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Theory of Mind (ToM), the ability to attribute mental states to others,

and empathy, the ability to infer emotional experiences, are important

processes in social cognition. Brain imaging studies in healthy subjects

have described a brain system involving medial prefrontal cortex,

superior temporal sulcus and temporal pole in ToM processing. Studies

investigating networks associatedwith empathic responding also suggest

involvement of temporal and frontal lobe regions. In this fMRI study, we

used a cartoon task derived from Sarfati et al. (1997) [Sarfati, Y., Hardy-

Bayle, M.C., Besche, C., Widlocher, D. 1997. Attribution of intentions to

others in people with schizophrenia: a non-verbal exploration with

comic strips. Schizophrenia Research 25, 199–209] with both ToM and

empathy stimuli in order to allow comparison of brain activations in

these two processes. Results of 13 right-handed, healthy, male volunteers

were included. Functional images were acquired using a 1.5 T Phillips

Gyroscan. Our results confirmed that ToM and empathy stimuli are

associated with overlapping but distinct neuronal networks. Common

areas of activation included the medial prefrontal cortex, temporopar-

ietal junction and temporal poles. Compared to the empathy condition,

ToM stimuli revealed increased activations in lateral orbitofrontal

cortex, middle frontal gyrus, cuneus and superior temporal gyrus.

Empathy, on the other hand, was associatedwith enhanced activations of

paracingulate, anterior and posterior cingulate and amygdala. We

therefore suggest that ToM and empathy both rely on networks

associated with making inferences about mental states of others.

However, empathic responding requires the additional recruitment of

networks involved in emotional processing. These results have implica-

tions for our understanding of disorders characterized by impairments

of social cognition, such as autism and psychopathy.

D 2005 Elsevier Inc. All rights reserved.

Introduction

Human beings are profoundly social animals. The success of
social interaction depends on the ability to detect cognitive and

emotional processes in others. The attribution of mental states,
such as desires, intentions and beliefs, to others has been
referred to as Ftheory of mind (ToM)_ or Fmentalizing_ (Frith,

1999). Empathy, on the other hand, has been described as the
ability to infer and share the emotional experiences of another
(Gallese, 2003).

Several cognitive theories of ToM and empathy have been put
forward. Premack and Woodruff (1978) suggested that the
acquisition of theory of mind capacity is based on the development

of a theory, e.g. a set of principles used to explain and predict
phenomena. This account has become known as theory–theory and
is advocated by Davies and Stone (1995), Gopnik and Astington
(1988) and others. According to theory– theorists, experience

provides infants with information that cannot be accounted for by
their present theory of mind and this will eventually cause them to
revise and improve that theory. According to the simulationist

account (e.g. Gordon, 1986; Heal, 1995), the basis of theory of
mind is an ability to imaginatively Fput ourselves in another
person’s shoes_, i.e. using our own minds to simulate the mental

processes that are likely to be operating in the other. In this
simulation theory, ToM is considered as innate and intuitive rather
than the result of learning and experience. The centrality of emotion
distinguishes empathy from other kinds of social cognition. Both

the theory– theory and the simulation theory have been applied to
empathy. According to Goldman (1995) empathy can be seen as a
special case of simulation, where the output states are emotions. The

theory– theory approach on the other hand suggests that we use
knowledge, i.e. in the form of memories, in order to understand the
situation of another. While the relative significance of these two

theories remains uncertain, recent neurobiological research, in
particular suggestions of a genetic locus for social cognition (Skuse
et al., 1997) and the discovery of mirror neurons (Williams et al.,

2001), might add weight to the simulation theory.
Observations in patient groups lacking ToM and/or empathy as

well as recent neuroimaging research have provided empirical
evidence for a neural basis of mentalizing and empathy. Impair-

ment in theory of mind has been implicated in neurodevelopmental
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disorders, particularly autism (Frith, 2001a,b), and in patients with
certain circumscribed brain injuries (Stuss et al., 2001, Stone et al.,
2003). Several brain imaging studies have investigated the neural

basis of mentalizing in normal volunteers (Fletcher et al., 1995;
Goel et al., 1995; Baron-Cohen et al., 1999; Brunet et al., 2000;
Castelli et al., 2000; Gallagher et al., 2000, 2002; Russell et al.,

2000; Vogeley et al., 2001; McCabe et al., 2001; Ferstl and von
Cramon, 2002). Despite the use of different imaging techniques
and contrasting cognitive activation paradigms, such as verbal and

nonverbal tasks, these studies have produced remarkably consistent
results. They reveal a network of three main areas associated with
the processing of ToM stimuli including the medial prefrontal

cortex (mPFC), the posterior superior temporal sulcus (STS) and
the temporal poles (Frith and Frith, 2003). It has been proposed
that the activation of these areas during mentalizing can be
understood in terms of an evolution from preexisting processes

such as the distinction between animate and inanimate entities, the
self and the other and the ability to represent goal-directed actions
(Gallagher and Frith, 2003).

Lack of empathy has been described in a group of individuals
referred to as Fpsychopaths_ but little is known about the neural
correlates of this deficit (Soderstrom, 2003). Few brain imaging

studies in healthy volunteers have investigated the neuronal
anatomy of empathy. Farrow et al. (2001), using fMRI, found
activations in the superior and inferior frontal gyri, the precuneus
and the middle temporal gyrus when respondents had to make

empathic judgments in a verbal task. Using affective pictures
evoking empathy, Moll et al.’s (2002) results indicated a role for
the orbitofrontal, the medial frontal and the superior temporal gyri

in the processing of moral emotions. Carr et al. (2003) described a
network of activation including the superior temporal and inferior
frontal cortices in an emotional observation task. Enhanced

activations in these areas were found when subjects were asked
to imitate the emotions displayed. Thus, similar brain areas seem to
be activated when people infer and when they share emotions.

Singer et al. (2004) compared brain activity while healthy
volunteers experienced pain to that when they observed a loved
one receiving a painful stimulus. Anterior insula and anterior
cingulate were activated in both conditions and correlated with

empathy scores while activations in the somatosensory cortex were
only seen when participants received pain.

The relationship between ToM and empathy has yet to be

determined. While the simulation theory supposes that simulation
supports both processes, others have argued for a dissociation of
ToM and empathy (Blair et al., 1996). The latter theory is based on

the evidence of impairment of social cognition in autistic and
psychopathic populations: while autistic individuals profoundly
lack ToM skills, they show physiological and to some extent

cognitive responses to distress cues in others. Psychopaths on the
other hand are incapable of empathizing while there is no
impairment of mentalizing.

Based on the available evidence from brain imaging studies,

ToM and empathy seem to engage common as well as distinct
neuronal networks. However, no studies have been carried out
linking these two processes. Such an approach could help to further

our understanding of associations between ToM and empathy. In the
present fMRI study, our aim was to investigate the neuronal
correlates of ToM and empathy in healthy volunteers using a visual

cartoon task. In this context, we refer to empathy as the attribution of
emotion to another individual. Subjects had to make inferences
about either the mental or emotional state of the story protagonists.

We hypothesized that both conditions would activate temporal lobes
and medial prefrontal cortex, areas implicated in social cognition
(Adolphs, 2003) as well as perspective taking (Ruby and Decety,

2004). We further hypothesized that processing of empathic stimuli
would also rely on affective networks, particularly the amygdala.

Methods

Subjects

Fifteen right-handed, healthy male participants were recruited

from the general and university student population. Two partic-
ipants were later excluded from the study due to high error rates in
the task used, i.e. their scores were outside a margin of T2 standard

deviations from the average error rate. Hence, results are reported
for 13 subjects. Psychiatric morbidity and substance use disorders
were screened for using the Mini International Neuropsychiatric
Interview (MINI; Sheehan et al., 1997). None of the participants

had any current or past serious medical or neurological condition
or had taken any medication or illicit substances in the 2 weeks
prior to scanning. The mean age was 24.9 years (range = 19–36

years). IQ was within the normal range with a mean of 106
(range = 94–122) as tested using the Quick Test (Ammons and
Ammons, 1962). The study was approved by the local Ethics

Committee and all participants gave written informed consent.

Activation paradigm

A visual activation paradigm comprising a series of comic
strips, each depicting a short story, was used. Stimuli were
presented in blocks. There were four categories of stories:

1. FTheory of Mind_ (FToM_);

2. FEmpathy_ (FEmp_);

3. FPhysical causality one character_ (FPhysical 1_) and

4. FPhysical causality two characters_ (FPhysical 2_).

The fMRI task was derived from Sarfati et al. (1997) and

Brunet et al. (2000). Brunet et al., in their PET study used three
experimental conditions: FAttribution of intention_ (i.e. ToM),
FPhysical causality with characters_ and FPhysical causality

involving only objects_. The authors showed that the ToM
component of this task was associated with a pattern of brain
activity involving medial and inferior prefrontal cortex and

temporal lobes. For our FToM_ blocks, we used the original
cartoons from Brunet et al.’s (2000) FAttribution of intention_
condition. Some of the stimuli of the FPhysical causality one
character_ condition were also derived from Brunet et al.’s (2000)

original cartoons. The remainder were drawn by an artist closely
matching the style and complexity of these original cartoons. The
FPhysical causality two characters_ and the FEmpathy_ stimuli were

developed in our department.
FEmpathy_ stimuli were piloted in a group of 15 subjects outside

the scanner. Subjects had to rate each cartoon for clarity and

empathic understanding on a scale from 1–5 (very poor, poor,
average, good and excellent). The pilot task was introduced by the
following instruction: ‘‘The cartoons that will be presented require

you to put yourself in the situation of the main character.’’ Specific
questions asked were: ‘‘How good was your understanding of the
cartoon strip in the time allowed?’’ for clarity and ‘‘How clear was
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your feeling for the main character’s emotions?’’ for empathic
understanding. Participants were also asked to summarize the plot

and describe the feelings of themain character. Cartoons that seemed
to lack clarity on the basis of this pilot were redrawn. Average rating
scores of the finally included stories were 4.1 for clarity and 3.9 for

empathic understanding indicating that the cartoons were easy to
comprehend and engaged empathy for the main story character.
Participants provided sensible descriptions of the story line and used
emotional terms to describe feelings of the main character.

Each condition was presented twice so that the task consisted of
eight blocks in total. In each block, five different comic strips
depicting a short story were presented. Upon the second

presentation of a condition, a new set of cartoons was used, hence
each cartoon was only seen once. Each comic strip was shown for
6 s on the upper half of the screen. Then two pictures showing

possible outcomes of the scenario were superimposed on the
bottom half of the screen for a further 4.5 s. Participants were
required to make a choice between these two story endings using a
button box.1 Only one of the outcomes represented a plausible

story ending (Fcorrect ending_). At the beginning of each block, a
short question introducing the block was shown for 6 s. The total

block length was therefore 58.5 s, hence the task lasted 7 min and
48 s in total.

The introductory questions given at the beginning of each block

were designed to engage the corresponding mental construct in the
participant. In the ToM condition, the question was: ‘‘What will the
main character do next?’’ The comic strips in this condition
involved one character whose intentions had to be inferred by the

subject in order to give the Fcorrect_ story ending. In this condition,
no social interactions or emotional situations were depicted. The
empathy condition was introduced with the question ‘‘What will

make the main character feel better?’’ Scenarios involved
interaction between story characters and the correct answer
required the volunteer to empathize with the protagonist. Both,

the FPhysical 1_ and FPhysical 2_ conditions, relied on the
comprehension of physical causalities only and were introduced
with the prompt: ‘‘What is most likely to happen next?’’ In order to
match the control and active conditions for number of characters

and complexity, FToM_ and FPhysical causality one character_
stories depicted one character only whereas FPhysical causality two
characters_ and FEmpathy_ stimuli depicted two characters.

Examples of stimuli from each condition are shown in Fig. 1.

1 In Brunet et al.’s (2000) activation paradigm, a choice of three possible

endings was used.

Fig. 1. Example of a story stimuli. (A) Theory of mind story. Picture 1 represents the Fcorrect_ answer. (B) Empathy story. Picture 2 represents the Fcorrect_
answer. (C) Physical causality one character story. Picture 2 represents the Fcorrect_ answer. (D) Physical causality two characters story. Picture 1 represents the

Fcorrect_ answer.
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Scanning procedure

Stimuli were rear-projected from a laptop computer onto a

screen, which was visible via a mirror within the scanner. The
screen was adjusted for each individual to optimize the visual field.
Responses were given using a four-button button box of which

only two buttons were required to choose the appropriate story
ending. Responses were recorded.

Data acquisition

Functional magnetic resonance (fMRI) images were acquired

using a 1.5 T Philips Gyroscan ACS NT (Philips, Best, NL)
scanner. 95 volumes were acquired, each comprising 40 T2*-
weighted contiguous axial slices (slice thickness = 3.5 mm),
acquired using a single shot echo planar (EPI) pulse sequence

(TR = 5 s; TE = 40 ms; in-plane resolution 3 mm ! 3 mm).

Data analysis

Sociodemographic, psychometric assessment and test perform-
ance data were analyzed using SPSS 11.5. A General Linear

Model, repeated measures was used to compare means of task
performance data. All tests were two-tailed and a value of P " 0.05
was used to determine statistical significance.

fMRI data were processed using Statistical Parametric Mapping

(SPM2) with a random effects model (http://www.fil.ion.ucl.ac.uk/
spm). Individual scans were realigned using the first scan as a
reference and normalized into the Talairach and Tournoux stereo-

tactic space (Talairach and Tournoux, 1998) using the MNI
templates. Spatial smoothing was applied with a 10 mm Gaussian
kernel. Image data were high-pass filtered with a cut-off of 354 s.

Statistical analysis was carried out using the general linear model
with a delayed boxcar waveform to model blood oxygenation level
dependent (BOLD) signal changes to the FToM_ or FEmpathy_
condition, respectively, relative to the FPhysical 1_ or FPhysical 2_
conditions. In each condition, the full block length was modeled,
including presentation and selection phase. Further, analysis of the
conjunction of, and interaction between, the contrasts FToM_ #
FPhysical 1_ and FEmpathy_ # FPhysical 2_ were conducted. Good-
ness-of-fit (beta) values for each contrast resulted in a contrast map for
each individual. The statistical parametric maps from each individual

data set were then entered into second-level, random effects analyses
accounting for both scan-to-scan and subject-to-subject variability. The
group effects of interest were assessed through applying one-sample t

tests to the contrast map voxels. Avoxel was deemed significant if its z
score was greater than 3.09, corresponding to P < 0.001 uncorrected.
While this is less rigorous than reporting only those voxels where

BOLD response survived Bonferroni correction for multiple compar-
isons, the exploratory threshold of P < 0.001 uncorrected has been
widely used in previous fMRI studies of subtle cognitive processes,
particularly if there is a clear anatomical hypothesis as in our study. A

cluster size of more than 10 contiguous voxels was applied.

Results

Task performance

Responses were recorded for all trials and failure to respond
during the 4.5 s response window counted as an absent response.

As shown in Table 1, most stories were answered within the
allowed response times. There were no significant differences in
the mean number of answers given between conditions.

Percentages of Fcorrect_ answers of all given answers are shown
in Table 1. An ANOVA, repeated measures revealed a significant
effect of condition (FToM_, FEmpathy_, FPhysical 1_, FPhysical 2_)
on the percentage of correct responses (P = 0.04). Post-hoc
paired samples t tests revealed a significant difference between
FPhysical 2_ and both FEmpathy_ (P = 0.001) and FPhysical 1_
(P = 0.005).

Functional imaging

Activations associated with the processing of theory of mind

stimuli: FToM_ # FPhysical 1_
In this comparison, neural responses in the FPhysical 1_ blocks

were subtracted from those in the FToM_ blocks to reveal areas of

increased signal associated with ToM processing.
Significant activations were found mainly in temporal and

frontal cortices (Table 2). Temporal activations included bilateral

temporoparietal junction, superior temporal sulci and temporal
poles. Frontal areas of activation comprised bilateral orbitofrontal
cortices. Further areas associated with the processing of FToM_
stimuli included left fusiform gyrus, cuneus, posterior cingulate

and bilateral cerebellum.

Activations associated with the processing of empathy stimuli:

FEmpathy_ # FPhysical 2_
In this comparison, neural responses in the FPhysical 2_ blocks

were subtracted from those in the FEmpathy_ blocks to reveal areas
of increased signal associated with the processing of empathy
provoking stimuli.

This contrast was associated with statistically significant
activations in the left temporoparietal junction and middle temporal
gyrus/temporal poles bilaterally (Table 2). Activation clusters were

also found in the left medial prefrontal cortex, left lingual gyrus
extending to posterior cingulate and in the cerebellum bilaterally.

Common activations associated with the processing of FTheory of

mind_ and FEmpathy_ stimuli: conjunction analysis

We used a conjunction analysis to explore areas commonly
activated by both the FToM_ and FEmpathy_ conditions (Table 2,
Fig. 2). These areas included bilateral temporoparietal junction,

middle temporal gyri extending to temporal poles and inferior
temporal gyri extending to fusiform gyri. Frontal areas of
activation were found in medial prefrontal and right orbitofrontal

cortex. Further foci of activation associated with theory of mind
and empathy processing were located in the middle and inferior
occipital gyri including the left lingual and fusiform gyrus, and

in the cerebellum.

Table 1

Task performance of 13 subjects in the behavioral ToM/empathy task

Condition Mean number of answers

given (maximum 10)

Correct answers

(in % of all given answers)

FToM_ 9.3 (SD 0.9) 94.4 (SD 6.7)

FEmpathy_ 9.0 (SD 0.9) 98.4 (SD 4.0)

FPhysical 1_ 9.0 (SD 1.3) 96.6 (SD 6.8)

FPhysical 2_ 8.9 (SD 1.1) 84.1 (SD 1.3)
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Differential effects of FTheory of mind_ and FEmpathy_ processing:
interaction between (FToM_ # FPhysical 1_) and
(FEmpathy_ # FPhysical 2_)

In this comparison, neural responses in the (FEmpathy_ #
FPhysical 2_) comparison were contrasted with those in the

(FToM_ # FPhysical 1_) comparison to reveal areas of increased
signal associated with ToM or empathy processing.

Areas more activated in the processing of ToM than empathy

included right superior temporal lobe, left middle frontal gyrus,
right lateral orbitofrontal cortex and cuneus (Table 2, Fig. 3). Areas
whichwere significantlymore activated in the (FEmp_# FPhysical 2_)
compared to the (FToM_ # FPhysical 1_) contrast included right

medial prefrontal cortex, left amygdala/parahippocampal gyrus

and anterior cingulate, right posterior cingulate and middle
occipital gyrus (Table 2, Fig. 4).

Discussion

In this study, we investigated the neuronal networks associated

with ToM and empathy. Our study differs from previously
published experiments in using visual ToM and empathy stimuli
in one task, thereby allowing the direct comparison of their

neuroanatomy.

Table 2

Foci of significant brain activations associated with ToM and empathy stimuli

Area of activation Brodmann

area

Left brain Right brain

z score Cluster

size

Tailarach coordinates z score Cluster

size

Tailarach coordinates

x y z x y z

FToM_ # FPhysical 1_
Orbitofrontal cortex 47 3.17 36 #48 28 #17 3.40 100 18 49 #8

Temporoparietal jct., extending to occipital gyrus 19/22/39 4.01 397 #59 #57 22 3.98 201 45 #78 18

Superior temporal gyrus 22 3.59 34 62 6 #5

Middle temporal gyrus, extending to temporal pole 21 3.35 119 #59 #21 #7

Inferior temporal gyrus 21 4.39 71 #50 #7 #27 3.27 128 62 #15 #17

Posterior cingulate gyrus 31 3.39 217 0 #51 25

Fusiform gyrus 37 3.16 36 #36 #45 #18

Cuneus 18 4.04 45 #15 #102 0

Cerebellum 3.15 23 #15 #89 #26 3.18 19 39 #72 #32

FEmpathy_ # FPhysical 2_
Medial prefrontal cortex 8 3.18 55 #9 37 51

Temporoparietal junction 22/39 3.83 70 #50 #57 17

Middle temporal gyrus/Temporal pole 3.17 36 48 4 #33

21/38 3.11 56 #45 10 #31 3.36 56 57 3 #21

Middle occipital gyrus 18 3.87 11 27 #96 8

Lingualis gyrus, extending to posterior cingulate

gyrus

19 4.47 129 #12 #52 3

Cerebellum 4.13 19 #30 #80 #26 3.57 41 18 #83 #26

Conjuction analysis

Medial prefrontal gyrus 8 3.48 155 #21 35 51 3.34 39 15 37 51

Medial orbitofrontal gyrus 25 3.59 31 6 8 #16

Temporoparietal junction 22/39 5.43 308 #53 #57 19 3.94 189 53 #60 17

Middle temporal gyrus, extending to temporal pole 21/38 4.08 234 #53 #9 #18

Inferior/middle temporal, extending to fusiform

gyrus

20/21 4.70 285 #50 #4 #30 4.33 304 59 #12 #15

Middle occipital gyrus/Cuneus 18/19 4.77 144 #27 #96 10 3.77 17 18 #101 11

Inferior occipital gyrus, extending to fusiform gyrus 18/19 4.09 146 #21 #102 #2 3.39 13 42 #87 4

Lingual gyrus 18 5.03 439 #9 #52 3

Cerebellum 4.33 61 #30 #80 #26 4.41 89 21 #83 #26

(FToM_ # FPhysical 1_) # (FEmpathy_ # FPhysical 2_)
Middle frontal gyrus 10 3.67 40 #39 55 3

Orbitofrontal gyrus 11 3.65 220 48 46 #7

Superior temporal gyrus 22 4.02 57 62 3 #5

Occipital lobe/Cuneus 19 3.27 157 3 #89 29

(FEmpathy_ # FPhysical 2_) # (FToM_ # FPhysical 1_)
Medial prefrontal cortex 10 3.39 13 9 53 14

Parahippocampal gyrus/Amygdala

28 3.28 27 #21 #1 #15

Anterior cingulate 24/32 3.15 33 24 13 24

Posterior cingulate 3.12 15 6 #22 34

Middle occipital gyrus 19 3.32 13 42 #76 1
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Common activations of ToM and empathy

Activations in prefrontal as well as temporal brain areas,
namely medial prefrontal cortex (mPFC; Brodmann 8), tempo-
roparietal junction (TPJ; Brodmann 22/39) and middle and inferior

temporal gyri including left temporal pole (TP; Brodmann 38) were
common to both ToM and empathy. Some of these areas were
identified as common activations despite the absence of a

significant response in individual contrasts. This can be explained
by a change in the degrees of freedom in the conjunction analysis
compared to individual contrasts (i.e. 24 compared to 12) as a
result of which areas which are subthreshold in individual contrasts

can reach threshold in the conjunction analysis.
The medial prefrontal cortex (mPFC) has been described in

imaging studies using ToM or empathy stimuli irrespective of

stimulus modality (see Gallagher and Frith, 2003 for a review).
Typically, activations are reported in mPFC adjacent to anterior
cingulate (paracingulate) while we found significant activations in a

more dorsal part of the mPFC in BA 8. This area corresponds with
results by Blakemore et al. (2003) using a task requiring specific
attention to the contingent nature of the relationship between

animate stimuli. Blakemore et al. (2003) proposed contingency and
animacy as two cues to agency underlying ToM processing. One
explanation for the lack of activation in the paracingulate cortex in
the current study can be derived from Walter et al. (2004). They

used visual stimuli depicting cartoon stories with varying degrees of
social interaction in their fMRI study; study participants had to
choose the correct story ending. The Fprivate intention_ (ToM)

condition corresponds to our ToM condition in that only one
character was displayed who was involved in a nonsocial action; the
Fprospective social interaction_ condition showed a character about

to get involved in social interaction and the Fcommunicative
intention_ cartoons displayed two characters interacting with each

other. Paracingulate activation was only identified in the two latter
conditions while it was not observed in the ToM condition. The

authors concluded that this region was particularly sensitive to
interacting mental states, but was not be associated with mentalizing
per se. In the current study, a small cluster of activation in the

paracingulate cortex was found in the (Emp# Ph2)# (ToM# Ph1)
contrast but not in the conjunction analysis. This is in agreement
with the Walter et al. (2004) interpretation of a particular role of this

structure in social interaction.
The superior temporal sulcus (STS) has also consistently been

described in ToM studies whereas in empathy imaging studies it
has only been detected when using visual stimuli (Carr et al., 2003;

Moll et al., 2002). The STS has further been associated with the
perception of biological motion (Allison et al., 2000), gaze
direction (Wicker et al., 1998) and attention to facial emotion

(Narumoto et al., 2001). This region therefore seems to be involved
in the initial analysis of social cues and the detection of intentional
activity. The nearby temporoparietal junction (TPJ) was reported

by Saxe and Kanwisher (2003) in a Ffalse belief_ task. The authors
proposed a role of this region in understanding other people
specific to reasoning about mental states. Temporal pole activations

have been described in sentence coherence (Maguire et al., 1999),
semantic decision making (Vandenberghe et al., 1996) and memory
retrieval (Fink et al., 1996). Within the context of mentalizing,
Frith and Frith (2003) concluded that the temporal poles are

concerned with generating a wider semantic and emotional context
from past experience. In empathy processing, the temporal poles
have only been described in one study (Carr et al., 2003) whereas

other areas of the emotional network such as the amygdala and
insula seem to have more prominent roles (Carr et al., 2003; Moll
et al., 2002).

Further areas of common activation between FToM_ and
FEmpathy_ included orbitofrontal cortex, fusiform gyrus and

Fig. 3. Area of activation in the orbitofrontal cortex in the contrast (FToM_ # FPhysical 1_) # (FEmp_ # FPhysical 2_). This area was activated to a greater extent
when subjects were processing ToM stimuli than during attending to empathy stimuli. (A) Sagital view. (B) Transverse view. Crosshairs at (48; 48; #6).

Fig. 2. Areas of activation in the conjunction analysis (FToM_ # FPhysical 1_) and (FEmp_ # FPhysical 2_). In this surface view, significant regions of activation
are projected onto the right and left cortical surface of an average brain.
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lingual gyrus. The orbitofrontal cortex was highlighted in two
previous ToM imaging studies (Baron-Cohen et al., 1994; Brunet

et al., 2000). In empathy studies, activation of the right medial
OFC was found by Farrow et al. (2001) and Moll et al. (2002).
OFC lesions have been associated with disturbances in social and

emotional judgment and behavior (Berlin et al., 2004). The
fusiform gyrus has been related to face and object perception
(Bly and Kosslyn, 1997) and has been described in a number of
ToM (Castelli et al., 2000; Gallagher et al., 2000) as well as

empathy imaging studies (Moll et al., 2002) particularly when
visual stimuli were used. Increased lingual gyrus activation can be
interpreted in terms of enhanced salience in ToM and empathy

conditions (Narumoto et al., 2000).

Differential activation of ToM and empathy

Compared to (FEmpathy_# FPhysical 2_), the contrast (FToM_#
FPhysical 1_) revealed increased activations in lateral orbitofrontal
cortex, middle frontal gyrus and superior temporal gyrus. Most of

these activations were right-sided. A particular role for the right
hemisphere in mentalizing is supported by neurological studies
showing impairments on ToM following right hemisphere strokes

(Happe et al., 1999). Furthermore, McCagh et al. (2004) reported
deficits in ToM in people with focal epilepsy of right prefrontal
cortex origin. The superior temporal sulcus has been suggested to

have a particular role in understanding causality and intentionality
(Frith, 2001a,b) of agents and it is conceivable that this function was
required to a larger extent in the FToM_ than in the FEmpathy_
condition. The middle frontal gyrus activation found in the contrast
between FToM_ and FEmpathy_was located in the frontopolar cortex
(BA 10), an area previously reported in tasks of executive function
(Wager and Smith, 2003). We are uncertain as to an interpretation of

the observed increased orbitofrontal activations in the ToM
condition. This region has been associated with norm violations
(Berthoz et al., 2002). A number of our ToM cartoons involved the

unexpected use of objects such as the use of a broom as an oar, and
one could speculate that these norm violations might account for
enhanced lateral OFC activations.

Compared to (FToM_# FPhysical 1_), the contrast (FEmpathy_#
FPhysical 2_) revealed increased activations in left amygdala,
anterior and posterior cingulate and medial prefrontal cortex.

Differential activation of amygdala in the FEmpathy_ condition is
compatible with Blair’s proposal of mediation of emotions evoked

by empathy in the amygdala. He suggests that impaired develop-
ment of the amygdala may be a fundamental mechanism of failure
of empathy, a core feature of psychopathy (Blair, 2003). The

posterior cingulate has been found to play a role in emotional
(Maddock et al., 2003) and visuospatial processing (Van Horn et
al., 1998). Activations in cingulate cortex could therefore be

explained by the increased emotional content of our FEmpathy_
condition. The mPFC has been implicated in social perception in a
range of different studies. Mitchell et al. (2002) in an fMRI study

found mPFC activations to be associated with person judgments
while deactivations where found when object judgments were
made. The mPFC has also been associated with tasks involving

self-monitoring such as perception of one’s own thoughts
(McGuire et al., 1996), emotions (Lane et al., 1997) and physical
sensations (Blakemore et al., 1998). Kelley et al. (2002), in an
event-related fMRI study, have shown selective engagement during

self-referential processing, while Macrae et al. (2004) proposed
that the recruitment of this region may explain memory enhance-
ment of materials that trigger self-referential mental activity. The

mPFC, particularly the paracingulate region, has also typically
been associated with ToM in previous imaging studies including
Brunet et al.’s (2000) from which we derived our ToM stimuli. It is

therefore interesting that we failed to identify activations in this
area during our ToM condition but detected an association with the
processing of empathic stimuli. One difference between our and
the Brunet et al.’s (2000) PET study is the use of different imaging

techniques but it is difficult to see how this could fully account for
the differences in activations found. However, as outlined above,
other authors using an almost identical design in their fMRI study

have also failed to detect paracingulate activation in mentalizing
where no interaction or prospected interaction of characters was
present in the stimulus material (Walter et al., 2004). It would

appear that the role of the paracingulate in different types of
mentalizing has to be further addressed and clarified in future
research. Walter et al. (2004) suggested a particular role of

paracingulate in mentalizing involving social interaction. Our
results further suggest an important role of this structure in the
processing of empathy provoking stimuli.

Certain limitations of our study have to be considered. In order

to justify our conclusion of distinct but overlapping brain
activations associated with ToM and empathy, we have to feel
confident that our activation paradigm reliably isolates cognitive

mentalizing and empathetic understanding in the corresponding
task blocks. We used ToM stimuli which have previously been
shown to be associated with a pattern of brain activation distinct

from that observed in control conditions, a result which was
confirmed by a principle components analysis by Brunet et al.
(2000). Our FEmpathy_ stimuli were piloted and shown to be easy

to understand and to provoke empathic understanding of the main
story character. Control conditions were matched for number of
people displayed in order to avoid confounding factors of social
interaction and complexity. We therefore propose that our task

conditions evoked the intended mental processes in our study
volunteers, and that the contrasts performed in the image analysis
isolate the two variables ToM and empathy. One further possible

limitation could be that one of the control conditions, the FPhysical
causality two characters_ condition, seemed to have been more
difficult to interpret compared to FEmpathy_ as judged by increased
error rates. It could therefore be argued that enhanced activations
during the processing of FEmpathy_ compared to this control
condition were due to increased coherence of the story lines in the

Fig. 4. Area of activation in the left amygdala in the contrast (FEmp_ #
FPhysical 2_) # (FToM_ # FPhysical 1_). This area was activated to a greater
extent when subjects were processing empathy stimuli than during ToM

processing. Crosshairs at (#21; #1; #15).
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former condition. However, this would not account for the
engagement of emotional networks in the FEmpathy_ condition.
It could further be suggested that some of our FEmpathy_ stories
depicted social rule following rather than empathy. We suggest that
empathetic responding partly underlies socially desirable behavior
and therefore the two processes are difficult to separate. By using a

control condition involving human characters rather than physical
objects, we tried to match for social perception. Furthermore, our
instructions emphasized the feelings of the main character, thus

facilitating the participant’s empathetic responding. The activations
found involving emotional networks suggest that our task elicited
such responses rather than purely social perception.

In summary, from our evidence, we suggest that both, ToM and
empathy, depend on the activation of similar brain networks
involved in social perception, namely the mPFC, superior temporal
lobe and temporal pole. These areas form the basis for making

inferences about the mental states of others. However, the
appreciation of the other’s emotional states requires the additional
engagement of emotional networks, particularly the amydgala.

Further research is needed to advance our understanding of the
interaction between these networks as well as their impairment in
certain patient groups.
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