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A B S T R A C T

Recognizing and understanding the actions of others is usually coupled with perceiving someone else's body
movements from a third person perspective (3pp) whereas we perceive our own actions from a first person
perspective (1pp). From a neural viewpoint, a recent finding is that perceiving actions from a 3pp as compared to
a 1pp activates the temporoparietal junction, a brain region associated with visuospatial transformation and
perspective taking but also with mental state inference and Theory of Mind (ToM). The present fMRI study
characterizes the response profile of TPJ to elucidate its role in action observation. Participants observed natu-
ralistic and pixelized object-directed actions from a 3pp and 1pp. Critically, in the pixelized condition the action
goal could only be inferred from the movement kinematics. Both left and right TPJ revealed an interaction: Neural
activity in TPJ was enhanced for 3pp vs. 1pp actions in the naturalistic but not pixelized condition. This finding
contradicts theories proposing that TPJ is generally involved in transforming the action into the observer's
perspective to match perceived body movements with visuomotor representations in the observer's motor system,
which would be particularly required when actions can only be inferred from movement kinematics. Instead, our
results support the theory that perceptual 3pp-selective cues trigger ToM-related processes such as detection of
other agents and reasoning about an action's underlying mental states.
Introduction

We typically observe actions of others from a third person perspective
(3pp) whereas we see our own actions from a first person perspective
(1pp). While we are aware of our intentions that drive our own actions,
the intentions and other mental states of others are typically hidden and
have to be inferred from the observed action and contextual cues (Jacob
and Jeannerod, 2005; Kilner et al., 2007; Wurm and Schubotz, 2012).
There is hence a tight relation between 3pp action observation and the
attribution of mental states to others (Oosterhof et al., 2012). In a recent
study (Wurm et al., 2011), we found that observing someone else's ac-
tions from a 3pp as compared to a 1pp increased the neural activity in the
temporoparietal junction (TPJ) (see Ruby and Decety, 2001; Jeannerod
and Anquetil, 2008 for related findings). TPJ is part of the so-called
Theory-of-Mind (ToM) network, which shows enhanced activity during
mental state attribution and other ToM-related tasks (Saxe and Kanw-
isher, 2003; Frith and Frith, 2006; Abraham et al., 2008). The finding of
s (CIMeC), University of Trento, Cor
).
enhanced neural activity associated with the observation of actions
observed from a 3pp relative to the 1pp suggests that certain perceptual
cues specific of others' actions have the potential to induce ToM-related
brain activity (ToM hypothesis). According to this interpretation, TPJ
could be involved in detecting “other person” signals in observed actions
to trigger the attribution of agency (Frith and Frith, 2003) and/or mental
states (Van Overwalle, 2009) to observed entities. From a related view-
point, TPJ might be involved in differentiating (visual) cues of own and
other person's body parts, which in turn may provide the basis for various
aspects of self processing (Blanke and Arzy, 2005) such as self-other
discrimination (Jeannerod and Anquetil, 2008; Brass et al., 2009).

An alternative interpretation of increased TPJ activation for 3pp vs.
1pp actions is that TPJ is involved in transforming body posture and
movements parameters of an observed action into the observer's frame of
reference. This interpretation is inspired by motor theories of action
recognition, which propose that action recognition relies on activation of
an observer's own sensorimotor representations corresponding to the
so Bettini 31, 38068, Rovereto, TN, Italy.
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Fig. 1. (1-column fitting image). Experimental design. Participants observed 3-s long
videos of object-directed actions shown from a first- or third-person perspective (1pp
and 3pp, respectively; factor PERSPECTIVE). The actions were presented naturalistically
or pixelized (factor STIMULUS TYPE). In the naturalistic conditions, object information
supported action recognition whereas in the pixelized conditions, action recognition
relied on coarse movement kinematics that remained largely preserved after
pixelization.
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observed action (Rizzolatti and Craighero, 2004; Rizzolatti et al., 2014).
One critical presumption of motor theories is that activation of sensori-
motor representations builds on the perceptual similarity of the
perceived action with the corresponding sensorimotor representation “as
if I would perform the action myself”. However, we typically perceive the
actions of others from an angle that precludes a direct overlap with the
view on our own body parts and actions. Proponents of motor theories
therefore postulated that action recognition requires a visuospatial
transformation to match the perceived body movements with the ob-
server's egocentric frame of reference, e.g., if the acting person is facing
me the own perspective is mentally rotated by 180� into the other per-
son's perspective (Jackson et al., 2006; Jeannerod, 2007). Visuospatial
transformation and perspective taking tasks typically activate the pos-
terior parietal cortex (Zacks, 2008) and the TPJ (Schurz et al., 2013). It
was therefore proposed that TPJ is the critical neural substrate for
transforming observed action parameters to enable a match with the
egocentric space of the observer (Jackson et al., 2006). Taken together,
following a motor account of action recognition, visuospatial trans-
formation of actions perceived from a 3pp is necessary to enable a motor
mapping and thus to decode the observed action, and this transformation
takes place in the TPJ (visuospatial transformation hypothesis).

In summary, activation of TPJ for 3pp action observation seems to be
compatible with both ToM and visuospatial transformation hypotheses.
The present fMRI study aimed at characterizing the role of the TPJ in
action observation with the particular goal to test the ToM and visuo-
spatial transformation hypotheses against each other. Participants had to
recognize object-directed actions that were shown from either a 3pp or
1pp and in an either naturalistic or pixelized fashion. Critically, pixelized
actions could hardly be recognized based on object information and
therefore should rely to a greater extent on the analysis of coarse
movement kinematics, which were largely preserved in the videos. By
contrast, recognition of naturalistic actions did not have to rely on the
analysis of movement kinematics, as the involved objects were strongly
indicative of the actions (e.g., orange þ orange squeezer ¼ squeezing
orange). Critically, this manipulation of stimulus type emphasized
different aspects of the actions: the pixelized actions emphasized the
kinematics of the action whereas the naturalistic actions emphasized
perceptual cues indicative of another person. Thereby, the design
allowed formulating opposing predictions of the visuospatial trans-
formation and ToM hypotheses, respectively: Following the visuospatial
transformation hypothesis, a visuospatial transformation of actions from
3 PP to 1 PP should particularly support action recognition in the pix-
elized condition in which movement kinematics were the most critical
source of information for action recognition. Naturalistic actions should
less strictly require a spatial transformation as action recognition was
supported by object information. Hence, if TPJ serves the visuospatial
transformation of actions, then the 3pp vs. 1pp effect in TPJ should be
stronger for pixelized compared to naturalistic actions. Following the
ToM hypothesis, on the other hand, ToM-related processes like the
detection of „other person“ signals should be particularly triggered by the
perception of 3pp action cues in the naturalistic condition, which pro-
vides more perceptual cues that convey the difference between 3pp and
1pp than the perceptually impoverished pixelized actions. Hence, if TPJ
serves the detection of perceptual cues that are indicative of other per-
sons' actions, then the 3pp vs. 1pp effect in TPJ should be stronger for
naturalistic compared to pixelized actions. Higher-level ToM functions
such as the inference about someone else's mental states might less
depend on the naturalness of the 3pp cues. In that case one would expect
the 3pp vs. 1pp effect in TPJ to be equally high for naturalistic and
pixelized actions.

Methods

Participants

Eighteen healthy adults (10 females, 22–28 years, mean age ¼ 25
49
years) volunteered to participate in the experiment. All participants
were right-handed according to the Edinburgh Inventory Manual
Preference (Oldfield, 1971), had normal or corrected-to-normal vision,
and had no history of neurological or psychiatric disease. One partici-
pant was excluded because of low behavioral performance (error rate of
40% in the action recognition task, which exceded the group mean by
more than two standard deviations). Participants gave written informed
consent prior to participation in the study. The study was approved by
the Ethics Committee of the Medical Faculty the University of Co-
logne, Germany.

Stimuli

Stimuli consisted of 3s long videos of 40 bimanual object manipula-
tions (e.g., cutting bread with a knife, opening a tin with a tin opener,
etc.). We used a 2 � 2 factorial design (Fig. 1): The actions were shown
from a 1pp or 3pp (factor PERSPECTIVE) in a naturalistic or pixelized
fashion (factor STIMULUS TYPE). The actions were filmed from a top
view perpendicular to the table at which the actions took place. This
perspective was chosen to create both 1pp and 3pp with the same video
material. We thereby avoided perceptual differences between the 1pp
and 3pp conditions resulting from differences in visibility of the objects
that were otherwise differentially occluded by the actresses’ hands. The
videos were filmed from the 1pp; the 3pp conditions were created by
rotating the 1pp videos by 180� (Fig. 1). The pixelized conditions were
created by averaging the grey values of pixels in 24*24 grid squares for
each frame of the videos. The pixelization resolution was chosen so that
the objects were not identifiable in any of the static frames of the video
(as broadly tested in an object naming experiment using the first frame of
the videos), i.e., in the absence of movement information (Wurm and
Schubotz, 2017). Thus, after pixelization, the objects themselves were
hard or impossible to identify whereas the action could still be inferred
from movement kinematics (e.g. wrist transformations, horizontal and
vertical arm trajectories, etc.). Videos had a presentation rate of 25
frames per second and a display width and height of 720*576 pixels. The
number of actions was chosen to match the number of actions per con-
dition in Wurm et al. (2011), resulting in 40 * 4 ¼ 160 action trials in
total (as compared to 80 trials analyzed in the contrast 3pp vs. 1pp in
Wurm et al., 2011).
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Task

Participants were instructed to recognize the presented actions. They
were informed that some of the videos were followed by a short verbal
action description (e.g. “opening bottle”; question trials hereafter) that
matched the preceding action (50%) or not (50%). The participants
responded to question trials by button press with the right index finger
(confirm) or middle finger (reject).

fMRI design

Video trials (40 per condition) were presented in an event-related
design intermixed with 20 null events (6 s fixation cross) and 40 ques-
tion trials. Video and question trials started with the presentation of the
action video or question (3000 ms) followed by a fixation cross
(2250 ms þ a variable jitter of 0, 500, 1000, or 1500 ms; average trials
length ¼ 6 s). The jitter order was randomized. The order of the four
action conditions, question trials, and null events was first order coun-
terbalanced. Because each action was shown four times in the experiment
(once per condition), we sought to eliminate systematic habituation ef-
fects by balancing the order of conditions per action across participants.
The experiment started with 6 s fixation period and ended with an 8 s
fixation period and had a total length of 22 min and 16 s.

MRI data acquisition

Imaging was carried out on a 3-T Siemens Magnetom Trio system
(Siemens, Erlangen, Germany) equipped with a Tx/Rx birdcage head
coil. Participants were placed on the scanner bed in a supine position
with their right index and middle fingers positioned on the appropriate
response buttons of a response box. Form-fitting cushions were utilized to
prevent head, arm, and hand movements. Participants were provided
earplugs in order to attenuate scanner noise. Stimulus presentation and
response recoding were performed using Presentation 12.0 (Neuro-
behavioral Systems, San Francisco, CA, USA). Stimuli were back pro-
jected onto a screen (Optostim, Medres, Cologne, Germany; 32-inch,
1280 � 800 pixels) at the end of the scanner bore. Participants saw the
screen on a mirror mounted to the head coil and adjusted individually to
allow for comfortable view of the screen. For each volume, twenty-six
axial slices (192 mm field of view (FOV); 64 � 64 pixel matrix; 4 mm
thickness; 1 mm spacing; in-plane resolution of 3 � 3 mm) positioned
parallel to the bicomissural plane (AC-PC) covering the whole brain were
acquired using a single-shot gradient echo planar imaging (EPI) sequence
(2000 ms repetition time (TR); 30 ms echo time (TE); 90� flip angle (FA);
116 kHz acquisition bandwidth) sensitive to BOLD contrast. The exper-
iment was preceded by an unrelated experiment with a duration of
21 min and 4 s. In total, 1300 volumes (627 þ 668 þ 5 volumes between
the two experiments) þ 3 dummy volumes were acquired in a single run
(duration of acquisition ¼ 43 min and 20 s). Prior to functional imaging,
26 anatomical T1-weighted 2D-FLASH MDEFT images (Norris, 2000;
Ugurbil et al., 1993) were acquired in the same spatial orientation as the
functional slices (192 mm FOV, 128 � 128 pixel matrix, 4 mm thickness,
1 mm spacing, in-plane resolution 3 � 3 mm). In a separate session, high
resolution whole-brain images were acquired from each subject to
improve the localization of activation foci using a T1-weighted
3-D-segmented MDEFT sequence (2250 ms TR, 3.93 TE, 256 mm FOV,
FA 9�, thickness 1 mm, 0.5 mm spacing, in-plane resolution 1 � 1 mm,
160 sagittal slices).

MRI data analysis

After motion correction using rigid-body registration to the central
volume (Siemens motion protocol PACE), fMRI data were processed
using the software package LIPSIA 1.5.0 (Lohmann et al., 2001). Func-
tional data slices were aligned with a 3-D stereotactic coordinate refer-
ence system. To this end, matching parameters (six degrees of freedom;
50
three rotational, three translational) of the T1-weighted 2D-FLASH im-
ages onto the high-resolution 3D MDEFT reference set were computed.
The resulting transformation matrix for rigid spatial co-registration was
standardized to the Talairach stereotactic space (Talairach and Tour-
noux, 1988) by linear scaling. This normalized transformation matrix
was then used to transform the functional slices using trilinear interpo-
lation, so that the resulting functional slices were aligned with the ste-
reotactic coordinate system. The generated output had a spatial
resolution of 3 � 3 � 3 mm (27 mm3). To correct for the temporal offset
between the slices acquired in one image, a cubic-spline interpolation
was employed. Low-frequency signal changes and baseline drifts were
removed using a temporal high-pass filter with a cut-off frequency of
1/90 Hz. Spatial smoothing was performedwith a Gaussian filter of 8 mm
FWHM. The statistical 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
contained predictors of the four action conditions, question trials, and
null events. For each predictor, box-car functions were generated and
convolved with a hemodynamic response function (Glover, 1999). Action
trials were modeled as epochs lasting from video onset to offset (3s),
question trials were modeled as epochs lasting from question onset to
time point of button press (i.e., epoch duration¼ reaction time, max. 3s),
and null events were modeled as epochs lasting from fixation onset to
offset (6s). The resulting reference time courses were used to fit the signal
time courses of each voxel. The model equation, including the observa-
tion 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). For each participant, maps
of beta value estimates of experimental conditions and of contrasts be-
tween specified conditions were generated and entered into second-level
random effects analyses.

Condition-specific beta estimates were used for a ROI analysis. The
ROI analysis was conducted to test the specific hypotheses on the role of
the TPJ regions identified in Wurm et al. (2011). In addition, the display
of each condition's beta allowed a better assessment of the nature of
putative interactions and their directions. ROIs were based on the peak
coordinates of the clusters found by Wurm et al. (2011) for the contrast
for 3pp vs. 1pp (Talairach coordinates of left TPJ: 47 -60 27, right TPJ:
49–60 30). For each ROI and participant, beta values were extracted from
the four experimental conditions using spherical ROIs (6 mm radius)
centered on the peak voxel. For each ROI and participant, beta value
estimates were averaged and resulting mean beta estimates were entered
into statistical analyses (repeated measures ANOVA and paired samples
t tests).

Whole brain analyses using the contrasts between conditions were
used to identify effects in other brain regions not specified in the hy-
potheses. In addition, the whole brain analysis allowed supporting and
refining the results of the ROI analysis by providing additional infor-
mation about the extent and peak location of putative TPJ clusters.
Contrasts were computed between (1) 3pp vs. 1pp for both pixelized and
natural conditions separately and (2) pixelized vs. natural for both 3pp
vs. 1pp conditions separately. (3) A directed interaction contrast was
computed using the contrast vector [1 -1 -1 1] (3pp_nat, 1pp_nat, 3pp_pix,
1pp_pix). Single-subject contrast images were entered into a second-level
random effects analysis for each of the contrasts. One-sample t tests were
employed for the group analyses across the whole-brain contrast images
of all subjects that indicated whether observed differences between
conditions were significantly distinct from zero. The t values were sub-
sequently transformed into Z scores.

To correct the whole-brain statistical maps for false-positive results,
in a first step, an initial voxelwise z-threshold was set to z ¼ 2.576
(p ¼ 0.005). In a second step, the results were corrected for multiple
comparisons using cluster-size and cluster-value thresholds obtained by
1000 Monte Carlo simulations at a significance 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 (Lohmann et al., 2008).
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Conjunctions were calculated by extracting the minimum Z value of
the two input contrasts for each voxel (Nichols et al., 2005).

Statistical maps were projected on a cortical surface for visualization
using BrainVoyager QX 2.6 (BrainInnovation).

Results

Behavioral results

Mean error rates and reaction times on responses to question trials are
shown in Table 1. A repeated measures ANOVA on error rates with the
factors STIMULUS TYPE and PERSPECTIVE revealed a main effect of
STIMULUS TYPE (F(1,16)¼ 9.9; p¼ 0.006). This shows that participants
made significantly more errors on question trials following pixelized
compared to naturalistic actions. This was expected, as the pixelized
actions were more difficult to recognize than the naturalistic actions. The
error rates were below chance performance (0.5) demonstrating that
subjects paid attention to the actions and that in all four conditions the
actions were recognizable. No main effect of PERSPECTIVE and no
interaction were observed (both p > 0.2). A repeated measures ANOVA
on reaction times revealed no significant effects (all p > 0.1).

ROI analysis in left and right TPJ

To test whether the neural activity in TPJ in response to observed
actions is modulated by stimulus type and perspective we performed a
ROI analysis in left and right TPJ. A repeated measures 2� 2� 2 ANOVA
with the factors STIMULUS TYPE (pixelized, naturalistic), PERSPECTIVE
(3pp, 1pp), and HEMISPHERE (left, right TPJ) revealed an interaction of
STIMULUS TYPE and PERSPECTIVE (F(1,16) ¼ 10.77; p ¼ 0.005): TPJ
activation was higher for 3pp than for 1pp actions when actions were
naturalistically presented but not when they were pixelized (Fig. 2A). In
addition, we found a weak main effect of STIMULUS TYPE
(F(1,16) ¼ 4.56; p ¼ 0.049) indicating that naturalistic actions activated
TPJ to a stronger degree than pixelized actions. Finally, the analysis
revealed a three-way interaction of STIMULUS TYPE, PERSPECTIVE, and
HEMISPHERE (F(1,16) ¼ 7.329; p ¼ 0.016) indicating that the interac-
tion of STIMULUS TYPE and PERSPECTIVE was more pronounced in the
left than in the right hemisphere. Notably, the pattern of the interaction
in left and right TPJ was qualitatively different from the pattern of
behavioral effects (ER, RT), which suggests that the interaction effects in
TPJ are unlikely to be due to differences in task difficulty.

Paired samples two-tailed t-tests revealed significant activation dif-
ferences between 3pp and 1pp actions for the naturalistic conditions (left:
t(16) ¼ 2.72, p ¼ 0.015; right: t(16) ¼ 2.37, p ¼ 0.031) but not for the
pixelized conditions (left: t(16)¼�2.05, p¼ 0.057; right: t(16)¼�1.49,
p ¼ 0.157). Likewise, the activation differences between naturalistic and
pixelized actions were significant only for 3pp (left: t(16) ¼ 4.07,
p ¼ 0.001; right: t(16) ¼ 2.80, p ¼ 0.013) but not 1pp conditions (left:
t(16) ¼ �1.69, p ¼ 0.111; right: t(16) ¼ �1.33, p ¼ 0.201).

Whole-brain analysis

A subsequent whole-brain analysis aimed at further specifying and
supporting the results of the ROI analysis and to identify potential other
regions showing an interaction of stimulus type and perspective. The
interaction map revealed, in line with the results of the ROI analysis,
Table 1
Behavioral responses to question trials.

Naturalistic, 1pp Naturalistic, 3pp Pixelized, 1pp Pixelized, 3pp

ER 0.076 (0.020) 0.076 (0.026) 0.176 (0.043) 0.129 (0.033)
RT (in ms) 993 (46) 963 (49) 1 021 (44) 979 (45)

Mean error rates (ER) and reaction times (RT) of the responses to question trials. SEM in
parentheses.
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significant clusters in left and right TPJ (Fig. 2B. Table 2). The left cluster
comprised the ventral anterior part of the angular gyrus, the posterior
part of the supramarginal gyrus (SMG), and the posterior superior tem-
poral sulcus (pSTS). The right cluster was slightly more posterior and
comprised most parts of the angular gyrus and pSTS. In addition, we
found an interaction effect in the medial prefrontal cortex (at the section
between BA 9 and 10), which, together with TPJ, is considered to be a
part of the ToM network. No interactions in the opposite direction
(increased activation of 1pp vs. 3pp in naturalistic but not pixelized ac-
tions or increased activation for pixelized vs. naturalistic in 3pp but not
1pp actions) were observed.

Furthermore, we investigated the effects of stimulus type and
perspective independent of each other. To identify specific effects of
stimulus type irrespective of perspective we computed the conjunction of
pixelized vs. naturalistic actions seen from the 3pp and pixelized vs.
naturalistic actions seen from the 1pp ((pixelized vs. naturalistic 3pp) ∩
(pixelized vs. naturalistic 1pp)). We found stronger neural responses for
pixelized vs. naturalistic actions in the left (and with a more liberal
threshold for multiple comparison correction also right) inferior frontal
gyrus (IFG) extending posteriorly into the ventral premotor cortex (PMv)
and ventrally into the anterior operculum (Fig. 3, Table 2). This activa-
tion might reflect increased efforts in action recognition, possibly selec-
tively a particular sub-process of action recognition as only the IFG/PMv,
but not other parts of the so-called action observation network such as
inferior parietal and occipitotemporal cortex (Caspers et al., 2010),
showed increased neural activation. A likely candidate process important
for action recognition in our study is the retrieval and selection of se-
mantic action and object information (Badre and Wagner, 2007; Binder
and Desai, 2011) as this information was depleted in the pix-
elized actions.

For the reverse contrast, i.e., naturalistic vs. pixelized actions, we
found stronger neural responses in bilateral lateral occipital gyrus (LOG)
and bilateral ventral postcentral gyrus (PoCG) extending posteriorly into
the anterior part of the SMG. Activation of LOG likely reflects enhanced
mid-level visual processing, e.g. of contour and shape of hands and ob-
jects (Kourtzi and Kanwisher, 2000, 2001), as clear-cut object informa-
tion was perceptually accessible in the naturalistic but not in the
pixelized actions. A possible interpretation of the enhanced activation of
PoCG is that this region is involved in processing specific and fine-
grained perceptual details of the action that were present in the natu-
ralistic but not in the pixelized actions. Note, however, that decoding
studies suggest PoCG to also code perceptually invariant action infor-
mation that generalizes across various perceptual features, such as ki-
nematics (Oosterhof et al., 2010; Wurm and Lingnau, 2015) and involved
objects (Wurm and Lingnau, 2015; Wurm et al., 2016), and even across
concrete action subtypes (Leshinskaya and Caramazza, 2015).

To identify specific effects of perspective irrespective of stimulus type
we computed the conjunction of naturalistic actions seen from 3pp vs.
1pp and pixelized actions seen from the 3pp vs. 1pp ((naturalistic 3pp vs.
1pp) ∩ (pixelized 3pp vs. 1pp)). We found stronger neural responses in
the ventral occipital pole corresponding to early visual cortex (EVC) for
3pp vs. 1pp actions and stronger neural responses in dorsal EVC for the
reverse contrast (Fig. 3, Table 2). These effects can be explained by visual
differences in the upper and lower parts of the stimuli of the 3pp and 1pp
conditions: In the 3pp videos, the arms were more visible in the upper
half of the visual field, which therefore contained more visual informa-
tion to be processed by the ventral EVC (DeYoe et al., 1996). By contrast,
in 3pp videos the arms were visible in the lower half of the visual field,
which increased activation of the dorsal EVC.

Discussion

This study aimed at characterizing the neural response profile of the
temporoparietal junction (TPJ) with regard to observed actions pre-
sented from a 3pp or 1pp and in a naturalistic or pixelized fashion.
Critically, the pixelized actions emphasized the action kinematics



Fig. 2. (1-column fitting image). Interaction of perspective and stimulus type. (A) Average BOLD responses (beta coefficients) for each action condition in left and right temporoparietal
junction (TPJ). Error bars indicate standard errors of the mean. (B) Whole-brain interaction map (thresholded at z ¼ 2.576, corrected cluster threshold p ¼ 0.05).

Table 2
Brain areas showing significant effects of stimulus type (pixelized, naturalistic), perspective
(3pp, pp), and the interaction of stimulus type and perspective.

cluster local maxima

mean Z mm3 Z x y z

pixelized vs. naturalistic
right IFG (BA 47) 2.91 3996 3.69 28 28 6
right IFG (BA 45) 2.77 40 21 24
right PMv 3.12 34 6 30
naturalistic vs. pixelized
right PoCG 3.11 4320 3.95 58 �17 30
left PoCG 2.86 1836 3.43 �59 �17 33
right LOG 3.22 1890 4.5 31 �86 0
left LOG 3.17 2214 4.42 �35 �86 �3
3pp vs. 1pp
right lingual gyrus 2.93 1485 3.46 1 �86 �3
1pp vs. 3pp
left cuneus 3.38 7668 4.91 �11 �95 15
right cuneus 4.66 13 �93 2
interaction
right TPJ 3.19 3699 3.51 52 �47 33
left TPJ 3.17 7128 3.55 �50 �56 36
left mPFC 3.15 3186 3.38 �5 43 21

Peak and cluster Z-values, cluster size, and peak Talairach coordinates of identified clusters
in the whole-brain analysis (p ¼ 0.05 corrected at the cluster level, initial voxelwise
threshold p ¼ 0.005). Abbreviations: IFG, inferior frontal gyrus; LOG, lateral occipital
gyrus; mPFC, medial prefrontal cortex; PMv, ventral premotor cortex; PoCG, postcentral
gyrus; TPJ, temporoparietal junction.
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whereas the naturalistic actions more strongly conveyed perceptual
person cues. Both ROI and whole-brain analyses revealed a significant
interaction: Activity in TPJ correlated more strongly with actions seen
from a 3pp but only when they were presented naturalistically. When
actions were pixelized, no significant difference between 3pp and 1pp
was observed.

This result is incompatible with the visuospatial transformation hy-
pothesis, which claims that TPJ's role in action recognition is to take the
perspective of the acting person to allow a matching of the observed
movement kinematics with the observer's visuomotor representations of
the action. Following the logic of this hypothesis, recruitment of this
function would be particularly needed when the object is pixelized and
hence barely informative for action recognition. In this case action
recognition would primarily rely on the spatial transformation of the
observed movement kinematics to enable a mapping with the observer's
own action repertoire.

Instead, the enhanced activation difference between 3pp and 1pp for
naturalistic actions supports the ToM hypothesis, which claims that the
perception of 3pp information functions as trigger for ToM-related ac-
tivity in TPJ. Following this hypothesis, perceiving actions from a 3pp
should trigger ToM-related processes to a stronger degree when cues that
are indicative of a 3pp are fully visible but not, or less so, when they are
degraded by pixelizing the actions. The ToM hypothesis is further
corroborated by a similar interaction effect in mPFC, which is associated
with ToM-related functions as well. Notably, our findings do not preclude
the possibility that in certain situations taking the perspective of another
person is beneficial for cognitive processes related to action



Fig. 3. (1-column fitting image). Effects of stimulus type (pixelized vs. naturalistic) and perspective (3pp vs. 1pp). For isolating the effect of stimulus type independent of perspective we
computed the conjunction (3pp pixelized vs. naturalistic) ∩ (1pp pixelized vs. naturalistic). For isolating the effect of perspective independent of stimulus type we computed the
conjunction (pixelized 3pp vs. 1pp) ∩ (naturalistic 3pp vs. 1pp). Maps are thresholded at z ¼ 2.576, corrected cluster threshold p ¼ 0.05.
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understanding, e.g., to estimate which objects are in the other person's
visual field and/or reach of grasp, which may help predicting forth-
coming action steps.

Two questions arise from our results: First, what are the critical cues
of naturalistic 3pp actions that trigger activity in TPJ? Second, what
exactly is TPJ doing with these cues?
TPJ modulation by perspective: is action information needed?

What exact information in the 3pp action videos is constitutive for
TPJ activation? As the 3pp actions were horizontally flipped versions of
the 1pp action videos, 3pp and 1pp actions contained the same amount of
information in terms of low-level visibility of hands and objects. There-
fore, the critical information selective for the 3pp videos seem to be the
“not me” view on body parts (hands shown upside down). Crucially, this
information was present – in a degraded way – in the pixelized action
videos too. The significantly lower TPJ activation in the pixelized con-
ditions suggests that a critical receptive feature for the perspective-
dependent TPJ sensitivity is that the 3pp cues are naturalistic and
particularized.

Does TPJ activation depend on a 3pp view on body parts per se? Or is
further information required, e.g., body part movements or meaningful,
possibly object-involving actions? Studies using static images of hand
postures perceived from 3pp vs. 1pp found stronger neural responses for
3pp vs. 1pp body views in the right extrastriate body area (EBA), which is
in the wider vicinity of TPJ (Chan et al., 2004; Saxe et al., 2006). How-
ever, no significant TPJ (and EBA) modulation was reported in whole
brain analyses of these studies suggesting that 3pp body part information
alone does not substantially activate TPJ. Thus, body information alone
may not provide hints about possible mental states, and at least one other
trigger in addition to a 3pp may be needed to activate TPJ. Actions likely
function as such trigger as they are strong indicators of underlying in-
tentions. However, it is noteworthy that some of the fMRI studies con-
trasting actions shown from 3pp vs. 1pp did not find significant TPJ
activation for 3pp actions (Jackson et al., 2006; Shmuelof and Zohary,
2008; Hesse et al., 2009). Although the absence of effects is generally
difficult to interpret, one might speculate that differences in stimulus
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design and action complexity are potential reasons for the difference
between these studies on the one hand and the present study and Wurm
et al. (2011) on the other. For example, it is possible that observation of
real life object manipulations triggers the inference of underlying in-
tentions to a stronger degree than observation of meaningless intransitive
body part movements (Jackson et al., 2006) or reaching toward abstract
objects (Hesse et al., 2009). Likewise, observers might engage in inten-
tion inference to a stronger degree when observing many different ac-
tions compared to repetitive observation of few similar actions. However,
without directly studying the interaction between perspective and action
complexity, this argument will remain speculative. In addition to action
stimuli, other sources of information, e.g. facial/emotional expressions,
may provide equivalent information about another person's mental states
such as feelings and desires (Wurm et al., 2011).

It is unclear to which degree the information about perspective has to
be a perceptual cue of another person's body to modulate TPJ activation.
Our findings suggest that concrete body part information is needed in the
context of action observation but it should be pointed out that also
conjugated action verbs presented in 3pp vs. 1pp (scrive¼ s/he writes vs.
scrivo¼ I write) increases activation in pSTS, which is located in vicinity
to TPJ (Papeo and Lingnau, 2015). This suggests that not only perceptual
3pp body information in combination with action information but also
other types of perspective information, such as action verbs conjugated in
3pp, are likely to be effective triggers of TPJ activity.
The puzzling role of TPJ: “someone else” or “not me”?

The perspective-dependent TPJ modulation in the naturalistic but not
in the pixelized condition argues against a role of TPJ in visuospatial
transformation of action parameters but rather suggests a ToM-related
function. What specific function could TPJ have in 3pp action
observation?

One possibility is that TPJ is involved in higher-level inference of
action-associated mental states such as intentions, desires, preferences,
and emotions of the acting agent. As we typically infer the mental states
of others by others’ behavior from a 3pp, the perception of “someone
else” cues might automatically trigger such inferential processes. Indeed,
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TPJ is activated during inference of intentions (Van Overwalle, 2009;
Van Overwalle and Baetens, 2009) and other mental states like prefer-
ences (David et al., 2008). An argument against this interpretation in the
present study is that one would expect that pixelized 3pp actions trigger
mental state inference at least to some extent. In that case TPJ activity
related to pixelized 3pp actions should be weaker than activity in the
natural 3pp actions but still higher than in the two 1pp conditions.
Instead, we found that TPJ activity for pixelized 3pp actions was at the
same level as for the two 1pp conditions. However, it may be that TPJ
does not encode mental states per se but rather provides associated
functions that are required either for attributing mental states to other
persons (Van Overwalle, 2009) or to discriminate the mental states of
others from own mental states.

Regarding the latter option, there is robust evidence that TPJ is
involved in self-other discrimination (Blanke and Arzy, 2005; Jeannerod,
2007; Brass et al., 2009). Following this line, 3pp-specific cues might
help to differentiate one's own action intentions from intentions triggered
by observed actions. As only the naturalistic actions provided clear-cut
perceptual cues of another person's body a self-other distinction would
only be required for the naturalistic but not the pixelized actions. On the
other hand, one would actually predict the opposing effect: because the
1pp action looks “like me” there is increased effort in self-other
discrimination, possibly in addition to a mismatch between perceived
and own movement signals, which should result in increased neural ac-
tivity for 1pp vs. 3pp. This is not what we observed. Another related
explanation refers to integratory capacities of TPJ/pSTS in visual
perception in general (Huberle and Karnath, 2012; Pollmann et al., 2014)
and action recognition in particular (Giese and Poggio, 2003). Thus, TPJ
might be involved in the integration of different visual features of
observed actions, such as the acting agent's body parts and movements,
involved objects, and their locations in space. Such a „features of others“
integration could then subserve higher level ToM functions. However, it
is not entirely clear why this integration would be selectively recruited
for action cues perceived from a 3pp and absent for cues that resemble
the view on the own body and movements.

A more parsimonious interpretation might therefore be that TPJ is
involved in attributing mental states or, more generally, intentionality to
others (Van Overwalle, 2009) or in detecting cues indicative of other
intentional agents in a stimulus (Gao et al., 2012; Lee et al., 2014). From
this perspective, TPJ neurons tuned to the detection of other agents,
which is strongly correlated with the naturalistic 3pp view of acting
persons, could provide a behavioral advantage to prepare for quick re-
actions. Agent detection might have become a more general function that
applies also to non-visual contexts (Abraham et al., 2008; Papeo and
Lingnau, 2015). Detecting agents and ascribing intentionality to other
entities likely involves the discrimination from and relation to one's own
mental states. This interpretation fits with the co-modulation of mPFC,
which is activated when one's own motor plans conflict with observed
behavior of others (Brass et al., 2009). Naturalistic 3pp action cues hence
may trigger higher-level ToM functions in mPFC such as self-referential
and/or relational processing that are critical for counterfactual
reasoning (e.g., “she, not me” or “there, not here”) (Schubotz, 2011).

Conclusion

TPJ activity during action observation is enhanced for actions
perceived from a 3pp and when detailed cues of the acting person's body
are present. This finding narrows down possible functional properties of
action-sensitive neurons in TPJ: In the context of action observation, TPJ
neurons respond to fine-grained information of acting persons, but not to
coarse action kinematics, perceived from a 3pp but not from a 1pp. This
finding contradicts the view that TPJ is involved in a spatial trans-
formation of action movement parameters in general but supports the
hypothesis that TPJ is involved in ToM-related processes such as
detecting cues that are specific of another agent and his or her intentional
activities. Even if in some situations increased sensitivity and
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automaticity of agency detectionmight result in false alarms, detection of
such cues could be an evolutionary adaption that potentially guaran-
tees survival.
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