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Abstract: Action observation engages higher motor areas, possibly reflecting an internal simulation. How-
ever, actions considered odd or unusual were found to trigger additional activity in the so-called theory of
mind (ToM) network, pointing to deliberations on the actor’s mental states. In this functional magnetic reso-
nance imaging study, the hypothesis was tested that an allocentric perspective on a normal action, and
even more so the sight of the actor’s face, suffices to evoke ToM activity. Subjects observed short videos of
object manipulation filmed from either the egocentric or the allocentric perspective, the latter including the
actor’s face in half of the trials. On the basis of a regions of interest analysis using ToM coordinates, we
found increased neural activity in several regions of the ToM network. First, perceiving actions from an
allocentric compared with the egocentric perspective enhanced activity in the left temporoparietal junction
(TPJ). Second, the presence of the actor’s face enhanced activation in the TPJ bilaterally, the medial prefron-
tal cortex (mPFC) and posterior cingulate cortex (PCC). Finally, the mPFC and PCC showed increased
responses when the actor changed with respect to the preceding trial. These findings were further corrobo-
rated by zmap findings for the latter two contrasts. Together, findings indicate that observation of normal
everyday actions can engage ToM areas and that an allocentric perspective, seeing the actor’s face and
seeing a face switch, are effective triggers.Hum Brain Mapp 32:2141–2150, 2011. VC 2011Wiley Periodicals, Inc.
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INTRODUCTION

Action observation usually engages the higher motor sys-
tem, including particularly premotor and parietal areas.
These are often referred to as ‘‘mirror neuron system’’, in ref-
erence to macaque mirror neurons [Rizzolatti and Craighero,
2004]. In contrast, unexpected or contextually inconsistent

actions were also reported to activate the so-called ‘‘Theory
of Mind (ToM) network’’, suggesting considerations about
the actor’s mental states [Brass et al., 2007; German et al.,
2004]. However, actions are always performed by persons to
whom we also spontaneously attribute mental states. Hence,
the exact conditions for the recruitment of the ToM network
during action observation remain unclear.

Among 151 studies on action observation [Van Overwalle
and Baetens, 2009], only 13 report ToM activity. All of these 13
studies show videos of unusual or implausible actions, but
many of them also use an allocentric perspective, i.e., actions
are shown from the third person perspective (3pp). Impor-
tantly, 3pp implies that the action is caused by another agent.
In contrast to the first person perspective (1pp), the 3pp may
be particularly conducive to this impression as it first entails
that right and left hand are flipped by a 180� rotation to the
opposite perspective, and second, that we usually see the
actor’s face. One therefore may hypothesize that a 3pp suffices
to engage ToM during observation even of normal action.
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Interestingly enough, we are ignorant about the neural
effects of an observer’s perspective on everyday object manip-
ulation. So far, grasping [Shmuelof and Zohary, 2008], placing
[Hesse et al., 2009], and intransitive movements [Jackson
et al., 2006], as well as static pictures of body parts [Chan
et al., 2004; Saxe et al., 2006a] have been investigated with
respect to the influence of the observer’s perspective. These
studies consistently report increased activation in premotor-
parietal areas of the contralateral hemisphere for egocentric
compared with allocentric perspective, whereas the reverse
contrasts revealed activation in either occipital areas, includ-
ing the lingual gyrus [Hesse et al., 2009; Jackson et al., 2006]
and/or ipsilateral premotor-parietal regions [Hesse et al.,
2009; Shmuelof and Zohary, 2008]. Notably, in all of these
studies, the action goal was (i) known to the observer before-
hand (e.g., grasping); (ii) largely invariant across the entire
study (e.g., grasping whatever object is presented); and (iii) of
low complexity (e.g., only grasp, then stop without further
manipulation). Although these features were suitable for the
purpose of the cited studies, they do not necessarily coincide
with action interpretation and recognition in everyday life,
where goals are often unknown, variant, and complex.

This functional magnetic resonance imaging (fMRI) study
aimed to investigate whether action observation from an
allocentric perspective recruits ToM, even when mentaliz-

ing is not explicitly required. To systematically disentangle
the two characteristics featuring allocentric observation, i.e.,
perceiving body movements from a perspective other than
my own, and seeing the actor’s face, we conducted two
analyses. First, everyday actions filmed from an allocentric
perspective (3pp) were contrasted with those filmed from
an egocentric perspective (1pp) to tap effects of the perspec-
tive. Second, to investigate effects due to the sight of the
actor’s face, we compared actions filmed from an allocentric
perspective including the actor’s face (3ppþ) with the 3pp
actions, which showed only the actor’s hands. Finally, the
effect of switching actors between successive movies was
analyzed. To this end, 3ppþ actions performed by an actor
who was new with respect to the preceding trial were com-
pared with those performed by the same actor again.

METHODS

Participants

Twenty-one right-handed, healthy volunteers (16 female)
participated in the study (age range ¼ 22–27 years; mean
age ¼ 24.0 years). After being informed about potential
risks and being screened by a physician of the institution,

Figure 1.

Stimuli and experimental design. Video trials and question trials

were interleaved in an event-related design. Video trials were

composed of 3 s long video clips of everyday life actions filmed

from an egocentric perspective (1pp) and two allocentric per-

spectives showing either hands only (3pp) or the whole actor

including the actor’s face (3ppþ). 3ppþ trials entered a repeti-

tion suppression analysis when they were preceded by another

3ppþ trial showing either the same actor (actor repetition) or a

different actor (actor switch). 20% of video trials were followed

by question trials requiring participants to confirm or reject

verbal action descriptions with respect to the preceding trial.
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subjects gave written informed consent before the fMRI
measurements. The study was performed according to the
Declaration of Helsinki. Data were handled anonymously.

Stimuli and Tasks

After a training phase of nine trials (six video trials and
three question trials that were not used in the analysis),
subjects were presented with movies showing actions
(action trials) and with written action descriptions refer-
ring to these actions (question trials, Fig. 1). Each action
trial (8 s) started with a movie (3 s) followed by a fixation
phase. To enhance the temporal resolution of the BOLD
response, a variable jitter (0, 500, 1000, or 1500 ms) was
inserted before the movie. Fifty percent of the actions was
performed on appropriate objects (e.g., pouring water
from a bottle into a glass, altogether 60 everyday life
actions) and 50% on inappropriate objects (e.g., making
the same movement with a pen and a candle [cf. Schubotz
and von Cramon, 2009]). However, in this study, we limit
our analysis to trials performed with appropriate objects.

Subjects were instructed to attend to the presented mov-
ies. They were informed that some of the movies would be
followed by an action description that either matched or did
not match the content of the preceding movie and that they
were to indicate whether the description matched the movie
(accept) or not (reject). When a question trial was presented,
subjects immediately delivered their responses on a two-
button response box, using their index finger to accept and
their middle finger to reject. 50% of the action descriptions
matched and 50% did not. Great care was taken that the
action descriptions used in the question trials referred
merely to the low-level goals of actions (e.g., filling a glass),
which were directly derivable from the object manipula-
tions. Phrasings like ‘‘preparing a drink’’ were avoided not
to refer to the intention of the actor ensuring that the task is
implicit with respect to ToM.

Three experimental conditions were implemented by
showing the actor’s hands from an egocentric perspective
(1pp), the actor’s hands from an allocentric perspective
(3pp), and the whole actor including the actor’s face from
an allocentric perspective (3ppþ). In addition, the trial suc-
cession was balanced such that each of the nine possible
transitions occurred an equal number of times. 3ppþ trials
were further analyzed by using a switching protocol: trials
that were preceded by 3ppþ trials showing a different actor
(actor switch) were compared with trials that were preceded
by trials showing the same actor again (actor repetition).

All in all, four actresses and four actors performed a differ-
ent set of actions, equally balanced with respect to the experi-
mental conditions. 1pp videos were filmed over the shoulder
of the actor resulting in an egocentric ‘‘like-me’’ perspective,
whereas 3pp videos were filmed from the same distance and
angle, but the actor sat on the other side of the table to show
exactly the same detail of the hands differing solely in per-
spective. 3ppþ videos were filmed face to face with the actor

using a different angle and a different camera zoom factor.
Actresses and actors were instructed not to show any facial
expression and to focus their gaze on the objects to be manip-
ulated. Moreover, the viewpoint of the camera did not allow
for unambiguous detection of actors’ gaze direction.

The size of the hands and manipulated objects were kept
constant across conditions by scaling down 1pp and 3pp vid-
eos to the same hand size as the 3ppþ videos to avoid con-
founding visibility effects. In addition, resized videos were
placed on a scrambled background to provide an identical
amount of visual information (Fig. 1, Supporting Information).

Twenty percent of the analyzed movies (i.e., 24 of 120
actions) were followed by a question trial that had the
length of a regular trial (1.5 s description, 1.5 response
phase, and a 5-s fixation phase). Accordingly, 120 trials (40
1pp trials, 40 3pp trials, and 40 3ppþ trials) entered the
analyses contrasting 3pp > 1pp and 3ppþ > 3pp, and 11
of the 40 3ppþ trials were used for the contrast actor
switch > actor repetition. Finally, 12 empty trials (fixation
baseline) were presented after each second question trial.

In a post-fMRI session survey, subjects were presented
with a questionnaire to measure the subjects’ ability to rec-
ognize the actors’ faces. To this end, subjects first guessed
how many different actors had occurred in the video clips
and subsequently were presented with 16 pictures of faces,
eight of which were faces of the actresses and actors and
eight were unrelated (new) faces. Subjects rated on a scale
from 1 to 6 whether or not the faces occurred in the video
clips. Behavioral performance in face recognition was
assessed by a modified version of the Discrimination index
P(r), which is the difference between hit rate and false
alarm rate [Snodgrass and Corwin, 1988]. The hit rate was
defined as the sum of ratings of correctly recognized faces
relative to the sum of the maximal rating score of all faces
shown in the videos, and the false alarm rate as the sum
of ratings to falsely indicated unrelated faces relative to
the sum of the maximal rating score of all unrelated faces.

MRI Data Acquisition

Imaging was performed on a 3-T Siemens (München,
Germany) Trio system equipped with a standard birdcage
head coil. Participants were placed on the scanner bed in
supine position with their right index and middle fingers
positioned on the appropriate response buttons of a
response box. Form-fitting cushions were used to prevent
head, arm, and hand movements. Participants were pro-
vided earplugs to attenuate scanner noise. Twenty-six axial
slices (192 mm field of view; 64 � 64 pixel matrix; 4 mm
thickness; 1 mm spacing; in-plane resolution of 3 � 3 mm)
covering the whole brain were acquired using a single-
shot gradient EPI sequence (2000 ms repetition time; 30
ms echo time; 90� flip angle; 116 kHz acquisition band-
width) sensitive to BOLD contrast. Before functional imag-
ing, 26 anatomical T1-weighted MDEFT images [Norris,
2000; Ugurbil et al., 1993] were acquired. In a separate
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session, high-resolution whole brain images were acquired
from each subject to improve the localization of activation
foci using a T1-weighted 3D-segmented MDEFT sequence.

MRI Data Analysis

After motion correction using rigid-body registration to
the central volume, fMRI data were processed using the soft-
ware package LIPSIA [Lohmann et al., 2001]. To correct for
the temporal offset between the slices acquired in one image,
a cubic-spline interpolation was used. Low-frequency signal
changes and baseline drifts were removed using a temporal
high-pass filter with a cutoff frequency of 1/99 Hz. Spatial
smoothing was performed with a Gaussian filter of 5.65 mm
FWHM. To align the functional data slices with a 3D stereo-
tactic coordinate reference system, a rigid linear registration
with six degrees of freedom (three rotational, three transla-
tional) was performed. The rotational and translational pa-
rameters were acquired on the basis of the MDEFT and the
EPI-T1 slices to achieve an optimal match between these sli-
ces and the individual 3D reference dataset. The MDEFT vol-
ume dataset with 160 slices and 1-mm slice thickness was
standardized to the Talairach stereotactic space [Talairach
and Tournoux, 1988]. The rotational and translational param-
eters were subsequently transformed by linear scaling to a
standard size. The resulting parameters were then used to
transform the functional slices using trilinear interpolation,
so that the resulting functional slices were aligned with the
stereotactic coordinate system, thus generating output data
with a spatial resolution of 3 � 3 � 3 mm (27 mm3). The sta-
tistical evaluation was based on a least-squares estimation
using the general linear model for serially autocorrelated
observations [Friston et al., 1995; Worsley and Friston, 1995].
The design matrix was generated with a gamma function,
convolved with the hemodynamic response function and its
first derivative. Brain activations were analyzed time-locked
to onset of the movies, and the analyzed epoch comprised
the full duration (3 s) of the presented movies, the duration
of the null events (8 s), and the reaction time in action
description trials (max. 3 s). The model equation, including
the observation data, the design matrix, and the error term,
was convolved with a Gaussian kernel of dispersion of 4 s
FWHM to account for the temporal autocorrelation (Worsley
and Friston, 1995). In the following, contrast images, i.e., beta
value estimates of the raw-score differences between speci-
fied conditions, were generated for each participant. As all
individual functional datasets were aligned to the same ste-
reotactic reference space, the single-subject contrast images
were entered into a second-level random effects analysis for
each of the contrasts.

One-sample t tests were used for the group analyses
across the contrast images of all subjects that indicated
whether observed differences between conditions were sig-
nificantly distinct from zero. The t values were subse-
quently transformed into Z scores.

To correct for false-positive results, in a first step, an ini-
tial voxel-wise z-threshold was set to z ¼ 2.576 (P ¼
0.005). In a second step, the results were corrected for mul-
tiple comparisons using cluster-size and cluster-value
thresholds obtained by Monte Carlo simulations at a sig-
nificance level of P ¼ 0.05, i.e., the reported activations are
significantly activated at P < 0.05, corrected for multiple
comparisons at the cluster level.

RESULTS

Behavioral Results

Performance was assessed by error rates and reaction
times. Repeated-measures ANOVAs were performed for
each of these measures with the levels 1pp, 3pp, and
3ppþ.

Regarding reaction times, a main effect was found
[F(2,40) ¼ 10.293, P < 0.001]. Paired samples t tests reflected
that responses to the action descriptions were significantly
slower for allocentric perspectives (mean � standard error;
3pp: 1102 � 60 ms, 3ppþ: 1062 � 49 ms) compared with
trials shown from an egocentric perspective [975 � 48 ms;
t20 (1pp-3pp) ¼ �4,136, P < 0.001; t20 (1pp-3ppþ) ¼
�2.984, P ¼ 0.007]. Regarding error rates, there was no sig-
nificant effect [1pp: 7.2 � 2.7%, 3pp: 9.3 � 2.0%, 3ppþ: 8.8
� 1.6%; F(2,40) ¼ 26.578, P ¼ 0.66].

Face recognition was assessed by a postsession recogni-
tion test, i.e., subjects guessed the number of actors and
actresses appearing in the experiment and performed a
face recognition test by discriminating faces belonging to
the actors and actresses, and faces of unfamiliar persons.
On average, subjects spontaneously estimated that 4.7 � 1
different actors and actresses were shown in the experi-
ment. Subjects correctly recognized, on average, 60.2 �
4.9% of the actors and actresses (hit rate ¼ 0.60) and cor-
rectly rejected 86.1 � 5.2% of the unrelated new faces
(false alarm rate ¼ 0.24). The average discrimination index
(hits minus false alarms) was 0.46 � 0.5. A paired-samples
t test showed that the discrimination index was signifi-
cantly different from the chance level of 0 (t20 ¼ 7.561, P <
0.001). These results indicate that, although not required
for solving the task, subjects noticed that actions were per-
formed by different actors and that they were able to
remember them after the experiment.

FMRI Results

Perspective

To investigate whether allocentrically perceived actions
recruit ToM in addition to the premotor-parietal network,
we analyzed 3pp and 1pp trials. Compared with baseline,
both perspectives revealed an extensive bilateral activation
pattern of occipital, premotor-parietal, and temporal regions.
However, the direct contrast 3pp > 1pp revealed an increase
of neural activity in the lingual gyrus and ToM regions,
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including posterior cingulate cortex (PCC), medial prefrontal
cortex (mPFC, BA 32), and bilateral temporoparietal junction
(TPJ). Because these activations did not survive the correc-
tion for multiple comparisons, we further analyzed activa-
tion sites via regions of interest (ROI) analyses using
averaged coordinates of ToM belief studies (see below).

Regarding the opposite contrast, 1pp > 3pp revealed
enhanced activity in the left dorsal premotor cortex (PMd),
left supramarginal gyrus (SMG), and adjacent intraparietal
sulcus (IPS), a left temporo-occipial region, bilateral

cuneus, and right cerebellum. According to the literature
(Downing et al., 2007), we suggest that activation in the
temporo-occipital region comprised the (hardly separable)
extrastriate body area (EBA) and human motion area
(hMT; Table I).

Sight of the Actor

Allocentric observation of actions, including faces com-
pared with those restricted to the hands (3ppþ > 3pp),

Figure 2.

Effects of the actor’s face and their switches. A, areas activated for actions showing the upper body

including the face (3ppþ) compared with allocentrically perceived hands (3pp, corrected cluster

threshold P < 0.05). For the axial view, a higher threshold (z ¼ 3.13) was chosen to accentuate

activation peaks. B, areas activated for actor switch compared with actor repetition trials (corrected

cluster threshold P < 0.05).

TABLE I. Anatomical specification, Brodmann area, hemisphere (R, right; L, left),

Talairach coordinates (x, y, and z), and maximal Z scores (Z) of activations in

perspective conditions (1pp > 3pp, and vice versa; for 1pp > 3pp corrected cluster

threshold, P < 0.05)

Area Brodmann area Hemisphere

Talairach coordinates

Zx y z

3pp > 1pp
TPJ 39 L �38 �48 24 2.95

L �47 �60 27 2.53
R 49 �60 30 2.70

mPFC 32 R 13 36 0 2.59
PCC 31 R 1 �54 30 2.47
Lingual gyrus 17 R 1 �84 0 3.44

1pp > 3pp
PMd 6 L �28 �12 57 3.64
aIPS 7 L �31 �42 54 5.26
SMG 40 L �50 �27 36 4.02
pIPS 7/19 L �22 �81 36 4.27
EBA/hMT 19/37 L �43 �60 9 4.69
Cuneus 18 L �10 �99 15 4.11

R 17 �93 18 4.89
Cerebellum R 16 �57 �36 3.75

R 35 �39 �24 3.67
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yielded extended bilateral activation in the fusiform and
parahippocampal gyrus, inferior temporal gyrus, right an-
terior and posterior superior temporal sulcus (STS), right
temporal pole, EBA/hMT, bilateral amygdala, pulvinar
nucleus of thalamus (PLV), mPFC (BA 11), cuneus extend-
ing into PCC and retrosplenial cortex, and right inferior
frontal gyrus (IFG, BA 45) (Fig. 2A; Table II). Maximum
activation within the region of the fusiform gyrus
amounted to the coordinates reported for the fusiform face
area (FFA) [Kanwisher et al., 1997; Spiridon et al., 2006].

Actor Switch versus Actor Repetition

Observing a different actor than in the preceding trial
(actor switch) yielded enhanced activation in medial fron-
tal areas (BA 10 and pregenual as well as subgenual ACC)
and posterior precuneus. In contrast, repetition of the
same actor increased activity in bilateral inferior postcen-
tral gyrus and anterior IPS as well as in EBA/hMT (Fig.
2B; Table II).

ROI Analysis

To discuss the differential activation of the ToM net-
work, we averaged the coordinates of 14 studies reported
in Van Overwalle and Baetens [2009] using ToM belief
tasks for the definition of ToM-ROIs [Abraham et al., 2008;
Ferstl and von Cramon, 2002; Gallagher et al., 2000;
Gobbini et al., 2007; Hynes et al., 2006; Kobayashi et al.,
2007; Mitchell, 2008; Perner et al., 2006; Saxe and Kanw-
isher, 2003; Saxe and Powell, 2006; Saxe et al., 2006b;
Sommer et al., 2007; Vogeley et al., 2001; Wakusawa et al.,
2007]: left TPJ: -51, -59, 26; right TPJ: 54, -49, 22; PCC: -1,
-55, 33; mPFC: -3, 50, 20. Mean beta values were extracted
from the averaged coordinate voxel plus six adjacent vox-
els of the following conditions versus rest: 1pp, 3pp,
3ppþ, actor switch, and actor repetition. Mean beta values
are shown in Figure 3. With regard to the effect of per-
spective (3pp > 1pp), the activation of the left TPJ was sig-
nificantly higher in 3pp-R compared with 1pp-R (F(1,20) ¼
�2.072, P ¼ 0.026; paired samples t test). The presence of
the actor’s face (3ppþ > 3pp revealed significant

TABLE II. Anatomical area, Brodmann area, hemisphere, Talairach coordinates (x,

y, and z), and maximal Z scores of significant activations in face conditions (3pp1 >
3pp, actor switch > actor repetition; corrected cluster threshold P < 0.05)

Area Brodmann area Hemisphere

Talairach coordinates

Zx y z

3ppþ > 3pp
mPFC 11 R 2 48 �12 3.72
PCC 31 R 1 �56 33 3.33
Temporal pole 38 R 40 15 �21 4.10
aSTS 22 R 47 �12 �6 4.33
pSTS 39 L �49 �66 18 5.24

R 40 �63 18 5.64
IFG 45 R 47 30 3 4.96
FFA 37 L �37 �48 �12 4.80

R 34 �48 �9 5.44
Cuneus 31 L �7 �69 6 6.13
Amygdala L �19 �6 �15 3.64

R 14 �9 �12 4.46
Thalamus, Pulvinar L �19 �27 3 5.22

R 20 �27 0 4.97
Actor switch > actor repetition
Precuneus 7 2 �78 39 4.67
ACC 33 8 33 12 4.36
mPFC 10 �5 54 �3 3.33

5 51 18 3.50
Actor repetition > actor switch
pIPS 7 L �28 �54 51 4.43

R 14 �57 60 4.80
aIPS 7 L �53 �33 48 4.63

R 50 �30 48 4.61
Postcentral gyrus 40 L �58 �21 27 3.21
EBA/hMT 19 L �43 �66 �3 4.07

R 44 �51 �9 4.25
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enhancement in all ToM regions (left TPJ [F(1,20) ¼ �2.046,
P ¼ 0.0.028], right TPJ [F(1,20) ¼ �5.567, P < 0.001], PCC
[F(1,20) ¼ �4.023, P < 0.001], mPFC [F(1,20) ¼ �2.227, P ¼
0.019]; paired-samples t tests). Finally, the activation of
ToM regions was enhanced for actor switches compared
with actor repetitions, yielding significant effects in the
PCC (F(1,20) ¼ 2.446, P ¼ 0.012; paired-samples t test), and
the mPFC (F(1,20) ¼ 2.286, P ¼ 0.017; paired samples t test).

DISCUSSION

This fMRI study investigated whether perspective on
the action and the visibility on the actor’s face modulates
an observer’s mentalizing (ToM) network. An independent
ROI analysis using coordinates extracted from classic ToM
task studies yielded significant effects (i) in the left TPJ for
3pp > 1pp; (ii) in the TPJ bilaterally, the PCC and the
mPFC for 3ppþ > 3pp; and (iii) in the mPFC and PCC for
actor switch > actor repetition. Together, findings indicate
that parts of the ToM network are differentially enhanced

during observation of normal everyday actions (a) when
we see the action from the third person perspective, (b)
when we can see the actor’s face, and (c) when we see a
new actor. These findings uncover the ToM network as
being intimately involved in the perceptual analysis of or-
dinary action.

Observing Actions From the Allocentric

Perspective (3pp)

Actions of others are typically perceived from an allo-
centric but rarely from an egocentric perspective, which is
usually associated with own actions. Following our
assumption that action observation uses not only the
motor system but also draws on the ToM network, e.g., by
considering the mental states of the actor, ToM regions
were expected to be stronger activated for the allocentric
perspective. Indeed, we found activations in regions asso-
ciated with ToM for 3pp compared with 1pp, including
the TPJ bilaterally, the mPFC, and the PCC. However,

Figure 3.

ROI analysis in ToM regions defined by averaging coordinates of 14 ToM belief studies reported

in Van Overwalle and Baetens (2009). Mean beta values were extracted from the contrasts 1pp

> rest, 3pp > rest, 3ppþ > rest, actor switch > rest, and actor repetition > rest. Error bars

indicate standard error of mean.
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these activations fell below a conservative statistical
threshold, which may be indicative of spontaneously trig-
gered mentalizing that is unconstrained and not explicitly
required by the task. A ROI analysis using the mean of
peak coordinates obtained by classic ToM tasks revealed a
significant effect in the left TPJ (Fig. 3), thus we will limit
our discussion of ToM effects to this region.

Among the ToM regions, TPJ is suggested to play a par-
ticular role in perspective taking [Ruby and Decety, 2001,
2004; Vogeley et al., 2004] and is considered to reflect that
we mentally put ourselves in someone else’s shoes [Abra-
ham et al., 2008]. Recent findings suggest a role of the TPJ
in control of shared motor representations to keep apart
self- and other-caused actions [Brass et al., 2009]. TPJ was
also reported in the context of visuospatial reorienting
[Corbetta and Shulman, 2002]. The linkage between men-
talizing and attentional reorienting implied by TPJ as the
common node of the related networks is still puzzling, but
both functions seem reconcilable [Corbetta et al., 2008].
Along these lines, TPJ activation in this study may reflect
a visuospatial transformation during perspective taking to
match the actor’s spatial orientation.

Interestingly, activation of the TPJ was not found in
other studies using 1pp and 3pp conditions in their experi-
mental designs. Their foci of interest were the effect of
perspective on static hands and body parts [Chan et al.,
2004; Saxe et al., 2006a], and modulation of the premotor-
parietal network during observation of placing [Hesse
et al., 2009], grasping [Shmuelof and Zohary, 2008], and
intransitive movements [Jackson et al., 2006]. All studies
report a common overlap of activation in contralateral
somatosensory and motor areas for 1pp, which is also con-
sistent with our results. Regarding 3pp, increased activa-
tion was found in occipital regions [cuneus, lateral
occipital [Chan et al., 2004], lingual gyrus [Hesse et al.,
2009)] and/or in ipsilateral motor areas (right superior pa-
rietal lobe [Hesse et al., 2009; Shmuelof and Zohary, 2008],
right precentral gyrus, and right EBA [Hesse et al., 2009]).
Besides activation of the lingual gyrus, which is also acti-
vated in our study and might be explained by increased
effort with regard to the analysis of the visual input, the
differential activation of the motor system on the one
hand, and the TPJ on the other, can be plausibly explained
by two crucial aspects. First, grasping and placing can be
performed with both hands equally well. Thus, corre-
sponding motor representations are probably not lateral-
ized to one hemisphere. Second, actions directed to a
target object in space (often referred to as goal-directed
actions [Bekkering et al., 2000]) are suggested to be
remapped to the effector that would most efficiently repli-
cate the action toward the relevant object so that a trans-
formation into an observer-congruent reference frame is
not required [cf. Shmuelof and Zohary, 2008]. In accord-
ance, goal-directed actions observed from an allocentric
perspective tend to be imitated in a mirrored fashion
[Bekkering et al., 2000; Wohlschlager et al., 2003], in line
with the right-hemispheric activation found for grasping

and placing observation from 3pp. In contrast, bimanual
object manipulation, which was used in this study, explic-
itly reveals the actor’s handedness. Thus, actually taking
the perspective of the actor may be a more suitable strat-
egy for the analysis of bimanual object manipulation.

Observing and Recalling Actors

In a next step, we tested whether the opportunity to per-
ceive not only the action itself but also the actor’s face is a
potential trigger for ToM activity as it provides person in-
formation. Contrasting 3ppþ with 3pp yielded extended
activations in occipital and temporal areas as well as in
the mPFC (BA 11) and in the right IFG (BA 45). The ROI
analysis revealed significant enhancement in bilateral TPJ,
mPFC (BA 10), and PCC (Fig. 3).

Other occipital and temporal activations were simply
due to the sight of additional body parts (EBA, [Taylor
et al., 2007]) and faces (pSTS [Allison et al., 2000; Puce and
Perrett, 2003] and FFA [Kanwisher et al., 1997; Spiridon
et al., 2006]). Coactivation of FFA with the amygdala and
the PLV reflected components of the amygdalo-fusiform
pathway [Smith et al., 2009] and suggests that our subjects
dealt with the actors’ faces, although this was not explic-
itly required by the task [Kouider et al., 2009; Pasley et al.,
2004]. The right lateralized activation of the IFG, temporal
pole, and aSTS supports this notion because these areas
are suggested to belong to the so-called ‘‘extended’’ system
for face perception [Barbeau et al., 2008; Ishai et al., 2005].
Moreover, temporal pole and aSTS were also found to
play a role in ToM [Gallagher and Frith 2003], as well as
mPFC and PCC. Interestingly, several studies on face rec-
ognition report activation of the precuneus, PCC, and
mPFC when comparing recognition of familiar faces with
recognition of unfamiliar faces [Gobbini et al., 2004; Lei-
benluft et al., 2004; Trinkler et al., 2009]. The precuneus
and PCC are related to retrieval from long-term memory,
whereas the mPFC was suggested for encoding informa-
tion about personality traits of a familiar individual [Gob-
bini et al., 2004; Leibenluft et al., 2004]. It is possible that
activation in the PCC was due to acquisition of visual fa-
miliarity over the course of the experiment (Gobbini and
Haxby, 2006; Kosaka et al., 2003; Trinkler et al., 2009). Our
post-session survey supports the assumption that the sub-
jects acquired visual familiarity with the actors. Similarly,
the mPFC may reflect the attempt of trait inference, as was
reported for familiarity with faces [Gobbini et al., 2004;
Trinkler et al., 2009]. The association of information about
behaviour with faces was found to increase activity in the
mPFC and pSTS [Todorov, 2007].

These findings and their interpretation were further sub-
stantiated by the analysis of trials with switched actors
compared with trials with actors that were already pre-
sented in the preceding trial (n�1). Perceiving a new actor
yielded enhanced activity in the mPFC, more precisely BA
10 and the ACC, as well as in the posterior precuneus.
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Using ToM ROI coordinates of these regions yielded sig-
nificant effects as well (Fig. 3).

Trinkler et al. [2009] reported activation of the retrosple-
nial cortex for the acquisition of visual familiarity and of
the precuneus for the retrieval of personal knowledge.
Thus, switching to a foreseen actor may trigger a recall of
the visual image of the actor and episodic memory about
the actions associated with this particular actor (e.g., this
actor has squeezed an orange and sharpened a pencil
before). Recalling characteristics of an actor could also
include the retrieval of idiosyncrasies of movements or fa-
cial expressions, e.g., a person looks tired, ambitioned, or
nervous, contributing to the formation of an actor-related
knowledge, as reflected by activation of the mPFC. More-
over, the mPFC is often associated with the attempt to
understand the reasons for a particular action [Van Over-
walle, 2009]. In our study, actions were selected so that
they did not imply some kind of long-term goal beyond or
across several trials. However, coming up with a potential
coherent global goal achieved by several single actions
may be a spontaneous tendency during action observation.
In contrast, the recollection of knowledge from remote tri-
als showing the same actor is not required in actor repeti-
tions and would be attenuated in comparison to actor
switch trials.

CONCLUSIONS

Present findings suggest that perceiving actions from an
allocentric perspective evokes mental inferences even
when not required by the task. The particular selection of
activated ToM areas reflected that the observers engaged
in perspective taking as well as in the formation and re-
trieval of actor-related familiarity and knowledge. The lat-
ter aspect is especially elicited by both augmenting the
‘‘hands manipulating objects’’ scenario with the face of
the actor, as well as by switching actors with regard to the
preceding trial. Results indicate that the ToM network is
intimately involved in the perception of ordinary actions.
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