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Abstract

Positron emission tomography (PET) was used to investigate the neural correlates of feeling sympathy for someone else (i.e. the affinity,
association, or relationship between persons wherein whatever affects one similarly affects the other). While undergoing PET scans,
subjects were presented with a series of video-clips showing individuals (who were semi-professional stage actors) telling sad and neutral
stories, as if they had personally experienced them. These stories were told with either congruent or incongruent motor expression of
emotion (MEE). At the end of each movie, subjects were asked to rate the mood of the communicator and also how likable they found that
person. Watching sad stories versus neutral stories was associated with increased activity in emotion processing-related structures, as wel
as in a set of cortical areas that belong to a “shared representation” network, including the right inferior parietal cortex. Motor expression
of emotion, regardless of the narrative content of the stories, resulted in a specific regional cerebral blood flow (rCBF) increase in the left
inferior frontal gyrus. The condition of mismatch between the narrative content of the stories and the motor expression of emotion elicited
a significant skin conductance response and strong rCBF increase in the ventromedial prefrontal cortex and superior frontal gyrus which
are involved in dealing with social conflict. Taken together, these results are consistent with a model of feeling sympathy that relies on both
the shared representation and the affective networks. Interestingly, this network was not activated when subjects watched inappropriate
social behavior.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction most as many as there are researchers who study the topic
(e.9.[9,20-59,80).1 Notably, Wispé[86] described empa-
Many philosophers and psychologists have proposedthy as an effortful process by which we try to comprehend
that prosocial behavior is often motivated by sympathy another’s experience, while sympathy would be a direct per-
or empathy. For instance, in hiFeatise of Human Na- ceptual awareness of another person’s experience akin to
ture (1739/1888), Hum¢52], observed that our minds are the phenomenon of sympathetic resonance. Yet most schol-
mirror to one another: they reflect one another’s passions,ars would agree that the two concepts partly overlap and
sentiments, and opinions. This “sympathy” or “propensity that sympathy is an affective response that frequently stems
we have to sympathize with others, to receive by com- from empathy and consists of feelings of concern for the
munication [the] inclinations and sentiments [of others], distressed or needy other person, rather than feeling the
however different from, or even contrary to, our own,” he same emotion as the other person, which is closer to empa-
held to be the chief source of moral distinctions. For his thy [69]. In the present study, sympathy is taken in one of
colleague Smit{79], sympathy is our ability to feel with its ordinary usages, especially in French-speaking countries,
other persons and it is a universal feature of human nature.i.e. the affinity, association, or relationship between persons
This conception of sympathy, dating from the time of or things wherein whatever affects one similarly affects the
the Enlightenment, is well supported today by a mass of other. Our definition is a combination of empathy and sym-
converging evidence from developmental psychology and pathy, and reflects at a common sense level how we may
cognitive neuroscience. It should be noted, however, thatin everyday life automatically interrelate with other people.
there are many definitions of sympathy and empathy, al- Such a definition is also close to what Hodges and Wegner

1 Levy suggests that “the word” empathy “be deleted from the technical
* Corresponding author. Tek:1-206-543-7357; faxi}1-206-543-8423. language of psychology and replaced by a less ambiguous word or words”
E-mail address: decety@u.washington.edu (J. Decety). [57].
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[48] define as automatic empathy as opposed to controlledindividual automatically activates one’s own representa-
empathy and to what Nichols characterizes as a “concerntions for the behaviof24]. Such a model is similar to the
mechanism’[66], which is considered to depend on a min- so-called simulation theorj46].2 Evidence for this model
imal capacity for mind-reading and also on the affective derives from neurophysiological investigatiofr,28], as
system. well as from several functional imaging studies that have
It has been shown that very young infants express whatshown similar patterns of neurodynamic activity in the
Trevarther[83] terms intersubjective sympathy, i.e. they are premotor and in the posterior parietal cortices when sub-
predisposed to be sensitive and responsive to the subjectivgects observe actions performed by another individual and
states of other persons. This can be demonstrated througtwhen they actually perform or mentally simulate the same
several means, including the spontaneous face-to-face interactions [11-13,21,22,40,41,75]One other neuroimaging
action between infants and their mothers and through morestudy[10] has even demonstrated somatosensory activation
specialized “still-face procedures” (i.e. when mothers adopt in a somatotopic manner in the premotor cortex during ac-
a neutral face and stop responding to the infant), which tion observation. Electrophysiological measurements have
leads to withdrawal by the infant. Developmental studies also shown that when subjects observe hand movements,
have also shown that the newborns can imitate various bodythere is a desynchronization over the motor cortex sim-
movements performed by adults, for example mouth open-ilar to which occurs during actual movemenis4,44)]
ing, tongue protrusion, lip pursing, finger movements, and Further evidence for the neural substrate of shared rep-
also emotional expressiorjé4,71] It has been hypothe- resentations has recently been provided by neuroimaging
sized that infant imitation depends on the recognition that studies of imitation in humangl1,13,21,53] Importantly,
the other is a psychological agent like onedelf, what these studies have consistently pointed out the crucial role
Meltzoff and Moore have termed a “like-me mechanism” of the parietal cortex not only when the self resonates
[62]. Other research suggests that early on infants develop awith the other, but also in distinguishing the self from the
sense of themselves as agents capable of causing changes wother.
the physical environment, as well as communicative and re- Contemporary cognitive neuroscience has also made con-
ciprocating social agen{33]. These findings have led Gal- siderable progress in understanding the anatomical organi-
lagher and Meltzof{34] to propose that the understanding zation of emotional processirj§,56] and points to the role
of the other person is primarily a form of embodied practice. of several neural circuits such as the amygdala and the adja-
The initial connection between self and other, so-called pri- cent cortices, the orbitofrontal cortex, and the insula. Inter-
mary intersubjectivity, may be the foundation for develop- estingly, it has recently been discovered that patients with
mentally more sophisticated accomplishments, such as theright hemisphere lesions in the somatosensory-related cortex
perception of dispositions and intentions in other individuals are impaired in the recognition of emoti¢]. This finding

[64,73] has led Adolphs and colleagues to suggest that to recognize
Sympathy and empathy may be viewed as other-orientedanother’s display of emotion, individuals covertly recon-
moral sentiments that may trigger altruistic desjf66,80] struct an on-line somatosensory representation. This sugges-

This may be because an overt motivation for prosocial be- tion parallels the shared representations account of our abil-
havior is triggered when the self covertly (and automatically) ity to make sense of the behavior of othf8s12,54] which
resonates with the other, to use the metaphor of resonancdo some extent, overlaps simulation theory of the philoso-
that Gibson[37] and then Sheparf¥8] expressed. Such phers of mind, which says that we use our cognitive capac-
resonance is probably neurologically hard-wired, as devel- ities to simulate and pretend to be in the situation of others
opmental research suggests, but it is most likely a distributed[38,39,45]
neural mechanism. Moreover, this resonance phenomenon We suggest that sympathy, which involves the affective ex-
is consistent with the notion of “shared representations”, perience of another person’s actual or inferred emotion, can
which postulates that perception and action share com-be tackled using the “shared representations” model. We are
mon cognitive and neural codf&12,42,50,54]According aware that sympathy is a complex construct that involves a
to this model, perception of a given behavior in another variety of different cognitive and emotional processes. In the
present experiment, we tested whether, as the shared repre-

? The concept of resonance requires both parallel processing, a radically sentations model postulates, brain regions involved in feeling
modern idea in Gibson’s time, and a group of mechanisms with which
to resonate. Later, Shepafd8] proposed that, as a result of biological
evolution and individual learning, the organism is, at any given moment, 3 The simulation theory developed by Hessl¢#6] is based on three
tuned to resonate to the incoming patterns that correspond to the invariantsassumptions about brain function: (1) behavior can be simulated by acti-
that are significant for it. Interestingly, ShepditB] proposed that the vating motor structures, as during an overt action but suppressing its ex-
external constraints that have been most invariant throughout evolution ecution; (2) perception can be simulated by internal activation of sensory
have become most deeply internalized, and even in the complete absence ofortex, as during normal perception of external stimuli; (3) both overt
external information, the system can be excited entirely from within (while and covert actions can elicit perceptual simulation of their normal con-
dreaming, for example). Thus, unlike Gibson, Shepard makes explicit sequences. In the domain of emotion processing, Adolphs considers the
reference to internal representation and, to our opinion, makes possiblesimulation hypothesis as a plausible mechanism for recognizing emotion
to articulate the notion of resonance with that of shared representations. from faces[5].
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sympathy with another individual rely on the involvement Table 1

of both the neural circuit for affective processing (the amyg- Six experimental conditions

dala and the adjacent cortices, the orbitofrontal cortex, andncs MEE

the insula) and the neural circuit underlying shared neural

representations for observed and executed actions (inferior.

parietal lobule and premotor cortex). Knowing that the feel- Neutral NH NN NS

ings of empathy and sympathy most commonly arise when Sa SH SN SS

people directly perceive individuals in trouble or have a per- The factors were the narrative content of the story (NCS) and the motor

sonal connection with them, we presented the subjects withxPression of emotion (MEE) of the story-teller.

dynamic stimuli that were created to elicit such a feeling.

For that purpose we asked semi-professional stage actors t@.1.1. Stimuli preparation

tell short stories whose narrative contents were either sad In all the conditions, the stimulus consisted of a video-clip

or neutral, as if they had personally experienced them. We depicting one person telling one story in the first-person

further hypothesized that the feeling of sympathy would be tense. A major concern when preparing the stimuli was that

disrupted or at least reduced if there was a mismatch be-they should be well-balanced in terms of length (between

tween the narrative content of the stories and the emotional200 and 250 words), lexicon, and events depicted in the

expression displayed by the actors (especially when a sadstory, as well as approximately equally emotional through-

story is expressed with an happy expression). This situationout, while remaining as realistic as possible.

may be considered, from the perspective of the viewers, as

a sort of unexpected social situation, an inappropriate be-2.1.2. Sories—Factor “ narrative content of the story”

havior that is less likely to motivate shared feelings with (NCS)

story protagonists. We, therefore, predicted that neural re- Twelve neutral and 12 sad stories were written. Neutral

sponses in regions known to be involved in dealing with stories were based on everyday life actions (e.g. shopping,

social conflict and negative affect, namely in the ventrome- cooking). Sad stories were based on sad events that could

dial prefrontal cortex and the superior frontal gyf@®] have happened to anyone or had been described in newspa-

would be enhanced during the mismatch condition. In order pers (e.g. illness of a close relative, drowning accident). All

to meet these experimental criteria, we asked the actors tostories were adapted to the story-teller's gender and age so

tell the stories with either neutral, happy, or sad motor ex- that it appeared that the events described could have hap-

pressions of emotion. Their performances were video-tapedpened to them.

and then edited to meet the constraints of a PET-activation

study. Subjects were scanned while viewing these stimuli 2.1.3. Actors—Factor “ motor expression of emotion”

and after each session they were asked to evaluate the moo¢MEE)

of the person they had seen and how likable (in the broad Seven semi-professional male stage actors were recruited

sense of feeling sympathy) they found that person. We hy- to tell the different stories and were paid for their partici-

pothesized that the mismatch conditions would elicit feel- pation. Actors’ ages were matched to those of the subjects

ing of dislike because they violate social norms. This effect (20—25 years old). A set of six stories (three neutral, three

should be particularly strong when story protagonists tell sad) was assigned to every actor, and the actors were in-

sad stories with happy motor expression of emotion (MEE). structed to tell each story with three different expressions

Finally, feeling sympathy for someone is not the inability (neutral, happy, or sad).

to keep track of who is who even though the shared repre-

sentations network is involved. It also requires distinguish- 2.1.4. Video recording and editing

ing the perspectives of the self from those of the other. Color videos were recorded using a Sony digital camera

We, thus, expected to detect right parietal activation since in a quiet environment. All actors were similarly lighted

this region plays a pivotal role in mediating this process with artificial lights. The actors were seated in front of a

[21,29,75] black background, and the videos were shot in close-ups that
included only the head and chest. Actors were required not
to move their hands into the video frame. Video-clips were

2. Material and methods then edited on a Mac G3 with iMovi# to similar lengths
(between 60 and 80s) and to remove actors’ hesitations.

Happy Neutral Sad

2.1. Conditions
2.1.5. Validation of the stimuli
The experimental conditions were based on a factorial All video-clips were shown to a group of 10 individuals
plan (Table J) in which the factors were the narrative content (different from the subjects who were scanned but in the
of the story (NCS; two values, neutral, N; and sad, S) and the same age range) to ensure that the videos were experimen-
motor emotional expression of the story-teller (three values, tally valid. These persons were asked to watch each video
happy, H; neutral, N; and sad, S). and rate whether the story was credible and whether the
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facial expressions of emotion were congruent with the nar- less computer mouse to move a slider on a continuous scale
rative content of the story. One set of stimuli from the same with the adjectives “sad” or “happy” at extremes of the scale
actor was then excluded because he was not considered corfor the first question, and with “not at all” or “very much”

vincing. for the second one. The scales were then divided into equal
intervals by a program that scored the ratings frett00 to
2.1.6. Subjects +100.

Twelve right-handed healthy male volunteers .85+
1.25 years) participated. They gave written informed consent 2.2.4. Repartition of conditions
and were paid for their participation. No subject had a his-  The six conditions (NH, NN, NS, SH, SN, SS, Sexble J)
tory of neurological, major medical, or psychiatric disorder. were duplicated once so that 12 scans were recorded per in-
Subjects completed a French translation of Merhabian’s bal- dividual. The order of conditions was partially randomized
anced emotional empathy scale (BEE&)]. The study was  so that the condition yielding a strong reaction, SH, was
approved by the local Ethics Committee (CCPPRB, Centre presented during the second half of the experiment. Other
Léon Bérard, Lyon) and conducted in accordance with the conditions were randomized for each subject with the con-

Declaration of Helsinki. straints that each actor was seen twice, once for each type of
story but with different tones, and that two successive scans

2.2. Data recording depicted different conditions and different actors. Each sub-
ject was presented with a unique sequence of the conditions

2.2.1. PET scanning when it came to assignment of actors and stories to the six

A Siemens CTI HR- (63 slices, 15.2cm axial field of  experimental conditions and to condition order.
view) PET tomograph with collimating septa retracted oper-
ating in 3D mode was used. Sixty-three contiguous transax-2.2.5. Sequence of events
ial images with a slice thickness of 2.42 mm were acquired On their arrival, subjects were placed in the PET scan-
simultaneously. Correction for attenuation was made us- ner, and a transparent screen was positioned at the back of
ing a transmission scan collected at the beginning of eachthe scanner. A mirror was placed in front of the subjects
subject’s session. so they could see the video-clips projected on the back
A venous catheter to administer the tracer was inserted inscreen. The resultant distance from the eyes to the screen
an antecubital fossa vein in the left forearm. After a 9-mCi was approximately 50 cm (corresponding field of view? 42
bolus injection of H!®0, scanning was started when the in the horizontal dimension and 32n the vertical one).
brain radioactive count rate reached a threshold value andPhysiological sensors were placed on the subjects, and the
continued for 60s. Integrated radioactivity accumulated in mouse pad was positioned at their chest level, and two
60s of scanning was used as an index of rCBF. Twelve audio speakers in front of the scanner.
scans were acquired per subject, and the interval between Before the first condition, subjects were told that they

successive scans was 8 min. were going to be presented with individuals who would tell
them stories about things that happened to them, and that
2.2.2. Physiological measures they would see each of these individuals twice in the course

Skin conductance (SCR), blood volume pulse (BVP) and of the PET experiment. Subjects were also informed that
respiratory rates were collected with ProCoenl}y and the content of the stories, as well as the people telling them,
digitally sampled at 32 Hz on a computer using BioGraph might be more or less sad, neutral or happy. They were then
2.1 software (Thought Technology Ltd., Montreal, Canada). shown how to use the analogical scales to answer the two
Skin conductance was recorded using two £ éxg—AgCl guestions.
electrodes attached to the last phalange of the thumb and Projection of the video-clips, using a VCR connected to
medial phalange of the index finger of the non-dominant a projector at the back of the PET scanner, and recording
hand. BVP was recorded with a photoplethysmograph po- of the physiological data, using a portable PC, started at the
sitioned on the last phalange of the second finger. Respi-same time. Because of the variability of the duration of the
ration was recorded with a chest strap disposed under thedifferent stories, PET scanning started at a different time for

arms. the different conditions so that the 60s scanning window
did always correspond to the last 60 s of the video-clip. This
2.2.3. Behavioral measures did not bias the experiment because the last minute of each

At the end of each video-clip, subjects were asked to an- video-clip was systematically more emotive than what oc-
swer two separate questions using non-graduated analogicurred before this minute. After the end of the video-clip,
cal scales. The first question was “How did you find this subjects were presented with the two questions on the same
person’s mood?” and the second, “How likable did you find screen and answered them using the mouse. Therefore, the
this person?” The questions were presented through the samexperimenter did not interfere between the end of the pro-
visual display as the video-clips, with the PC used to record jection of the video-clip and the recording of the answer to
physiological data. Participants were instructed to use a cord-the questions.
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2.3. Satistical analysis follow:

e the interaction between the NCS and the value “happy”
of the MEE:
(SH-NH)—(SN-NN) masked inclusively with (SH-NH);

2.3.1. Behavioral performances

Statistical analysis of subjects’ ratings of tg% two ques-
tions ([-100, +100]) was performed with SP$8 usin o _
an AIEI[OVA with tvyo Withipn-subject factors correspo%d- * between the NCS and the valu_e saq of th_e MEE:
ing to the experimental factors, “narrative content of the (SS—NS)~(SN-NN) masked inclusively with (SS-NS).
story” and “motor expression of emotion”. Factors and in-  The inclusive masking was used to confirm the direction
teractions for which a significant effecP( < 0.05) was of the contrast. The different contrasts between conditions
found with the ANOVA were further explored. Pairwise were used to create SPM} maps, which were transformed
comparisons between the means of the subjects’ responsemto SPM{Z} maps. The SPMZ} maps were thresholded
for the factors—when a factor main effect is present in the at P < 0.0005 for main effect analysis and &t < 0.001
ANOVA—or between the means of the subjects’ responses for interaction analysis, and the cluster extent thresholded at
for the conditions—when the effect is associated with an 15 voxels minimum. Condition-specific parameter estimates
interaction between the two factors—were calculated using reflect the adjusted rCBF relative to the fitted mean and are
Wilcoxon rank test for significant differences in subjects’ expressed as a percentage of whole brain mean blood flow
responses to different values of a factor or to different in a voxel of an activated cluster. Anatomical identifica-
conditions. tion was performed with reference to the atlas of Duvernoy

[26].

2.3.2. Physiological data analysis

Data reduction of physiological measures was performed
with Biograph 2.1 and Matlab 6.1, and statistical analysis
with SPSS. We will focus on the SCR analysis, for it was 60
the only physiological measure yielding statistically signif- 40
icant modification in relation to the experimental paradigm.
SCR was calculated as the area between the curve of the
skin conductance and a regression line during the last 50s
of the recording. This allows correction for drift of skin con-

Q1: How did you find the person mood?

20

|

ductancg17]. Results were then normalized through divi- =20
sion by the subject’s mean value. Statistical analysis of the -40
reduced measures was conducted as for the behavioral data
(SeeSeCtion 23). M:-E,G:é): NCS: N S
. L . ——H 47.2 53.75

2.3.3. Functional neuroimaging analysis N = 00

Functional image fixed effects analyses were performed . - =
with statistical parametric mapping software (SPM99, Wel- —&—S 4.3 =18
come Department of Cognitive Neurology, UR1]) im- Q2: How likable did you find the person?

plemented in Matlab 6 (Math Works, Natick, MA, USA).

The scans of each subject were automatically realigned and 40
then stereotactically normalized into the space of the Mon- 30 I
treal Neurological Institute (MNI) template used in SPM99 20

(i.e. an average of 152 individual MRI scans representa- %" 0
tive of the population). Images were then smoothed with _ 1 \ =
a Gaussian kernel of 10-mm full-width at half-maximum. § 0 s
The voxel dimensions of each reconstructed scan were = 10
2mm x 2mm x 4mm in thex, y, and z dimensions, 20

respectively.

. .. .. ) =30
The d_e5|g_n for statlstlcgl ana_ll_y3|s in _SPM was defined MEE: |[NCS: N S
as “multisubjects and multiconditions” with 115d.f. Global
- . —o—H 253 -8.1
activity for each scan was corrected by grand mean scaling.
—a—N 15.4 16.6

The conditions (covariate of interest) and subject (confound,
fixed effect) effects were estimated voxel-wise according to —&—$ 18.3 323
the general linear model. The main effect of a given value for Fio. 1. Behavioral s, Grahics i biccts rat d standard
afactor was calculated by contrasting all conditions in which "'9: 1. Behavioral results. Graphics illustrate subjects ratings and standar

. L . . deviations (mean values are also given in tables later) corresponding to the
the factor has this given value to all gondltlons in which the two questions asked at the end of each video-clip in the six experimental
factor has the neutral value. Interactions were calculated asconditions by means of analogical scales (freri00 to +100).
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Table 2
Main effect of sad narrative content of the story
Brain region Coordinates Z-score Voxel size
X y z
Right dorsal premotor cortex 22 2 68 5.31 132
Right pre-SMA 6 18 64 5.37 260
Left central sulcus —42 -20 54 3.81 17
Right dorsomedial prefrontal cortex 0 36 44 3.63 22
Right inferior parietal lobule 60 —46 28 4.48 160
Right superior frontal gyrus 22 50 30 4.67 216
Left superior frontal gyrus —-20 58 22 5.13 99
Right inferior frontal gyrus 58 20 -2 4.11 176
Left inferior frontal gyrus —54 28 —4 4.34 43
Left temporal pole —40 4 —18 3.76 46
Right temporal pole 46 4 —44 5.33 353
Left amygdala —-34 6 —26 4.58 154
Right amygdala 36 10 —-30 3.54 20

Table shows regions of increased rCBF associated with the main effect for the sad NCS compared to neutral NCS (voxel extent threshold 15,
P < 0.0005).

3. Results the NCS £(1,22) = 1.4, P = 0.26) and for the MEE
(F(2,22 = 1.2, P = 0.31). A significant effect was
3.1. Subjective ratings found for the interaction between the NCS and the MEE

(F(2,22 = 7.1, P = 0.004). Pairwise comparisons be-
The corrected BEE@-scores indicated that the subjects tween pairs of conditions using the Wilcoxon rank test
we studied were representative of the normal population on showed that two conditions gave significantly  0.05)

this measure of empathy in terms of range and varigsigle different results when compared to the other ones. Results
Subjects’ ratings of the two questions asked at the end of for condition SS were significantly higher, and for SH
each scanning session are givenFig. 1 The first ques- lower, than for the other conditions.

tion concerned the mood of the narrator. At the statistical  Debriefing of the subjects after the scanning session

threshold of P < 0.05, the ANOVA indicated no effect showed that the majority of the subjects (9/12) thought that

of the NCS E(1,22 = 3.0, P = 0.11) but a strong ef-  some stories could hardly have actually happened to the

fect (F(2,22 = 1076, P < 0.001) of the MEE on the  story-tellers. Nevertheless, this did not interfere with their

results of the first question. As expected from the experi- performance of the task, and all reported that they were

mental design, results indicated that the highest scores wereconcerned by the stories and the communicators, and that

given for the happy expression (Me@vl) = 50.48, stan-  they had no difficulties to answer the two questions.

dard deviationS.D.) = 3.83), lowest for the sad expression

(M = —4312, SD. = 4.72), and close to O for the neutral 3.2, Physiological measures

expression ¥ = —1.50, SD. = 4.68). The differences be-

tween these scores were statistically significant as assessed The skin conductance was the only physiological mea-

by Wilcoxon rank test £ < 0.05 for each pair). sure yielding statistically significant effect in relation to the
The second question concerned how likable subjects experimental paradigm. The ANOVA calculated on the nor-

found the person. No significant effect was found for malized SCR indicated no effect of either the NCS or the

Table 3
Main effects of motor expression of emotion
Brain region Sad vs. neutral Happy vs. neutral

Coordinates Z-score Voxel Coordinates Z-score Voxel
Left inferior frontal gyrus —44 16 8 3.43 17 -50 18 8 4.45 104
Left dorsal premotor cortex —36 10 60 3.57 16
Left lateral orbital gyrus —44 44 -8 3.60 24
Left temporal pole —-32 4 —42 3.99 66
Left superior temporal gyrus —56 —26 6 4.15 58
Occipital cortex 2 —-94 4 6.30 1858
Left transverse orbital gyrus -32 32 10 3.82 25

Table shows regions of increased rCBF associated with the main effects for the sad (on the left) and happy (on the right) MEE compared to neutral
(voxel extent threshold 15° < 0.0005).
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MEE (respectivelyi-(1, 22) = 0, P = 0.84,F(2,22) = 2.1,

P = 0.144) but a significant effect for the interaction be-
tween the NCS and the MEE(2, 22) = 5.3, P = 0.013).
Experimental conditions, defined by both the NCS and the
MEE, have an influence on subjects’ skin conductance re-
sponse.

Normalized SCR indicated stronger effect of condition
SH (M = 1.3, SD = 0.1) than the other conditions, and
the Wilcoxon rank test indicated that it was superior to the
means for conditions NS, NH and SI¥ (< 0.05 for each

pair).

3.3. Functional brain imaging results
Adjusted 2.0
ArCBF Fars orbitalis

1.5 1

Pars opercularis

The brain regions associated with the main effects of the
sad NCS versus neutral NCS are listedlable 2 Most of
the rCBF increases were bilateral (anterior superior frontal 10 -
gyrus, inferior frontal gyrus, temporal pole, amygdala). In
addition, rCBF increases were found in the left central sul- ygp. 05
cus and in the right dorsal premotor cortex, dorsomedial _g
prefrontal cortex, pre-SMA, and inferior parietal lobule. N & {

The main effect of the two values of the factor MEE (sad

and happy) are listed iffable 3 The left inferior frontal = 8 P

gyrus was common to both expression of emotion. The left -1.0 1

dorsal premotor cortex, lateral orbital gyrus and temporal

pole were specific to the sad MEE, whereas, the occipital -1.51

lobe, the orbitofrontal transverse sulcus, and the superior

temporal gyrus were specific to the happy MEE. =

Notably each main effect yielded a specific cluster of in- 25 : .

creased activity in the inferior frontal gyrus that were further NCS: N S N S

investigated using parameter estimateig (2). In addition,

their precise location was assessed using probability mapSFig' 2. Parameter estimate analysis of the two activated clusters in the

[82] to differentiate between clusters belonging to f inferior frontal gyrus. Gra_lphs give the para.rpeter‘estlmates (i.e. adjusted

. . . . . L ArCBF £+ SD.) for the six activation conditions in these two clusters

OperCUIa”§and adjacent regions, in Par_t'cumsorb'tal's- superimposed to a standard MRI sagittal slicerat —50 shown at the
Interactions between two factors indicate the effect of one top. In blue, thepars orbitalis cluster detected in the main effect of sad

factor in the context of a specific value from the second narrative content of the stories and in red, thes opercularis cluster

factor. The interaction between the sad MEE and the NSC. found in the main effects of sad and happy motor expression of emotions;

which describes the specific effect associated with condi- " "@PPy: N. neutral; S, sad.

tion SS, yielded rCBF increase in the left precuneus, the

Table 4

Interaction between MEE and NCS

Brain region Coordinates Z-score Voxel size
X y z

Interaction sad MEEx happy NCS

Left intraparietal sulcus -50 —40 58 3.94 18
Right superior frontal sulcus 24 42 36 3.71 18
Right inferior frontal gyrus 38 6 28 4.01 26
Right superior temporal gyrus 54 -32 12 3.81 18
Left ventromedial prefrontal cortex -2 34 —6 3.59 27
Interaction sad MEEx sad NCS
Left precuneus -1 —76 58 4.07 19
Left occipital cortex -38 -84 28 4.23 82
Right mediodorsal thalamic nucleus 2 -10 2 3.67 15

Regions in which significant rCBF increases resulted from the interaction SS (top) and from the interaction SH (bottom). Voxel extent threshold 15,
P < 0.001.
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Fig. 3. Parameter estimate analysis of the cluster in the ventromedial prefrontal cortex. Graph gives the parameter estimates (i&ArGEfst&D.)
for the six activation conditions in this cluster superimposed to a standard MRI sagittal slice-at2 shown on the right, found in the interaction
describing mismatch HS condition (s&able 4; N, neutral; S, sad; H, happy.

left middle occipital gyrus, and right mediodorsal thalamic rCBF increases in the amygdala and its adjacent cortices
nucleus Table 4. The interaction between the happy MEE in the temporal poles are consistent with their role in the
and the NSC, describing the effect of SH, yielded rCBF in- recognition of emotion§l,2,85]
creases mainly in the frontal lobe (dorsolateral, ventrolateral ~ As predicted, cortical regions involved in the shared motor
and ventromedial prefrontal cortex) in the anterior intrapari- representations netwofB,42], namely the dorsal premotor
etal sulcus and the right superior temporal gyrus. A cluster cortex, pre-SMA, central sulcus, and the right inferior pari-
of activity in the ventromedial prefrontal cortex was further etal lobule, were associated with the main effect of listening
investigated using parameter estimateig ( 3). to sad stories. This was the experimental condition that was
hypothesized to afford most concern towards the others and
thus a strong feeling of liking. Since subjects performed no

4. Discussion action during the conditions but merely watched video-clips,
we suggest that this network is recruited to simulate, at a
4.1. Subjective ratings covert level, the affective experiences of the others (i.e. the

story protagonists). More specifically, several recent studies
As expected, subjects correctly rated the motor expres-performed by our group have demonstrated the important
sion of emotion (MEE) displayed by the actors (as shown role played by the right inferior parietal cortex when the self
in Fig. 1) and reported feeling less sympathy for the com- takes the perspective of othdfsl,21,22,29,75gven at the
municators in the condition of mismatch between MEE conceptual leve]76]. It is interesting to recall that accord-
and NCS, i.e. condition SH. In addition, subjective rat- ing to several theorists, empathizing not only necessitates
ings of feeling sympathy were stronger for the conditions a sharing of affects, but a minimal distinction between the

SS. self and the other is also mandatd®3,55-74] Results
of the present study, therefore, lead us to speculate that
4.2. Functional imaging results when subjects covertly simulate the narrative content of a

sad story with the intention of rating their affinity for the

The factorial design allows us to characterize brain activa- communicator (i.e. how likable they found the story-teller),
tion due to the two main effects: the NCS, regardless of the the distinction between their induced emotional states and
motor expression of emotions; and the MEE, regardless of the affective experiences evoked by the narrative content of
the narrative content of the stories. Furthermore, this designthe story also recruits the right inferior parietal lobule.
enables us to investigate the effect of interactions between The right hemispheric lateralization of the simulation net-
the two factors, which indicate the effect of sad or happy Work could, atfirst glance, be related to the strong emotional

MEE in the context of a sad NCS. value of the sad stories compared to the neutral stories, since
this hemisphere is acknowledged to play a critical role in
4.2.1. Main effect of the narrative content of the stories the processing of emotional behavif@s]. However, an al-

Listening to sad stories compared to listening to neu- ternative account may be proposed. The right hemisphere
tral StoriES, regard|ess of the emotion d|sp|ayed by the is also important in Theory of Mind, the abl'lty to attribute
story-tellers, resulted in activation in neural structures to oneself and others thoughts, intentions, and feelings. It
known to be involved in emotional processing. Bilateral has been shown that patients with acquired right hemisphere
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damage exhibit social and communicative impairments, in- two regions have been assessed by an extensive review of
cluding in their attribution of intentions to othef43]. It brain imaging studies of the semantic, lexical and phono-
seems plausible that understanding the content of the stodogical components of languadé7]. This analysis shows
ries, which rests upon an ability to track the intentions of the that the anterior part of the inferior frontal gyrus is related
communicator, is a form of Theory of Mind task or at leastit to semantics while its posterior part is related to phonology.
necessitates what Siegal and Varféy] view as a co-option In our study, the increased activity in the Broca areas
of this mechanism with language processing. The activation cannot be explained by speech production since the sub-
of the dorsomedial prefrontal cortex, which has consistently jects remained silent while watching the videos. Instead, we
been found in neuroimaging studies that require mentalizing propose this activation to be associated with the visual and
tasks[8,32], supports this interpretation. Notice that the two auditory perception of the expression of emotion displayed
hypotheses may not be mutually incompatible, and they may by the communicator. Since the Darwin’s “The expression
support Hobson'’s idea that sharing emotions is the sourceof the emotion in man and animalfl'9], evidence abounds

of understanding other’s feelings and intenti¢#3]. in favor of a contagion of emotion based on the covert imi-
tation of muscular patterns associated with specific expres-
4.2.2. Main effect of the motor expression of emotion sions (e.g[25,84). Similarly, the motor theory of speech

The motor expression of emotion, regardless of the narra- perception considers that the perception of speech is based
tive content of the story, activated the same area within the on covert imitation of the other’s articulatory pattef68].
left inferior frontal gyrus, as well as different areas, for the In addition, it has been demonstrated that action produc-
sad and happy expressions. Each main effect was associatetion and action observation tap common neural substrates
with a cluster in the left lateral orbitofrontal cortex, which in the premotor system in a somatotopic manfikd].
is consistent with its role in emotion processii3gl7,56] Furthermore, there is now general agreement that action

Involvement of the dorsal premotor cortex and of the tem- understanding is based on the activation of the shared repre-
poral pole for the sad expression shows that different but sentations recruited during action observafi®fi2,42,72]
functionally similar cortical regions are recruited by the two Broca’s area is the premotor/motor region dedicated to the
factors (i.e. MEE and NCS) triggering emotional reaction orofacial musculatur¢36]. Thus, a parsimonious interpre-
in the experimental paradigm. This could account for a pro- tation of the aforementioned arguments is that similar to
cess linking simulation and emotion like the one discussed the role played by the other premotor areas in shared rep-
in the previous section. On the other hand, the happy expres+esentation, Broca'’s region is involved in the perception of
sion was not associated with either simulation or emotion the expression of emotion. In comparison to previous neu-
areas, but only with primary and associative visual cortices. roimaging studies that investigated emotion processing in
This contrast involves the condition of mismatch between healthy subjects, especially studies that used still faces as
the MEE and the NCS (SH), an unnatural social situation, stimuli (for a recent review[5]), the use of dynamic stimuli
that could account for the absence of brain correlates of in our study is more likely to have induced such an effect.
emotional contagion, as corroborated by the low subjective

ratings of likability in this condition. 4.2.4. Interaction of MEE with NCS
The experimental design included a condition of mis-
4.2.3. The case of the left inferior frontal region match between sad story content and a happy expression of

Significant activation in two distinct areas within the left emotion displayed by the communicators, the condition SH.
inferior frontal gyrus was detected when contrasting the This experimental manipulation was done to disrupt the feel-
emotional conditions for the two factors NCS and MEE to ing of sympathy in the subjects, who were witnessing a type

their respective controld=(g. 2). of unfamiliar and inappropriate social behavior. The interac-
Sad NCS activated an area located in the anterior parttion describing the specific effect of this mismatch condition
of the inferior frontal gyrus, corresponding to tpars or- (Table 4 shows increased activity in the ventromedial pre-

bitalis (Brodmann area 47/45). This is consistent with its frontal cortex Fig. 3) and superior frontal gyrus. Both re-
functional role in the processing of semantic information. gions are associated with dealing with conflicts, more social
A large number of neuroimaging studies have indeed found for the former[81], and sensori-motor for the lattg30].
selective activation of this region in semantic processing The ventromedial prefrontal cortex is anatomically con-
[18,60] In contrast, both sad and happy MEE activated a nected to the amygdala and adjacent cortices, as well as to
cluster located in a more posterior and superior portion of brainstem areas controlling visceral functig@8]. Interest-
the inferior frontal gyrus that lies at the boundary between ingly, the target condition of this interaction was associated
the pars opercularis and thepars triangularis.* This region with the highest skin conductance response, which is con-
is known to be involved in speech production since its le- sidered as an indirect measure of emotional ardu$dl In
sion leads to Broca’'s aphasia. The respective roles of thesenormal subjects, interindividual variability in the basal ac-
tivity of this region has been reported to correlate with their
4 A probability map([82] indicates a 50-75% likelihood that this area  SUbjective emotional experien¢87]. It is consistent and
belongs topars opercularis. predictable that this condition yield the lowest scores in the
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subjects’ rating of their feeling of sympath¥ig. 1). The
activity in the ventromedial prefrontal cortex is inversely
correlated with the feeling of liking of the story protagonist
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