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Abstract: Recent studies in cognitive neuroscience have suggested that the integration of information
about the internal bodily state and the external environment is crucial for the experience of emotion.
Extensive overlap between the neural mechanisms underlying the subjective emotion and those
involved in interoception (perception of that which is arising from inside the body) has been identified.
However, the mechanisms of interaction between the neural substrates of interoception and emotional
experience remain unclear. We examined the common and distinct features of the neural activity
underlying evaluation of emotional and bodily state using functional magnetic resonance imaging
(fMRI). The right anterior insular cortex and ventromedial prefrontal cortex (VMPFC) were identified
as commonly activated areas. As both of these areas are considered critical for interoceptive awareness,
these results suggest that attending to the bodily state underlies awareness of one’s emotional state.
Uniquely activated areas involved in the evaluation of emotional state included the temporal pole, pos-
terior and anterior cingulate cortex, medial frontal gyrus, and inferior frontal gyrus. Also the precu-
neus was functionally associated with activity of the right anterior insular cortex and VMPFC when
evaluating emotional state. Our findings indicate that activation in these areas and the precuneus are
functionally associated for accessing interoceptive information and underpinning subjective experience
of the emotional state. Thus, awareness of one’s own emotional state appears to involve the integration
of interoceptive information with an interpretation of the current situation. Hum Brain Mapp 34:598–
612, 2013. VC 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Understanding the subjective experience of emotion has
been a topic of great interest for more than a century. Wil-
liam James [1884] proposed that the experience of emotion
results from the perception of specific and unique patterns
in the somatovisceral response, a theory that has provoked
much discussion [Plutchik and Ax, 1967; Rainville et al.,
2006; Schachter and Singer, 1962]. A large number of stud-
ies have examined how emotional responses occur, and
which parts of the brain regulate these responses. Not
only the neural responses but also peripheral autonomic
activity specific to particular emotions have been studied
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using various emotion-inducing paradigms such as spon-
taneous recall of emotional episodic memory [Damasio
et al., 2000; Rainville et al., 2006], emotional facial expres-
sion [Ekman et al., 1983], and emotion-laden films [Vianna
and Tranel, 2006]. A recent study found that emotion-
related neural activity also encodes underlying patterns of
peripheral response, and suggested that activity in certain
brain areas represents essential relations between subjec-
tive emotional feelings and bodily response [Harrison
et al., 2010]. Although it remains unresolved which aspects
of the neural and peripheral response fundamentally
determine our emotional experiences, the results of recent
psychological and brain imaging studies indicate that the
perception of bodily signals contribute to and at least
partially mediates emotional experience [Bechara et al.,
1996; Dunn et al., 2010; Pollatos et al., 2005; Werner et al.,
2009].

In the current study, we focused on the psychological
and neural mechanisms of interoception as key factors for
understanding subjective feeling states. Interoception con-
stitutes the perception of afferent information arising from
anywhere and everywhere within the body [Cameron,
2001; Sherrington, 1906]. Some studies have suggested that
the sensitivity of an individual’s interoception represents
one’s disposition of emotional experience [Critchley et al.,
2004; Wiens et al., 2000; Werner et al., 2009]. For instance,
Schandry [1981] assessed individual interoceptive sensitiv-
ity using a heartbeat detection task, and reported that indi-
viduals who could accurately perceive their own heartbeat
tended to exhibit higher scores on state of anxiety and
emotional lability. Another study reported that individuals
with high interoceptive sensitivity exhibited higher arousal
in response to emotional visual stimuli [Dunn et al., 2010;
Pollatos et al., 2005]. These results suggest that a signifi-
cant relationship may exist between interoceptive proc-
esses and subjective emotional experience. Identifying and
examining the shared neural substrates underlying these
two types of processing will lead to a greater understand-
ing of the neural system underlying emotional experience.

Elucidating the neural substrates of interoceptive aware-
ness requires an experimental paradigm in which partici-
pants are made aware of information from their bodies.
Previous studies have used various paradigms, including
those involving pain [e.g., Craig et al., 2000; Dunkley
et al., 2005; Wiech et al., 2006], distention pressure on the
viscera [Hamaguchi et al., 2004], hypoglycemic states
[Teves et al., 2004], and air-hunger states [Evans et al.,
2002; Liotti et al., 2001]. These studies typically reported
activation in the anterior cingulate cortex (ACC), the insu-
lar cortex, the thalamus and the brainstem when bodily
states significantly deviated from the steady state. How-
ever, several possible interpretations exist regarding the
reason for activation in those regions. For example, the
detection of deviation of the bodily state from the steady
state may result in the activation in these regions. Alterna-
tively, the activation may be related to the subsequent ex-
perience of emotional states, such as distress or threat.

Among the regions exhibiting activation related to inter-
oceptive awareness, the insular cortex has been identified
by several previous studies as an essential neural substrate
for combining information from interoception and subjec-
tive emotional experience. For instance, Critchley et al.
[2004] used a task in which participants’ attention is ori-
ented to their heartbeats and found activations in the ACC
and the right anterior insular cortex. In addition, they
revealed a statistically significant association between the
volume of the right anterior insular cortex and individual
anxiety symptoms, and sensitivity to internal bodily states.
Their results indicated that the right anterior insular cortex
supports awareness of the visceral response, and integrates
it with other information to form the basis of the subjec-
tive experience of an emotional state. This notion is con-
sistent with the results of a number of other studies
[Craig, 2003; Naqvi et al., 2007; Paulus and Stein, 2006].
Studies using electroencephalography (EEG) found the
neural index of processing signals from the cardiovascular
system known as the heartbeat-evoked potential, which is
observed from 250 to 350 ms after the R-wave of electro-
cardiography (ECG) over somatosensory cortex and the
frontal/prefrontal cortex [Pollatos and Schandry, 2004].
The insular cortex and somatosensory cortex have been
proposed as the possible sources of this neural potential
[Aziz et al., 1995; Pollatos and Schandry, 2004]. Another
important region for interoceptive awareness is the orbito-
frontal (ventromedial) cortex. Lesions in this region can
drastically change patients’ personality and decision-mak-
ing behavior [Bechara et al., 1994]. According to Damasio’s
somatic marker hypothesis, the ventromedial cortex is cru-
cial for processing changes in internal bodily states accord-
ing to situation and social context, and supports subjective
feeling of emotions and intuitive decision-making
[Bechara, 2004; Northoff et al., 2006]. Taken together, these
previous results provide evidence supporting the notion
that we have the ability to perceive our internal bodily
states, and that this ability enables us to detect changes in
the bodily state and to maintain homeostasis.

Many studies have examined the neural correlates of
emotional experience in a broad sense. Some studies have
asked participants to recall an emotional episodic memory
as a way of causing the subjective experience of an emo-
tional state [Damasio et al., 2000; Rudrauf et al., 2009].
One positron emission tomography study reported that
activation and deactivation of the cingulate cortex, the
somatosensory area and the insular cortex varied qualita-
tively during the experience of emotions such as fear, an-
ger, and happiness [Damasio et al., 2000]. In addition, a
magnetoencephalography study reported that activity in
the orbitofrontal cortex, ventromedial frontal cortex, ACC
and somatosensory area was specifically related to the
subjective experience of emotion [Rudrauf et al., 2009].
Two recent reviews of neuroimaging research focusing on
the neural bases of emotional experience drew conclusions
about the likely neural locus of the underlying processing
involved [Lee and Siegel, 2009; Tsuchiya and Adolphs,
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2007]. Both reviews focused on the processing required in
the particular experimental task used in each study, and
specified certain brain regions as neural correlates of emo-
tional experience, including the anterior and posterior cin-
gulate cortex, the precuneus, the orbitofrontal cortex, and
the insular cortex. In particular, the rostral ACC (BA32)
and the inferior frontal/insular cortex were specified as
neural substrates for evaluating participants’ own emo-
tional state. The authors of one review suggested that the
results supported the notion that the process of evaluating
one’s own emotional state includes the evaluation of bod-
ily experience [Lee and Siegel, 2009]. An extensive overlap
between the neural mechanisms underlying the experience
of emotion and interoception was identified. Those regions
are the anterior and posterior cingulate cortex, the somato-
sensory area, the insular cortex, and the orbitofrontal cor-
tex. This overlapping neural substrate supports the notion
that we access to our own bodily state when explicitly
evaluating our emotional state. However, direct evidence
to support this notion has not yet been reported.

In the current study, we, thus, examined the neural
mechanisms underlying the evaluation of emotional and
bodily state, and identified common and distinct areas of
activation during the different types of processing. Previ-
ous studies have examined the neural substrates of these
processes separately, but to our knowledge, no studies
have addressed the common and distinct areas of activa-
tion together. This study could thus provide an important
insight into the relationship between interoception and the
subjective experience of emotion. As we aimed to identify
the neural substrate of experience of the emotional state
itself, we did not administer any emotion-eliciting proce-
dures, unlike previous studies. In most cases, prominent
changes in emotional state are accompanied by changes in
bodily states such as cardiac or respiratory activity. Clear
segregation of the neural substrates of evaluating emo-
tional state is difficult when using emotion-eliciting proce-
dures in neuroimaging study, because neural substrates
that represent accompanying bodily responses are acti-
vated simultaneously. Therefore, our methods enabled us
to focus exclusively on the neural substrates for evaluating
emotional state. If accessing to the internal bodily state is
an intrinsic property of emotional experience, the access-
ing process would be expected to occur whenever we are
aware of our emotional state, even if a salient bodily state
change is absent. In addition, for the purposes of identify-
ing the neural substrates representing the subjective expe-
rience of bodily and emotional states in the immediate
present, we used two temporal constraint conditions:
‘‘now’’ and ‘‘usual’’. This manipulation was designed to
provide data bearing on the relation between experience
of emotion and consciousness [Craig, 2009; Damasio, 1999;
Tsuchiya and Adolphs, 2007].

Evidence from recent cognitive neuroscience studies on
emotion suggest the constructive view which assumes that
emotional experience is determined by integration of inter-
oception of bodily state and exteroception and evaluation

of environmental information [Barrett and Bliss-Moreau,
2009]. Viewing from the constructive hypothesis, we could
identify the essential regions for interoception as com-
monly activated areas for evaluating emotional and bodily
state. As subjective emotion is an integrated entity of inter-
oception and environmental information, some other
regions are expected to activate selectively when partici-
pants evaluate their own emotional state in addition to the
interoceptive regions. Specifically related regions for evalu-
ating emotional state in this study would support to expe-
rience interoception as subjective emotion by comparing
and integrating present situations and context of past anal-
ogous experience. Thus, some regions are expected to acti-
vate prominently for emotion-now condition, such as
medial prefrontal cortex, ventromedial frontal cortex, tem-
poral pole, ACC, and superior temporal sulcus. The activ-
ity of these regions essentially relates to evaluation of self
and other’s mental and emotional state [Amodio and Frith,
2006; Calder et al., 2002; Frith and Frith, 2003; Mobbs
et al., 2006; Olson et al., 2007].

METHOD

Participants

Eighteen undergraduate and graduate students (five
males and 13 females) participated in our study (mean
22.9 years � 2.11 SD). All participants were right handed
and reported no history of neurological or psychiatric dis-
eases. The experiment was performed with the approval
of the Keio University Research Ethics Committee (No.
09006). Before participation, all participants read and
signed a written informed consent form explaining (i) the
purpose and procedure of the study and (ii) that they
were able to cease their participation in the study at any
time. All participants completed the experiment.

Procedure and Materials

In the MRI scanner, participants were required to an-
swer questions on three topics: emotional awareness, bod-
ily awareness, and personal possessions. The emotional
awareness and bodily awareness conditions were designed
to identify the neural regions related to the evaluation of
emotion or the body, respectively. On the other hand, the
possession condition was designed as a control condition
to identify the regions of activation associated with general
task components related to responding to the questions
about the self. Besides the sentence-type conditions, we
prepared temporal constraint conditions: now and usual.
The now condition required participants to perform online
monitoring, whereas the usual condition required them to
perform offline monitoring.

After presenting a fixation point for 4–6 s on a monitor
placed in the MRI scanner, we presented a cue (now or
usual), followed by a statement as ‘‘I’m happy (for
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emotional awareness),’’ ‘‘I have a fast pulse (for bodily
awareness),’’ and ‘‘I have money (for possessions).’’ The
cue was presented for 3 s, and the sentence was presented
for 10 s. In the now condition, participants evaluated the
appropriateness of the statement as a description of their
current state. In the usual condition, they evaluated the
appropriateness of the statement as a description for their
usual disposition. Participants’ evaluation regarding the
appropriateness of the statement was chosen from four
options, such as ‘‘not at all, somewhat, very and defi-
nitely.’’ Stimuli were generated by a control computer
located outside the MRI room using Cogent 2000 (http://
www.vislab.ucl.ac.uk/cogent_2000.php) implemented in
MATLAB (MathWorks). Participants responded using a
four-button MRI compatible keypad connected to the con-
trol computer, which recorded the responses and reaction
times (RTs).

Sentences for the emotional awareness conditions were
selected from the Positive and Negative Affect Scale [Wat-
son et al., 1988] and translated into Japanese based on Sato
and Yasuda [2001]. For the bodily awareness condition,
sentences were selected from the Body Perception Ques-
tionnaire [Porges, 1993] and Modified Somatic Perceptions
Questionnaire [Main et al., 1992]. Items used in possession
condition were selected by interviewing undergraduate
students about what they were carrying. We prepared 16
sentences for each condition. Thus, there were 96 trials in
total (two cues, three conditions, and 16 sentences). The
full list of stimuli used in each condition is shown in Ap-
pendix Table AI. The 96 trials were divided into three
blocks; therefore, a block comprised 32 trials. The order of
the blocks and trials was randomized and counterbalanced
across participants.

Functional Magnetic Resonance Imaging Data

Acquisition and Analysis

fMRI scanning used a 3T Siemens Tim Trio scanner with
an 8-channel headcoil for data acquisition. Scanning con-
sisted of three experimental functional runs and a high-re-
solution T1-weighted structural scan (1-mm isotropic
resolution 3D MPRAGE). Each functional run consisted of
274 whole-brain T2* weighted single-shot gradient-echo
planar imaging (EPI) images, collected in an oblique axial
orientation (TR 2.35 s, TE 30 ms, FA 90 degrees, voxel size
3.5 � 3.5 � 2 mm, 44 slices (descending), 1 mm slice gap).
The first six functional volumes were discarded to allow for
equilibration of net magnetization. The structural scan was
coregistered to the subject’s mean EPI image.

The data were preprocessed and analyzed using statisti-
cal parametric mapping (SPM5) software (http://www.fi-
l.ion.ucl.ac.uk/spm/software/spm5/). Functional images
from each participant were spatially corrected for head
movement, and temporally corrected for slice timing
(using the middle slice acquired in time as a reference),
spatially normalized to the Montreal Neurological Institute

(MNI) template with a resample voxel size of 1 � 1 � 1
mm and spatially smoothed with a three-dimensional
Gaussian filter (8-mm full width half maximum). In addi-
tion, high-pass temporal filtering with a cut-off of 128 s
was applied to remove low-frequency drifts in signal, and
global changes were removed by proportional scaling.

First-level analyses were performed to determine each
subject’s voxel-wise activation while participants were
choosing the appropriate options. The analyses were per-
formed using an event-related model with six trial types:
‘‘body-now,’’ ‘‘body-usual,’’ ‘‘emotion-now,’’ ‘‘emotion-
usual,’’ ‘‘possession-now,’’ and ‘‘possession-usual.’’ A ca-
nonical set of three functions, the hemodynamic response
function (HRF), its temporal derivatives, and its dispersion
derivatives [Friston et al., 1998], characterized the neural
response. Effects of questionnaire type and the now/usual
condition on neural activity were analyzed on a voxel-
wise basis for each participant, in the form of statistical
parametric maps of discrete contrasts. The general linear
model was used to create statistical parametric maps. Sub-
sequent second-level group random effects analyses were
performed on the SPM contrast images of the first-level ca-
nonical HRF responses. In accordance with previous fMRI
studies, statistical threshold of P < 0.001, uncorrected,
with an extent threshold of 10 voxel for multiple spatial
comparisons across the whole brain was used, except
for conjunction analysis in which threshold was set at
P < 0.00001 uncorrected.

RESULTS

Behavioral Results

RTs were recorded from the time of presentation of the
sentences until the time the appropriate response button
was pressed and statistically analyzed. The mean RT and
standard error of the mean (SEM) for each condition were
as follows; emotion-now: 2,762.5 (�275.81) ms, emotion-
usual: 2,933.3 (�280.9) ms, body-now: 2,613.7 (�244.1) ms,
body-usual: 2,720.3 (�275.2) ms, possession-now: 2,558.3
(�240.6) ms, possession-usual: 2,826.0 (�244.9) ms. We
performed a two-way analysis of variance (ANOVA) to
investigate differences in RTs among the three question
types (emotional awareness, bodily awareness, and posses-
sion) and two cue conditions (now/usual). The ANOVA
revealed a statistically significant main effect of cue condi-
tion [F (1, 17) ¼ 11.28, P < 0.01]. Participants required
more time to answer questions in the usual condition.
There was no significant main effect of question type [F (2,
34) ¼ 1.39, ns].

To assess participants’ rating response, we calculated
mean rating value by the participants’ average response
by replacing the rating options with numerical quanta.
That is, ‘‘not at all’’ was replaced by 0, ‘‘somewhat’’ by 1,
‘‘very’’ by 2, and ‘‘definitely’’ by 3. The mean rating value
and SEM for each condition were as follows: emotion-
now, 1.51 (�0.15); emotion-usual, 1.68 (�0.17); body-now,
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1.58 (�0.18); body-usual, 1.70 (�0.17); possession-now,
1.97 (�0.19); and possession-usual, 2.10 (�0.19). We per-
formed a two-way ANOVA to investigate differences in
rating value among the three question types (emotional
awareness, bodily awareness, and possession) and two cue
conditions (now/usual), and observed a statistically signif-
icant main effect of question types [F (2, 34) ¼ 28.40; P <
0.01]. Subsequent analysis revealed that participants gave
higher rating in possession, rather than emotional and
bodily awareness trials. There was no significant main
effect of cue condition [F (1, 17) ¼ 3.815; ns] and interac-
tion [F (2, 34) ¼ 0.165; ns]. In this study, we intentionally
eliminated factors that evoke prominent emotional or bod-
ily responses in all conditions. The participants’ responses
show that they did not feel prominent changes in emo-
tional or bodily state.

fMRI Data

In the first step, we analyzed the fMRI data in a mixed-
effects group analysis (n ¼ 18). To identify the regions
underlying participants’ evaluations of their own emotions
or bodies, we compared the activated areas for the emotion
and the body condition, versus the possession condition,
respectively (see Table I). The body-now contrast versus
possession-now contrast revealed greater blood-oxygen
level-dependent (BOLD) responses in the lingual gyrus, the
inferior/middle frontal gyrus [ventromedial prefrontal cor-
tex (VMPFC)], the insular cortex, the middle cingulate cor-
tex, and the cerebellum. The emotion-now contrast versus
possession-now contrast revealed greater BOLD responses
in the lingual gyrus, the temporal pole, the inferior frontal
cortex, and the superior temporal cortex. We also analyzed
the fMRI data for the usual conditions. The body-usual con-
trast versus possession-usual contrast revealed greater
BOLD responses in the cuneus, the middle occipital gyrus,
the cerebellum, and the lingual cortex. The emotion-usual
versus possession-usual contrast revealed greater BOLD
responses in the precentral gyrus, the precuneus, the lin-
gual gyrus, the supramarginal gyrus, the fusiform gyrus,
the cuneus, the postcentral gyrus, the superior temporal
cortex, and the inferior parietal cortex. Activations in some
regions were not reported in Table I because of insufficient
number of activated voxels. Bilateral anterior insular cortex,
the region of greatest interest in this study, was found to be
activated with <10 voxels in all four contrasts. Also, higher
left ventromedial cortex activation was observed in emo-
tion-now and body-now compared with possession-now
condition, and right inferior frontal cortex was more acti-
vated in emotion-usual and body-usual condition com-
pared with possession-usual condition.

To identify the commonly activated regions, we examined
the overlap between the images for the body-now (body-
now vs. possession-now) and emotion-now (emotion-now
vs. possession-now) contrasts. The MatLab toolbox xjView 8
was used for this analysis (http://www.alivelearn.net/

xjview8/index2.html). The right anterior insular cortex (BA
13), the left VMPFC (BA11) and the bilateral lingual gyrus
(BA17) were identified as commonly activated regions (Fig.
1a). To examine the precise activation pattern of common
activated areas, we calculated parameter estimates of right
anterior insula and VMPFC for emotion-now, body-now,
and possession-now condition (Fig. 1b,c). The right anterior
insula was selectively activated for emotion-now and body-
now condition, and similar trend was observed at VMPFC.
We also conducted a conjunction analysis for the emotion-
now and body-now conditions, and identified the same
areas as commonly activated regions in the emotion-now
and body-now conditions (see Table II). These regions are
critically involved in the online monitoring of emotional
and bodily states.

Psychophysiological interaction (PPI) analyses were per-
formed to examine the change in effective connectivity
between common activated regions (right anterior insula
[6 mm sphere centered x ¼ 36, y ¼ 18, z ¼ 6] and VMPFC
[6 mm sphere centered x ¼ –20, y ¼ 36, z ¼ –12]) and other
brain regions while participants evaluated their own imme-
diate emotional state versus bodily state. The analyses
revealed that the activity of precuneus (MNI coordinates ¼
12, –54, 45) and left anterior insula (–33, 27, 9) functionally
interacted with those of right anterior insula and VMPFC in
emotion-now condition (P < 0.001, uncorrected, extent
threshold value ¼ 10). On the other hand, in the body-now
condition, only the left anterior and posterior insular cortex
(anterior, MNI coordinates ¼ –36, 6, –9: posterior, MNI
coordinates ¼ –36, –6, 3) activity was associated with the
activity of the right anterior insula and VMPFC (P < 0.001,
uncorrected, extent threshold value ¼ 10).

The intersection of contrast images for body-usual (body-
usual vs. possession-usual) and emotion-usual (emotion-
usual vs. possession-usual) conditions also revealed some
commonly activated regions. We used xjView and conjunc-
tion analysis to identify commonly activated regions, which
included the medial frontal gyrus, the middle and inferior
frontal gyrus, the bilateral temporal pole, the left superior
temporal gyrus, postcentral gyrus, the left posterior insular
cortex, and the bilateral lingual gyrus (see Table II). These
regions, thus, appear to be critically involved in knowl-
edge-based self-related judgments about participants’ own
emotional and bodily states.

To disentangle the relationship between emotional and
interoceptive processing, we focused on the neural sub-
strates uniquely activated during the two types of process-
ing of interest. Uniquely activated regions in the emotion-
now and body-now conditions were identified by examin-
ing the contrast images with the emotion-now and body-
now conditions. Uniquely activated regions for emotion-
now condition included the left superior temporal gyrus
(BA22/38), the bilateral posterior cingulate cortex (BA31),
the bilateral ACC (BA24/32), the right superior medial
frontal gyrus (BA9/10), the bilateral inferior frontal gyrus
(BA45, 47), the left supramarginal gyrus, and the superior
frontal gyrus (BA8) (Fig. 2).
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In contrast, the left supplementary motor area (BA6)
and the inferior parietal gyrus were the only regions that
were more strongly activated in the body compared to the
emotion-now trials (Fig. 2).

DISCUSSION

This study sought to disentangle the relationship
between interoception and the subjective experience of
emotion by examining the neural mechanisms underlying

the evaluation of emotional and bodily states. To address
this question, we tested which neural areas were com-
monly activated between both processes, and which areas
were activated uniquely for only one of the two processes.
We identified several commonly activated regions related
to both emotional and bodily awareness, and some of
these were strongly related to on-going monitoring proc-
esses (now condition). We also found several regions that
were uniquely activated for only emotional awareness or
bodily awareness. The findings support the hypothesis
which posits the integration of interoceptive awareness

TABLE I. Anatomical locations and coordinates of activations

Region of activation L/R BA
Number of

voxels in cluster t Value

MNI

x y z

Body now > possession now
Lingual gyrus L 17/18 148 5.06 �12 �72 �12
Insula/inferrior frontal gyrus R 13 24 4.87 39 21 6
Cerebellum R — 18 4.43 3 �48 �9

R 14 4.32 15 �72 �39
Insula/claustrum L 13 18 4.41 �24 12 24
Middle cingulate gyrus L 23/24 12 4.22 �3 �18 33
Inferior/middle frontal gyrus R 10/46/47 15 3.81 51 45 �3

Emotion now > possession now
Cerebellum (Crus1) L — 41 4.76 �9 �84 �18
Temporal pole/inferior frontal gyrus L 38 78 4.37 �57 12 �12

L 47 4.36 �51 33 �3
Temporal pole R 38 14 4.41 51 18 �15
Lingual gyrus R 18 119 4.35 21 �84 �15
Superior temporal gyrus L 22 10 3.81 �60 �48 9

Body usual > possession usual
Cerebellum R — 47 5.07 2 �60 �18
Lingual gyrus L 18 261 4.93 �9 75 �9
Cuneus L 18 30 4.35 �18 �84 15
Middle occipital gyrus R 19/39 17 4.04 42 �75 12

Emotion usual > possession usual
Precentral gyrus R 4/6 74 5.05 39 �18 54

L 4 16 4.25 �36 �15 51
Precuneus L 7 49 4.89 �18 �54 60

R 7 14 3.78 15 �51 54
Lingual gyrus L 18 268 4.79 �9 �72 �6

L 9 �84 �6
Supra marginal gyrus R 2 22 4.57 60 �27 36
Precentral gyrus L 4 60 4.36 �63 �9 27
Fusiform gyrus R 19 21 4.46 27 �60 �15

37 10 3.62 �42 �63 �15
Cuneus L 18 37 4.44 �18 �84 12
Insula L 13 73 4.43 �39 �3 21
Post central gyrus R 2 65 4.36 36 �39 69
Superior temporal gyrus R 38 14 4.08 54 15 �9
Postcentral gyrus L 3 29 4.08 �51 �15 45
Inferior parietal gyrus L 2/40 19 4.04 �54 �27 45

L 40 16 3.94 �60 �39 24

BA, Brodmann area; MNI, coordinates referring to the standard brain of the Montreal Neurological Institute; L, left hemisphere; R, right
hemisphere.
Clusters of maximally activated voxels that survived statistical thresholding at t ¼ 3.35 (P < 0.001, uncorrected, extent threshold of 10
voxel).
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and an interpretation of the current situation underpins
subjective experience of emotion.

Commonly Activated Regions for Emotion-Now

and Body-Now Conditions

The present results revealed that the right anterior insu-
lar cortex (BA13), the VMPFC (BA11) and the bilateral lin-
gual gyrus (BA17) were strongly activated in both the
emotion-now and body-now trials. The insular cortex is
traditionally considered a viscerosensory region, and neu-
ropsychological studies have provided evidence that the
insula is a crucial region for recognizing visceral sensa-
tions, such as pain [Greenspan et al., 1999] and nausea
[Penfield and Faulk, 1955]. In addition, the insular cortex
is considered an essential area for regulating autonomic
responses and maintaining physiological homeostasis
[Abboud et al., 2006; Laowattana et al., 2006]. On the other
hand, recent neuroimaging studies have revealed that the
insula, especially the anterior portion, plays an important
role in emotional processing and social interaction [Dama-
sio et al., 2000; Iaria et al., 2008; Winston et al., 2002]. A
number of studies have identified activation in this region
when participants experience emotion while recalling emo-
tional episodic memories [Damasio et al., 2000], or while
they undertake decision-making that is highly uncertain or
risk-related [Feinstein et al., 2006; Paulus et al., 2003].

Figure 1.

(a) Commonly activated areas for the emotion-now and body-

now conditions (P < 0.001, uncorrected). VMPFC, ventromedial

prefrontal cortex (x ¼ �20, y ¼ 36, z ¼ �12); R. ant. Ins, right

anterior insular cortex (x ¼ 36, y ¼ 18, z ¼ 6). (b) Parameter

estimates in VMPFC. (c) Parameter estimates in right anterior

insular cortex.

TABLE II. Coactivated areas for body and emotion conditions

Region of activation L/R BA
Number of

voxels in cluster t Value

MNI

x y z

Coactivated areas for body now and emotion now
Lingual gyrus L 18 2,350 10.19 �3 �75 �3
Middle frontal gyrus L 9 203 7.57 �48 6 36

L 6 173 7.41 �33 �3 63
Superior frontal gyrus L 6 109 7.45 �6 9 57
Superior temporal gyrus L 38 18 6.25 �51 18 �12

L 22 12 5.90 �57 �42 6
Superior parietal lobule R 7 18 6.24 54 18 �6
Postcentral gyrus L 2 20 6.16 �51 �21 30
Inferior frontal gyrus R 47 9 6.09 54 18 �6
Middle temporal gyrus L 21 32 6.08 �51 �27 3
Insula R 13 10 5.88 36 18 6

L 13 8 5.56 �33 18 6
Coactivated areas for body usual and emotion usual
Lingual gyrus L 18 2,296 9.68 �9 �81 0

R 17 14 6.15 9 �87 3
Postcentral gyrus L 1 446 8.29 �42 �27 57
Medial frontal gyrus L 6 84 7.38 �3 �3 57
Middle frontal gyrus L 6 30 6.39 �48 6 42
Superior parietal lobule L 7 63 6.00 �24 �66 51
Middle occipital gyrus R 18 11 5.70 42 �87 3
Inferior frontal gyrus L 47 12 5.59 �48 21 �9

Note. BA ¼ Brodmann area, MNI ¼ coordinates referring to the standard brain of the Montreal Neurological Institute, L ¼ left hemi-
sphere, R ¼ right hemisphere. Clusters of maximally activated voxels that survived statistical thresholding at t ¼ 4.95 (P < 0.00001,
uncorrected).
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These studies have typically reported that anterior insular
cortex activity reflects the subjective intensity of emotional
experience. Neuropsychological studies have revealed that
damage to this brain region leads to impairments in the
experience of emotion [Adolphs et al., 2003; Calder et al.,
2000]. In addition, the right anterior portion of the insula
is related not only to subjective emotion but also to intero-
ceptive awareness [Critchley et al., 2004]. Activation in this
region has been observed when participants made an
effort to attend to their internal bodily states. These studies
have accumulated evidence indicating that the anterior in-
sular cortex supports awareness of visceral responses and
provides important information for the subjective feeling
state [Critchley et al., 2004].

Also, the VMPFC (BA11) has been found to exhibit acti-
vation while participants attend to themselves, such as
during the monitoring of moment-to-moment experience
in response to presented adjectives [Farb et al., 2007]. Dur-
ing self-focusing trials, strong functional connectivity
between this area and the right insular cortex was
observed, suggesting that viscerosomatic signals are asso-
ciated with activation in the VMPFC. While some studies
emphasis its function in representing reward value and
reward-related learning, it has been noted that activation
of VMPFC represents subjective but not monetary or objec-
tive value of the stimuli. Wright et al., [2007] obtained
VMPFC activity associated with participants’ attitudes to
evaluate the stimuli value. In addition, self-relatedness of
stimuli induces neural activity in VMPFC and other
reward systems [de Greck et al., 2008; Phan et al., 2004]. In
addition, similar to the insular cortex, this area is signifi-
cantly associated with self-related emotional memory
[Hennig-Fast et al., 2008]. These reports and our findings
imply that VMPFC underpins the evaluating stimuli value
by integrated with person’s past and possible future, and

this evaluating system includes emotional processing
based on accessing bodily states.

Interestingly, activation in the insular cortex and
VMPFC were found in this study, even though no inten-
tional emotion-eliciting procedures were used. The activa-
tion we found in these brain areas suggests that
interoceptive processes are essential for monitoring and
evaluating subjective emotional states. Some review
articles regarding the neural substrates of emotion have
identified these brain regions as critical for the regulation
of internally oriented attention [Menon and Uddin, 2010],
suggesting that the evaluation of one’s own emotional
state may involve the evaluation of bodily experience,
which is executed by internally oriented attention [Lee
and Siegel, 2009]. Our results provide direct evidence to
support the notion that interoceptive processes play an im-
portant role in emotional evaluation. Craig [2009] sug-
gested that anterior insular cortex provides a unique
neural substrate that integrates all subjective feelings from
body and feelings of emotion in the immediate present.
Although our findings partially support this claim, we
also identified uniquely activated regions for emotion-now
condition and depicted the distinct aspect of neural sub-
strates for interoception and subjective emotion. Our find-
ings indicate that emotional experience comprises implicit
accessed bodily state, and appraises the state by compar-
ing and integrating current situation and context of past
analogous experience. The results are consistent with the
core affect theory that suggests core affect is realized by
integrating incoming sensory information from the exter-
nal world with homeostatic and interoceptive information
from the body [Barrett and Bliss-Moreau, 2009].

The bilateral lingual gyrus was identified as another
commonly activated area. This area is known to be
involved in visual word recognition [Fu et al., 2002;

Figure 2.

Emotion- versus body-now condition. Areas showing stronger

activation in the emotion-now condition (emotion-now vs.

body-now) are depicted in red, and areas showing stronger acti-

vation in the body-now condition are depicted in blue (P <
0.001, uncorrected). The areas of activation are as follows; (a)

supramarginal gyrus (x ¼ �48, y ¼ �57, z ¼ 26), (b and f) left

inferior frontal gyrus (x ¼ �51, y ¼ 33, z ¼ �3), (c and g) tem-

poral pole (x ¼ �54, y ¼ 18, z ¼ �14), d) supplementary

motor area (x ¼ �35, y ¼ �14, z ¼ 52), (e) superior frontal

gyrus (x ¼ �42, y ¼ 18, z ¼ 54), (h) posterior cingulate cortex

(PCC) (x ¼ �1, y ¼ �49, z ¼ 28), (i) superior medial frontal

gyrus (x ¼ �1, y ¼ 58, z ¼ 21), (j) anterior cingulate cortex

(ACC) (x ¼ �1, y ¼ 39, z ¼ �1), (k) right inferior frontal gyrus

(x ¼ 57, y ¼ 30, z ¼ 10).
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Petersen et al., 1998]. The Japanese sentences presented in
the emotion and body conditions were longer (i.e., a
greater number of graphemes) than those in the possession
condition. Five to ten graphemes were presented in the
emotion and body conditions, but three to seven graphe-
mes were presented in the possession condition. Although
the RTs in the three conditions were equivalent, the differ-
ence in number of graphemes may have led to differences
in activation in the lingual gyrus between conditions.
Also, the frequency of use of presented words was equiva-
lent across three conditions [Ikehara et al., 1999]. The ho-
mogeneity of frequency of words and RTs indicate
equivalent level of difficulty to understand statements. On
the other hand, imageability of the words used in posses-
sion condition was higher than those in emotion and body
conditions. All words used in possession trials were
nouns, whereas adjectives were included in emotion and
body trial. Possession condition required participants to
imagine particular objects, but emotion and body condi-
tion required them to imagine particular states. To imagine
certain states would require more effort than to imagine
certain objects; thus strong activation in the lingual cortex
may represent this difference.

Uniquely Activated Areas for Emotion-Now

Condition

Several regions were identified as uniquely activated
areas for the emotion-now condition. These regions
included the left temporal pole (BA22/38), the bilateral
posterior cingulate cortex (BA31), the bilateral ACC
(BA24/32), the right superior medial frontal gyrus (BA9/
10), the bilateral inferior frontal gyrus (BA45, 47), the left
supramarginal gyrus (BA40), and the superior frontal
gyrus (BA8). Almost all of these areas have been previ-
ously reported to be related to feeling and understanding
one’s own or others’ mental states.

The importance of the bilateral ACC (BA24/32) in emo-
tion and cognitive control is broadly accepted in cognitive
neuroscience [Botvinick et al., 2001; Etkin et al., 2011]. The
rostral ventral portion of ACC was strongly activated in
the emotion-now condition; this area is known as affec-
tive/rostral division [Vogt, 2005] and this and the adjacent
prefrontal area are primarily related to the evaluation of
emotional and reward-related information as well as moni-
toring of somatic states [Bechara et al., 2000; Devinsky
et al., 1995; di Pellegrino et al., 2007; Phillips et al., 2003;
Whalen et al., 1998]. Simmons et al. [2006] reported strong
activation in this area when processing ambiguous affec-
tive stimuli and suggested that demanding cognitive and
emotional processing recruits this area. Also, this area
effects attention shift from external to internal environment
[Wager et al., 2005]. As our experimental design did not
involve the emotion-eliciting procedure, emotion-now trial
was a type of demanding emotional processing and
required participants to orient their attention internally to

responses in each trial. One would expect activity in this
area to be altered if an emotion-eliciting procedure is used.

The bilateral posterior cingulate cortices (PCC) are con-
sistently activated by emotionally salient stimuli, in the
context of word comprehension, and also episodic mem-
ory retrieval [Maddock, 1999]. In addition, previous stud-
ies have reported that activation in the PCC is closely
related to decision-making based on participants’ subjec-
tive evaluations, monetary reward [Kable and Glimcher,
2007], or the impression of others [Schiller et al., 2009].
The present finding of strong activation in this area in the
emotion-now condition is consistent with these previous
reports. Moreover, this area is an essential part of the
default mode network [Gusnard and Raichle, 2001], and is
thought to be a part of the neural substrate of conscious-
ness [Laureys et al., 2004; Laureys et al., 2006]. In accord
with this, many thalamic neurons project to the PCC to
subserve cognitive function [Parvizi et al., 2006]. Our
results, thus, suggest that explicitly attending to one’s own
emotional state involves one of the highest states of
consciousness.

As mentioned above, the subjective emotional value of
objects and activity in the rostral ACC, PCC, and inferior
frontal gyrus (BA45, 47) are closely related [Kable and
Glimcher, 2007]. The orbitofrontal cortex, including BA47,
projects information from areas related to multisensory
processing, and is known as an area related to monitoring
one’s own state [Damasio, 1999]. The current results are
consistent with this hypothesis, and suggest that the orbi-
tofrontal cortex (OFC) plays an important role when peo-
ple are attending to their emotional state using monitored
sensory information.

Converging evidence from neuroimaging and neuro-
psychological studies suggests that the medial frontal
gyrus (BA9/10) is related to the processing of knowledge
about self and others, as well as mentalizing [Amodio
and Frith, 2006; Umeda et al., 2010]. Some studies have
reported that activation in this area is associated with
self-relevant evaluations, such as the evaluation of perso-
nal traits [Johnson et al., 2002], or one’s own emotional
state [Lane et al., 1997; Ochsner et al., 2004]. Activation in
the supramarginal gyrus is also thought to be related to
mentalizing [Grosbras and Paus, 2006; Malhi et al., 2008].
Our results are consistent with previous studies indicat-
ing that the medial frontal gyrus, supramarginal gyrus,
and PCC are the key regions for representing and evalu-
ating the mental states of the self and others [Moran
et al., 2009]. The current results indicate that these areas
support the evaluation of emotion or the mental states of
the self and others in reference to contextual, situational
information. In this study, these areas and the PCC and
its adjacent area precuneus appeared to integrate intero-
ceptive and situational information, as participants
became aware of their current mental state.

Neuroimaging studies concerned with socioemotional
processing show activation in temporal pole. Activation in
this region was observed during autobiographical memory
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retrieval [Fink et al., 1996; Piefke et al., 2005] and inferring
other minds [Brunet et al., 2000; Calarge et al., 2003]. Ana-
tomically, primate temporal pole receives and projects to
the three sensory systems represented in the temporal lobe
[Kondo et al., 2003]. Olson et al. [2007] reviewed these
studies and defined this area as a region of integration
between perceptual inputs and previously experienced
social knowledge and emotion. In the present study, both
the emotion-usual and body-usual conditions were found
to recruit the activation of the bilateral temporal poles and
the left superior temporal gyrus. These conditions, as well
as the emotion-now condition, commonly required partici-
pants to recall episodic or semantic memory related to
each question. As such, the activation in the temporal pole
and superior temporal gyrus may correspond to this recall
process. These findings indicate that this area support the
evaluation of emotional state, by combining interoceptive
information with information about the environmental sit-
uation in which the participants were involved.

Almost all of the uniquely activated areas in the emo-
tion-now condition were regions that have been previously
related to feeling and understanding one’s own or others
mental state. For evaluating emotional state, the emotion
condition required participants to imagine the emotional
situations described by the presented sentences, and to
compare the situation to their own ongoing state. The acti-
vation we observed in emotion-related areas may have
been related to the recruitment of similar neural substrates
during the imagination of emotional situations, and the ex-
perience of emotion while empathizing with others’ emo-
tional states [Carr et al., 2003; Singer et al., 2004].

Uniquely Activated Areas in the Body-Now

Condition

In contrast to the emotion-now condition, only the sup-
plementary motor area (BA6) and the inferior parietal
gyrus were identified as uniquely activated areas in the
body-now condition. The supplementary motor area is tra-
ditionally classified as a part of motor system, and is con-
sidered as an important area for executing sequential
complex movements [Hikosaka et al., 1996]. On the other
hand, activation in this region has been found to induce
the phantom limb illusion, suggesting that this area may
influence the conscious perception of the body [McGonigle
et al., 2002]. Sensory integration, body image, the concept
of self and executive function are considered the major
functions of the inferior parietal gyrus, and these functions
are impaired in individuals with schizophrenia [Torrey,
2007]. To respond to each trial in the body-now condition,
it was necessary for participants to imagine certain bodily
sensations corresponding to the presented sentences. The
activation we found in the supplementary motor area and
inferior parietal gyrus indicates that these areas may
underlie the comparison between imagined and actually
felt sensations in certain parts of the body.

We were unable to specify any other regions as uniquely
activated areas in the body-now condition. This result
indicates that the neural substrates involved in evaluating
bodily states are mostly included in the regions concerning
evaluating emotional states, and that attending bodily
states is a fundamental process for awareness of one’s
own emotional state.

How Does Interoception Relate to the

Subjective Experience of Emotion?

Recent studies in cognitive neuroscience have suggested
that the integration of information about bodily states, and
the current situation is an essential factor in experiencing
emotion. These studies provide support for the classical
peripheral theory of emotion, which argues that perception
of bodily responses is essential for experiencing emotions
[Critchley et al., 2004; Naqvi et al., 2007]. Although classi-
cal theories are insufficient for explaining the mechanisms
underlying the subjective experience of emotions, the main
claims of these theories are still accepted in current
research [Craig, 2008; Gray and Critchley, 2007; Rudrauf
et al., 2009]. For example, the claim that integrative proc-
essing of visceral or sensory information and environmen-
tal information such as social context leads to subjective
feelings remains commonly accepted [Lane, 2008]. Our
findings are consistent with this constructive claim, sug-
gesting that core affect is realized by integrating incoming
sensory information from the external world with homeo-
static and interoceptive information from the body [Barrett
and Bliss-Moreau, 2009].

Previous studies examining the neural mechanisms
underlying emotional processing have focused on the
function of the insular cortex and VMPFC, those were
identified as shared neural substrates for the awareness of
bodily and emotional states in current research. Our find-
ings indicate that activation in these areas was related to
accessing the bodily state, underlying awareness of the
emotional state of the self. These findings imply that we
access to bodily states implicitly when we evaluate our
own emotional state, even if dynamic emotional bodily
responses are absent. In the body condition, the evalua-
tions were determined by the coactivation of interocep-
tion-related areas and sensory integration-related areas.
On the other hand, in the emotion condition, the evalua-
tions were determined by the integrated inference of infor-
mation from interoception and information related to
the understanding of the ongoing situation based on
experience.

Though the some areas found to be commonly acti-
vated in the body-now and emotion-now conditions were
also activated during the body-usual and emotion-usual
conditions, activation in the anterior insular cortex and
VMPFC was observed only in the now condition. Both in
the now and usual conditions, participants were required
to respond to questions about their own emotion or
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body. Thus, self-referential thought would be activated
during trials in both conditions. Therefore, the areas
found to be commonly activated in both the now and
usual conditions are likely to have been related to self-
referential thought or more general task components.
However, there was a clear difference between the now
and usual conditions in the associated object of self-refer-
ential thought. In the usual conditions, the participants
made evaluations based on knowledge about themselves
and were thus required to attend to self-related semantic
or episodic memories. In the now condition, on the other
hand, participants were required to focus on the immedi-
ate moment.

Consequently, the anterior insula and VMPFC, the areas
significantly activated in the now condition, were not
recruited for self-referential thought generally but instanti-
ating subjective feelings from body and feeling emotion in
the immediate present. Neuroimaging studies have
reported increased activity in anterior insular cortex asso-
ciated with increasing task instability, complexity, and am-
biguity with decision-making context, and propose that
this area integrates exteroceptive and interoceptive signals
concerning uncertainty and improves learning and guiding
our choice of behavior [Feinstein et al., 2006; Huettel et al.,
2005; Singer et al., 2009]. Our findings imply that activity
in anterior insular cortex increases when we access bodily
internal states; thus, we strongly seek interoceptive signals
to choose the options preceding desirable outcomes when
we face highly uncertain situations, rather than certain
ones. The VMPFC is another area thought to be critically
involved in ongoing processing [Farb et al., 2007]. This
area has been proposed to provide a mechanism for
accessing thinking to on-going reality by suppressing cur-
rently irrelevant memories [Schnider and Ptak, 1999;
Treyer et al., 2003]. As mentioned above, this area under-
pins the evaluation of a stimulus for oneself by accessing
one’s own bodily state. The results may help to disentan-
gle the question of why activation in insula cortex has
been reported in association with disparate cognitive,
affective, and regulatory functions [Menon and Uddin,
2010].

PPI analyses revealed the activity of right anterior insu-
lar cortex and VMPFC were functionally interacted with
precuneus and left anterior insular cortex in emotion-now
condition, but only left anterior and posterior insular cor-
tex was identified as functionally interacted with these
two brain areas in body-now condition. The results indi-
cate that precuneus exclusively interacted with neural sub-
strates of accessing bodily state in emotion-now condition.
Critchley et al. [2001] reported decreased activity in this
area in patients with pure autonomic failure (PAF). PAF
patients show impairment in peripheral autonomic regula-
tion and also report attenuation of subjective emotional ex-
perience. These findings suggest that the autonomic
response and subjective emotion are closely related and
precuneus is an essential area for linkage between these
two processes. Data from Critchley et al., [2001] and our

findings suggest that precuneus takes a crucial role to
transform interoceptive information into subjective emo-
tion. This area was selectively activated when participants
tried to evaluate their emotional state; therefore, partici-
pants’ subjective awareness impacted the activity in this
area. The precuneus may be seen as an integrating area of
interoceptive information represented in insula and
VMPFC and contextual information in uniquely activated
areas for emotion-now condition, and modulates our sub-
jective experience.

Recent studies reported high-glucose metabolism in pre-
cuneus and consider precuneus as essential neural sub-
strate of consciousness [Gusnard and Raichle, 2001;
Laureys et al., 2004]. Functionally, activity of precuneus is
broadly related to human cognitive and emotional func-
tions such as visuospatial imagery, episodic memory re-
trieval, and self-consciousness [Cavanna and Trimble,
2006]. Distinct parts in this area have reciprocal projections
connected with various cortical and thalamic areas, and
the divergence of neural connectivity in this area would
underpin the various mental processing. Moreover, precu-
neus is consistently reported part of the neural substrates
of inferring others’ emotions [Atique et al., 2011; van Over-
walle, 2009]. These evidences support our hypothesis that
precuneus is an integrating area of interoceptive informa-
tion and contextual information. To test our hypothesis, it
might be insightful to conduct more detailed studies using
functional and effective connectivity analyses among right
anterior insula, VMPFC, precuneus, and emotion specifi-
cally activated areas during participants experiencing sub-
jective emotion.

There are some limitations with our findings. First, the
main methodological limitation of this study was not elic-
iting emotion or bodily sensation. This limitation stems
from our decision to focus on evaluating process of emo-
tional and bodily state in this study. As participants rating
responses indicate, they were not aware of prominent
emotion or bodily sensation during the task. Although our
findings show neural substrates underpinning evaluating
emotion or bodily sensation, future studies are necessary
to examine the validity of our findings in emotion-eliciting
context. Second, this study was conducted in Japanese
native speakers. Although the semantic structure of emo-
tion terms in English and Japanese has been discussed
[Uchida and Kitayama, 2009], how the differences in
semantic structure affect evaluation of self-emotional state
is unresolved. To generalize our findings into English
speakers, for example, verifying the findings using identi-
cal method in English speakers is required. Another limi-
tation is the statistical threshold we used: P < 0.001
uncorrected. This is a less strict threshold level of fMRI
study and we obtained a few activated regions when used
correction for multiple comparisons. However, we per-
formed another fMRI study by analogous procedure, and
obtained replicated results of this study with more strict
statistical criteria. Further replicated results in another
study would support the validity of our present findings.
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CONCLUSIONS

We examined the common and distinct features of the
neural activity underlying interoception and subjective ex-
perience of emotion, using fMRI. We identified some com-
monly and distinctively activated regions for evaluating
emotional and bodily state, and the findings support the
constructive theory of emotion. The right anterior insular
cortex and VMPFC were identified as shared neural sub-
strates for the awareness of bodily and emotional states.
Our findings indicate that activation in these areas and
precuneus are functionally associated for accessing intero-
ceptive information and underpinning subjective aware-
ness of the emotional state. These findings provide direct
evidence that we access to bodily states implicitly when
we evaluate our own emotional state, even if dynamic
emotional bodily responses are absent. Several regions
were identified as uniquely activated areas for evaluating
emotional state. Almost all of these areas have been previ-
ously reported to be related to feeling and understanding
one’s own or others’ mental states. Thus, awareness of
one’s own emotional state appears to involve the integra-
tion of interoceptive information with an interpretation of
the current situation.
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APPENDIX

TABLE AI. Stimuli list used in each condition

Emotion Body Possession

1 Interested Heart rate increase Money
2 Distressed Feeling hot all over Keys
3 Excited Sweating all over Watches
4 Upset Pounding in head Reward cards
5 Strong Dizziness Foods
6 Guilty Blurring of vision Cosmetics
7 Hostile Nausea Books
8 Enthusiastic Stomach and gut pains Pens
9 Proud Mouth becoming dry Tissues
10 Irritable Back pain Electronic device
11 Alert Muscle tension in my arms and legs Tobacco
12 Ashamed Rapid breathing Medicines
13 Nervous Feeling hungry Credit cards
14 Dtermined Swelling of my body Signets
15 Attentive Goose bumps Accessories
16 Afraid Being exhausted Documents
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