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Empathy examined through the neural mechanisms involved in
imagining how I feel versus how you feel pain

Philip L. Jackson, Eric Brunet, Andrew N. Meltzoff, Jean Decety ∗

Social Cognitive Neuroscience, Institute for Learning and Brain Sciences, University of Washington, Box 357988, Seattle, WA 98155-7988, USA

Received 11 July 2005; accepted 22 July 2005
Available online 6 September 2005

Abstract

Perspective-taking is a stepping stone to human empathy. When empathizing with another individual, one can imagine how the other
perceives the situation and feels as a result. To what extent does imagining the other differs from imagining oneself in similar painful
situations? In this functional magnetic resonance imaging experiment, participants were shown pictures of people with their hands or feet in
painful or non-painful situations and instructed to imagine and rate the level of pain perceived from different perspectives. Both the Self’s and
the Other’s perspectives were associated with activation in the neural network involved in pain processing, including the parietal operculum,
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nterior cingulate cortex (ACC; BA32) and anterior insula. However, the Self-perspective yielded higher pain ratings and involved the pain
atrix more extensively in the secondary somatosensory cortex, the ACC (BA 24a′/24b′), and the insula proper. Adopting the perspective

f the Other was associated with specific increase in the posterior cingulate/precuneus and the right temporo-parietal junction. These results
how the similarities between Self- and Other-pain representation, but most interestingly they also highlight some distinctiveness between
hese two representations, which is a crucial aspect of human empathy. It may be what allows us to distinguish empathic responses to others
ersus our own personal distress. These findings are consistent with the view that empathy does not involve a complete Self–Other merging.

2005 Elsevier Ltd. All rights reserved.
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. Introduction

The issue of how we perceive the pain of other people pro-
ides an avenue for tackling the neural mechanisms involved
n empathy. By virtue of its aversive properties, pain promotes
he organism’s health and integrity, and also provides a signal
hat motivates others to behave prosocially (e.g., to comfort or
elp). However, one does not need to feel the sensory aspect of
ain to understand the plight of the person in need; imagining
he distress of that individual is often sufficient to evoke feel-
ngs of concern. Recently, a number of neuroimaging studies
n pain processing have demonstrated partial neural overlap
etween the experience of pain in Self and the observation
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of pain in Others (Botvinick et al., 2005; Morrison, Lloyd,
di Pellegrino, & Roberts, 2004; Simon, Rainville, Craig, &
Miltner, 2005; Singer et al., 2004) and the evaluation of pain
for others (Jackson, Meltzoff, & Decety, 2005).

Although the actual experience of pain and the perception
of pain in other individuals tap similar brain regions, such
as the ACC and anterior insula, different activation sites
were also detected for Self and Other (Singer et al., 2004).
Interestingly, none of these above mentioned studies reported
involvement of the somatosensory cortex in perceiving the
pain of Others, contrary to what might be predicted from the
perception–action hypothesis (see Jackson & Decety, 2004;
Preston & de Waal, 2002). The perception–action model
posits that perception of emotion activates the neural mech-
anisms that are responsible for the generation of emotions.
Such a system prompts the observer to resonate with the emo-
tional state of another individual, with the observer activating
the motor representations and associated autonomic and
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somatic responses that stem from the observed target, i.e., a
sort of inverse mapping (Adolphs, 2002; Hatfield, Cacioppo
& Rapson, 1994; Preston & de Waal, 2002). Furthermore,
psychological research has demonstrated that perception of
an action activates action representations to the degree that
the perceived and the represented action are similar (Knoblich
& Flach, 2003). This perception–action coupling consti-
tutes one important component in the neural architecture
underlying empathy (Decety & Jackson, 2004; Goldman &
Sripada, 2005; Meltzoff & Decety, 2003; Preston & de Waal,
2002).

In this study, we draw upon the findings of similarities
between imagination and actual production of behavior that
accumulated in the last two decades (Hesslow, 2002), but we
also leave room for complementary interpretation and limits
of this sharing mechanism. A number of neuroimaging
studies demonstrated that mental simulation of actions
taps similar neural networks to those involved in action
execution (e.g., Decety et al., 1994; Jackson, Lafleur,
Malouin, Richards, & Doyon, 2001; Parsons, 1994; Parsons
& Fox, 1998). Notably, one study showed that mental
imagery of action engages the somatotopically organized
sections of the primary motor cortex in a systematic manner
as well as activates some body-part-specific representations
in the nonprimary motor areas (Ehrsson, Geyer, & Naito,
2003). Evidence for similar congruence was found for
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when they watched and assessed a painful scenario would
influence their ratings of the perceived pain. It was anticipated
that participants would give higher ratings during conditions
in which they were asked to imagine themselves in painful
situations than when the same situations were assessed while
imagining the pain of someone else. Imagination of Self-pain
should be more similar to the actual experience of pain than
imagination of Other’s pain. Consequently, the assessment of
the level of pain should be easier and quicker for Self than
for Other. Moreover, taking the perspective of a human being
(ourselves or someone else) in painful situations should yield
higher ratings than imagining an artificial limb in the same
situations.

2.1. Methods

2.1.1. Participants
Thirty-four healthy individual aged 29 ± 6.5 years were

recruited (20 females, 14 males). Participants gave informed
consent according to the declaration of Helsinki.

2.1.2. Materials
A series of 96 digital color pictures showing right hands

and right feet of people in painful and non-painful situations
was used. All situations depicted familiar events that can
happen in everyday life to people (e.g., pinching one’s finger
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isual perception (Kosslyn, 1996; Kosslyn & Thompson,
003), auditory perception (Halpern, Zatorre, Bouffard, &
ohnson, 2004), and olfactory processing (Bensafi et al.,
003). We therefore expect that imagining oneself in a
ainful situation taps into the neural mechanisms of pain
rocessing.

However, imagining how another person feels and how
ne would feel oneself in a particular situation require
istinct forms of perspective-taking that likely carry dif-
erent emotional consequences (Batson, Early, & Salvarini,
997a). Research in social psychology (Batson et al., 1997b;
nderwood & Moore, 1982) has documented this distinction
y showing that the former may evoke empathy (defined
s an Other-oriented response congruent with the perceived
istress of the person in need; see also Davis, 1996; Hodges

Wegner, 1997), while the latter induces both empathy and
istress (i.e., a Self-oriented aversive emotional response).
e believe that these different outcomes of perspective-

aking arise from a combination of similar as well as
istinct cognitive and neural processing, thereby extending
he current account of the perception–action model in the
ontext of human empathy (Decety & Jackson, 2004).

. Experiment 1—stimuli and tasks validation

We first conducted a behavioral experiment to test whether
aking different perspectives while watching pictures of
otentially painful scenarios leads to different ratings of pain.
e expected that the perspective adopted by participants
n a door, or catching one’s toe under a heavy object). Various
ypes (mechanical, thermal and pressure) and levels (neutral
no pain], low pain, medium pain, high pain) of pain inflicted
o the limbs were depicted. Neutral pictures showed limbs
n visually similar situations without pain component (e.g., a
and on the handle of a drawer as opposed to being caught in
he same drawer). Using a picture editing software, the limbs
ere carefully centered and all pictures were then edited to

he same size. Finally, a Gaussian filter was applied on the
imb in order to reduce age and gender biases, and facilitate
dentification with the target. In addition, randomization
nd counterbalancing between conditions should even
ut this potential confounding factor across conditions of
nterest.

.1.3. Procedure
Three different perspectives were manipulated through

xplicit instructions: the subject’s own perspective (Self), that
f a specific but unfamiliar person (Other), and that of a plas-
ic limb (Artificial). In order to make the distinction between
he three conditions more explicit, the Other was described to
he participant as being a specific but unfamiliar individual,
hile Artificial limb referred to a plastic limb such as that of
manikin. Stimuli were presented with a computer running

he Presentation software (Neurobehavioural SystemsTM) to
anage the timing and presentation of the stimuli, as well as

he recording of responses. Under each scenario a visual ana-
ogue rating scale ranging from “No Pain” to “Worst Possible
ain” was presented. Participants were instructed to evalu-
te the level of pain according to the perspectives previously
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shown on an instruction panel. Note that in the Artificial limb
trials participants were asked to rate the level of damage the
scenario would inflict to the limb. Stimuli were grouped in
blocks of four trials of the same condition. Each trial lasted
3 s and consisted of one of the pain scenarios. Prior to each
block of trials, an instruction panel (2 s) informed the partic-
ipants of the perspective they had to adopt (i.e., Self, Other,
Artificial). The task was performed during four sessions of 15
blocks each. The limb and the level of pain of each trial were
randomized across the experiment. Each different stimulus
was presented three times (once per condition). Participants
used two keys on the computer keyboard and used their left
hand to move the cursor left or right on the scale. Note that
the cursor initially appeared in the middle of the scale and the
use of the left hand was favored in consideration for the next
experiment (see Experiment 2). Participants were instructed
to answer as quickly and as accurately as possible. Ratings
and response times (ms) were recorded for each trial. The
cursor position was later converted to a percent value and
ratings were then normalized intra-individually within condi-
tions. Each participant had a maximum of 3 s (trial duration)
to enter each response after which the next trial would be
presented. If no response was entered, an omission error was
recorded and the trial was excluded from the analysis. Nor-
malized ratings as well as response times were submitted to
two-way repeated measure ANOVAs (Condition × Session)
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3. Experiment 2—functional imaging

We then conducted an fMRI experiment with naı̈ve
participants to investigate differences in blood oxygenation
dependent level (BOLD) signal in the cerebral networks
involved in the distinct perspectives from which pain can
be assessed. Predictions can be organized in three levels:
(1) We predicted that taking the Self-perspective, which
is closer to the situation of Self-pain, should provide the
strongest activation in the pain-related cerebral network. In
light of previous work on pain representation (Jackson et al.,
2005; Morrison et al., 2004; Singer et al., 2004), modulation
of the BOLD signal is likely to be higher in regions involved
in the affective aspects of pain processing such as the
anterior cingulate cortex and the anterior insula. (2) We
further predicted that the pattern of cerebral activity between
assessing pain for Self and for Other should vary within
regions known to play a role in perspective-taking. Notably,
the posterior cingulated cortex, the right temporo-parietal
region, as well as the frontal poles have previously been
identified as key regions to this process (e.g., Decety, 2005).
(3) Finally, we expected that taking the perspective of a
human being as opposed to an artificial limb should result in
stronger activation of pain-related regions, as well as within
the systems important for perspective-taking and most
importantly those involved in the attribution of affective
s
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nd a priori contrasts were computed the Bonferroni proce-
ure. The alpha level was set at P < 0.05.

.2. Results and discussion

Analysis on the normalized ratings showed a significant
ain effect of Condition (F(1, 33) = 233.4, P < 0.0001), as
ell as Session (F(1, 33) = 6.45, P < 0.05). The interaction
id not reach significance level. Pair-wise comparison based
n a priori hypotheses showed that participants gave higher
atings in the Self-condition than in both the Other- and
rtificial-conditions, as well as higher ratings in the Other-

han in the Artificial-condition ([mean ± standard devia-
ion]; Self Z = 0.3170 ± 0.1628; Other Z = 0.1488 ± 0.1765;
rtificial Z = −0.4187 ± 0.1757; P < 0.05). Analysis of the

esponse times also showed significant main effects of Con-
ition (F(1, 33) = 6.1, P < 0.05) and Session (F(1, 33) = 49.0,
< 0.0001), but no Condition × Session interaction. Pair-
ise comparisons showed that participants were faster in the
elf- (1381 ± 249 ms) than in the Other- (1466 ± 261 ms)
nd Artificial-conditions (1434 ± 276 ms; P < 0.05), but that
he response times in the Other- and the Artificial-conditions
id not differ significantly. It was thus demonstrated that on
verage both human perspectives led to significantly higher
atings than the non-human artificial perspective. Moreover,
articipants rated the scenarios as being significantly more
ainful when they imagined themselves (Self) as opposed to
omeone else (Other), and they were faster at providing their
atings when imagining themselves, as opposed to someone
lse.
tates. The medial prefrontal cortex is acknowledged to
lays a critical role in such processes (Frith & Frith, 2003).

.1. Methods

.1.1. Participants
Eighteen healthy right-handed volunteers (10 females, 8

ales) aged between 18 and 31 years (M = 25.2, S.D. = 4.4)
articipated in the study. None had participated in previous
xperiments on related topics, including the validation of the
timuli and tasks described in Experiment 1 of the current
aper. Participants gave informed written consent and were
aid for their participation. No participant had any history
f neurological, major medical, or psychiatric disorder. The
tudy was approved by the local Ethics Committees, and con-
ucted in accordance with the Declaration of Helsinki.

.1.2. Materials
The same stimuli described in Experiment 1 were used in

he functional MRI study. The design was also very similar
xcept that a few minor changes were made to comply with
MRI methods and constraints as described below.

.1.3. Scanning method and procedure
Participants took part in three consecutive mixed-design

i.e., event-related block design) fMRI sessions on the same
ay. The number of sessions (three as opposed to four in the
revious experiment) was used to comply with a stricter coun-
erbalancing and randomization of stimuli across sessions.
he different stimuli (hands/feet; three levels of pain/no pain)
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were randomized and counterbalanced across the sessions
and were presented following an event-related design. The
instructions for perspective-taking (Self, Other, Artificial)
were blocked in order for participants to engage and main-
tain specific mental sets. Each block consisted of three trials
preceded by an instruction screen (2 s) indicating the perspec-
tive from which participants had to imagine the scenario. The
duration of each trial varied randomly between 3.6, 4.2, 4.8
and 5.4 s within each block in order to introduce jittering.
The use of jitter in the design allows extraction of the signal
from each event even though the stimuli are presented rapidly
one after the other (Donaldson & Buckner, 2001). The order
of the perspective condition was randomized within sessions
and each was presented eight times for a total of 24 blocks
per session. Note that each individual scenario was presented
three times during the whole experiment, so that they were
each assigned to all three perspective conditions (randomized
between runs). For every trial, participants used a two-button
response box under their left hand to move a cursor hori-
zontally on the scale, which appears below the pictures. Use
of left hand response was favored to reduce interaction with
a possible somatotopic representation of the right hands in
painful situations. Participants were instructed to answer as
quickly and as accurately as possible. They were provided
with several training trials prior to the scanning sessions in
order to learn to use the rating scale and perform the task
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Inc., Sherborn, MA). Images were realigned and normal-
ized using the SPM templates. The normalized images
of 2 mm × 2 mm × 2 mm were smoothed by a FWHM
6 × 6 × 6 Gaussian kernel. A first fixed-level of analysis was
computed subject-wise using the general linear model with
hemodynamic response function using event-related regres-
sors for each of the conditions. Contrast images for each
condition and the contrasts of interest for each participant
were computed and transformed, after spatial normalization,
into standard (MNI152) space. First-level contrasts were
introduced in second-level random-effect analysis to allow
for population inferences. One-sample t-tests including all
subjects for each of the contrasts of interest, which yielded
a statistical parametric map of the t-statistic (SPM t) were
computed. A voxel-level threshold of P < 0.001 uncorrected
for multiple comparisons (t = 3.65) and an extent threshold
of k > 5 were used to identify significant activity changes in
pain-related regions based on the results of previous studies
(Jackson et al., 2005; Morrison et al., 2004; Singer et al.,
2004). A threshold of P < 0.05 corrected was used for other
brain areas.

Parametric analyses were also performed to determine
the brain regions whose activity varies with the pain-ratings
given by the participants during either the Self- or the Other-
condition. Normalized ratings were introduced in first-level
parametric analyses, at the subject level, taking into account
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ccurately and within the allotted time. Ratings and response
imes (ms) were recorded for each trial. The cursor position
as later converted to a percent value and ratings were then
ormalized intra-individually within conditions. Participants
ad a maximum of 3 s (trial duration) to enter their response
fter which the next trial would be presented. If no response
as entered, an omission error was recorded and the trial
as excluded from the analysis. Normalized rating as well as

esponse times were submitted to two-way repeated measure
NOVAs (Condition × Session) and a priori contrasts were

omputed with the Bonferroni procedure. The alpha level was
et at P < 0.05.

.1.4. fMRI data acquisition and analyses
MRI data were acquired on a 3 T head-only Siemens Mag-

etom Allegra System equipped with a standard quadrature
ead coil. Changes in blood oxygenation level-dependent
BOLD) T2* weighted MR signal were measured using a
radient echo-planar imaging (EPI) sequence (repetition
ime TR = 2000 ms, echo time TE = 30 ms, FoV = 192 mm,
ip angle = 80◦, 64 × 64 matrix, 32 slices/slab covering the
hole brain including the cerebellum, slice thickness 4.5 mm,
o gap, voxel size = 3.0 mm × 3.0 mm × 4.5 mm). For each
un, a total of 260 EPI volume images were acquired along the
C–PC plane. Structural MR images were acquired with a
PRAGE sequence (TR = 2500, TE = 4.38, FoV = 256 mm,

ip angle = 8◦, 256 × 256 matrix, 160 slices/slab, slice thick-
ess = 1mm, no gap). Image processing was carried out using
PM2 (Wellcome Department of Imaging Neuroscience,
ondon, UK), implemented in MATLAB 6.5 (Mathworks
nly trials from Self- and Other-conditions. First-level
tatistics were introduced into second-level random effects
nalysis, which consisted of one-sample t-tests including
ll participants, for each condition separately. A voxel-level
hreshold of P < 0.001 uncorrected for multiple comparisons
t = 3.65) and an extent threshold of k > 5 voxels were used to
dentify clusters of activation within regions of interest based
n a priori hypotheses. A threshold of P < 0.05 corrected
as used for other brain areas.
Time courses in specific regions of interest were com-

uted with MarsBaR region of interest toolbox v0.36.1
http://www.sourceforge.net/projects/marsbar) for SPM2.
he regions of interest were extracted from the correspond-

ng clusters found in SPM contrasts (threshold P < 0.001).
hus, only data from significantly activated voxels were
sed to compute time courses. To compute individual time
ourses the percent signal change related to a specific
ategory of event (i.e., Self and Other trials) was computed
or a given participant at each time point. Then, individual
ime courses were averaged across the 18 participants to
roduce the mean hemodynamic response associated with an
vent.

.2. Results

.2.1. Behavioral results
This experiment replicated most of the behavioral results

f Experiment 1. Analysis on the normalized subjective
atings showed significant main effects of Condition (F(1,
7) = 460.66, P < 0.0001), and Session (F(1, 17) = 8.78,

http://www.sourceforge.net/projects/marsbar
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P < 0.01). The interaction did not reach significance level.
Bonferroni contrasts on the normalized ratings showed that
participants rated the scenarios as significantly more painful
in the Self- than in the Other-condition, and also rated both
of these conditions significantly higher than the Artificial
one (Self Z = 0.4911 ± 0.1696; Other Z = 0.1719 ± 0.2261;
Artificial Z = −0.6631 ± 0.2072: P < 0.05). Analysis of the
response times showed a significant main effect of Session
(F(1, 17) = 36.16, P < 0.05), but not of Condition, nor of
the Condition × Session interaction. Bonferroni a priori con-
trasts confirmed that participants were significantly faster at
providing a rating when adopting the Self-perspective ver-
sus the Other-perspective (P < 0.05), and marginally faster in
the Self- than in the Artificial-condition (P = 0.16). Response
times did not differ significantly between Other and Arti-
ficial (Self = 1377 ± 233 ms; Other = 1469 ± 212 ms; Artifi-
cial = 1439 ± 183 ms).

3.2.2. Regions involved in pain representation
The BOLD signal elicited by the painful nature of the

stimuli was first assessed by contrasting the hemodynamic
response to the painful stimuli with those that did not depict
any pain (Neutral), for both Self- and Other-perspectives
combined. Significant changes in signal intensity were
detected in a number of brain regions related to pain pro-
cessing (Table 1), including the ACC (Brodmann’s area 32;
B
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Fig. 1. ACC activity in pain representation is related to pain intensity. Cluster
of activation in the contrast Self-pain vs. Other-pain (blue; x = 0, y = 0, z = 36
[t = 4.33]) and different clusters from the parametric analysis for the Self-
condition (green). Coordinates in MNI system refer to local cluster maxima.

3.2.3. Parametric analyses of the pain representation
In order to further support the interpretation that the

changes in activity reported in the pain-related regions are
related to the intensity of the pain depicted, parametric anal-
yses were performed for the Self- and the Other-conditions
using each participant’s normalized ratings (Fig. 1). These
analyses confirmed that changes in activity in both the insula
and the ACC were related to the level of pain imagined but
some interesting differences were noted between the patterns
of results from the Self- and Other-conditions. Activation in
the anterior insula was restricted to the right hemisphere for
the Other-condition, while it was found bilaterally for Self.
Moreover, activation in the medial wall was restricted to the
paracingulate/SMA region (BA 32) in the Other-condition,
while for the Self an additional and spatially distinct
cluster was found in the ACC (BA 24a′/24b′). Note that

T
P

P MNI coordinates t-Score

x y z

A −6 24 39 6.62
A 6 21 42 6.41
A 33 21 0 8.31**

A −30 18 3 7.22**

I 60
I −48
V −21
V 15
T −12
P 63
P −60
P 42
P −30
C −36

C res, fro
s l thresh
A32), anterior insula, ventral striatum, thalamus, parietal
perculum, posterior parietal cortices and cerebellum. In
ddition, changes in activity were observed in the inferior
rontal gyrus bilaterally. Note that hand versus foot contrasts
id not yield robust findings related to a possible somatotopic
rganization of the pain representation and those conditions
ere collapsed thus forth. Note that the same analyses
erformed separately with the Self- and the Other-conditions
lso yielded bilateral activation of the posterior parietal cor-
ex, the anterior insula, and the anterior cingulate (not shown).

able 1
ain-related sites of activation

ain-related regions L/R

nterior cingulate cortex (BA 32) L
nterior cingulate cortex (BA 32) R
nterior insula R
nterior insula L

nferior frontal gyrus R
nferior frontal gyrus/anterior insula L
entral striatum L
entral striatum R
halamus L
arietal operculum R
arietal operculum L
osterior parietal cortex R
osterior parietal cortex L
erebellum L

lusters of significant signal change in the right (R) and left (L) hemisphe
timuli vs. neutral stimuli, for the Self- and Other-conditions collapsed (voxe
12 24 7.73**

9 3 7.90**

9 0 4.24
6 0 4.53

−12 0 4.30
−18 36 6.17
−21 33 7.69**

−45 51 5.53
−51 54 6.99
−48 −39 4.99

m anterior to posterior coordinates, when the participants watched painful
old P < 0.001 uncorrected [t = 3.65]; [k > 5]; **P < 0.05 corrected [t = 7.14]).
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Table 2
Self vs. Other contrast

Region L/R MNI coordinates t-Score

x y z

Insula R 42 3 −6 4.42
Insula L −42 3 −6 4.51
Insula L −42 −3 12 4.48
Anterior cingulate cortex

(BA 24a′/24b′)
L/R 0 0 36 4.33

Globus pallidus/thalamus L −21 −15 3 3.89
Parietal operculum/SII L −63 −24 36 6.41
Parietal operculum/SII R 66 −27 42 4.39
Parietal operculum/SII R 63 −30 27 4.56
Postcentral gyrus R 30 −36 63 3.93
Postcentral gyrus L −15 −54 66 4.35

Clusters of significant signal change in the right (R) and left (L) hemispheres,
from anterior to posterior coordinates, when the participants watched painful
stimuli and imagined it from the Self-perspective vs. the Other-perspective
(voxel threshold P < 0.001 uncorrected [t = 3.65]; [k > 5].

neurons that respond specifically to painful stimulation
have been identified with intracortical electrodes recordings
in a very similar region of the ACC (Hutchison, Davis,
Lozano, Tasker, & Dostrovsky, 1999; x = 3–5, y = 3–13,
z = 26–36).

3.2.4. Self versus Other
Direct contrast between imagining Self and imagin-

ing Other in painful situations also revealed clusters of
activation in a number of pain-related regions of interest
(Table 2). Activations associated with the Self-condition
were detected in the ACC (BA 24a′/24b′; in the same region
identified through the parametric analysis; Fig. 1), the insula
bilaterally (Fig. 2A), the left striatum, as well as in the
parietal operculum/SII bilaterally (Fig. 2B). The reverse
comparison (i.e., Other versus the Self in painful situations)
resulted in bilateral clusters of activity in the posterior
cingulate/precuneus and in the right temporo-parietal region,
as well as a cluster in the middle frontal gyrus (Table 3).

Table 3
Other vs. self contrast

Region L/R MNI coordinates t-Score

x y z

M
S

S

I
P
P

C
f
s
(
r

Fig. 2. Greater pain representation in the Self-condition. (A) Bilateral clus-
ters of significant activation in the insula proper for the contrast Self-pain
vs. Other-pain. (B) Bilateral clusters of significant activation in secondary
somatosensory cortex (SII) for the contrast Self-pain vs. Other-pain.

3.2.5. Human perspectives versus artificial limb
The contrast between imagining Self and Other in painful

situations versus imagining damage to an artificial limb points
out the neural activity associated with adopting the perspec-
tive of a human being (Fig. 3). Part of our hypothesis is
thus confirmed, showing significant clusters in the medial
prefrontal cortex (MPFC) bilaterally (centered at x = −12,
y = 54, z = 36 and x = 9, y = 57, z = 39), extending laterally in
the left hemisphere, as well as in the posterior cingulate cor-
tex bilaterally (x = −6, y = −51, z = 24, and x = 12, y = −48,
z = 27, as well as x = 0, y = −15, z = 39). Finally, additional
clusters were located in the inferior parietal lobule bilaterally
(x = −57, y = −66, z = 21, and x = 48, y = −54, z = 24).

4. General discussion and conclusion

Our study showed that taking the Self-perspective while
assessing the pain of hands and feet in potentially harmful sit-
uations reliably yields higher subjective ratings and shorter
response time than when the perspective of another person
is adopted. One interpretation for the higher ratings is that
imagining painful scenarios from a Self-perspective is more
iddle frontal gyrus (BA 8) R 51 18 48 4.75
upramarginal gyrus
(temporo-parietal junc)

R 48 −57 27 5.18

up temporal gyrus
(temporo-parietal junc)

L −45 −60 27 3.89

nferior parietal lobule L −51 −69 39 4.60
osterior cingulate/precuneus L −12 −60 36 7.23**

osterior cingulate/precuneus R 3 −66 39 6.16

lusters of significant signal change in the right (R) and left (L) hemispheres,
rom anterior to posterior coordinates, when the participants watched painful
timuli an imagined it from the Other-perspective vs. the Self-perspective
voxel threshold P < 0.001 uncorrected [t = 3.65]; [k > 5]; **P < 0.05 cor-
ected [t = 7.14]).
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Fig. 3. Medial prefrontal activity related to taking a human perspective.
(A) Cluster of significant activation in the medial prefrontal cortex (MPFC)
for the contrast Self-pain vs. Artificial damage and (B) for the contrast
Other-pain vs. Artificial damage. (C) Hemodynamic response in the medial
prefrontal cortex at x = 9, y = 57, z = 39 for the Self- (blue), Other- (yellow)
and Artificial- (red) conditions.

closely related to the one’s own actual experience of pain
than taking the perspective of a stranger. Similarly, the faster
response times in the Self-condition suggest that less compu-
tation has to be performed in order to determine a pain rating
from this perspective. Assessing the pain of Others is likely
to require an additional frame of reference (which can be the
Self, or not), which is not necessary when assessing pain in
Self.

Further, our study demonstrates that imagining the Self
and imagining the Other in painful situations are both associ-
ated with activation of the pain-related neural network. These
findings are compatible with previous neuroimaging stud-
ies on pain perception, whether it is actually experienced
(Morrison et al., 2004; Rainville, Duncan, Price, Carrier,
& Bushnell, 1997; Singer et al., 2004), visually perceived
(Botvinick et al., 2005; Jackson et al., 2005; Morrison et
al., 2004), inferred (Singer et al., 2004), or even conveyed
by words (Osaka, Osaka, Morishita, Kondo, & Fukuyama,
2004). Furthermore, the fact that we obtained similar findings
with imagined pain is compatible with the general assump-
tion of the simulation theory. This theory states that behavior
can be simulated by activation of the same neural resources
for acting and perceiving, and in both cases yield its expected
consequences (Hesslow, 2002).

Yet, one important aspect of our findings, which adds to
this interpretation, is the differentiation between imaging the
S
c
i
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Differences in the neural responses between the two per-
spectives are organized on two different levels. First, imag-
ining Self engaged the pain matrix more extensively than
imagining Other as evidenced by specific activity in the ACC
(BA 24), insula proper, thalamus, as well as in the secondary
somatosensory cortex. The latter two brain areas are con-
sidered part of the sensory component of pain processing
(Bushnell et al., 1999). This suggests that the Self-perspective
drives participants to tap beyond the affective aspects of pain
processing and is able to trigger part of the sensory aspects as
well. Further evidence for this interpretation comes from the
results of the parametric analyses, which showed a relation-
ship between the ACC (BA 24a′/24b′) and the pain rating
of subjects, but only in the Self-condition. Activation in
the ventral striatum, which is part of the limbic system and
involved in reward mechanisms, is another evidence that Self-
perspective taps into affective processes to a greater extent
than Other-perspective.

Another difference between the two perspectives emerges
from the activation patterns within the insula. While the
Self-perspective engages the insula bilaterally, it seems that
the Other-perspective involves mainly the insula in the right
hemisphere. One interpretation for this difference could be
that, while the insula is generally involved in representing
the homeostatic state of the body from its sensory pathways,
only the right insula would serve to compute a higher order
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elf and Other in pain. The similarity between pain pro-
essing related areas is more extensive when participants
magined themselves in a painful situation than when they
magined the Other in the same situations.
metarepresentation of the primary interoceptive activity”,
hich is related to the feeling of pain and its emotional aware-
ess (Craig, 2003). Thus, activation of the left insula in the
elf-condition only could be interpreted as further evidence
f a partial sensory representation specific to this condition.

Failure to observe any activation of the primary
omatosensory cortex in imagined pain conditions is not too
urprising. In fact, even actual noxious stimuli yield inconsis-
ent results in the neuroimaging literature. One of the inter-
retations for this inconsistency is that the different tasks used
cross experiments vary in terms of the type and the focus
f the attention required from the subjects (Bushnell et al.,
999). The hypothesis is that SI would be involved when sub-
ects are required, for instance, to make a fine discrimination
udgment about the location or the type of pain (i.e., sensory
spects of pain). When attention is drawn mainly to the affec-
ive components of pain, as it is likely the case in our study
with the exception of the Self-condition), then less change in
I would be expected. However, some contemporary mod-
ls of pain processing (e.g., Price, 2002) do not view the
ffective and sensory components as two processes based on
istinct parallel pathways, but rather suggest that the exten-
ive networks that subserve pain mechanisms involve both
erial and parallel circuitry that are themselves modulated by
ther regions. Recently, a transcranial magnetic stimulation
tudy reported changes in corticospinal motor representations
f hand muscles in individuals observing needles penetrating
ands or feet of a human model (Avenanti, Bueti, Galati, &
glioti, 2005). This shows that the observation of pain can

nvolve the somatosensory-motor representations.
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Second, imagining the Other in painful situations as com-
pared to neutral ones yielded activations restricted to the
affective component of pain-processing. This affective com-
ponent is mediated notably by the ACC and the insula
(Rainville, 2002). Moreover, as compared to Self, this con-
dition was associated with greater activations in the right
temporo-parietal region, which is known to play a crucial
role in perspective-taking and the sense of agency (Blanke
& Arzy, 2005; Decety, 2005; Decety & Sommerville,
2003; Jeannerod, 2003; Meltzoff & Decety, 2003).

The fact that there is a partial overlap between imagin-
ing the Self and imagining the Other is coherent with the
shared representations theory (see Decety & Sommerville,
2003; Jeannerod, 1999). The non-overlapping part of the
neural circuit, including the right temporo-parietal area, is
hypothesized to play a critical role for the sense of agency
and self-identification (see Jeannerod & Pacherie, 2004). We
believe that agency is an important aspect of our theory of
empathy, which postulates that affective sharing must be
modulated and monitored by a sense of whose feelings belong
to whom (see Decety & Jackson, 2004).

The stronger involvement of the medial prefrontal cortex
extending to the frontal poles in imagining Self and Other
compared to an artificial limb supports its role in the attri-
bution of mental states (Frith & Frith, 2003), which are
not imagined when the stimulus is processed as an artificial
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the distinction between empathy and personal distress. Previ-
ous studies in social psychology demonstrated that imagining
how you would perceive a situation in the Other’s position
and how you would feel as a result leads to more physiological
arousal and engenders different emotional constellation than
imagining how the Other perceives the situation and feels as
a result (Batson et al., 1997b). Focusing on our own thoughts
and feelings reduces empathy, whereas focusing on those of
distressed Others increases empathy (Thompson, Cowan, &
Rosenhan, 1980). Recent cognitive neuroscience research has
found that imagining actions (Ruby & Decety, 2001), beliefs
(Ruby & Decety, 2003), feelings (Ruby & Decety, 2004),
or food preferences (Seger, Stone, & Keenan, 2004) from
the first (Self) and third person (Other) perspectives produce
some overlap in terms of brain activation patterns. However,
the posterior cingulate, right temporo-parietal junction, and
prefrontal cortex are generally associated with third-person
perspective. It can be argued that the more extensive involve-
ment of pain-related regions that share connections with
limbic structures (such as the insula, and the ventral stria-
tum) when imagining the Self is associated with feelings of
discomfort that arise from this egocentric perspective. Note
that in the present experiment, the Self-condition was asso-
ciated with stronger subjective ratings of pain, and that the
clusters in both the insula and the ACC (BA 24a′/24b′) corre-
spond to subregions subserving visceral responses (Dupont,
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bject. A number of brain imaging studies as well as clini-
al neuropsychological examinations have confirmed that a
ather restricted group of brain regions (notably the medial
refrontal cortex) are reliably activated when individuals per-
orm a variety of theory of mind tasks (e.g., Brunet, Sarfati,
ardy-Baylé, & Decety, 2000; Happé, Brownell, & Winner,
999). A recent functional MR study has documented the spe-
ific involvement of the medial prefrontal cortex while adults
atched video-clips of human interaction, but not when the

lips depicted robots (Han, Jiang, Humphreys, Zhou, & Cai,
005). In addition, the cluster found in the human conditions
xtends to the most anterior aspect of the medial prefrontal
ortex, into the frontopolar cortex. There is evidence that this
atter region is generally involved in the process of evalua-
ion of self-generated responses, and is recruited when the
ask requires monitoring and manipulation of information
hat has been internally represented (Christoff & Gabrieli,
000). It is worth mentioning that the apparent activation
f the medial prefrontal cortex has been shown to reflect less
eactivation of this region compared to the contrast condition
n a number of studies (e.g., Pochon et al., 2002). Although
pecific details of the experimental design are required to be
ble to demonstrate this (such as a fixation cross baseline,
hich was not present in the current design), this alternate

nterpretation cannot be excluded, especially in light of the
ime course plotted for this region (Fig. 3C).

Altogether, our findings can also be interpreted based on
he theory that two different emotional responses can be
xpected when taking the perspective of Self and that of
ther (Batson et al., 1997a). These in turn can be linked to
ouilleret, Hasboun, Semah, & Baulac, 2003; Paus, 2001)
nd pain processing (Hutchison et al., 1999). Importantly,
he part of the anterior cingulate gyrus specifically activated
y Self-perspective contains pyramidal neurons that project
irectly and indirectly to subcortical brain regions associ-
ted with homeostasis and autonomic control, including the
ypothalamus, and periaqueductal grey matter (Vogt, Hof, &
ogt, 2004). A number of studies with both healthy controls
nd patients have shown that this aspect of the ACC is impli-
ated in mediating changes in arousal according to context as
videnced changes in heart rate (e.g., Critchley et al., 2003).
t is thus interesting that this region is specifically recruited
uring Self-perspective, which is hypothesized to trigger
motional distress. Combined with the result of the para-
etric analysis, showing a correlation between pain ratings

nd activity in this region again specific to the Self-condition,
he findings support the idea that the Self-condition put par-
icipants in a significantly different emotional state than the
ther-condition.
It thus seems that changes in the perspective adopted

y the subjects modulate the evaluation processes related
o pain, and consequently the brain response associated to
hose processes. However, it remains difficult to convinc-
ngly tease apart modifications of the BOLD signal which are
elated to the changes in perspectives itself from those that are
ssociated with different degrees of pain ratings (and likely
timuli-related arousal). Matching the subjects’ responses
n the different perspective conditions with regards to pain
atings, and then comparing the effect of changing the per-
pective would be worth exploring in future studies.



760 P.L. Jackson et al. / Neuropsychologia 44 (2006) 752–761

Our results nevertheless strongly suggest that empathy
for pain does not rely on a full overlap between Self and
Other. This is in agreement with a number of scholars who
have argued that to experience empathy, Self and Other
must be distinguished rather than merged (Batson et al.,
1997a; Decety, 2005; Decety & Jackson, 2004; Ickes, 2003;
Reik, 1949). By contrast, experiencing another’s person’s
pain or distress in the same way as one’s own experience
would lead to “empathic over-arousal,” in which the focus
then becomes one’s own feelings of stress rather than the
Other’s need (Eisenberg, 2000). This further argues that Self-
perspective elicits a more egocentric affective response than
when empathizing for others. Consistent with this idea, imag-
ining Self in pain was associated with a cluster of activation
in the left parahippocampal gyrus (albeit this cluster did not
reach our strict threshold for whole brain analysis), a region
known to play a key role in emotional episodic memory
retrieval (Smith, Henson, Dolan, & Rugg, 2004). In light of
our findings, it would be worthwhile to investigate further the
role of memory and experience in the empathic response to
pain, which stems from the conflict between the short-term
goal of avoiding unpleasant situations for the Self and the
motivation to feel for the Other.
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