and in a number of peaks in the lingual gyrus (Table

2). Comparison between observation of the actions seen from the

3rd-person perspective and seen from the 1st-person perspective

did not yield any significant peak of hemodynamic change.
Fig. 6. Left sensory–motor cortex activation (x = �36, y = �22, z = 70; t =

7.59) in the contrast 1st-person perspective vs. 3rd-person perspective,

irrespective of the task. Results are superimposed on the MNI MRI

template.



Table 2

Effects of perspective

Region L/R x y z t value

(a) Main effect of Perspective: brain areas that showed significantly more

activation during 1st person than 3rd-person perspective for both tasks

combined

Medial frontal gyrus (BA11) R 4 56 �16 5.04

Inferior frontal gyrus L �26 30 �22 5.87

Cingulate gyrus — OFC (BA 25) R 4 8 �10 3.97a

Precentral gyrus — M1 L �28 �12 72 5.57

Precentral gyrus — M1 L �36 �22 70 7.59*

Postcentral gyrus L �34 �32 72 5.96

Middle temporal gyrus (BA 21) R 62 �50 �2 4.36

Cuneus (BA 18) R 6 �92 20 9.16*

Cuneus (BA 18) L �4 �100 6 5.34

(b) 3rd-person vs. 1st-person perspective

Lingual gyrus (BA18) R 4 �78 �2 4.02a

(c) Imitate 1st-person vs. Imitate 3rd-person perspective

Frontal pole (BA 10–11) L–R 0 60 �8 5.49

Orbitofrontal (BA 25) L �4 14 �8 4.37

Postcentral gyrus L �46 �18 62 7.83

Precentral gyrus — M1 L �32 �20 72 7.36

Cuneus (BA 17–18) R 2 �96 �16 9.54*

Cuneus (BA 17–18) L �10 �100 �8 5.15

Cuneus (BA 17–18) R 12 �100 �2 5.20

(d) Observe 1st-person vs. Observe 3rd-person perspective

Precentral gyrus L �36 �22 70 4.73

Cuneus (BA 18) R 4 �90 18 6.53

Cuneus (BA 18) L �6 �100 6 4.74

(e) Imitate 3rd-person vs. Imitate 1st-person perspective

Inferior frontal gyrus (BA 47) R 34 20 �16 4.93

Cerebellum — lobule III R 8 �44 �26 4.98

Lingual gyrus L �22 �62 �10 4.32

Lingual gyrus R 4 �76 0 6.27

Lingual gyrus R 20 �76 �6 5.87

Lingual gyrus L �14 �82 �10 6.64

Superior occipital gyrus R 32 �82 22 5.05

Superior occipital gyrus L �42 �88 16 3.96a

The peaks are ordered from the most rostral to the most caudal peak.
a The extent of this peak did not meet our criteria of k > 10.

* P < 0.05.
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Interaction effects

The different interactions between Task and Perspective were

investigated using the contrast [(1st-person Imitate–1st-person

Observe)–(3rd-person Imitate–3rd-person Observe)], which did

not yield any significant results, and the contrast [(3rd-person

Imitate–3rd-person Observe)–(1st-person Imitate–1st-person Ob-

serve)], which yielded a few small clusters in the temporal cortex in

both hemispheres, only one of which in the left temporal pole

reached the cluster significance threshold (x =�44, y = 16, z =�34).
Discussion

The behavioral data provided initial evidence that the imitation

of models seen from a 1st-person and 3rd-person perspective

involves slightly different neural processes. Imitation based on a

1st-person view of the model was initiated faster than a 3rd-person
view of the model and also seemed to generate fewer errors. This

result fits our hypothesis that the more visuospatial similarity

between the imitator and the model to imitate, the easier the task, in

line with the ‘‘Like-Me’’ mechanism of imitation (Meltzoff, 2005;

Meltzoff and Decety, 2003). Our current findings fit well with other

studies that have also shown that compatibility between the

movement to be executed and the model is a factor that significantly

influences motor performance (e.g., Brass et al., 2001; Craighero et

al., 2002; Heyes et al., 2005; Vogeley et al., 2004; Vogt, 2003).

The functional imaging data support the notion that the two

different tasks (Imitation vs. Observation) and the two visual

perspectives (1st-person vs. 3rd-person) each rely on partly distinct

neural mechanisms.

Imitation vs. Observation

Observation of intransitive actions

The observation of hand and foot movements involved the

extrastriate body area, which is consistent with a growing body of

literature attributing a selective role in the perception of human

body parts to this region (e.g., Downing et al., 2001). However, the

functional validity of the activation reported in this region cannot

be fully assessed since the coordinates were not predetermined

through a localizer session, which would for instance involve

complex visual stimuli other than body parts for each participant.

Even though exact localization is not possible, it is likely that the

activation reported in this study lies within EBA, based on the

knowledge provided by a series of studies examining this region

(Downing et al., 2001; Astafiev et al., 2004).

Interestingly, no signal change was observed in either the

ventral premotor cortex or in the inferior frontal gyrus during

observation of actions. This suggests that the simple intransitive

actions used in this study do not tap into the mirror neuron system

in the premotor cortex. Such a result is compatible with the finding

that cells in the monkey’s ventral premotor cortex fire when the

observed action is directed to an object but does not respond to the

sight of the hand or the object alone. The mirror neurons in monkey

premotor cortex respond only to transitive actions (e.g., a hand

grasping a peanut) and not to intransitive ones (the hand moving in

the absence of an object). It may be puzzling that our results are

compatible with monkey data but are not fully in line with some of

the previous human findings. It has been reported in humans that

the premotor mirror system is activated when participants watch

pantomime (the goal is not shown, only imagined, or evoked, see

Decety et al., 1997; Grèzes et al., 1999) and even when they watch

meaningless body movements (Fadiga et al., 1995).

However, compatible with our current findings, it was recently

proposed that Broca’s area participates not so much in the

observation of simple intransitive actions but in movement

preparation, such as is involved in delayed execution (Makuuchi,

2005). Moreover, it has been suggested that the left inferior frontal

gyrus comes into play in tasks that involve selection (even if not

involving semantic retrieval) (Zhang et al., 2004). These two

aspects are not present in the observation alone task, but they are in

the imitation task, and, as such, these recent proposals are in line

with what we have observed (see also Brass and Heyes, 2005).

Imitation of intransitive actions

When each condition of imitation was contrasted with its

corresponding observation condition (e.g., imitation from a 1st-

person visual perspective versus observation from a 1st-person
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visual perspective), thus controlling for neural responses to the

visual input from the model, significant activation was detected in

the left ventral premotor cortex, the SMA proper, the cerebellum

(mostly in the ipsilateral hemisphere), as well as the contralateral

primary somatosensory and motor cortices (in the hand and foot

areas). This network was similar for imitation in both perspective

conditions. One difference between these conditions was that the

secondary somatosensory cortex (SII) was significantly activated

only in the 1st-person perspective contrast. Even though this

finding was obtained through a simple effect in the absence of a

significant interaction, it is in line with the hypothesis that 1st-

person perspective facilitates the integration of kinesthetic infor-

mation, which is both sensory and motor in nature. This latter

interpretation is further supported in the direct comparison between

the perspective conditions (see next section).

Part of the left ventral premotor cortex (inferior precentral

gyrus) was also activated during imitation. It has been argued that

both action recognition and language production share a common

system underpinned by the inferior frontal gyrus (Rizzolatti and

Arbib, 1998). But, in the context of our study, it is unlikely that

activation of this region can be interpreted in relation to its

proposed role in speech, and no signal change was detected in this

region or the more anterior and lateral region corresponding to

Brodmann’s area 44 during the action recognition conditions alone

(the observation conditions). Indeed, the coordinates of this region

correspond to the inferior and medial part of the precentral sulcus

(precentral operculum), a region that responds strongly during

action execution of both hand and foot movements (Rijntjes et al.,

1999; Kollias et al., 2001) and less during observation (Grèzes et

al., 2003a,b; Grèzes and Decety, 2001b).

Our results demonstrate that the EBA responds more to the

imitation of intransitive movements than to passive observation of

the same movements. This finding supports a recent fMRI study

demonstrating that EBA responds not only during the observation

of other people’s body parts, but also during goal-directed

movements of the observer, even in the absence of visual feedback

from her/his movements (Astafiev et al., 2004). These authors

consequently proposed an extended role for the EBA, involving

this region not only in the visual perception of body parts but also

in the planning, execution, and imagination of actions with

different limbs. The magnitude of the percent signal change in

the observation and imitation conditions in the present study also

supports the view of Astafiev and colleagues who proposed an

incremental modulation of the activity in EBA according to the

condition involving body parts: the weakest response is expected

during visual attention, while the strongest response would stem

from performing actions while visual feedback of the movement is

available. It is thus likely that the EBA is important not only for the

visual processing of body parts, but also for making an

Finterpersonal registration,_ i.e., automatically mapping the visual

representation of another’s body to one’s own body, which can

then be used for one’s own action plans (see Thomas et al., in

press). In this sense, EBA could provide initial input for a larger

mirror system involved in interpersonal somatotopic map used in

both perception and action.

1st-person vs. 3rd-person perspectives

1st-person perspective, the self

Consistent with the main effect of Perspective, direct compar-

ison between observation of the actions seen from the 1st-person
perspective and observation of the actions seen from the 3rd-

person perspective resulted in the activation in the visual cortex

bilaterally, as well as in the contralateral sensory–motor cortex.

Finding a difference in visual areas between conditions that

involve distinct visual stimuli is not surprising. However, the

significant activation of the precentral gyrus for the 1st-person

perspective, even in the absence of producing movement, is an

interesting finding and deserves further consideration. Moreover,

this activity was restricted to the left hemisphere, contralateral to

the movements, as would be expected during the execution of

movements.

A number of TMS studies have documented that observing and

imagining actions can be sufficient to induce changes in the

sensory–motor cortex (e.g., Clark et al., 2003), which is

compatible with our current results as well as those of Maeda et

al. (2001) who used TMS to assess whether action observation

enhances cortico-spinal excitability. These authors tested the

specificity of this effect and the role played by the orientation of

the observer. They found that observation of a movement

enhances motor output to the muscles involved in the movement

and facilitates the observed action. Furthermore, they showed

evidence for the high degree of specificity of this observation-

induced motor cortical modulation. The degree of modulation was

dependent on hand orientation, and thus modulation was maximal

when the observed action corresponded to the orientation of the

observer.

One may argue that activity in the left sensory–motor cortex is

related to small movements that may have been produced by the

subjects. However, performance of the subject was monitored and

filmed during scanning, and no noticeable movements of the target

limbs were produced by subjects during the observation con-

ditions. It remains plausible that some subtle muscle contractions

occurred during the observation of the 1st-person perspective

actions. However, such a finding would prove interesting in itself

because it would suggest that the 1st-person perspective and not

the 3rd-person perspective tends to induce nonvoluntary muscle

contractions in a condition where subjects were instructed not to

move and no visible movement was produced.

The fact that greater activation of the sensory–motor cortex

during 1st-person perspective was not restricted to the observation

conditions but also observed during imitation also supports the

interpretation that the motor representation is differentially

modulated by variation of the visual perspective. This interpreta-

tion also suggests that the motor representation based on 1st-

person perspective action may involve more kinesthetic compo-

nents than that based on 3rd-person perspective, similarly to what

is proposed for visual and kinesthetic motor imagery by Solodkin

et al. (2004). Finally, activity of the somatosensory cortex is often

reported in studies of perspective-taking when the perspective of

the self is taken as opposed to the perspective of someone else

(Ruby and Decety, 2001, 2003, 2004). Imitating movement based

on 1st-person visual perspective is congruent to ‘‘self’’ perspec-

tive, while the 3rd-person visual perspective is closely related to

the ‘‘others’’. Increased activation of the somatosensory cortex,

when the participant is simply observing actions performed by

others, may be a neural correlate of the fact that the visual

stimulus is being registered as ‘‘Like-Me’’ and activating self-

action (Gallagher and Meltzoff, 1996; Meltzoff, 2005; Meltzoff

and Decety, 2003).

Direct comparison between imitation of the action seen from the

1st-person versus 3rd-person perspective yielded hemodynamic
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changes in different regions of the occipital lobe, the frontal pole,

medial orbitofrontal cortex (BA 25), and also in the left pre and

postcentral gyrus. While frontal pole activation has been reported in

different studies involving self/other distinction, its precise role

remains unclear. For instance, Ruby and Decety (2001) reported

frontopolar activation in a condition where participants had to

imagine the actions performed by another individual versus

themselves, suggesting a more prominent role for this region in

3rd-person perspective. This interpretation was later extended to

3rd-person perspective-taking in an emotional context (Ruby and

Decety, 2004). Generally, the ventromedial cortex, including

frontopolar regions, has been thought to regulate perspective-taking

and social cognition (Decety and Jackson, 2004), and the frontopolar

cortex plays an important role in inhibitory processes during

behavior. However, our experiment did not involve social interaction

with a live model nor a high degree of imagination or mentalizing

effort. Yet, perhaps another interpretation related to the role of this

region in decision making (Bechara et al., 2000) and response

selection based on reward value (Elliott et al., 2000) may explain

why we found frontopolar cortex activation in our study, given that

the participants were trying to comply with the instructions. Elliott et

al. (2000) proposed that the reward value of a response could be

related to its familiarity or rightness, hence broadening the meaning

of ‘‘reward’’ traditionally associated with physiological and psycho-

logical incentives. This familiarity interpretation is supported by the

results of a positron emission tomography study showing modula-

tion of the cerebral blood flow in the medial ventral prefrontal cortex

after extensive motor imagery practice of a sequence of movements

(Jackson et al., 2003). Although still conjectural at this point since

these results are based on the findings from simple effects, the

explanation based on familiarity could also account for the activation

of the frontopolar cortex for 1st-person perspective compared to 3rd-

person perspective.

3rd-person-perspective, the other

Lesions that include the right inferior frontal gyrus have been

shown to be impaired perspective-taking abilities (Samson et al.,

2005). Involvement of this region during 3rd-person perspective

imitation suggests that some mechanisms related to perspective-

taking or spatial transformation (or transposition) are at play during

this condition. Such activation could also reflect greater executive

function load associated with spatial transformation in this

perspective.

Signal change was also found in the temporo-occipital region

bilaterally. This finding is consistent with a series of fMRI

experiments conducted by Zacks et al. (1999, 2002), who reported

specific activation in that region during egocentric body transfor-

mation. More activation of this region during 3rd-person perspec-

tive is thus consistent with the interpretation that some spatial

transformation (which is not necessary during 1st-person perspec-

tive) is at play in this condition.

Concerning the hemodynamic change in the extrastriate cortex,

we did not replicate the results of Chan et al. (2004) and Saxe et al.

(2005) who found higher hemodynamic signal changes for 3rd-

person (allocentric) than for 1st-person (egocentric) perspectives in

the right but not the left EBAwhen viewing people or limbs. Chan

et al. (2004) nevertheless acknowledged that this effect is of small

amplitude compared to the difference that can be produced in this

region by different types of stimuli. In line with this, in the

experiment, the effect of task (Imitation vs. Observation) on the

hemodynamic signal change in this region is much higher than
what we found for the effect of perspective. Finally, the absence of

localizer session and the restricted size of EBA may mean that the

reported coordinates do not fall exactly in this region and may

correspond to MT or the lateral occipital complex that is known to

partially overlap with EBA. These two latter regions have recently

between shown not to differentiate between the two visual

perspectives (Saxe et al., 2005).

One final but important difference between the two perspective

lies within the visual cortex. While 1st-person perspective was

mainly associated with primary and secondary visual cortex

activation, 3rd-person perspectives yielded more hemodynamic

changes within associative visual cortex, mainly, the lingual gyrus

and superior occipital gyrus. This again suggests that actions seen

from the 1st-person perspective are more directly mapped, without

further visuospatial transformation, to its corresponding motor

representations.

Finally, the lack of strong interaction between Task (Imitation

vs. Observation) and Perspective (1st vs. 3rd-person) suggests that

1st-person perspective recruits the motor system to a greater extent

than 3rd-person perspective regardless of whether the movements

are actually produced or not.

Together, these findings may have some important implications

as to how the brain performs imitation for simple body movements,

i.e., intransitive actions. This is interesting because they are the

first type of actions that newborns imitate (e.g., Kugiumutzakis,

1999; Meltzoff and Moore, 1977, 1997). The coding of such action

takes place in the posterior parietal cortex and possibly in the

lateral occipital EBA. Multiple areas in the posterior parietal cortex

play different roles related to body schema and egocentric body

transformation. The parietal cortex plays a fundamental role in

imitation as shown in a number of functional neuroimaging studies

(e.g., Chaminade and Decety, 2002; Chaminade et al., 2005;

Decety et al., 2002; Iacoboni et al., 1999; Tanaka and Inui, 2002),

as well as from the observation of neurological patients with

apraxia (e.g., Buxbaum, 2001, 2005; Halsband et al., 2001). The

properties of some cells in the parietal cortex are multimodal and

may well account for the kinesthetic–visual matching that allows

solving of the problem of correspondence in imitation, as proposed

by Meltzoff and Moore (1997). This problem would reduced

somewhat when the model is presented from a 1st-person

perspective, and thus the visual input of the model is more similar

to what the participant would see if looking as his or her own

actions.

The main finding of this study that 1st-person perspective

recruits the motor production systems more extensively (i.e., motor

priming) than 3rd-person perspective, whether the movements are

produced or not, is fully compatible with ideomotor theories (e.g.,

Greenwald, 1970). These theories state that the parallel between

observed (or imagined) and executed actions stems from an

integration of a motor program and its corresponding sensory

feedback. This sensory feedback (or the idea of this feedback)

would be more readily available through 1st-person perspective

models. Theories based on the mirror neurons and mirror, as

classically described, on the other hand, might be interpreted to

predict that 3rd-person perspective models would provide the best

representation since they evolved to help individual understand

others. However, as previously discussed, mirror systems are more

specifically involved when a clear goal is intended with the

observed action. This was not the case in the present study, which

may explain the lack of ventral premotor cortex activation during

observation of action.
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Conclusion

The observation of simple intransitive body actions does not

seem to tap the ventral premotor cortex. Such a finding is

consistent with electrophysiological recordings in monkeys that

have shown that mirror cells respond to goal-directed actions, goal

only, but not to meaningless actions, or to hand movements.

Moreover, it was shown that both the observation and imitation of

intransitive actions seen from a 1st-person perspective yielded

increased activity of the contralateral sensory–motor cortex

compared to the same actions perceived from a 3rd-person

perspective. Finally, we found that the EBA region has interesting

Fmirror properties_ for simple body movements inasmuch as it

shows increased activity during both observation and imitation.

Together, these findings have implications for the neural under-

pinnings of both perspective-taking and imitation, and they also

suggest interesting refinements in our conception of the mecha-

nisms underlying imitation. One could hypothesize that the rote

repetition of known movements is faster and more efficient (in

terms of recruiting the relevant motor representation/motor

program) from the 1st-person perspective, while the learning of

new actions might be more robust and generalize further if seen

from the 3rd-person perspective (which requires some transforma-

tion) because this would lend itself to a more effortful and better

understanding of the spatial configuration of the action. The

answer to the question of which perspective a teacher should take

in modeling an action likely depends on the prior expertise of the

student and the expected generalization and use of the learned

response by the learner.
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