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This fMRI study was set up to explore how cognitive empathy, i.e. the cognitive inference on another
person's affective state, can be characterized as a distinct brain function relating to pre-existing
neurofunctional concepts about mentalizing and empathy. In a 3 Tesla MRI scanner 28 healthy participants
were presented with four different instructions randomly combined with 32 false-belief cartoon stories of 3
subsequent pictures free of direct cues for affective states, like e.g. facial expressions. Participants were
instructed to judge affective or visuospatial changes from their own (1st person perspective) or the
protagonists' (3rd person perspective, 3rdpp) perspective. 3rdpp-judgements about affective states differed
from visuospatial 3rdpp judgements by a significantly higher activation of the anterior mentalizing network
(dorsomedial prefrontal cortex, anterior superior temporal sulcus, temporal poles) and the limbic system
(left amygdala and hippocampus). Analysis of main effects revealed that the anterior part of the mentalizing
network was activated significantly stronger by affective compared to visuospatial content. In contrast, the
temporoparietal junction was rather activated by 3rdpp visuospatial judgements. After all, our results
demonstrate a functional dissociation between cognitive empathy and cognitive visuospatial perspective
taking. The simultaneous activation of the cortical mentalizing network and the amygdala indicates that
cognitive empathy actually involves reference to own affective states in the observer. Notably, the cognitive
reference to own affective states activated the mentalizing network as well. Moreover our results support
pre-existing ideas about a functional anterior–posterior subdivision of the mentalizing network, depending
on affective content and 3rd person perspective of cognition.
(K. Schnell).
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Introduction

In social and affective neuroscience the terms “mentalizing” and
“empathy” represent two concepts of brain functions underpinning
the human ability to assess mental representations as well as affective
states of other individuals. The importance of this mental capabilities,
which enable successful social interaction, is markedly illustrated by
examples of their failure: Inference on the mental states of others has
recently been recognized as an important factor in various psychic
disorders like autism (Baron-Cohen, 2001), affective disorders (Inoue
et al., 2006; Kerr et al., 2003) and schizophrenia (Brunet-Gouet and
Decety, 2006;Walter et al., 2009) andwas defined as an explicit target
for psychotherapy (Bateman and Fonagy, 2008). Thus mentalizing is a
crucial object of basic cognitive and clinical neuroscience.

In general, inference on a 3rd person's mental state might emerge
from two sources: It can either immediately arise from the perception
of signals indicating affective or motivational states directly–like
affective facial expressions–or on more deliberate cognitive proces-
sing of spatial and contextual information in social contexts. As
interventions in cognitive psychotherapy frequently modify the latter
type of inference, we were especially interested to explore which
functional elements are involved in the generation of primarily
“cognitive” judgements about the affective state of another person.

Thus, we designed a mentalizing task where participants had to
infer on another person's affective state without the guidance of any
direct affective signals. We wanted to know if the already introduced
term “cognitive empathy” (Preston and de Waal, 2002) represents a
meaningful neurofunctional concept that can be linked to pre-existing
knowledge about neural systems underlying mentalizing (Frith and
Frith, 2006b) and empathy (Hein and Singer, 2008). This attempt is
considerably complicated by the fact that both concepts comprise the
process of recognizing other persons’ affective states but describe it
with different terms:

Hein & Singer define empathy “as an affective state, caused by
sharing of the emotions or sensory states of another person” (Hein and
Singer, 2008). This concept of empathy is related to the activation of

http://dx.doi.org/10.1016/j.neuroimage.2010.08.024
mailto:knut.schnell@med.uni-heidelberg.de
http://dx.doi.org/10.1016/j.neuroimage.2010.08.024
http://www.sciencedirect.com/science/journal/10538119


1744 K. Schnell et al. / NeuroImage 54 (2011) 1743–1754
limbic regions, i.e. the ACC and insula in case of empathy for pain. In
contrast to affective contagion, empathy is bound to the individual
awareness that a specific emotion was primarily initiated in the other
person (Hein and Singer, 2008). Hein & Singer distinguish empathy
from “cognitive perspective taking as the ability to understand
intentions, desires, beliefs of another person, resulting from (cogni-
tively) reasoning about the other's state”. Notably they do not list
emotions as a content of cognitive perspective taking. Hein & Singer's
concept of empathy can be specifically termed as “affective empathy.”
Affective empathy conveys isomorphic affective states–some con-
cepts also include non-isomorphic reactions to the affective states of
others (Dziobek et al., 2008)–by direct signalling and not by cognitive
inference.

In contrast to the restrictive definition of empathy, mentalizing is
defined by Frith & Frith as “the process by which we make inferences
about mental states” (Frith and Frith, 2006b) and does not only include
the inference about another persons’ motivational states and beliefs
but also the immediate recognition and the cognitive inference about
other persons’ emotional states. In this article we will use the term
“mentalizing” synonymously for the “Theory of Mind” concept
(Premack and Woodruff, 1978) as suggested by Frith & Frith (Frith
and Frith, 2003). The neural network recruited by mentalizing
processes comprises dorsomedial prefrontal cortex (dmPFC), superior
temporal sulcus (STS), the temporo-parietal junction (TPJ) and the
anterior temporal poles (TP) (Frith and Frith, 2006b).

However, a metaanalysis (Brunet-Gouet and Decety, 2006)
revealed that most studies found partial activations of this network
while some of these regions, especially the dmPFC, were also activated
in perception of emotional facial expressions without actual demand
of perspective change. Moreover, mentalizing is obviously more
complex than cognitive perspective taking as the ontogenesis of this
ability indicates both, implicit and explicit cognitive subfunctions
(Frith and Frith, 2008; Wimmer and Perner, 1983).

After all, the knowledge about the affective states of others may
rely on two sources, implicit “contagious” signals about others’
affective states as well as explicit cognitive inference utilizing
semantic context information about the situation of another individ-
ual (Frith and Frith, 2008). These two processing streams in
mentalizing could be addressed as bottom up (affective contagion)
and top down (cognitive, deliberate mentalizing) systems.

In their recently published observations Shamay-Tsoory et al.
provided further evidence that human empathy is indeed regulated
by cognitive and affective components. In patients with lesions in
ventromedial and ventrolateral PFC they could actually separate these
components (Shamay-Tsoory et al., 2009). Preston and de Waal had
already introduced the term “cognitive empathy” (Preston and de
Waal, 2002) in 2002 but it remains unclear how this mechanism of
affective states representation is actually linked to the deliberate
(cognitive) domain of the mentalizing system (Saxe and Powell,
2006). A couple of related concepts have simultaneously explored the
interlink between cognition and emotion processing using terms like
affective mentalizing (Shamay-Tsoory et al., 2007) or “cold” empathy
(Davies and Stone, 2003; Davis and Kraus, 1991; McIllwain, 2003). To
avoid arbitrary information we will use the term “cognitive empathy”
synonymously for all these concepts.

In order to understand the particular nature of cognitive empathy,
it is of great interest if the underpinning neurophysiological correlates
really indicate that cognitive empathy is a pure “cognitive” or “cold”
process in a strict sense. This wouldmost likely be the case, if cognitive
inference on the emotions of others would exclusively recruit the
previously described cortical mentalizing network. In contrast simul-
taneous activation of the limbic system would rather indicate that
cognitive empathy demands the arousal of an affective state in the
observer.

To address this question we present this fMRI study which
explores the neural foundations of cognitive empathy in contrast to
cognitive inference on non-affective, visuospatial representations of
another person. To induce cognitive empathy in the absence of
primary implicit affective processing we designed a set of false belief
stories which were free of direct signs about the affective states of the
actors—this was done by excluding expressive facial elements like
mouth and eyebrows.

We planned to assess the underpinnings of cognitive empathy
with a 2×2 design exploring the effects of perspective (3rd versus 1st
person perspective) and affective content (affective versus visuospa-
tial content). We hypothesized that judgements from the 3rd person
perspective (pp) would activate the whole mentalizing network
significantly higher than judgements from the 1st pp. Simultaneously
we expected affective judgements to engage anterior parts of the
mentalizing network and limbic areas significantly stronger than
visuospatial judgements. After all we expected “cognitive empathy” to
engage neocortical and limbic brain regions simultaneously. In detail,
we hypothesized a parallel activation of the previously described
mentalizing network comprising dmPFC, STS, TPJ and TP and limbic
regions like anterior insula, ACC, amygdala and hippocampus as a
differential effect of cognitive empathy compared to cognition about
visuospatial content from 3rd person perspective and especially
compared to visuospatial judgements from the 1st person perspec-
tive. Due to the unclarity about the specific function of dmPFC in
mentalizing, it was of special interest which factor–perspective or
content–would predominantly impact on dmPFC activation.

Materials and methods

Subjects

28 healthy volunteers were recruited via local newspaper and
campus advertisements. Five participants had to be excluded from
further analysis after scanning due to headmovements exceeding one
voxel (N3 mm) between two subsequent volumes. Three participants
were excluded due to a low number of correct answers (b60%) for
visuospatial judgements from the 3rd person perspective (exclusion
criteria were overlapping in one subject). The probability of a correct
answer by chance was 33% (3 possible responses). The high threshold
for inclusion due to accuracy in the visuospatial 3rd person
perspective condition was chosen to assure that participants would
be able to solve the other tasks, as successful visuospatial perspective
taking seems to be a prerequisite to comprehend the false belief tasks
and the affective states elucidated by the false beliefs of the
protagonist (Table S2, supplementary material).

After all the data of 21 subjects (9 female, mean age 25.49, SD 5.01)
were included for statistical analysis. All subjects were right-handed
(Edinburgh handedness inventory score N0.8 (Oldfield, 1971)). All
participants gave their written consent. The study was conducted in
accordance to the regulations of the local Ethics Committee and the
declaration of Helsinki (WorldMedicalAssociation, 2004) and was
approved by the local institutional review board.

Experimental procedure

The experimental task (480 s) consisted of 32 false belief cartoon
stories which were randomly assigned to four different experimental
instructions for each individual participant (Fig. 1). Participants were
instructed to judge picture to picture changes in visuospatial
representations or affective states either from the first or from the
third person perspective. They did so by pressing a button with the
thumb, index or middle finger of their right hand (left=less/worse,
mid=equal, right=more/better). The 8 trials of each condition
consisted of a text instruction (6.53 s) and a cartoon story (22.58 s).
Each story was composed of 3 consecutive pictures (7.53 s/picture)
developing a story around a protagonist which was distinguished
from other figures in the story by a bold outline.



Fig. 1. Left: Experimental design 32 false belief cartoon stories consisting of 3 subsequent pictures were randomly assigned to four different experimental instructions. Participants
were instructed to judge picture to picture changes in visuospatial representations (less/equally many/more living beings recognizable)/affective states (worse/equal/better) either
from the 1st or 3rd person perspective. Each trial consisted of a text instruction (6.53 s) and a cartoon story (22.58 s). Each trial was developing a story around a protagonist which
was distinguished from other figures by a bold outline. Right: Analysis of reaction time indicated that visuospatial judgements from the 1st person perspective were significantly
faster than all other judgments.

1745K. Schnell et al. / NeuroImage 54 (2011) 1743–1754
For the 1st pp, the participants were trained to make judgements
from their own perspective, i.e. to see the situation through their own
eyes. For the affective 1st pp participants were instructed to judge
changes in their own affective states when attending to the course of
the stories. For example, someone could feel pity when recognizing
that the protagonist is obviously making a mistake (1st pp) while the
protagonist would still feel fine or even better in the false belief of
approaching a goal (3rd pp) because he has not recognized the
cognitive error implied in his perspective yet.

During the training phase the comprehension of these instructions
and the ability to comply with them was assured by letting the
participants explain the cognitive operations underlying their judge-
ments to the experimenter in all four conditions. The comprehension
of the task and the individual capacity to infer on visuospatial
representations and affective states of the stories' protagonist was
assured by explicit verbal instruction by the experimenter and a 10-
min training with a notebook where participants explained the
cognitions underlying their judgements to the experimenter. The
criterion for the start of the fMRI session was–based on the reported
cognitive operations and judgements–that the participant was
actually able to put him/herself in the shoes of the protagonist of
the story.

The different instructions indicating the four conditions were
presented in German language with the following content:

Judge affective changes from first person perspective (1stppA):
"Do you feel worse-equal-better compared to the previous picture?”

Judge affective changes from third person perspective (3rdppA):
"Does the protagonist feel worse-equal-better compared to the
previous picture?”

Judge visuospatial changes from first person perspective (1stppV):
“Is the number of living beings smaller–equal–greater compared to
the previous picture?”

Judge visuospatial changes from third person perspective
(3rdppV): ”Is the number of living beings perceived by the
protagonist smaller–equal–greater compared to the previous
picture?”

To rule out confounds of content we randomized the cartoon
stories over conditions and subjects. The content of all stories was
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designed to make sense with each of the four questions. Notably
pictures were free of direct / contagious signs of the characters’
emotions like e.g. facial expressions. In addition, the occurrence of a
false belief in the protagonist was generally related to both, his/her
affective state and his/her belief about the number of living beings
present in the situation: For example (Fig. 1), the protagonist
misattributes the behaviour of another person who is holding a
baseball batter as an attack and not as part of a game, because he does
not perceive the second player behind the corner, who is going to
throw the ball. His mood will certainly improve as soon as he infers
the presence of a second human being in the context of a game by
recognizing the ball thrown around the corner. Thereby we assured
that both visuospatial and affective content of judgements actually
comprised theory of mind generation or mentalizing and not just
visuospatial processing.

In the design of the task we assured that the task would induce
affective mentalizing by constructing scenes with immediate affective
relevance of the depicted events. We controlled the capability of the
resulting stimuli to measure affective mentalizing with the following
methods. All stories had been rated by 44 students (23 f; 21 m, Mean
23.23 years SD 2.65 years) attending a course in medical psychology
at the faculty of medicine of the university of Bonn. This was done to
assure an overall homogeneity of answers in the affective 3rd pp
judgements, i.e. that the majority of students would infer the same
change in affective state in the 3rd pp judgements (3 choices /chance
level of 33%). These ratings basically enabled us to check the answers
of the participants in the fMRI experiment, even though, as mentioned
in the limitations, affective 3rd pp judgements are generally more
ambiguous than judgements based on visuospatial transformations.
However, since visuospatial transformations are a prerequisite to
succeed in the task, we applied a rigid criterion for the final analysis by
excluding all subjects using a stringent level of less than 60% of correct
answers (below 10 of 16) in the 3rd pp visuospatial judgements. This
was done to enhance the specificity of the experiment, by assuring
that all subjects actually followed the instructions, to take over the
protagonist's perspective. Finally, we did control for condition related
differences in difficulty, possibly related to other domains of brain
function like e.g. attention, by modelling reaction time (RT)-
differences in the second level analysis as a regressor of no interest.

The experiment was presented with the Presentation software
package (Neurobehavioral Systems, Albany, California) using binoc-
ular LCD-Goggles (Nordic Neurolab, Bergen, Norway) connected to
the headcoil. The responses were recorded with fiberoptic response
devices (Nordic Neurolab, Bergen, Norway).

Data acquisition

Functional data were acquired on a SIEMENS Trio MR-scanner at
3 T field strength with a echoplanar imaging (EPI) sequence (461
whole brain scans, TR 2,06 s, TE 30 ms, 80 degrees flip angle, slices of
4 mm thickness including 20% gap, 3×3 mm in plane resolution of
64×64 voxels, ascending slice order). Individual anatomical data
were acquired with a T1-FFE sequence (TR 30 ms, TE 4.5 ms, flip angle
30º, 70 slices, 256×256 matrix, field of view 256×256 mm, slice
spacing 1 mm).

Behavioral data analysis

Behavioral performancewas analyzedwith SPSS (SPSS Inc., Chicago,
Illinois, USA) by means of ANOVA analysis and paired t-tests of
intraindividual mean values of reaction times (RT) for each condition.

fMRI data analysis

The first four volumes were discarded to allow T1 equilibration.
Data analysis was carried out using Statistical Parametric Mapping
with SPM5 (Wellcome Department of Cognitive Neurology, London,
UK; www.fil.ion.ucl.ac.uk) implemented in Matlab 7.1 (Mathworks,
Natick, Massachusetts, USA) for whole brain data analysis. Preproces-
sing of individual data started with a 4th degree B-spline realignment.
For normalization a transformation matrix between the mean image
of realigned volumes and the SPM5-EPI (MNI) template was
generated with a trilinear algorithm and applied to reslice volumes
with a voxel size of 3×3×3 mm. For spatial smoothing a Gaussian
Kernel of 9 mm full width at half maximum was chosen to increase
sensitivity for cortical activations in group inference. The standard
hemodynamic response function (HRF)was used for convolutionwith
the covariates of the experimental design.

First level analysis of fMRI data was performed according to the
general linear model. The epoch model was generated with four
blocked predictive regressors for the processing of stories under 4
experimental conditions (1stppV, 1stppA, 3rdppV, 3rdppA), four
blocked regressors for the respective instructional texts and one
regressor for button presses. To control for the influence of head
movements, translation and rotation parameters estimated by the
realignment algorithm were included as covariates of no interest.

The second level model utilized the individual contrast images for
simple effects (1stppV, 1stppA, 3rdppV, 3rdppA) from the first-level
analysis. The differential effects of the experimental taskswere assessed
with a repeated measures ANOVA (i.e. SPM5 “flexible factorial”)
model. To control for the expected differences in the attentional
demands of the different conditions, i.e. to disentangle the functional
domains of attention and picture to picture working memory
involvement from social cognitive processes, the difference between
the RT for each condition and the mean RT of the four conditions in
eachparticipantwasmodelled as a covariate of no interest in the group
analysis.

The second level analysis comprised statistical testing of main
effects of affective content and 3rd vs. 1st person perspective of
judgments. In order to understand the emergence of main effects in
detail, we tested for single differential effects between the cells of the
design. To explore the commonalities in differential neural activation
we added conjunction analyses for both factors. All reported results of
statistical comparisons were thresholded for a voxel-level of pb0.05
which was corrected for multiple testing across the whole brain with
the false discovery rate (FDR) method.

Finally we explored possible interactions between content and
perspective. Only this explorative analysis of interaction effects was
performed without correction for multiple comparisons (pb0.001,
uncorrected), as we expected the interaction effects to be notably
smaller, while however of great interest in order to understand the
interplay of mentalizing and content on brain function.
Results

Analysis of behavioral data

Data analysis revealed that the reaction time (RT) for visuospatial
judgements from the self perspective (RT 2617 ms, SD 544) was
significantly lower (pb0.01, two tailed paired t-tests ) than the RTs of
all other conditions, i.e. 1stppA (RT 3199 ms, SD 792), 3rdppV (RT
3093 ms, SD 691) and 3rdppA (RT 3072 ms, SD 703). There were no
significant differences between the three latter conditions (Fig. 1).
After all, reaction times indicated, that conditions comprising either
affective content or 3rd person perspective demanded more complex
cognitive processing than self-referential judgements with visuospa-
tial content. We assumed that these RT differences reflected the
difficulty and attentional complexity of tasks rather than effects of
perspective or content per se. Thus we controlled for these differences
by including them as a covariate in the functional analysis. The RT
differences were actually correlated with the activation of a cortical
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network previously associated with executive control functions (see
Table S1, Fig. S1 Supplementary materials).

Analysis of functional imaging data

Main effects
Analysis of main effects generally revealed a difference in the

activation of anterior and posterior parts of the mentalizing network
determined by affective content and 3rd person perspective.

We found a significant main effect of affective content (affecti-
veNvisuospatial: 3rd ppA, 1st ppAN3rd ppV, 1st ppV) in posterior as
well as in anterior parts of the previously described mentalizing
network namely in bilateral TPJ, posterior cingulate cortex and the
anterior parts of the mentalizing network, namely bilateral dmPFC,
anterior STS, TP (pb0.05, whole brain corrected for multiple testing
using FDR). Simultaneously amain effect of affective content was found
in left hemispheric limbic areas i.e. in the left amygdala and
hippocampus (Fig. 2, Table 1). In contrast, main effects of 3rd person
perspective (3rd ppA, 3rd ppVN1st ppA, 1st ppV) on the BOLD response
were only found in more posterior cortices, namely in the TPJ, in the
precuneus extending into the posterior cingulate gyrus and in bilateral
middle frontal gyri at the location of the frontal eyefields (Blanke et al.,
2000) (pb0.05, whole brain corrected for multiple testing using FDR).
Fig. 2. Main effects of 3rd person perspective and affective content and 3rd person perspective
for multiple testing using FDR for the whole brain.
With respect to the main effects of both factors in bilateral TPJ, it is
notable that analysis of interaction between content and perspective
with a more liberal statistical threshold (pb0.001, uncorr., cluster size
k=10 voxels) revealed a greater differential activation of the right TPJ
by 3rd PP in the visuospatial condition (3rdppV–1stppV)–(3rdppA–
1stppA) (Fig. 3, Table 2).

Simple effects
To understand the specific contributions of both factors to the main

effects and the specific differences between cognitive empathy i.e. 3rd PP
affective judgements and the three other conditions, we analyzed the
simpledifferential effects of affective content and3rdpersonperspective.

Effect of affective content in 3rd pp judgements (3rd ppAN3rd ppV)
Cognition about the affective state of a 3rd person (cognitive

empathy) determined a significantly higher BOLD-signal in the anterior
parts of the mentalizing network and left hemispheric limbic regions
than cognition about visuospatial content (Fig.3, Table 3, (pb0.05,
whole brain corrected for multiple testing using FDR). In detail the
differential effect was observed in dmPFC, bilateral posterior STS,
bilateral temporal poles, in the left amygdala and hippocampus and the
left posterior cingulate gyrus. In posterior regions of the mentalizing
network only one small cluster in left TPJ showed higher activation for
(blue 1stpp V, dark blue 3rdppV, orange 1stppA,red 3rdppA), voxel-level pb0.05 corrected

image of Fig.�2


Table 1
Main effects of affective Content and 3rd PP on regional BOLD-response during judgements (threshold on voxel level p b 0.05, whole brain corrected for multiple testing using FDR,
cluster extent threshold k = 20 voxels).

Lobe Cluster size Voxel Voxel Coordinates Structure

k T Z x, y, z[mm]
Main effect of affective content (A N V)

Frontal lobe 2358 10.20 7.66 −6 54 30 L Superior frontal gyrus
8.19 6.64 6 54 24 R Medial frontal gyrus
7.73 6.37 −3 45 −15 L Medial frontal gyrus

46 3.28 3.13 6 6 9 R Caudate body
3.05 2.92 −3 0 −3 L Ant. cingulate gyrus

2309 9.16 7.16 −48 27 −9 L Inferior frontal gyrus
7.70 6.36 −39 21 −15 L Inferior frontal gyrus

Temporal lobe 8.01 6.54 −45 12 −39 L Middle Temporal gyrus
5.84 5.15 −45 −57 21 L Superior Temporal gyrus
5.68 5.04 −54 −21 −12 L Middle Temporal gyrus
3.29 3.13 −27 0 −24 L Amygdala
4.99 4.53 −18 −9 −24 L Parahippocampal gyrus

1421 7.39 6.17 45 9 −42 R Middle temporal gyrus
5.54 4.94 66 −51 21 R Superior temporal gyrus

Frontal lobe 7.34 6.14 57 30 3 R Inferior frontal gyrus
Parietal lobe 112 4.67 4.28 −6 −48 30 L Post. Cingulate gyrus

4.25 3.94 −15 −30 27 L Caudate tail
37 3.93 3.69 21 −30 24 R Caudate tail
20 3.61 3.41 −21 15 3 L Putamen

Post. cerebellar lobe 354 9.87 7.51 27 −84 −39 R Tuber
150 8.01 6.54 −30 −81 −36 L Uvula

Main effect of 3rd person perspective (3rd PP N 1st PP)
Frontal lobe 189 4.77 4.36 30 9 57 R Middle frontal gyrus

4.68 4.29 27 21 45 R Middle frontal gyrus
76 4.69 4.30 −27 9 54 L Middle frontal gyrus

Temporal lobe 314 5.69 5.04 −54 −51 21 L Supramarginal Gyrus
3.64 3.44 −51 −39 6 L Middle temporal Gyrus

191 4.37 4.04 63 −48 18 R Superior Temporal gyrus
4.24 3.94 57 −54 15 R Superior Temporal gyrus
4.18 3.89 57 −54 24 R Supramarginal gyrus

Parietal lobe 232 4.85 4.42 9 −54 54 R Precuneus
4.41 4.07 −9 −45 48 L Precuneus

21 4.36 4.03 −33 −36 51 L Postcentral gyrus
Occipital lobe 62 5.11 4.62 42 −78 33 R Superior occipital gyrus

51 4.11 3.83 −39 −75 36 L Superior occipital gyrus
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affective mentalizing content. Higher activation was also observed in
bilateral inferior frontal gyri and left vmPFC, previously characterized as
parts of the mirror neuron system (Gazzola et al., 2006) and somatic
marker system (Bechara et al., 2000).

Effect of 3rd pp in affective judgements (3rd ppAN1st ppA)
Although we had expected a significantly higher activation of the

whole mentalizing network in 3pp affective judgements than in 1st
pp affective judgements, no significant differences were found
(pb0.05, whole brain corrected for multiple testing using FDR). The
pattern of functional differences we had expected in the latter
contrast, i.e. higher activation of the TPJ, dmPFC and STS in 3rd pp, was
actually found as an effect of affective judgement within the 1st PP i.e.
in the contrast between 1st pp affective versus 1st pp visuospatial
judgements as described below. Notably, an analogous effect of
affective content and perspective was found in reaction times.

Effect of affective content in 1st pp judgements (1st ppA N1st ppV)
Comparison of affective and visuospatial content in 1st pp

judgements revealed that cognition about own affective reactions to
the story content resulted in a higher activation the entirementalizing
network, although participants had not been instructed to infer on the
feelings of others (pb0.05, whole brain corrected for multiple testing
using FDR). Affective judgements induced greater BOLD-responses in
bilateral dmPFC, TPJ and posterior STS extending into the temporal
poles. Additionally, we observed higher activation in the left inferior
frontal gyrus as well as left vmPFC. Remarkably, no effects in limbic
regions were found. Most remarkably the same pattern of functional
differences was found in the comparison of 3rd pp affective and 1st pp
visuospatial judgements (Fig. 3, Table 4).

Effect of 3rd pp in visuospatial judgements (3rd ppVN1st ppV)
Compared to visuospatial judgements from the 1st pp, 3rd pp

judgements about visuospatial representations resulted in higher
bilateral BOLD-signals in the TPJ and precuneus (Fig. 3, Table 5,
pb0.05, whole brain corrected for multiple testing using FDR).

Conjunction analysis
Finally, to assess the common effects of affective content we

applied a conjunction of all four possible contrasts between judge-
ments with affective compared to visuospatial content (i.e.
1stppAN1stppV,1stppAN3rdppV,3rdppAN3rdppV,3rdppAN1stppV)
(Table 6). Conjunction analysis actually revealed that all affective
judgements resulted in increased activation of bilateral dmPFC, bil.
posterior STS extending into the temporal poles (Table 6, pb0.05,
whole brain corrected for multiple testing using FDR). Additional
increase was observed in bilateral inferior frontal gyri and left vmPFC.
Notably affective content of judgments generally activated both
cerebellar hemispheres significantly stronger than judgements about
visuospatial content.

On the contrary the conjunction of contrasts between 3rd and 1st
person perspective judgements did not reveal any common effects of
3rd person perspective (i.e. 3rdAN1stA, 3rdAN1stV, 3rdVN1stV,
3rdVN1stA). This result was obviously based on the absence of
differences between 3rd and 1st pp when affective judgements were
made.



Fig. 3. Left: Results of tests for functional differences between single conditions. Simple effects of affective content (a) and perspective (b) were basically found in different parts of
the network. Affective content of judgements activated the anterior areas (dmPFC, vmPFC, ant. STS, TP) while visuospatial perspective taking recruited posterior parts (TPJ)
differentially. The simultaneous activation of anterior and posterior parts of the network in affective compared to visuospatial judgements from the 1st pp (c) suggested that affective
comprehension of the stories actually demanded implicit perspective taking, although participants were told to stick to judge their own affective states (all tests for simple effects on
voxel-level pb0.05, whole brain corrected for multiple testing using FDR, k=20 voxels). Right: (e) Effects of interaction between 3rdpp and visuospatial content were found in the
right IPL, while the inversely directed interaction (f) effect occurred mainly in right precentral and mid cingulate gyrus (blue 1stpp V, dark blue 3rdppV, orange 1stppA,red 3rdppA;
both interactions pb0.001 uncorr).
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Discussion

This study was set up to explore the hypotheses, that cognitive
empathy can be characterized as a brain function relating to pre-
existing neurofunctional concepts about mentalizing and empathy.
We expected the regions of the previously described mentalizing
network and the limbic system to be activated during cognitions
about the affective states of others. To explore cognitive inference
Table 2
Interactions of perspective and content of judgements (threshold p b 0.001, uncorr., k = 10

Lobe Cluster size Voxel Voxel

K T Z
Interaction (V3rdPP N V1stPP) N (A3rdPP N A1stPP)

Parietal lobe 16 3.62 3.42 6
Temporal lobe 3.36 3.20 6

Interaction (A3rdPP N A1stPP) N (V3rdPP N V1stPP)
Frontal lobe 190 4.86 4.43 5

4.03 3.76 3
3.65 3.45 3

24 4.18 3.89 −1
3.65 3.44 −1

Temporal lobe 11 3.81 3.58 4
Parietal lobe 14 3.58 3.39 3
Sublobar 33 4.99 4.53 −1

46 4.67 4.28 3
4.08 3.81 3

38 4.38 4.05 2
3.82 3.59 2

12 3.87 3.63 3
specifically, we designed false belief stories, which were free of
affective cues. The Stories were randomly assigned to instructions to
judge the depicted events, (i) from a 3rd or 1st person perspective and
(ii) with a focus on affective or visuospatial content.

We had hypothesized that “cognitive empathy” would simulta-
neously engage the previously described neocortical mentalizing
network (Brunet-Gouet and Decety, 2006; Frith and Frith, 2006a,
2008; Saxe, 2006) and limbic areas, which are also involved in the
voxels).

Coordinates Structure

x, y, z [mm]

6 −45 30 R Supramarginal gyrus
6 −45 18 R Superior temporal gyrus

1 −18 45 R Precentral gyrus
9 −21 42 R Precentral gyrus
9 −27 57 R Precentral gyrus
5 −3 42 L Ant. cingulate gyrus
2 6 36 L Ant. cingulate gyrus
2 −48 −6 R Parahippocampal gyrus
6 −63 39 R Angular gyrus
5 −12 24 L Caudate body
0 −15 0 R Putamen
6 −9 0 R Claustrum
7 −3 21 R Putamen
1 −12 24 R Caudate body
0 −33 3 R Thalamus

image of Fig.�3


Table 3
3rd person affective N 3rd person visuospatial judgements (threshold on voxel level p b 0.05, whole brain corrected for multiple testing using FDR, k = 20 voxels).

Lobe Cluster size Voxel Voxel Coordinates Structure

K T Z x, y, z [mm]
Frontal lobe 904 7.85 6.44 −6 54 36 L Superior frontal gyrus

5.37 4.82 −6 51 12 L Medial frontal gyrus
5.18 4.67 9 51 27 R Medial frontal gyrus

155 6.53 5.63 −3 45 −15 L Medial frontal gyrus
224 4.58 4.21 42 −18 48 R Precentral gyrus

4.26 3.95 42 −9 39 R Precentral Gyrus
3.10 2.97 39 −12 69 R Precentral gyrus

21 4.02 3.76 −42 −12 42 L Precentral gyrus
72 5.34 4.79 57 30 3 R Inferior frontal gyrus

4.44 4.10 48 33 −3 R Inferior frontal gyrus
907 5.70 5.06 −45 27 −6 L Inferior frontal gyrus

5.26 4.73 −39 27 −15 L Inferior frontal gyrus
Temporal lobe 5.02 4.55 −48 3 −30 L Middle temporal gyrus

212 5.04 4.57 51 −30 −3 R Middle temporal gyrus
4.46 4.12 48 −36 3 R Superior temporal gyrus

250 5.00 4.54 48 9 −42 R Middle temporal gyrus
4.63 4.25 48 0 −27 R Middle temporal gyrus
3.80 3.57 57 3 −24 R Middle temporal gyrus

82 3.47 3.29 −57 −66 24 L Superior temporal gyrus
3.46 3.29 −45 −57 27 L Superior temporal gyrus

95 4.99 4.53 −18 −12 −21 L Parahippocampal gyrus
3.73 3.52 −30 −15 −21 L Hippocampus
3.57 3.38 −27 0 −24 L Amygdala

Parietal lobe 3.40 3.24 −54 −51 27 L Supramarginal gyrus
34 4.30 3.99 12 −18 48 R Post. cingulate gyrus

3.01 2.88 0 −12 42 L Post. cingulate gyrus
78 4.73 4.33 21 −30 24 R Caudate tail

3.64 3.44 12 −18 24 R Caudate body
286 5.00 4.54 −12 −27 24 L Caudate tail

4.73 4.33 −12 −15 24 L Caudate body
4.60 4.23 −15 −45 27 L Post. cingulate gyrus

Post. cerebellar lobe 208 6.44 5.56 30 −84 −39 R Tuber
106 5.56 4.95 −27 −81 −36 L Uvula
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first-hand experience of emotion (Singer and Lamm, 2009). In detail,
we expected this parallel activation as a differential effect of cognitive
empathy compared to 3rd pp and 1st pp visuospatial judgements.

Our observations basically verified this hypothesis. Themain effect
of affective content and the single differential effect between 3rd pp
affective and 3rd pp visuospatial judgements in dmPFC, STS, TP and in
the amygdala indicated that cognitive inference on the affective state
of others can actually be dissociated from mentalizing their
visuospatial experiences.

Dissociable effects of cognitive empathy and mentalizing of visuospatial
content

In general the results of our experiment replicate previous
observations about the anatomical formation of the mentalizing or
ToM network which frequently list dmPFC, STS, TPJ, TP as functional
elements (Brune and Brune-Cohrs, 2006; Brunet-Gouet and Decety,
Table 4
3rd person visuospatial N 1st person visuospatial judgements (threshold on voxel level p b

Lobe Cluster size Voxel Voxel

K T Z
Temporal lobe 129 5.11 4.62 −

4.23 3.93 −
Parietal lobe 4.17 3.88 −
Temporal lobe 126 5.08 4.60

4.87 4.44
Parietal lobe 4.49 4.14

52 4.30 3.99 −
4.10 3.82
3.87 3.63 −
2006; Frith and Frith, 2006b, 2008; Saxe and Baron-Cohen, 2006).
Activation of these regions was found as a differential effect of 3rd pp
affective versus 1st pp visuospatial judgements and (Table 1) as a
main effect of affective versus visuospatial content.

Most notably the specific differential effect of affective compared
to visuospatial judgements within the 3rd person perspective
supports the existence of a functional mode that can be addressed
as “cognitive empathy”. The difference confirms the assumption of
Shamay-Tsoory (Shamay-Tsoory et al., 2009) and Preston (Preston
and de Waal, 2002) that the term cognitive empathy can actually be
attributed to a particular functional mode of social cognition,
especially in the PFC. In contrast to visuospatial perspective taking,
cognitive empathy is functionally characterized by a simultaneous
recruitment of the anterior parts of the previously characterized
mentalizing network (Brunet-Gouet and Decety, 2006; Frith and Frith,
2006b), namely anterior STS, TP and vmPFC in combination with
limbic regions already found to be involved in affective processing and
0.05, whole brain corrected for multiple testing using FDR, k = 20 voxels).

Coordinates Structure

x, y, z [mm]
48 −51 18 L Superior temporal gyrus
63 −45 18 L Superior temporal gyrus
54 −54 36 L Supramarginal gyrus
66 −45 18 R Superior temporal gyrus
60 −57 24 R Supramarginal gyrus
66 −42 33 R Inferior parietal lobule
3 −54 57 L Precuneus
6 −48 51 R Precuneus
6 −42 48 L Precuneus



Table 5
1st person Affective N 1st person visuospatial judgements (threshold p b 0.05, whole brain corrected for multiple testing using FDR, k = 20 voxels).

Lobe Cluster size Voxel Voxel Coordinates Structure

K T Z x, y, z [mm]
Frontal lobe 1565 7.89 6.46 −9 51 30 L Superior frontal gyrus

6.69 5.73 6 54 24 R Medial frontal gyrus
5.89 5.19 −15 48 39 L Superior frontal gyrus

1486 7.63 6.31 −48 27 −9 L Inferior frontal gyrus
Temporal lobe 7.38 6.16 −45 12 −39 L Middle temporal gyrus
Frontal lobe 6.12 5.35 −42 21 −12 L Inferior frontal gyrus
Temporal lobe 339 5.92 5.21 45 9 −42 R Middle temporal gyrus
Frontal Lobe 5.43 4.86 57 30 0 R Inferior frontal gyrus
Temporal lobe 5.31 4.77 45 18 −36 R Superior temporal gyrus

578 5.49 4.90 66 −48 21 R Superior temporal gyrus
Parietal lobe 5.00 4.54 63 −57 24 R Supramarginal gyrus
Post. cerebellar lobe 242 7.88 6.46 27 −84 −39 R Tuber

86 6.12 5.34 −30 −81 −36 L Uvula
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empathy (Brunet-Gouet and Decety, 2006; Hein and Singer, 2008;
Singer, 2006). The activation of amygdala and hippocampus in the
cognitive empathy condition is in line with Tanja Singer's suggestion
“that sharing the emotions of others is associated with activation in
neural structures that are also active during the first-hand experience
of that emotion”.

Accordingly, our findings imply that cognitive empathy does
actually involve a “simulated” generation of affective states by means
of limbic system activation in the absence of external affective signals,
which has been reported previously by Ruby & Decety (Ruby and
Decety, 2004). They observed amygdala activation when subjects
were processing social emotions, related either to themselves or to
another person. The simulation-theory of cognitive empathy is further
supported by the lack of functional differences between 1st and 3rd
pp in affective conditions in our study. This finding suggests that
participants exploited information from own affective states in order
to understand the affective state of another person. The general
involvement of simulation in mentalizing is also supported by
observations of Lombardo et al. (Lombardo et al., 2009) who reported
the integration of both high and low level neural systems during
mentalizing of bodily as well as mental states. Following this line of
evidence our observations do not support the existence of a
previously suggested distinct cortical network for a “cold” type of
empathy (McIllwain, 2003; Paal and Bereczkei, 2007). Cognitive
Table 6
Conjunction Affective judgements N Visuospatial Judgements (threshold on voxel-level p b

Lobe Cluster size Voxel Voxel

K T Z
Frontal lobe 467 7.15 6.02

5.18 4.67
36 5.13 4.64

4.38 4.05
44 4.76 4.35
27 3.78 3.56

3.67 3.47
1 3.27 3.12
2 3.43 3.25 −
295 5.70 5.06 −

5.05 4.58 −
Temporal lobe 4.75 4.34 −

3 3.52 3.33 −
3 3.44 3.27 −
97 4.78 4.37

4.57 4.20
Sub-lobar 53 4.70 4.31
Temporal lobe 3.83 3.60
Post. cerebellar lobe 146 6.44 5.56

46 5.53 4.93 −
empathy rather recruits both top down neocortical and bottom up
limbic components simultaneously. Thus, our results suggest that the
emergence of affective states in the observer is implied in cognitive
empathy as well as in affective empathy (i.e. empathy as defined by
Singer et al.). The differential activation of amygdala and hippocam-
pus in the generation of cognitive empathy compared to visuospatial
judgements is even more notable as our task bypassed the implicit–or
“low road” (Doron and Ledoux, 2000; Romanski and LeDoux, 1992)–
subcortical pathway of immediate emotion perception by excluding
contagious affective cues from the stimulus material. Accordingly the
contextual information had to be processed through the cortical “high
road” processing stream first. It is important to mention, that a
considerable part of the differential effect between affective and
visuospatial 3rd pp judgements is generated by a decrease of
amygdala activation in 3rd pp visuospatial judgements (see effects
plot in Fig. 2). In contrast dmPFC activation seems to be influenced by
equal contributions of activation in affective and reduced activation in
visuospatial judgements. Note that we randomized the stimulus
material over conditions across all participants of the experiment and
thus eliminated by design potential implicit influences of stimulus
features and scenic complexity on the comparisons of cognitive
conditions.

In general the analyses of main and especially single effects
provide evidence that the term cognitive empathy indeed provides a
0.05, whole brain corrected for multiple testing using FDR, k = 20 voxels).

Coordinates Structure

x, y, z [mm]
−6 51 33 L Superior frontal gyrus
9 51 27 R Medial frontal gyrus

57 30 3 R Inferior frontal gyrus
51 30 −3 R Inferior frontal gyrus
0 45 −15 L Medial frontal gyrus

−9 15 69 L Superior frontal gyrus
−9 21 63 L Superior frontal gyrus
3 9 66 R Superior frontal gyrus

57 18 15 L Inferior frontal gyrus
45 27 −6 L Inferior frontal gyrus
39 24 −15 L Inferior frontal gyrus
45 9 −36 L Middle temporal gyrus
60 −21 −18 L Middle temporal gyrus
54 −24 −3 L Superior temporal gyrus
48 9 −42 R Middle temporal gyrus
45 15 −36 R Superior temporal gyrus
45 −30 −3 R Insula
45 −42 6 R Superior temporal gyrus
30 −84 −39 R Tuber
30 −81 −36 L Uvula
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meaningful neurofunctional concept as it can be defined by means of
local differences between functional states within the mentalizing
network and limbic system.

Functional subdivision of the mentalizing network

In addition to the functional dissociation of cognitive empathy
from mentalizing of other content we found additional new evidence
for the frequently discussed basic anatomical subdivision of the
mentalizing network. The fact that themain effect of taking the 3rd pp
was only found in posterior parts of the network including TPJ,
precuneus and frontal eyefields supports the idea that functions for
affective processing and perspective taking are organized along the
anterior–posterior axis of the brain (Decety and Lamm, 2007; Frith
and Frith, 2006b; Olsson and Ochsner, 2008; Saxe et al., 2006; Saxe
and Powell, 2006).

In contrast, the main effect of affective content of cognition was
found in the bilateral TPJ as well as in the anterior part of the network,
comprising dmPFC, vmPFC, TP ant STS. The conjunction analysis
indicated that only the anterior regions of the mentalizing network
were recruited to process affective content in all conditions
irrespective of the cognitive perspective. Not only cognitive empathy
but also judgements about one's own affective states activated dmPFC,
anterior STS, and temporal poles significantly stronger than cogni-
tions with a visuospatial content.

Previous reports already suggested such a specialization of the
anterior mPFC for affective and motivational state recognition
(Amodio and Frith, 2006; Olsson and Ochsner, 2008) and recognition
of others’ intentions (Abraham et al., 2008; Ciaramidaro et al., 2007;
Walter et al., 2004).

Notably, we also found significant activation of the left and right
inferior PFC as a main effect of affective content. This region has been
implicated as being part of the human analogue to the mirror neuron
system (Rizzolatti and Craighero, 2004). Therefore, it might be
speculated that the mirror neuron system is also involved in affective
mentalizing. However, it has to be noted, that our peak activation is
located 1–2 cmmore anterior to the regions that have been described
in a recent neuroimaging study, which provided evidence for the
existence of mirror neurons in the human inferior frontal cortex
(Kilner et al., 2009).

Function of mPFC in cognitive empathy

In accordance with our findings, previous studies found no
differential dmPFC activation for solitary mental perspective changes
(Aichhorn et al., 2006; Vogeley et al., 2004). Ochsner et al. (Ochsner et
al., 2004) already found areas of the anterior mPFC to be recruited by
both, judgements about affective states of oneself and others, while
some anterior mPFC areas were exclusively recruited by self-
referential affective judgements. They suggested that in reflecting
upon feelings, the mPFC might contribute to elaboration of internally
as opposed to externally generated information. The consistent
activation of mPFC by affective content in both 1st and 3rd person
perspective, found in the main effect and conjunction analyses,
provides additional support for this assumption because in our study
subjects had to refer to internally generated information: In contrast
to the direct affective signals contained in the IAPS pictures, the
stimulus material in our study clearly demanded reference to internal
representations of affective states. In further accordance with our
observations, Saxe et al. also found the mPFC to be activated
irrespective of perspective (Saxe et al., 2006). The fact that we
found a differential effect of affective compared to visuospatial
content not only in dorsal mPFC but also ventral mPFC is consistent
with Rebecca Saxe's functional concept of these regions. She suggests
that dmFPC is implicated in triadic relations while vmPFC is recruited
in generating emotional empathy (Saxe, 2006). Thereby activation of
the vmPFC is identified as a central element of cognitive empathywith
respect to the definition of empathy as a shared functional mechanism
for experiencing others' and own affective states. Activation of the
vmPFC during mentalization of affective states has previously been
observed when a rater recognizes similarities between himself and
another person (Mitchell et al., 2005). The vmPFC apparently holds a
central function in the prospective judgement of own likes and
dislikes in a variety of prospective contexts (Ames et al., 2008; Jenkins
et al., 2008; Mitchell et al., 2006), which are supposedly used to infer
on other persons’ affective states in a similar context.

A lesion study and functional data reported by Shamay-Tsoory et
al. indicates that the involvement of vmPFC is indeed essential for the
cognitive generation of empathy (Shamay-Tsoory et al., 2009;
Shamay-Tsoory et al., 2006). According to the design of our
experiment, this essential function might be the association between
internal affective states and semantic cognitions about social
contexts: This suggestion reflects the concept of the vmPFC function
in social cognition by Bechara and Damasio (Bechara et al., 2003).
They assume that the ventromedial cortex is critically involved in the
triggering of somatic states from secondary inducers in contrast to
primary inducers which are primarily processed by the amygdala.
Secondary inducers are supposed to be generated by recalling a
personal or hypothetical emotional event that generates “thoughts”
and “memories” about the inducer, which elicit a somatic state when
they are brought to memory. Episodic memories, like for example the
memory of having been threatened by a gesture of another person at
some point in life that can be triggered by the false believe story in
Fig. 1, bring to memory “thoughts” pertaining to an emotional event.
Another aspect of our results suggests that the recall of previously
experienced affective states by contextual semantic cues is obviously
independent from the fact if the triggered affective state is finally
attributed to the 3rd and 1st person perspective.

TPJ function and the absence of functional perspective effects in affective
judgements

Other than expected we found no significant activation differences
in the mentalizing network between 3rd and 1st person perspective
on affective content. This single differential effect was most notably
absent in the TPJ although a main effect of 3rd pp had been observed
here. In contrary to our expectations, we found a significant
differential activation of the mentalizing network within the 1st
person perspective instead which was accompanied by a significant
reaction time difference as an effect of affective content, i.e. between
affective and visuospatial cognition in the 1st pp. This observation did
not comply with our primary expectations about the effect of the
explicit instructions to make self-referential affective judgements. We
suggest that this observation indicates that assessment of own
affective states in perception of a social context engages functional
mentalizing resources in an automatic or implicit way as previously
suggested by Frith and Frith (Frith and Frith, 2006b, 2008).

After all, comprehension of affective content in the story recruited
the neural correlates of the mentalizing system (dmPFC, STS, TPJ, TP
and vmPFC) in a similar way during explicit judgements about
affective states of others (“How does he feel when this happens to
him?”) and implicitly in the report of own affective states when facing
a social context (“Howdo I feel when I seewhat happens to him in this
story?”). As both questions obviously recruit identical neural
structures which are involved in mentalizing, it can be assumed that
both types of assessments include a processing step of inference on
the thoughts of the other person. This mechanism is possibly reflected
in the interaction of affective content and perspective in the right TPJ
(Fig. 3). However, the involved TPJ function is obviously more than
just providing visuospatial calculations like a kind of “camera
perspective”, since David et al. reported, that the posterior temporal
cortex is involved in mentalizing but not in simple perspective taking
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(David et al., 2008; Vogeley et al., 2004). Thus TPJ is supposedly only
involved when inference on another person's mental content and
visuospatial perspective is actually combined. In our experiment
visuospatial perspective taking was actually combined with the
inference on amental object categorization process of another person.

This was done by including the categorical decision how many of
the objects were categorized by the main character under the
category “living”, which would involve the TPJ like in other 3rd
person conceptual tasks (Ruby and Decety, 2003). The fact that this
instruction induced a bilateral TPJ activation combined with activa-
tion of the precuneus actually supports the idea of Saxe et al. who
suggested that these posterior regions are involved in inferring on a
protagonist's thoughts, but not on others’ internal states or other
socially relevant information (Saxe and Powell, 2006). This concept
was most markedly reflected in the actual interaction of 3rd person
perspective and content of judgement that we found in the right TPJ.
The selective involvement of the right TPJ in visuospatial components
of mentalizing processes is supposedly linked to the adjacent
locations of attentional functions within this area (Scholz et al.,
2009) or a general function in relational context representation
(Abraham et al., 2008) which is in turn reflected by activation due to
3rd person perspective of action perception and during action
execution in interpersonal contexts (David et al., 2006). Taking all
this together it can be assumed that the visuospatial context
representation function of TPJ and precuneus is supposedly a basic
prerequisite for mentalizing processes which can be finally directed to
various types of mental content representations (Aichhorn et al.,
2006; Aichhorn et al., 2009; Dosch et al., 2010; Lombardo et al., 2009;
Ruby and Decety, 2001, 2003).

As TPJ activation did also differ between self-referential conditions
in our study, one could assume, that it can be explained by another
more basic function of TPJ: The activation differences could simply
reflect the cognitive complexity of conditions, reflected in different
reaction times. Decety & Lamm have already noted that “activation in
the TPJ during social cognition may therefore rely on a lower-level
computational mechanism involved in generating, testing, and
correcting internal predictions about external sensory events”
(Decety and Lamm, 2007). The idea of implicit or automated TPJ
functions underpinning social cognition (Frith and Frith, 2006b, 2008)
is supported by the neurodevelopmental course of cortical activation
changes in mentalizing tasks. During brain maturation the ability to
reason about another person's mind is underpinned by a shift in
activity from PFC to TPJ brain regions (Dosch et al., 2010).

Correspondingly, we addressed the issue of interference between
mentalizing and other cognitive domains, like e.g. error detection, by
controlling for reaction time differences between conditions and
subjects in the analysis of functional data. We found that reaction
times were actually correlated with the activation of another
functional network frequently associated with attention and error
detection (Ridderinkhof et al., 2004) comprising activation of mPFC
posterior to the activation associated with mentalizing conditions,
dorsolateral PFC and inferior parietal lobes bilaterally. As these
functional effects had been identified and covaried out, we assume
that the remaining conditional differences of TPJ activations are not
determined by the attentional functions but reflect a categorical effect
of cognitive perspective taking. This conclusion is in line with the
concept of Saxe et al., who consider the TPJ activation as a component
of mentalizing which develops late in ontogenesis and not just as an
effect of increased cognitive demand. TPJ activation is linked to
perspective change (Saxe et al., 2006) and responds selectively when
subjects read about a protagonist's thoughts (Saxe and Powell, 2006).
This function is supposedly mirrored in the interaction effect found in
the right TPJ (Fig. 3). Eventually mentalizing and low-level computa-
tionsmight be adjoining TPJ-functions as a recent study actually found
ToM and attentional load of a task to recruit different regions of the
TPJ (Scholz et al., 2009).
Limitations

A limitation of our study is owed to the fact that, in contrast to our
prior expectations, our results delineated a greater interaction of
affective content and 3rd person perspective. The experimental design
is not suitable to explore the sequential steps involved in the assessment
of the stories. Accordingly, we can just speculate how mentalizing is
involved in 1st person perspective affective judgements.

We would have liked to investigate on the accuracy of affective
mentalizing, but another limitation of the design is that the
assessment of affective states is by nature more ambiguous than the
assessment of quantities like the number of living beings in the
pictures. For that reason we did not include scores of right answers in
the statistical analysis. Of course therewas always an obviouslywrong
answer beneath the three possibilities and the number of wrong
answers was a good indicator to control for attention to the task
during the experiment. However, future experiments could investi-
gate on the accuracy of affective mentalizing by constructing stories
with unique answers. In contrast we used the correct answers in
visuospatial conditions, which were uniquely defined, to control for
the correct execution of the task.

Summary

We presented evidence for the existence of a neurophysiological
correlate of “cognitive empathy” representing a meaningful neuro-
functional mode. It can be dissociated from other mentalizing
functions, especially from the mentalizing of visuospatial content by
higher simultaneous activation of the anterior mentalizing network
(dmPFC, anterior STS, TP, vmPFC) and limbic regions (HC, Amygdala)
in the absence of immediately contagious affective signals. Notable
similarities of the observed activations of the limbic system and the
PFC with those previously reported for states of affective empathy
suggest that cognitive empathy also involves emergence of and
reference to internal affective states.

The observations about effects of 3rd person perspective and
affective content on BOLD-signals in the dmPFC and TPJ indicated a
functional subdivision of the mentalizing network along an anterior–
posterior axis. Finally, the higher activation of the mentalizing
network in 1st person judgements about affective compared to
visuospatial content indicates that the perception of a social context
activates the mentalizing system automatically even without delib-
erate adoption of the 3rd person perspective.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
doi:10.1016/j.neuroimage.2010.08.024.
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