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Abstract

B Empathy allows emotional psychological inference about
other person’s mental states and feelings in social contexts. We
aimed at specifying the common and differential neural mech-
anisms of “self”’- and “other”-related attribution of emotional
states using event-related functional magnetic resonance
imaging. Subjects viewed faces expressing emotions with direct
or averted gaze and either focused on their own emotional
response to each face (self-task) or evaluated the emotional
state expressed by the face (other-task). The common network
activated by both tasks included the left lateral orbito-frontal
and medial prefrontal cortices (MPFC), bilateral inferior frontal
cortices, superior temporal sulci and temporal poles, as well
as the right cerebellum. In a subset of these regions, neural
activity was significantly correlated with empathic abilities. The
self- (relative to the other-) task differentially activated the

INTRODUCTION

A key aspect of social interaction is the inference of
other persons’ emotional states by evaluating their facial
expressions (Ekman, 1982). These can help us to gain
access to someone’s feelings and may act as triggers of
empathy. Empathy is based upon processes of psycho-
logical inferences about other persons’ mental and
emotional states occurring within a specific social con-
text. This context may provide the frame of reference for
the integration of emotion and cognition to yield in-
sights into the intentions and feelings of others (Decety
& Jackson, 2004). Three core aspects are likely to play a
role in the emergence and maintenance of empathy: (i)
an intuitive feeling of having something in common with
the other person which relies on socially shared emo-
tional experiences; (ii) cognitive mechanisms of per-
spective-taking; and (iii) the ability to maintain a self-
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MPFC, the posterior cingulate cortex (PCC)/precuneus, and the
temporo-parietal junction bilaterally. Empathy-related process-
ing of emotional facial expressions recruited brain areas
involved in mirror neuron and theory-of-mind (ToM) mecha-
nisms. The differential engagement of the MPFC, the PCC/
precuneus, and temporo-parietal regions in the self-task indi-
cates that these structures act as key players in the evaluation
of one’s own emotional state during empathic face-to-face in-
teraction. Activation of mirror neurons in a task relying on
empathic abilities without explicit task-related motor compo-
nents supports the view that mirror neurons are not only in-
volved in motor cognition but also in emotional interpersonal
cognition. An interplay between ToM and mirror neuron mech-
anisms may hold for the maintenance of a self-other distinction
during empathic interpersonal face-to-face interactions.

other distinction during interpersonal interaction. Em-
pathic feelings allow for socially appropriate emotional
responses, be it a shared or reactive emotional state.
Therefore, empathy is different from pure emotional
contagion as the resulting emotional state can be dif-
ferent from the one being observed (see, for example,
Davis, 1996; Stotland, 1969).

It has been suggested that shared emotional feelings
might be traced back to mirror neuron mechanisms
(Gallese, 2003), which had initially been proposed in
the field of motor representations. Mirror neurons have
been discovered in the monkey brain in frontal area
F5 and parietal area PF (see, e.g., Rizzolatti, Fogassi,
& Gallese, 2001, for a review). There is increasing evi-
dence from neuroimaging studies that core components
of a human mirror neuron system (hMNS) comprise
parts of the inferior frontal cortex and the posterior
parietal cortex (e.g., Koski, Iacoboni, Dubeau, Woods, &
Mazziotta, 2003; Iacoboni et al., 1999). The mirror neu-
ron account has recently been adapted to processes op-
erating during interpersonal cognition (Gallese, Keysers,
& Rizzolatti, 2004; however, see Jacob & Jeannerod,
2005 for a critique). It has been suggested that the
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brain networks controlling motor behavior and social
interaction share (at least in part) computational parallels
(Wolpert, Doya, & Kawato, 2003), and might be imple-
mented in similar or overlapping brain regions. Recent
studies indeed indicate that not only motor plans but also
more abstract intentions (Iacoboni et al., 2005) or emo-
tional states (Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi,
2003) recruit the same areas in the inferior frontal cortex
which are supposed to contain mirror neurons.

Carr et al. (2003) demonstrated that components of
the hMNS (including the inferior frontal cortex) are in-
volved in the imitation and observation of facial expres-
sions of emotions. Reports on hMNS involvement in the
mere perception of facial expressions of emotions, how-
ever, are yet rare. This might be due to the fact that most
previous studies focused on the implicit processing of
emotional facial expressions using distractor tasks such
as gender detection or conditioning paradigms (Winston,
O’Doherty, & Dolan, 2003; Critchley et al., 2000), and/or
explicit tasks such as emotion categorization or judgment
of emotion intensity (e.g., Winston et al., 2003; Critchley
et al.,, 2000; George et al., 1993). All these tasks can be
accomplished by the use of perceptual strategies, for
example, pattern matching. The above studies may thus
have failed to detect hMNS activity because the percep-
tual processing of emotional facial expressions was not
embedded in an interpersonal context.

For pain and disgust, functional neuroimaging studies
showed evidence that the processing of one’s own emo-
tional experience and the observation of another person
having a similar emotional experience may engage over-
lapping brain networks (Singer et al., 2004; Wicker et al.,
2003). Interestingly, in the study by Singer et al. (2004),
the relative engagement of these networks was corre-
lated with individual differences in empathic abilities.

The cognitive aspects of empathic interpersonal per-
spective taking are closely related to theory of mind
(ToM). The ToM concept depicts meta-cognitive abilities
such as the inference of beliefs, intentions, and desires
of other people (Premack & Woodruff, 1978). Impor-
tantly, ToM also requires the distinction between one’s
own thoughts and intentions and those of others, which
is a key component of interpersonal interactions.

The neural network supporting cognitive aspects of
ToM include temporo-parietal areas, the medial prefron-
tal cortex (MPFC), and the temporal poles (e.g., Vogeley
et al., 2001; see Frith & Frith, 2003; Vogeley & Fink, 2003
for reviews). Functional neuroimaging data on emotional
ToM, however, remain scarce (but see Vollm et al., 2006).
Few studies directly addressed the functional neuroanat-
omy of taking the self- or other-perspective in the context
of emotional experience (Ochsner et al., 2004; Ruby &
Decety, 2004). For example, Ochsner et al. (2004) asked
their subjects to evaluate emotional responses to affective
photographs from their own (i.e., first person) perspective
or from the perspective of a character depicted in the
photos (i.e., third-person perspective). This approach,

however, did not take into account that the empathic
switching between the self- and the other-perspective goes
beyond the “classic” first-person/third-person concept
adopted by studies on perspective-taking (e.g., Vogeley
& Fink, 2003; Vogeley et al., 2001). Rather, empathy relies
on a dyadic social situation where the inferred intentions
and feelings of the other directly affect the self as the tar-
get of the other’s emotion. This account is also supported
by studies of cognitive aspects of interpersonal interac-
tions, suggesting that “on-line” social reasoning is most
efficiently triggered in a context where the observed
behavior of others is highly relevant to one’s own inten-
tions and actions (Kampe, Frith, & Frith, 2003; Gallagher,
Jack, Roepstorff, & Frith, 2002). To our knowledge, no
functional neuroimaging data are currently available on
the neural circuits supporting empathic self-other inter-
actions unfolding in the dynamics of emotional interper-
sonal contexts.

We used functional magnetic resonance imaging
(fMRI) to investigate empathy-related neural processes,
applying a paradigm which required both the decod-
ing of other persons’ emotional states from facial cues
(““other”-condition) and the evaluation of one’s own
emotional response to these faces (‘“‘self’’-condition).
Subjects evaluated either the emotional state of the
observed person or their own emotional reaction when
viewing that person. Responses were given by choosing
appropriate emotional descriptions from a list of adjec-
tives depicting emotional states. The experimental setup
thus differed from previous approaches in that it did
not focus on a perceptual decision on the emotion ex-
pressed by a face (e.g., a decision between basic emotion
categories), but rather assessed the interactive switching
between the self- and the other-perspective during the
attribution of emotion. Using this paradigm, we were
able to experimentally construct an interpersonal con-
text in which empathic social cognition could emerge. In
addition, we manipulated the head direction of the
stimulus faces such that they were either directed to
the observer or averted by ~45°. An age/gender decision
task on neutral faces was used as a high-level baseline.
Standard empathy scales were administered to assess
individual differences in empathic abilities. Individual
scores on these scales were used to determine whether
measures of empathic capabilities may predict the am-
plitude of empathy-related brain activity, especially in
areas belonging to the hMNS.

We expected that brain regions supporting ToM (e.g.,
MPFEC, superior temporal regions) and structures previ-
ously associated with the hMNS (e.g., inferior frontal
gyrus, superior temporal sulcus [STS], inferior parietal
cortex) would be activated during both the attribution
of emotion to oneself and the other person. However,
we also hypothesized that some of these areas would
show differential responses depending upon the in-
volvement of either the self- or the other-perspective.
hMNS engagement was expected to predominate in the
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self-condition, whereas we considered ToM mechanisms
to be specifically implicated in the other-condition.
Moreover, we hypothesized that empathy would be
triggered more easily in the direct gaze condition (when
the self is the target of the other’s emotion) because
direct eye contact may signal communicative intent and
is typically cueing inferences on the emotional and
mental state of others (Kleinke, 1986). Also, it has been
shown that direct (compared to averted) gaze is able
to drive ToM areas in the brain (Kampe et al., 2003).

METHODS
Participants

Twenty-six subjects (12 men, mean age *= SD = 24.4 =
3.0 years; 14 women, mean age = SD = 24.8 + 3.7 years)
participated in the study which was approved by the
local ethics committee. All participants (mean age =
SD = 24.6 = 3.4 years) were right-handed, as as-
sessed by the Edinburgh inventory (Oldfield, 1971), and
were native speakers of German language. They were
screened medically to rule out the use of medication
affecting the central nervous system, a history of neuro-
logical or psychiatric disorders, head trauma, substance
abuse, and other serious medical conditions. To control
for sufficient abilities of verbalizing emotional states,
subjects were screened for alexithymia using the Ger-
man version of the Toronto Alexithymia Scale (TAS-26;
Kupfer, Brosig, & Brihler, 2001). Subjects underwent
neuropsychological testing, including standard mea-
sures of 1Q, working memory, and attention. Moreover,
they completed questionnaires on emphatic abilities
(Balanced Emotional Empathy Scale [BEES]|, Mehrabian,
1997; Empathic Concern Scale [ECS], Davis, 1983) for
later analysis of a possible relationship between individ-
ual degrees of empathic capabilities and regional brain
activation. The 30-item BEES extends the Emotional
Empathic Tendency Scale (Mehrabian & Epstein, 1972)
in that it is designed to balance “‘acquiescence bias”
(i.e., the tendency of the majority of people to generally
agree or disagree with statements included in a ques-
tionnaire). The BEES allows for a measure of one’s
tendency to empathize with the emotional experiences
of others (““emotional empathy”). The ECS, a subscale
of the Interpersonal Reactivity Index developed by Davis
(1983), taps emotional aspects of empathic abilities in a
similar way. For example, items of both scales include
questions concerning one’s own emotional state when
observing the misfortune of another person or one’s
tendency to get caught up in the emotions of a crowd.
Both scales can be easily administered as a paper-and-
pencil test and have previously been used in functional
neuroimaging studies to predict empathy-related brain
activation (e.g., Singer et al., 2004).

Mean TAS-26, BEES, and ECS scores of participants
involved in the present study and population norms are
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summarized in Table 1. Individual scores on these scales
and all individual neuropsychological data were within
the range of reference population norms for all tests
administered.

Stimuli

Facial stimuli were constructed using commercially
available software for the generation of synthetic faces
(FaceGen 3.0, Singular Inversions, Vancouver, Canada).
With this software, faces can be rotated freely in 3-D
space and morphed on diverse dimensions (e.g., emo-
tion categories, gender, age) to create specific faces with
differential degrees of distinct emotional expressions,
thus allowing for a higher degree of control of stimulus
materials than in studies where real faces are used.
There were 318 faces preselected according to the
naturalness of their emotional expressions by three
independent judges from a pool of more than 1500
faces created randomly by the software. Validity of
emotional expressions was confirmed in a behavioral
study. Preselected faces were rated by volunteers (n =
9) according to the procedure devised by Ekman and
Friesen (1976). Faces were presented with either an
angry, fearful, sad, disgusted, happy, or neutral expres-
sion, and participants were asked to indicate which
emotion category was displayed in a given face. Applying
this procedure, 192 face stimuli were finally selected for
the fMRI study (64 angry, 64 fearful, 64 neutral faces; half
male and half female in each category). A minimum of
65% correct choices was required for the selection of
a face. The average percentage (+SD) of correct choices
was 86.4% (10.4%). This degree of agreement in cate-
gorical judgments of facial expressions of emotion is in
accordance with behavioral studies in which the Ekman
and Friesen face stimuli were used (Ekman, 1984). The
mean percentage of correct choices (i.e., correct rec-
ognition of the intended emotional expression of a
face) was counterbalanced across the stimulus catego-
ries (angry and fearful faces). A subset of the resulting
stimulus set (30 stimulus faces) was rated by volunteers
(n = 19) for emotional arousal (as described by Bradley

Table 1. Group Mean Scores and Respective Population
Norms for TAS-26, BEES, and ECS

BEES ECS TAS-26
Group mean  41.58 = 30.23 1831 = 4.00 2.38 + 0.47
+ SD
Mean (norms) 45 + 24° 2036 * 4.02*" 242 * 053

+ SD

“Norms for ECS and BEES refer to the original English version. In the
present study, a German translation was used. For this German ver-
sion, population norms are unavailable.

PMean scores of norms for the ECS are estimated from separate scores
for male and female samples provided by Davis (1980).
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& Lang, 1999) to ensure that the synthetic stimulus faces
evoked emotional responses sufficient for empathic
reactions. A univariate analysis of variance (ANOVA) con-
firmed a significant effect of emotion category on the
arousal ratings [F(2, 36) = 98.33, p < .001]. Post hoc
t tests revealed that this was due to a significant stronger
arousal in the fearful (p < .001) and the angry faces
(p < .001) each compared to neutral faces.

The present study was restricted to (i) two emotion
categories to retain statistical power sufficient to detect
potential differences between emotion categories and (ii)
negatively valenced emotions because the switching
between negative and positive emotional valence might
have confounded the experimental design. We did not
use positively valenced emotional facial expressions for
our experiment as it is difficult to find two positive basic
emotions which can easily be distinguished. The selec-
tion of fear and anger for a study on empathy is also
well in accordance with recent studies investigating face-
based emotion recognition in brain-damaged patients.
Paired deficits in recognition and production of the
same emotion could be revealed for three emotions,
namely, fear, disgust, and anger (see Goldman & Sripada,
2005 for a review).

Experimental Tasks

Subjects were asked to either concentrate on their own
feelings that emerged when they were looking at each
emotional facial expression (self-task), or on the emo-
tional state expressed by the stimulus face (other-task).
Besides the factor task (self-/other-perspective), two ad-
ditional factors were varied systematically. These were
emotion (angry/fearful faces) and head direction (direct-
ed toward the observer/averted by ~45°). This experi-
mental setup resulted in a 2 x 2 x 2 factorial design. In
addition, a gender and age decision task on neutral faces
(also with direct or averted head direction) was included
as a high-level baseline condition. Neutral instead of
emotional faces were used in the baseline condition
because emotion processing is known to comprise un-
conscious, preconceptual stages such that empathic re-
sponses might implicitly emerge in the mere presence
of an emotional face (Coricelli, 2005).

Each face stimulus was presented for 2 sec. Thereaf-
ter, a list of four 1- or 2-word descriptions appeared on
the screen for 3 sec. The subject’s task was to choose
from this list of words the description which best
depicted either the emotional state expressed by the
preceding face (other-task) or the subject’s own emo-
tional response to the stimulus face (self-task). The
emotional adjectives used for these judgments were
randomly drawn from four sets of words, depending
on the experimental condition (self-task with angry or
fearful faces; other-task with angry or fearful faces).
Choice words had been generated in a pilot study:
subjects (n = 6) performed the same paradigm but

generated the words by themselves instead of choosing
them from a given list. Four sets of 15 emotional ad-
jectives were extracted from these responses corre-
sponding to the dimensions self versus other, and fear
versus anger (see below). Written word frequency (esti-
mated by deriving frequencies from a collection of
linguistic databases of German written language [COS-
MAS2, www.ids-mannheim.de/cosmas2, Institut fir deut-
sche Sprache, Mannheim]), word length, arousal, and
positivity were kept equivalent across tasks. In a separate
pilot experiment, each of these words was rated on
emotional scales (arousal and positivity) by 19 partic-
ipants, as described by Bradley and Lang (1999). A two-
factorial multivariate analysis of variance (MANOVA)
including these measures as dependent variables yielded
no significant effect of the factors emotion [i.e., anger
versus fear; Rao’s R(5,52) = 0.95, p = .74], task [i.e., self
versus other; Rao’s R(5,52) = 0.97, p = .92], or their
interaction [Rao’s R(5,52) = 0.93, p = .53]. Similarly,
univariate two-factorial ANOVAs for each measure did
not yield significant differences between the factors of
interest.

For the high-level baseline, the following combina-
tions of age and gender descriptions were employed:
“older female,” “older male,” “younger female,” “younger
male,” with the order of descriptions randomly varying
from trial to trial.

During the fMRI measurement, subjects made their
choices using four fingers of their right hand (exclud-
ing the thumb) and a four-button response device.
The word lists were followed by an intertrial interval
with a duration jittered between 0.2 and 1.2 sec. Ran-
dom jitter was included to prevent correlation of event
regressors. The two experimental tasks (attribution
of emotion to oneself or the other) and the high-level
baseline task (age/gender decision) alternated block
wise in a pseudorandomized counterbalanced order.
Each block consisted of a series of four trials and
was cued by a preceding verbal instruction (duration:
2.5 sec) (see Figure 1). For stimulus presentation and
response collection, the software Presentation 9.0 (Neu-
robehavioral Systems, Albany, CA, USA; www.neurobs.
com) was used. During the fMRI experiment, the stimu-
lus display was back-projected onto a screen mounted
on the head coil.

”

Magnetic Resonance Technical Parameters

Subjects were scanned with a Siemens Magnetom
SONATA whole-body system (Erlangen, Germany) at
1.5 T using a standard radio-frequency head coil. Thirty
slices (0.4 mm interslice gap) were individually positioned
to cover the whole brain with reference to a midsagittal
scout image. During task performance, gradient-echo,
echo-planar T2*-weighted images (EPI) were acquired
using blood-oxygen-level-dependent (BOLD) contrast
(TE = 66 msec, TR = 3020 msec, a = 90°, FOV =
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high-level
baseline task

HEAD DIRECTION
direct

averted

EMOTION

Figure 1. Experimental paradigm. (A) Time course of stimulus presentation. Trials were presented blockwise for the self-, other-, and
high-level baseline tasks with each block consisting of four trials. The instruction cue was given only at the beginning of each block. The
factors emotion category and gaze direction were pseudorandomized on a trial-by-trial basis. Choice words and task cues were originally
presented in German language. (B) Experimental factors. We employed a 2 x 2 x 2 factorial design with the factors task (self vs. other),
head direction (direct vs. averted), emotion category (fear vs. anger), and a high-level baseline task with neutral faces and varying head

direction (direct vs. averted).

200 mm, voxel size = 3.1 x 3.1 x 4 mm3, matrix size =
64 X 64). Scanning was performed continuously during
one single session lasting ~25 min. After functional neuro-
imaging, high-resolution anatomical images were acquired
using a T1-weighted 3-D magnetization-prepared, rapid ac-
quisition gradient-echo (MP-RAGE) pulse sequence (TE =
3.93 msec, TR = 2200 msec, TT = 1200 msec, o = 15°,
FOV = 240 mm, matrix size = 179 x 256, 128 sagittal
slices, slice thickness = 1.33 mm).

Image Processing and Data Analysis

Preprocessing of imaging data and statistical analysis were
accomplished using SPM2 (Wellcome Department of
Imaging Neuroscience, London, UK; www.fil.ion.ucl.ac.
uk/spm) implemented in MATLAB 6.5 (The Mathworks,
Natick, MA, USA). The first four images of each func-
tional time-series were discarded to allow for T1 equil-
ibration effects. The remaining volumes were slice-time
corrected, realigned (Friston, Ashburner, et al., 1995),
and corrected for movement-by-field-inhomogeneity
interactions using the realign and unwarp module of
SPM2 (Andersson, Hutton, Ashburner, Turner, & Friston,
2001). Individual differences in brain anatomy were
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accounted for by normalizing each subject’s dataset
to an EPI template of the Montreal National Institute
(MNI) series implemented in SPM2, transforming all im-
ages to “MNI-space,” a standard stereotactic reference
space (which is approximately equivalent to the atlas of
Talairach & Tournoux, 1988). Subsequently, functional
volumes were spatially smoothed with an 8 x 8 x 8 mm
Gaussian kernel (full width half maximum) to compen-
sate for remaining variation in gyral and sulcal anatomy
across subjects, and to meet the requirements of the
Gaussian random fields theory for subsequent statistical
analysis. Individual T1 anatomical scans were coregis-
tered to the corresponding mean image of the EPI time-
series. Thereafter they were also normalized into MNI
space, applying the same linear transformation parame-
ters obtained by the normalization procedure of the
functional volumes described above. Boxcar functions of
2 sec duration (corresponding to the on-time of each
face stimulus) were convolved with a model of the he-
modynamic response function (Friston, Holmes, et al.,
1995), which thus comprised the presentation of facial
stimuli, but not the word-choice procedure. Instruction
cues were modeled in analogous manner using boxcar
functions of 2.5 sec length, respectively. Parameter
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estimates of the resulting general linear model were
obtained for each subject and each voxel, corresponding
to a mass-univariate approach. For population inference,
a second level analysis was performed, using the param-
eter estimates for each task-related regressor in a within-
subject ANOVA model (with subjects treated as random
effects). Departures from sphericity assumptions were
accommodated by applying the nonsphericity correction
implemented in SPM2 (Glaser & Friston, 2003). Specific
effects at each voxel were tested by applying appropriate
linear contrasts to the parameter estimates. Differential
contrasts of interest were calculated according to the
experimental factors task (self-task vs. other-task, and
vice versa), emotion (fear vs. anger, and vice versa), and
head direction (directed to the observer vs. averted,
and vice versa) to assess differential modulation of the
BOLD signal induced by each factor. In addition, a con-
junction analysis was performed to detect for activations
common to the self- and the other-task (relative to the
high-level baseline).

We report results that survive a statistical height
threshold of p < .05, family wise error (FWE) corrected
for multiple comparisons, and an extent threshold of at
least 15 voxels. This conservative threshold was adopted
to reduce the risk of false-positive activations (type II
error). Additionally, for those brain regions targeted
by a priori hypotheses (see Introduction), a region-of-
interest (ROI) approach was applied, using a height
threshold of p < .05 (FWE corrected across this partic-
ular region). To assess correlations between brain acti-
vations and individual measures of emphatic abilities (as
assessed by the BEES and the ECS; see above), individ-
ual parameter estimates of regressors coding for the self-
and other-tasks were extracted for regions previously
implicated in the hMNS at voxels showing peak activa-
tion in the group conjunction analysis of the “self”- and
the “other”-tasks (each relative to the high-level base-
line). Individual means of these parameter estimates
were correlated with individual scores on the BEES
and ECS scales.

Localization of Activations

SPMy maps resulting from the group analysis were super-
imposed onto a group mean MR image which was cal-
culated from the normalized anatomical T1-images of
each subject (see above). Standard stereotactic coor-
dinates of the local maxima within areas of significant
relative changes in neural activity associated with dif-
ferent experimental conditions were determined and
anatomically localized by comparing activation maps
superimposed on the anatomical group mean brain with
a standard atlas of brain anatomy (Duvernoy, 1999).
In addition, an anatomical SPM2 toolbox developed by
Eickhoff et al. (2005) was applied, which allows for the
integration of probabilistic cytoarchitectonic maps of the
brain and functional neuroimaging data.

Prescanning and Postscanning Procedures

To accommodate subjects to the experimental tasks,
each subject accomplished six training blocks prior to
the fMRI measurement outside the scanner. Training
stimuli were not included into the stimulus set used for
the fMRI experiment. None of the subjects reported
problems with the task or the required reaction times of
less than 3 sec. Immediately after scanning, subjects
rated all stimulus faces for the intensity of feelings (i)
expressed by the face stimulus and (ii) evoked in the par-
ticipants. In addition, participants completed a debrief-
ing questionnaire on the naturalness of stimulus faces,
as well as the levels of difficulty of the self-task, other-
task, and high-level baseline task for each emotion and
head direction condition.

RESULTS
Behavioral Data
Response Times during Scanning

A 3 x 2 ANOVA with the factors head direction and task
showed a significant main effect of task [F(2, 50) = 33.94;
p < .001]. Paired post hoc ¢ tests revealed that subjects
responded significantly faster in the high-level baseline
task than both experimental tasks (p < .001 for each
comparison). A 2 x 2 x 2 ANOVA with the factors task,
head direction, and emotion showed that reaction times
were significantly faster in the other- than in the self-task
[F(1, 25) = 16.930; p < .001]. Differences in reaction
times between directed and averted head direction as
well as angry and fearful emotion were nonsignificant.
The interaction between the factors task and head direc-
tion just failed to reach significance [F(1, 25) = 4.012;
p = .056]. This interaction resulted from faster responses
to faces directed toward the observer (relative to averted
faces) in the other-task [#(25) = 2.003, p = .056, two-
sided], but not in the self-task [¢(25) = —0.55, 0.587;
post hoc ¢ tests for matched pairs].

Postscanning Debriefing Questionnaire

Comparisons between groups of different stimuli (direct/
averted head direction; angry/fearful emotion) did not
yield statistically significant differences for the ratings of
task difficulty and naturalness of faces. The respective
data are provided in Table 2. Ratings of task difficulty dif-
fered significantly between tasks [Friedman ANOVA, n =
26; x*(df = 2) = 1531, p < .001]. The self-task was con-
sidered more difficult than both the other-task (Wilcoxon
Test, n = 26, Z = —3.856; p < .001) and the high-level
baseline task (Wilcoxon Test, n = 26, Z = =297, p <
.01), whereas the ratings of levels of difficulty did not
differ significantly between the other- and the high-level
baseline task (Wilcoxon Test, n = 26, Z = —0.41;
p = .678). Also, there was no significant difference in
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Table 2. Results of the Postscanning Questionnaire

Direct Averted Fear Anger All
n Mean = SD  Mean =+ SD p Mean = SD  Mean =+ SD 2 Mean = SD
Difficulty emotional 26 2.48 = 0.57 2.90 = 0.79 .032% 2.88 = 0.91 2.65 = 0.82 234 2.73 = 0.50
expression
Difficulty own emotion 26 3.19 = 0.71 3.33 = 0.90 .565 335 = 0.77 3.04 = 0.90 .145 3.22 += 0.60
Difficulty age/gender 26 2.67 = 0.70 2.68 = 0.69 .700 2.68 = 0.61
detection
Naturalness of 26 2.92 = 0.92 2.96 = 0.79 778 292 = 0.77 3.15 = 0.81 .04%* 299 = 0.73
emotional faces
Naturalness of neutral 22 293 = 0.82 293 = 0.84 952 2.93 + 0.76
faces

Comparison of mean ratings (£SD) given by the subjects on items of the postscanning questionnaire for the different experimental conditions.
Rating scales ranging from 1 to 5 were used for the naturalness (1 = very unnatural, 2 = unnatural, 3 = moderately natural, 4 = natural, 5 = very
natural) and the difficulty score (1 = very easy, 2 = easy, 3 = moderate, 4 = difficult, 5 = very difficult). Mean ratings were compared by means of a
Wilcoxon matched-pairs test; p values for each test are given. n differs in one instance due to missing data.

SD = standard deviation; * = trend of statistical significance (p < .05, uncorrected).

the mean ratings of neutral and emotional faces’ natural-
ness (Wilcoxon Test, n = 23, Z = —0.112; p = 911).

Correlations between Ratings of Difficulty
and Reaction Times

To clarify whether increased difficulty ratings were re-
lated to longer reaction times, respective correlation
analyses (Spearman rank-order correlation) were per-
formed. Individual postscanning ratings of difficulty
for each of the three tasks (self, other, high-level base-
line) were compared to the mean reactions times re-
lated to performance of each task during scanning.
There were no positive correlations for self (» = .136,
p = .506) or other conditions (r = —.164, p = .424), and
an inverse correlation for the high-level baseline task
(r = —.432, p < .05). Furthermore, the difference
between individual ratings of difficulty for the self- and
the other-task was compared to the difference between
the mean reaction times associated with the same con-
ditions. This correlation analysis did not yield a signifi-
cant result as well (r = .012, p = .955).

Postscanning Rating of Stimulus Faces

The mean ratings of emotion intensity for each stimulus
face were compared by two-way 2 x 2 ANOVAs with the
factors emotion and head direction. The intensity of
emotion induced by the face stimuli in the subjects (self-
task) was rated significantly higher in direct relative to
averted head direction trials [F(1, 25) = 7.859; p < .01].
This was not paralleled by respective differential ratings
of the intensity of the emotions expressed in the face
stimuli (i.e., in the other task) [F(1,25) = 2.333; p = .139].
Concerning the factor emotion, angry faces were rated
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significantly higher for emotion intensity than fearful
faces in the other-task [F(1, 25) = 11.695; p < .01], but
not in the self-task [F(1, 25) = 3.458; p = .075]. Inter-
actions between emotion and head direction were non-
significant for either experimental task.

fMRI Data

Common Effects of the Self- and the Other-task
(Relative to the High-level Baseline)

Areas of significant differential activation revealed by
a conjunction analysis of the self- and the other-task
(each compared to the high-level baseline) were located
in the left STS and the left lateral orbito-frontal cor-
tex (BA 47, extending into the inferior frontal cortex,
BA 44 and 45), left MPFC, the left middle frontal gy-
rus, the left presupplementary motor area (pre-SMA),
and the right cerebellum (see Table 3 and Figure 2A).
Using an ROI approach (see Methods), activations were
also significant in the right STS, the right inferior fron-
tal gyrus (BA 45), and the temporal pole (p < .05,
FWE corrected across ROI; see Table 3 and Figures 3
and 5).

Main Effect of the Self- versus the Other-task

The main effect of the self- (relative to the other-) task
revealed significant differential bilateral activations of the
temporo-parietal junction (TPJ), the MPFC, the posterior
cingulate cortex (PCC)/precuneus, the middle frontal gy-
rus, the left inferior frontal gyrus, the pre-SMA, and the
right cerebellum. The reverse contrast (other- vs. self-
task) did not show significant differential activations, even
at a lower statistical threshold (p < .001, uncorrected).
Data are displayed in Table 4 and Figure 2B.
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Table 3. Conjunction Analysis of the Self- and the Other-task (Each Compared to the High-level Baseline)

MNI coordinates

Anatomical Region Side Brodmann’s Area X y z ¢
Inferior frontal gyrus pars orbitalis L 47 —46 28 -8 12.70
Inferior frontal gyrus pars triangularis/opercularis™ L 44/45 —54 24 14 10.92
Inferior frontal cortex pars triangularis*® R 45 56 32 0 4.82
Inferior frontal cortex pars triangularis®* R 45 60 28 16 4.18
Cerebellum R 28 —78 —40 10.54
Superior temporal sulcus L 21 —062 —46 2 10.22
Superior temporal sulcus*” R 21 52 —32 -2 5.04
Superior frontal gyrus pars medialis L 9 -8 54 42 6.95
Superior frontal gyrus pars medialis” L 9/10 -8 58 34 6.32
Middle frontal gyrus L 6/9 —44 8 52 6.03
Supplementary motor area L 6/8 —4 20 50 5.65
Temporal poles* R 38/20 46 16 —36 5.21
Temporal pole** < L 38/20 —48 12 —36 4.30

Group activations for the conjunction of the self- and the other-task (each compared to the high-level baseline), p < .05, FWE corrected (except
*p < .05, corrected for multiple comparisons across a small volume of interest.

#Local submaxima within a bigger cluster of activation.

ROIs: “right inferior frontal cortex pars triangularis/opercularis; bright superior temporal gyrus, right middle temporal gyrus; “bilateral temporal poles.

L = left hemisphere; R = right hemisphere; Coordinates are given in MNI space.

>

Self and Other vs.
high-level baseline
(conjuction)

w

Self vs. Other

Figure 2. (A) Statistical parametric map (SPM) showing the group activations for the conjunction of the self- and the other-tasks (each vs.
the high-level baseline). (B) SPM of group activations for the contrast between the self- and the other-task. SPMs depict statistically significant
relative increases in neural activity at p < .05, FWE corrected for multiple comparisons across the whole brain volume (see Tables 3 and 4

for details).
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Figure 3. Covariation of mirror neuron activation and empathic ability. (A) Increase of brain activation in regions associated with the hMNS,
as revealed in the conjunction analysis of self- and other-tasks (each vs. high-level baseline). Activations are superimposed on the anatomical
group mean image (see Methods), depicting statistically significant relative increases in neural activity at p < .05, FWE corrected across the
whole brain volume or (if indicated) at p < .05, FWE corrected for ROIL. (B) Corresponding significant correlations (*p < .05, **p < .01)
between individual empathy scores on the BEES (Mehrabian, 1997) and activation level (mean parameter estimates) in peak voxels of the
depicted regions (see Table 5 for details). Coordinates are given in millimeters (mm). Solid lines represent the linear best fit. » = correlation
coefficient. (C) Plots show the mean and standard errors of condition-specific parameter estimates, which reflect the relative contribution

of each condition to the amplitude of the adjusted BOLD signal relative to the fitted mean in the respective brain region. Note, the scaling
of mean parameter estimates is in arbitrary units. As the experimental design did not include a low-level baseline, absolute values cannot be
interpreted, for example, as deviations from a physiological baseline. In particular, negative values do not indicate a deactivation in comparison
to a resting state baseline (as described, for example, by Gusnard et al., 2001). S = self-task; O = other-task; B = high-level baseline task.

To extract neurofunctional components which were  versus high-level baseline contrast (at p < .05, uncor-
differentially implicated in the self-related processing of  rected). Masking corroborated activations in the regions
faces, but not the other-related task, the self versus indicated above, except in the left inferior frontal cortex
other comparison was exclusively masked with the other and the right cerebellum.
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Table 4. Contrast between the Self- and the Other-Task

MNI coordinates

Anatomical Region Side Brodmann’s Area X y z t
Temporo-parietal junction L 21/22/39 —56 —60 20 9.52
Supramarginal gyrus” L 40 —56 —48 30 7.51
Temporo-parietal junction R 21/22 62 —54 20 6.15
Inferior frontal cortex pars triangularis/opercularis L 44/45 —54 24 10 5.73
Superior frontal gyrus pars medialis R 10 2 58 20 8.00
Superior frontal gyrus pars medialis™ L 10 -8 62 30 7.66
Superior frontal gyrus® L 9 —18 46 40 7.28
Superior frontal gyrus pars medialis L 8/9 —10 36 56 5.49
Gyrus rectus** L 11 —6 56 -18 5.06
Middle orbital gyrus** R 11 2 40 -8 4.41
Anterior cingulate cortex** M 24 0 28 18 4.34
Supplementary motor area L 6/8 -10 20 64 5.45
Supplementary motor area” R 6/8 2 20 64 5.44
Superior frontal gyrus pars medialis™ L 8 —4 30 60 5.34
Middle frontal gyrus L 9 —38 22 50 6.06
Posterior cingulate cortex L 23 —6 —48 32 7.41
Precuneus” L 7 —6 —62 38 6.88
Precuneus/posterior cingulate cortex” R 7 8 —52 30 5.52
Cerebellum R 30 —86 —34 6.48

Group activations for the contrast between the self- and the other-task (the main effect of task), p < .05, FWE corrected (except *p < .05, corrected

for multiple comparisons across a small volume of interest.
#Local submaxima within a bigger cluster of activation.

ROIs: “medial prefrontal cortex.

L = left hemisphere; R = right hemisphere; Coordinates are given in MNI space.

Direct versus Averted Head Direction

The main effect of emotional facial expressions with
direct (relative to averted) head direction revealed bi-
lateral activations of the calcarine sulcus. The reverse
contrast (averted vs. direct head direction) did not show
any significant differential activation.

Fearful versus Angry Emotion Expressed by the Faces

At p < .05 (FWE corrected), no significant differential
activations were associated with the contrasts between
fearful and angry emotional facial expressions.

Interactions

At p < .05 (FWE corrected), there were no significant
interactions between the experimental factors.

Covariance of Individual Empathy Scores and Local
Brain Activation

Table 5 summarizes the covariance between local brain
activity and measures of individual differences in em-
pathic abilities for regions implicated in the hMNS which
were activated in the conjunction analysis of the self-
and the other-task (each relative to the high-level base-
line). The inferior frontal gyrus (bilaterally) and the left
STS showed a significant correlation with empathy
scores on the BEES (Mehrabian, 1997). Correlations be-
tween the ECS (Davis, 1983) and brain activation were
less pronounced, albeit still significant for the left STS
and right inferior frontal gyrus. Correlations are illus-
trated in Figure 3.

DISCUSSION

The present study aimed at identifying the neural sys-
tems mediating key components of empathy. Using
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Table 5. Correlations between Mirror Neuron Activation and Individual Empathy Scores

MNI coordinates BEES ECS
Anatomical Region X y z r p r p
Left inferior frontal gyrus pars triangularis —54 24 14 44+ <.05 297 078
Right inferior frontal gyrus pars triangularis® 60 28 16 .50%* <.01 37%* <.05
Left superior temporal sulcus —62 —46 2 34* <.05 41 <.05
Right superior temporal sulcus 52 —32 -2 13 .54 .16 42

Covariation of measures of empathic abilities and brain activation for regions activated in the conjunction analysis of the self- and the other-task

(each compared to the high-level baseline).

r = correlation coefficient, * = trend toward significance (p < .1); BEES = Balanced Emotional Empathy Scale; ECS = Empathic Concern Scale
(see text for references). All regions were significantly activated in the conjunction analysis (p < .05, FWE corrected; except 'p < .05, FWE corrected

across a small volume of interest).

fMRI, we demonstrated that the attribution of feelings
either to an emotional facial expression or to oneself (in
response to a face) recruits brain areas involved in emo-
tion processing, mirror neuron mechanisms, and ToM.
More importantly, we were able to disentangle brain
activations related to the self- or the other-perspective in
dyadic face-to-face interactions by directly contrasting
the self- and other-related attribution of emotions.

An important point of the current experiment was the
attempt to create an interactive and interpersonal con-
text in which empathy could emerge. Although inter-
personal interaction is experimentally limited (e.g., the
subject is lying in the MR scanner, perceives emotional
facial expressions, and is instructed to evaluate these
social cues with respect to the “agents” coded by the
stimulus faces or with respect to themselves), the cur-
rent paradigm is well designed to study components of
emotional interpersonal interaction. It accounts for a
key aspect of empathy, namely, that it relies on a dyadic
social situation where the inferred emotional state of
another person directly affects oneself as the target of
the other’s emotion. Previous studies have successfully
used such virtual social settings to study “on-line” social
interaction (e.g., Schilbach et al., 2005).

Self- and Other-perspectives and Empathy
Mirror Neuron Mechanisms Involved in Empathy

Both the self- and the other-task (compared to the
high-level baseline) activated the inferior frontal gyrus
bilaterally, including Broca’s area (BA 44/45) and its
homologue in the right hemisphere, which have previ-
ously been implicated in the hMNS. Furthermore, this
area was differentially activated in the self- relative to the
other-task, indicating that mirror neuron mechanisms
may play a key role in the attribution of emotions to
oneself during processes of empathic interpersonal cog-
nition. This assumption is in accordance with the adap-
tation of the mirror neuron approach (see Introduction)
to mental processes occurring in social interactions, for

1364  Journal of Cognitive Neuroscience

example, the detection of intentions (Iacoboni et al.,
2005), emotional states (Carr et al., 2003), empathy, or
mind-reading (Gallese, 2003). The operation of mirror
neuron mechanisms in emotional social interactions
may constitute the neural basis of the observer’s reso-
nance of the emotional state of another individual, for
example, by means of some kind of inverse mapping
of the underlying neural representations. Further evi-
dence for such a mechanism comes from electromyo-
graphic studies of covert facial muscle activity during the
passive viewing of emotional faces (Dimberg, Thunberg,
& Elmehed, 2000; Dimberg & Thunberg, 1998). In these
studies, muscles, which are involved in the creation of
emotional facial expressions, were also activated during
the mere observation of the faces.

The mirror neuron account of imitation postulates
that visual representations of observed movements are
formed in the STS and relayed via the parietal cortex to
inferior frontal areas, thereby converting visual informa-
tion into a motor plan (Iacoboni et al., 1999). When an
action is executed, activity in frontal areas is relayed back
to the STS, which then transforms the motor plan back
into some predicted visual representation (Iacoboni
et al., 2001). The inferior frontal gyrus may thus consti-
tute a “mirror” interface for the ability to imitate other
people’s actions. It is conceivable that such mechanisms
of interpersonal motor behavior are involved in social
communication in a more general sense, especially in
the context of face-to-face interaction. A facial expres-
sion of emotion can be referred to as a goal-directed
social action used to intentionally affect the mental state
of others (Wolpert et al., 2003). Similar to motor actions,
the observation of emotions expressed by a face might
be “mirrored” in the brain to help understand the
underlying social meaning by facial mimicry. Functional
neuroimaging data demonstrating inferior frontal activa-
tion during both imitation and passive viewing of emo-
tional faces (although less pronounced during passive
observation) are in line with this view (Dapretto et al.,
2006; Carr et al., 2003). Our data corroborate and extend
these previous findings in that they show mirror mecha-
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nisms acting as key players in the decoding of socially
meaningful emotional expressions and the interpersonal
attribution of emotions. This hypothesis is also supported
by a study of Lawrence et al. (2006), who reported activa-
tion of Broca’s area and motor/premotor regions during
a task which required the decoding of mental and emo-
tional states from video clips showing gestures, body
postures, and facial expressions. Moreover, a study by
Decety and Chaminade (2003) showed mirror neuron
activation (in both emotion processing areas and fronto-
parietal networks including the inferior frontal gyrus)
during the passive viewing of actors telling a story in
cases where an actor’s emotional facial expression corre-
sponded to the emotional content of a story.

A number of neuroimaging experiments on the de-
coding of emotion from facial displays failed to reveal
inferior frontal or other mirror neuron activation (cp.
Adolphs, 2002 for a recent review; but see, for example,
Gorno-Tempini et al., 2001; George et al., 1993). We
suggest that this may depend on the fact that percep-
tual tasks not embedded in an interpersonal context
were used in these studies. As a result, emotional facial
expressions might not have been perceived as (target-
directed) interpersonal actions. In contrast, by introduc-
ing a task which required the evaluation of both other
persons’ emotional facial expressions and one’s own
reaction to the observed emotional faces, we explicitly
focused on the dyadic social nature of emotional face-to-
face communication.

Although the subjects’ choice options for the evalua-
tion of faces were more varied in the emotional task than
the high-level baseline, it is unlikely that the observed
differential brain activations (e.g., in the inferior frontal
cortex) could be attributed to increased task difficulty
resulting from a higher “effort” of reading the choice
words in the emotional face conditions. The training
session prior to the fMRI measurement can be assumed
to sufficiently have familiarized participants with the
possible response options for all conditions. Condition-
specific differences in the variability of choice words are
thus not likely to have caused differences in reading
effort as could have been the case, for example, with new
words in every trial. Moreover, postscanning ratings of
task difficulty differed significantly between the self- and
the other-task (where choice word variability was com-
parable), but not the other- and the high-level baseline
task. This agrees well with the finding of significantly
longer reaction times in the self- relative to the other-
task. Postscanning data and reaction times both converge
on the view that something inherent in the self-condition
rendered the task more difficult for the volunteers than
the other-task, but not a confound. The demands of self-
reflection and the self-other distinction which were
differentially associated with the self-condition may well
have caused an increased level of difficulty, as reflected
by the related longer reaction times and higher ratings of
difficulty. Reaction time differences between the emo-

tional tasks and the high-level baseline are also likely to
reflect the operation of additional cognitive processes
required by the evaluation of emotional facial expres-
sions which we intended to measure. Moreover, reaction
times and postscanning ratings of task difficulty were not
positively correlated for any of the conditions included
in the experiment, also suggesting that the condition-
specific differences in behavioral performance depended
on the controlled experimental manipulation, rather
than on confounding variables.

Although the portion of the inferior frontal gyrus and
the pre-SMA, which were activated by our experimental
task, are also involved in language processing (Grezes &
Decety, 2001; Poldrack et al., 1999), it is unlikely that
activations in this area were related to overt language
production in the present study: Participants were silently
looking at the stimulus display and reading was involved
in all conditions. Moreover, the significant covariation of
activation in the inferior frontal cortex and individual
empathic abilities renders a language-dependent involve-
ment of this region unlikely (see Table 5), in particular,
as there was a corresponding correlation between em-
pathic abilities and neural activity also in BA 44/45 in
the right hemisphere. This is also in good accordance
with the notion of a bilateral representation of the hMNS
(Aziz-Zadeh, Koski, Zaidel, Mazziotta, & Iacoboni, 20006).

Motor-related regions activated in the present study
include the SMA and the cerebellum. The maximum of
SMA activation was located in the pre-SMA, a subregion
which has specifically been implicated in more cognitive
functions than the SMA proper. In particular, pre-SMA
activation has been related to motor imagery and the ob-
servation of movements with the aim to imitate (Grezes
& Decety, 2001). There is also evidence that neural ac-
tivity in the pre-SMA can be differentially modulated by
emotionally triggered movements (Oliveri et al., 2003),
suggesting a role of this area in the transformation of
emotional experiences into motor actions. These find-
ings converge with our data showing differential pre-
SMA engagement during the self-referential decoding of
emotion from facial expressions, that is, during a task
which does not rely only on emotional ‘“contagion”
(possibly mediated by mirror neuron mechanisms), but
also on higher cognitive functions such as ToM and
mental imagery.

Taken together, activations revealed by the conjunc-
tion analysis of the self- and the other-task are in
accordance with our suggestion that mirror neuron
mechanisms operate during the self- and other-related
decoding of emotional facial expressions. Moreover,
the stronger mirror neuron activation during the self-
compared to the other-condition and the accompanying
specific involvement of areas involved in higher cogni-
tion suggest specific roles of mirror mechanisms and
cognitive control in the self-attribution of emotion.

As expected, subjects did not always attribute the
same emotion to themselves which was displayed by a
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stimulus face in the self-condition. Rather, reactive
responses were highly frequent (see Appendix). This
agrees with previous studies demonstrating that facial
mimicry to observed emotional expressions also occurs
in the absence of a contagious emotional response (e.g.,
Hess & Blairy, 2001) and may be correlated with individ-
ual differences in empathic ability (Sonnby-Borgstrom,
2002). The exact neural mechanisms of contagious and
reactive conscious emotional reactions and their rela-
tionship to unconscious mimicry of emotional facial ex-
pressions during face-to-face interaction are unknown,
to date. These questions, however, go beyond the con-
cerns of the present study.

Individual Empathy Scores and Brain Activation

For several regions of the hMNS which were activated
in the conjunction analysis of the self- and the other-
task, a significant covariation of the intensity of local
activation with individual empathy scores was observed
(see Figure 3). Subjects who scored higher on the BEES
(Mehrabian, 1997) showed stronger activations in the
left and right inferior frontal cortices, as well as in the
left STS. These activations may reflect unconscious mim-
icry of observed facial expressions supporting the ability
to infer feelings from other persons’ faces. Findings from
behavioral studies which demonstrate that individuals
with high scores on empathy scales are more likely to
exhibit such facial mimicry corroborate this assumption
(Sonnby-Borgstrom, 2002).

To our knowledge, the present study is the first to
report activation of the inferior frontal cortex (including
BA 44/45) in a task where subjects explicitly reflected
either on their own or someone else’s emotional state
(represented by our stimulus materials showing emotion-
al facial expressions), in the absence of any instruction
to consciously imitate the observed face. Previous studies
which reported inferior frontal activation (Dapretto et al.,
20006; Leslie, Johnson-Frey, & Grafton, 2004; Carr et al.,
2003) used experimental settings with alternating blocks
of imitation and observation. It is conceivable that brain
activation during observation was influenced by the sub-
jects’ “preparedness’ to imitate (or, alternatively, the sup-
pression thereof), thus introducing motor components
into the observation task. Our finding of hMNS activation
in a paradigm, which required the “on-line” self- and
other-related decoding of emotions from faces without
any imitation condition, strongly supports the importance
of mirror neuron mechanisms in emotional interpersonal
communication.

The “Self” in Shared Emotional Experience

If it is true that similar neural mechanisms are recruited
during the execution and perception of diverse types of
behavior (e.g., body movements, emotional behavior,
social interaction), the question then arises how the brain
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distinguishes between self- and other-related processing.
In this respect, empathizing cannot be considered only as
the sharing of an emotional state. Rather, it also requires
the maintenance of a distinction between the self and the
other (Decety & Jackson, 2004), especially when an
emotional response occurs that is not similar to the ob-
served emotion. In the present study, we observed dif-
ferential self-related activation of the MPFC, that is, in a
brain area involved in ToM (Gallagher & Frith, 2003), so-
cial cognition (cp. Ochsner et al., 2004 for a review), and
diverse types of self-related processing (Kampe et al.,
2003; Ruby & Decety, 2003; Vogeley & Fink, 2003). Evi-
dence suggests that social cognitive judgments primar-
ily rely on the dorsal MPFC (dMPFC) regions, whereas
self-referential cognitive and emotional processing addi-
tionally involve the more ventral aspects (VMPFC; roughly
defined by z < 10) of the MPFC. It is consistent with this
hypothesis that in our study, self-related MPFC activations
were not restricted to the dMPFC, but rather extended
into the ventral aspect of the MPFC (see Figure 4). In-
terestingly, a similar pattern of results was recently re-
ported in the work of Mitchell, Macrae, and Banaji (2006)
(see also Mitchell, Banaji, & Macrae, 2005 for a related
study). The authors report a double dissociation of
ventral and dorsal aspects of the MPFC when perceivers
made “mental state inferences” (in the sense of prefer-
ence statements) about themselves or another person
who either resembles themselves, or not. The vMPFC was
significantly stronger activated in that study when sub-
jects were mentalizing about similar than dissimilar
others, whereas the dMPFC showed the opposite pat-
tern. In the vMPFC, activations were comparable for
judgments referring to oneself or a similar other (com-
pared to a dissimilar other), whereas the dMPFC area did
not show significant differences in activations associated
with self- relative to other-conditions. Our study corrob-
orates and extends these findings by showing evidence
that the dissociation of self- and other-related mentalizing
also occurs during the “on-line” interpersonal attribu-
tion of emotions cued by angry and fearful facial expres-
sions. Anatomical differences in the MPFC also support
a ventral-dorsal functional differentiation: The vMPFC is
strongly interconnected with the amygdala, ventral stria-
tum, and orbito-frontal cortex (thereby relating the ven-
tral region to emotion processing), whereas the dMPFC
lacks such interconnections (indicating more cognitive
functions of the dorsal area) (Ongur, Ferry, & Price,
2003). Our data thus contribute to the current knowledge
of vVMPFC involvement in self-referential and emotional
processing, in that they demonstrate differential activa-
tions in this region when one introspectively assesses his
or her feelings in response to emotional facial expressions.

It is conceivable that the ability to attribute emotions to
oneself and to others is at least, to some degree, based on
memories, in particular, on episodic emotional autobio-
graphical memory. This assumption could explain activa-
tion of memory-related areas in our paradigm. The basal
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Figure 4. MPFC activations
for the conjunction of self and
other versus the high-level
baseline and for the contrast
self versus other. Activations
are superimposed on the
anatomical group mean image
(see Methods), depicting
statistically significant relative
increases in neural activity at
p < .05, FWE corrected for ROI
(see Table 4 for the exact MNI
coordinates, and Figure 3 for
an explanation of BOLD signal
change plots).
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Figure 5. Group activations for the conjunction of the self- and the other-tasks (each vs. the high-level baseline) in regions associated with
ToM. Activations are superimposed on the anatomical group mean image (see Methods), depicting statistically significant relative increases in
neural activity at p < .05, FWE corrected across the whole brain volume or (if indicated) at p < .05, FWE corrected for ROI (see Table 3 for
the exact MNI coordinates and Figure 3 for an explanation of BOLD signal change plots).
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temporal cortices including the temporal poles (which
were activated in both the self- and the other-task) have
been implicated in emotional autobiographical memory
retrieval (Piefke, Weiss, Zilles, Markowitsch, & Fink, 2003;
Fink et al., 1996), and the recollection of familiar faces and
scenes (Sugiura, Shah, Zilles, & Fink, 2005; Nakamura
et al., 2000). One might thus speculate that our subjects
used their own personal past experiences to gain access to
other persons’ thoughts and emotional states.

The medial parietal and adjacent posterior cingulate
cortices have been implicated in emotional and non-
emotional types of social cognition, for example, in mak-
ing forgivabilty judgments in social scenarios (Farrow
et al., 2001) and watching social interactions (Iacoboni
et al., 2004). Furthermore, an important role of the an-
terior precuneus in self-related information processing
has been suggested (e.g., Shah et al., 2001; see Cavanna
& Trimble, 2006 for a review). These data are consistent
with our finding of precuneus/PCC involvement in emo-
tional aspects of self-related cognition, specifically, in
the evaluation of one’s own emotional state during in-
terpersonal face-to-face interaction.

ToM Mechanisms and Perspective Taking

In the present study, the MPFC, the TPJ, and basal
temporal cortices, including the temporal poles, were
activated in the conjunction of the self- and the other-
tasks (each compared to the high-level baseline; see
Figure 5). This is consistent with the idea that ToM
abilities are crucial for empathic understanding, in par-
ticular, for the more cognitive aspects of empathy.
However, circumscribed TPJ and MPFC areas were also
exclusively involved in the self-task. This pattern of acti-
vation suggests the differential operation of distinct sub-
modules in the medial prefrontal and temporo-parietal
cortices in self- or other-related processing within a
broader network supporting mentalizing abilities.
There is a current debate on the question whether areas
at the TPJ are involved in the “preprocessing” of social
signals that “aid” ToM reasoning (Gallagher & Frith, 2003)
or in ToM itself (Saxe & Kanwisher, 2003). Our data
suggest that the two functions may be implemented in
separate TPJ regions. The conjunction analysis of the self-
and the other-task showed STS/TPJ activations in a re-
gion which has been implicated in the processing of
socially relevant cues (Frith & Frith, 2003). Such process-
ing of social cues occurred during the decoding of facial
features signaling an emotional state in both of our
experimental tasks. A more posterior TPJ area (extend-
ing into the inferior parietal cortex) was activated dif-
ferentially during the self-related attribution of emotion.
This region has been implicated in agency (Jeannerod,
2001), self-related visuospatial perspective-taking (Vogeley
& Fink, 2003; Ruby & Decety, 2001), but also in the other-
perspective (e.g., Ruby & Decety, 2003). The posterior
TPJ and the inferior parietal cortex could thus play a role
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in the self~other distinction (Decety & Sommerville,
2003). Following this hypothesis, we suggest that these
regions act as mediators between the self- and the other
perspective, thereby allowing us to mentally separate
the observer’s view from the perspective of ourselves.
Although both perspectives may sometimes overlap, we
are usually able to disentangle the two points of view. It
is in good accordance with such an account, that the
misattribution of self-generated actions to an external
source in schizophrenic patients has been related to the
abnormal function of the inferior parietal cortex (Brunelin
et al., 2006; Spence et al., 1997).

The hypothesis of a temporo-parietal mechanism for
the differentiation between the self- and the other-
perspective may also help explain TPJ and inferior pa-
rietal activations in ToM studies using false-belief tasks
(Saxe & Kanwisher, 2003). To successfully answer ques-
tions on typical false-belief stories (as used, for example,
by Gallagher et al., 2000), simultaneous access to one’s
own and someone else’s knowledge about a specific
situation is required, but both perspectives also need to
be distinguished correctly.

Direct versus Averted Head Direction

Although of minor importance with regard to the aim of
the present study, the effect of direct (versus averted)
head direction showed a significant differential effect in
the postscanning rating of emotion intensity: As ex-
pected, faces directed toward the observer (relative to
faces with averted head direction) enhanced one’s own
emotional response (self-task), but did not affect the
intensity of emotion perceived in the facial expressions
(other-task). These results suggest that direct gaze
affects empathic reactions on the behavioral level. How-
ever, this behavioral effect was not paralleled by differ-
ential activations beyond early visual processing areas.
We suggest that this discrepancy may result from the fact
that the effect might have been too small for causing
significant changes in activation patterns. Instead, we
observed activation related to direct (relative to averted)
head direction in the striate cortex only. This difference
in the early perceptual domain is likely to reflect visual
differences in the stimuli.

Fearful versus Angry Facial Expressions

We did not observe differential activations related to the
processing of angry versus fearful stimulus faces. This
finding suggests that our paradigm tapped a general
mechanism involved in the interpersonal decoding of at
least negatively valenced emotional faces rather than
specific responses to distinct emotion categories. Fur-
ther studies are needed to investigate brain mechanisms
underlying the interpersonal evaluation of faces express-
ing other negatively and positively valenced emotions to
corroborate this assumption.
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Conclusions

Our present data support the notion that mirror neuron
and ToM mechanisms are involved in empathy. Impor-
tantly, we show evidence for an hMNS engagement in an
empathy-related experimental paradigm without explicit
motor component (e.g., imitation), corroborating the view
that mirror neuron mechanisms are not only involved in
motor behavior but also act as key players in emotional

APPENDIX

interpersonal cognition. The differential engagement of
the MPFC, the PCC/precuneus, and temporo-parietal sub-
regions in the self-related attribution of emotion indicates
a neurofunctional segregation within the brain circuits sub-
serving emotional face-to-face interactions (which include
prefrontal, temporal, and parietal areas). Furthermore, our
data suggest that posterior TPJ and inferior parietal regions
mediate the distinction between the self- and the other-
perspective in emotional interpersonal cognition.

I. List of Words Used as Response Alternatives in the Emotional Conditions and the Associated

Frequency of Choices (German)

Self-task Other-task
Fearful Faces Angry Faces Fearful Faces Angry Faces
besorgt 90 angegriffen 102 erschiittert 79 angiffslustig 98
beunruhigt 90 unbehaglich 98 hilflos 79 aggressiv 98
betroffen 87 unangenehm 85 hilfesuchend 73 hasserfiillt 74
mitleidig 81 gereizt 71 erschrocken 66 verirgert 67
mitleidend 78 verunsichert 67 geschockt 65 wiitend 66
gefordert 73 unsicher 64 angstvoll 61 zornig 65
hilflos 67 dngstlich 49 besorgt 56 sauer 57
verunsichert 49 verirgert 49 ratlos 55 rachsichtig 56
verstort 42 verdangstigt 48 schockiert 53 erbost 48
angespannt 41 verachtet 43 angstlich 52 grimmig 45
traurig 31 aggressiv 38 unsicher 46 gehissig 43
dngstlich 26 genervt 32 verwirrt 46 misslaunig 41
schuldig 25 verletzt 28 verletzt 40 angegriffen 33
nervos 22 witend 25 tiberrumpelt 37 hdmisch 19
uberfordert 22 zornig 23 angespannt 19 genervt 13

II. List of Words Used as Response Alternatives in the Emotional Conditions and the Associated

Frequency of Choices (English Translation)

Self-task Other-task
Fearful Faces Angry Faces Fearful Faces Angry Faces
afraid 90 attacked 102 appalled 79 belligerent 98
alarmed 90 uneasy 98 helpless 79 aggressive 98
concerned 87 uncomfortable 85 defenseless 73 hating 74
pitiful 81 testy 71 scared 66 annoyed 67
compassionate 78 uncertain 67 startled 65 angry 66
required 73 insecure 64 anxious 61 irate 65
helpless 67 fearful 49 afraid 56 sulky 57
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APPENDIX II. (continued)

Self-task Other-task
Fearful Faces Angry Faces Fearful Faces Angry Faces
insecure 49 annoyed 49 perplexed 55 revengeful 56
deranged 42 scared 48 shocked 53 furious 48
tense 41 disdained 43 fearful 52 fierce 45
sad 31 aggressive 38 insecure 46 nasty 43
fearful 26 irritated 32 confused 46 grumpy 41
guilty 25 harmed 28 harmed 40 attacked 33
nervous 22 angry 25 upset 37 malicious 19
overstrained 22 irate 23 tense 19 irritated 13

In the tables, numbers given after each word indicate how often the respective word was chosen by the subjects for responses in each experimental

condition.
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