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Two empathy-related processes were recently distinguished neuroscientifically: automatic embodied-simulation (ES) based on visceromotor represen-
tation of another�s affective state via cingulo-insulary circuit, and emotional sharing relying on cognitive �theory of mind� (ToM) via prefrontal-temporo-
parietal circuit. Evidence that these regions are not only activated but also function as networks during empathic experience has yet to been shown.
Employing a novel approach by analyzing fMRI fluctuations of network cohesion while viewing films portraying personal loss, this study demonstrates
increased connectivity during empathic engagement (probed by behavioral and parasympathetic indices) both within these circuits, and between them
and a set of limbic regions. Notably, this effect was context-dependent: when witnessing as a determined-loss presented as a future event, the ToM and
ToM-limbic cohesion positively correlated with state- and empathy indices. During the dramatic peak of this condition, the ToM cohesion was positively
correlated with the trait-empathy index of personal distress. However, when the loss was presented as a probabilistic real-time occurrence, ToM cohesion
negatively correlated with state-empathy index, which positively correlated with ES-limbic cohesion. In this case, it was the ES-limbic cohesion during the
emotional peak which was correlated with personal distress scores. The findings indicate a dichotomy between regulated empathy toward determined-
loss and vicarious empathy toward a real-time occurrence.
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INTRODUCTION

Like bodily motion, emotion involves the unfolding coordination of

physiological systems. Accordingly, the dynamism of neural connect-

ivity has attracted increasing attention in contemporary affective

neuroscience. Prominent theories in the field (e.g. Barrett et al.,

2007; Scherer, 2009) maintain that emotional experience emerges out

of the ongoing interaction between specialized neural circuits rather

than the occasional ‘on/off switching’ of preset ‘affect programs’.

According to this view, emotions are dynamically shaped by the con-

vergence and divergence of continuous and fluctuating streams of

multi-modal information. This theoretical agenda is congruent with

an empirical approach, which is sensitive not only to the intensity of

the activity of certain neural structures but also to the dynamic inter-

action between distinct brain modules.

Nonetheless, both dynamism and connectivity are under-

represented in empirical neuroimaging literature on empathy. As

empathic feelings, like other emotions, are based on the unfolding

processing of multi-modal perceptual, social, cognitive and affective

cues, they may arise and decay in correspondence with the connectivity

level of specific neural circuits. Nevertheless, studies thus far have

largely focused on averaged short-lived and univariate effects of em-

pathy-related stimuli on signal levels. Only few efforts to examine

connectivity in fMRI research of empathy were made (Jabbi et al.,

2008; Lombardo et al., 2009), and to the best of our knowledge,

none of them involved the analysis of the development of functional

connectivity in time.

This said, over the past two decades dramatic advances have been

made in the psychological research of empathy�a notion, which gen-

erally refers to the understanding and sharing of another’s emotional

state (Eisenberg and Strayer, 1987). Converging evidence suggests that

empathy is constructed of at least two separate processes: embodied

simulation (ES; Gallese, 2005) and theory of mind (ToM; Baron-Cohen

et al., 1985).

ES refers to an automatic process of vicariously sharing or

‘resonating’ a bodily state of an observed agent. It is considered a

bottom-up process based on the interoceptive representation of an-

other’s state. This form of affective mimicry seems to rely on neural

circuits involved both in the self-experience of internal body states and

the perception of similar states in others. It has been theoretically

linked to the concept of the mirror neuron, especially in the context

of pain (e.g. Gallese, 2007; Bruneau et al., 2012, but cf. Danziger et al.,

2009). A set of regions, encompassing the anterior insula (AI), an

adjacent section of the inferior frontal gyrus and the middle anterior

cingulate (ACC), were found to be activated both when experiencing a

first-hand painful stimulus and when anticipating or observing other’s

physical pain. A variety of neuroanatomical and functional evidence

suggests that these regions together comprise part of a tightly con-

nected network, supporting interoceptive awareness and one’s sense

of subjectivity (Craig, 2008, 2009). Importantly, mirroring-like effects

have been demonstrated in these regions not only in the case of
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physical pain but also in other social aversive contexts (Eisenberger

et al., 2003; Wicker et al., 2003; Harrison et al., 2006; Meyer et al.,

2012).

On the other hand, ToM relies on cognitive rather than interoceptive

representations of another’s state. These representations allow for a

top-down inference of another’s mental state by attributing certain

beliefs, thoughts, motivations and desires to that person. A distinct

set of brain regions has been implicated in this cognitive mode of

perspective-sharing, including the ventral and dorsal aspects of the

medial prefrontal (MPF) cortex, the superior temporal sulcus (STS)

and the temporo-parietal junction (TPJ). The STS and the TPJ have

been linked with transient detection and evaluation of information of

another’s state (Gallagher and Frith, 2003; Van Overwalle and Baetens,

2009), while MPF structures have been associated with longer lasting

processing of the self and other related content (Shamay-Tsoory,

2011).

It should be noted that the notion cognitive is not taken here as an

antonym of the term affective. Theoretical accounts of emotion (e.g.

Lazarus, 1994; Pessoa, 2008; Russell, 2009) maintain that cognitive

processing is an inseparable aspect of emotion, while comprehensive

meta-analyses of neuroimaging studies (e.g. Kober et al., 2008;

Lindquist et al., 2012) indicate significant involvement of ToM-related

regions in emotional experience. Moreover, the MPF-temporo-parietal

circuit has been implicated not only in ‘cold’ reasoning but also in

affective empathic reactions based on inferences on other’s state even

when no significant activation of ES-related regions was evident (e.g.

Krämer et al., 2010; Meyer et al., 2012). Thus, the ES–ToM distinction

is not equivalent to the affective/non-affective empathy dichotomy.

ES- and ToM-related circuits are assumed to have distinctive anatom-

ical connectivity profiles and evolutionary and ontogenetic histories

(De Waal, 2008; Decety, 2011), which qualify them as systems specia-

lized in processing different types of information. Although interocep-

tion or cognition may often not develop into a full-blown emotional

experience, under certain conditions these processes may also drive

inter-subjective sharing of emotions as they integrate with relevant

input from other perceptual and limbic domains. The relative contri-

butions of each of these systems and their interactions with limbic

structures to one’s empathic reaction are within the main focus of

this study.

Although evidence supporting and elaborating the ES–ToM dissoci-

ation accumulates, a recent review of neuroscientific research (Zaki

and Ochsner, 2012) highlights typical pitfalls in this literature. In

short, it stresses the importance of using realistic experimental ma-

nipulations, rich in both perceptual and cognitive cues, to enhance the

interpretability of findings and their relevance to real-life empathy. It is

also recommended to relate the neural data to corresponding behav-

ioral measures to ensure the participants indeed experienced empathy.

In keeping with the recommendation to employ holistic rather than

isolated stimuli when examining empathy-related processes, cinematic

stimuli were used in this study. Films are ecological manipulations, as

they introduce multi-modal, dynamic and realistic stimuli. They are

considered particularly effective in inducing empathy (Smith, 1995).

Two excerpts, presenting a fatal separation of a mother from her chil-

dren, were taken from the films Stepmom (1998) and Sophie’s Choice

(1982, referred to here as Sophie). Both excerpts were previously

reported to effectively induce empathy-related emotions such as sad-

ness (Oatley, 1996; Goldin et al., 2005; Raz et al., 2012), compassion

and mercy (Raz et al., 2012).

The dynamic nature of these clips enables the examination of the

aforementioned key aspect of emotion highlighted by neuroscientific

theories: dynamics of connectivity. This study aims to support the

notion that ES- and ToM-related sets of regions actually function as

networks, with inter-regional crosstalk increasing as individuals

become empathically engaged.

The empathy-related networks (Figure 1 and Supplementary Table

S1) were defined here based on recent meta-analyses of the literature

mentioned above (Lamm et al., 2011; Bzdok et al., 2012; see ‘Materials

and Methods’ section for region selection rationale). Since empathy is

basically an emotional phenomenon whose evolutionary value relies on

its ability to recruit affective-motivational processes (Batson et al.,

1981), a third set of subcortical regions implicated in such processes

was added to the analysis. This set (i.e. limbic network) includes the

periaqueductal gray (PAG), amygdala, ventral striatum, hypothalamus

and medial thalamus (Figure 1) that were reported by a third

meta-analysis to co-activate across numerous studies of emotion

(Kober et al., 2008). Thus, both patterns of connectivity within ES

and ToM networks as well as between these networks and limbic

regions were examined in this study.

To dynamically probe functional connectivity within and between

networks, we applied a network cohesion analysis as described in Raz

et al. (2012). The network cohesion index (NCI) is computed continu-

ously in sliding time-windows, based on fMRI data. After a certain set

of brain regions is defined, NCI is calculated in a way, which is sen-

sitive to the strength of the average correlation within this set and to

the variation about this average. The temporal patterns of intra (within

a specific network) and inter (between a pair of networks) NCIs are

then compared with behavioral and autonomic indices of empathy.

Continuous retrospective rating of sadness intensity served as a

behavioral index for affective empathic engagement. Such operationa-

lization relies on the notion that sadness experienced in response to the

observed other’s sadness reflects emotional sharing and empathy. Since

both films introduce characters in stereotypically sad situations of loss,

continuous rating of sadness intensity induced by these unfolding

events was regarded as a state-empathy index. Furthermore, in light

of evidence associating parasympathetic activity with certain modes of

sadness (Kreibig, 2010) and empathic concern (Hastings et al., 2006), a

continuous parasympathetic index based on heart rate variability (see

‘Materials and Methods’ section) was adopted as an autonomic index

of empathic reaction. Along with this inquiry of empathy as a transient

state, the network cohesion indices were also compared with indices of

trait empathy, as assessed by the commonly used Interpersonal

Reactivity Index (IRI; Davis, 1983).

Our hypotheses stand on the assumption that when a certain net-

work increasingly and cohesively engages in the processing of relevant

information, the functional connectivity between its nodes will accord-

ingly rise. Relying on the literature on the neural bases of ES and ToM

processes, we specifically speculated that the connectivity within these

networks, as well as their links to limbic structures, will covary with the

intensity of empathy experienced during film viewing. As both of the

films induce empathic reactions (i.e. sad responses to other’s sadness),

we hypothesized positive correlations between the behavioral and

physiological indices of empathy and the NCIs computed for the

networks of interest specified above.

MATERIALS AND METHODS

Participants

Sixty-four healthy Israelis with at least 12 years of education and no

history of neurological or psychiatric disorders were recruited; 21 and

20 data sets for Stepmom and Sophie, respectively, were discarded due

to various technical failures and exaggerated head motions (see below).

Thus, 43 (26.93� 4.86 years, 22 females) and 44 (26.73� 4.69 years, 25

females) valid data sets were available for Stepmom and Sophie,

respectively.
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Induction of emotional experience

Two video excerpts from the films Sophie’s Choice (10 min) and

Stepmom (8:27 min) were displayed in a counterbalanced order.

One-minute long epochs of blank screen were introduced before and

after the film presentation. In addition, a 10 min sequence of anatom-

ical scans separated between the clips to reduce emotional carryover.

The excerpt from Sophie presents a mother forced by a Nazi officer

to choose which of her two children will be sent to death. In the clip

from Stepmom, a mother talks with both of her children separately

about her future death due to a terminal disease.

State-empathy indices

Retrospective emotion rating. In a session conducted immediately

following scanning, the participants re-watched the clips while con-

tinuously reporting on shifts in sadness intensity during the first view-

ing in the scanner. The rating was performed retrospectively to avoid

distractions during the fMRI recording. This method previously

showed good reliability and validity (Raz et al., 2012). The rating

was sampled at 10 Hz using homemade software. The participants

referred to a vertical scale constantly, indicating seven levels of

sadness�from neutral to very deep (each containing 38 of shift; 218
in total).

The parasympathetic index. Electrocardiography (ECG) was

obtained during scanning by a BrainAmp ExG MR psychophysio-

logical monitoring system (BrainProducts, Munich). The signal was

recorded by Ag/AgCl electrodes at a sampling rate of 500 Hz, yielding

77 data series. A parasympathetic index was computed on the basis of

the ECG signal and compared with the behavioral index as described in

Raz et al. (2012) and Supplementary S1.

Trait-empathy indices

The IRI is a widely used 28 item self-report multi-dimensional measure

of trait-empathy (Davis, 1983) with confirmed validity and reliability

(Davis, 1994). It consists of four subscales; indexing personal tenden-

cies to adopt another’s point of view on given situations, transposing

oneself into the state of fictitious characters, generally experiencing

‘other-oriented’ feelings and feelings of distress in reaction to the aver-

sive emotions of others. Questionnaires were obtained from 34

(27.04� 5.03 years, 16 females) and 34 (26.54� 4.49 years, 18 females)

participants with valid fMRI data for Stepmom and Sophie, respectively.

fMRI acquisition

All scans were performed using a GE 3T Signa Excite echo speed scan-

ner with an 8-channel head coil located at the Wohl Institute for

Advanced Imaging at the Tel-Aviv Sourasky Medical Center.

Structural scans included a T1-weighted 3D axial spoiled gradient

echo (SPGR) pulse sequence [time repetition (TR)/TE¼ 7.92/

2.98 ms, flip angle¼ 158, pixel size¼ 1 mm, FOV¼ 256� 256 mm,

slice thickness¼ 1 mm]. Functional whole-brain scans were performed

in interleaved order with a T2*-weighted gradient echo planar imaging

pulse sequence (TR/TE¼ 3000/35 ms, flip angle¼ 908, pixel

size¼ 1.56 mm, FOV¼ 200� 200 mm, slice thickness¼ 3 mm, 39

slices per volume). Active noise cancelling headphones

(Optoacoustics) were used.

fMRI data preprocessing

Preprocessing was performed using Brain Voyager QX version 2.1.4.

Head motions were detected and corrected using trilinear and sinc

interpolations, respectively, applying rigid body transformations with

three translation and three rotation parameters. Four data sets were

discarded for each of the films due to exaggerated head motions (de-

viations >1.5 mm and 1.58 from the reference point). The data were

smoothed temporally using a linear trend removal with a high pass

filter of 0.008 Hz. Spatial smoothing with a 6 mm FWHM kernel was

applied. To avoid the confounding effect of fluctuations in the whole-

brain blood oxygenation level-dependent (BOLD) signal, for each TR,

each voxel was scaled by the global mean at that time point.

Anatomical SPGR data were standardized to 1� 1� 1 mm and trans-

formed into Talairach space. SPGR images were then manually co-

registered with the corresponding functional maps.

Definition of networks of interest

Relevant comprehensive and updated meta-analyses of neuroimaging

studies were used to define ES, ToM and limbic networks (Figure 1 and

Supplementary Table S1). The ES network was defined on the basis of

a recent meta-analysis on empathy for pain (Lamm et al., 2011). Five

regions were defined as the nodes of the ES network, derived from

Fig. 1 Locations of ROIs comprising the limbic (red), ES (green) and ToM (blue) networks. Coronal (a) and sagittal (b) views are presented. The ROIs are projected onto a 3D anatomical image adopted from
SPL-PNL Brain Atlas (Talos et al., 2008) registered to Talairach space and visualized using a 3D slicer (Pieper et al., 2004) and Autodesk

TM

MAYA.
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table 2 of Lamm et al. (2011). To note, brain structures included in this

network are implicated in other forms of emotional contagion

(Bruneau et al., 2012). The definition of the ToM network relied on

studies in which participants were instructed to infer other’s inten-

tions, thoughts and future actions (Bzdok et al., 2012). Seven

regions were selected based on further evidence from another study

(Dodell-Feder et al., 2011) that they are the only regions to be reliabil-

ity activated across different ToM tasks. Finally, we tested the inter-

action of empathy-related networks with subcortical structures

implicated in evaluation of the affective value and in the regulation

of autonomic reactions. A core limbic set of regions was accordingly

defined on the basis of a meta-analysis, which clustered emotion-

related brain structured according to their co-activity across studies

(Kober et al., 2008). Regions were selected as described in Raz et al.

(2012), with the exclusion of a left ventral striatal node due to its

vicinity to the borders of a ventral insular structure included in the

ES network.

In the cases of ES and ToM, the statistical maps were kindly pro-

vided by the authors of Lamm et al. (2011) and Bzdok et al. (2012),

respectively. In the case of the limbic network, seed coordinates were

obtained from table 4 of Kober et al. (2008). MNI to Talairach trans-

formations were performed in the cases of the ES and limbic networks

using a Lancaster transformation (Lancaster et al., 2007).

Computation of network cohesion indices

NCI allows a dynamic probing of functional connectivity within and

between networks (for details, see Raz et al., 2012). First, the average

signal of each ROI was extracted using a Gaussian mask with 3 mm

radius around the seed coordinates. Next, for each network, time-win-

dow and participant, the set of all pairwise Pearson correlations was

computed. The time-windows spanned over 30 s (10 TRs) in line with

evidence on dynamic time-dependent patterns of functional connect-

ivity at this time scale (Honey et al., 2007). A right tailed Student’s

t-test with a null hypothesis of mR¼ 0 was performed on the popula-

tion of the Fisher Z-transformed coefficients for each participant,

network and time-window. In this test, the t-statistic serves as a

probe for the connectivity within the network with high values when

the mean correlation is high and variance is low.

The intra-NCI for a specific participant, network and time-window

was defined as the corresponding t-statistic computed as described

above. Inter-NCI was calculated in the same manner, except that the

population of the t-tested pairwise correlations includes pairs of ROIs

in different networks.

Comparing NCI with state-empathy indices

The temporal patterns of intra- and inter-NCI were compared with

continuous behavioral and physiological indices at the individual level.

The first 7 TRs of the cinematic conditions (approximately the span of

hemodynamic response) were excluded since they assumingly bear an

effect of novelty appreciation related to the onset of the video display.

Next, state-empathy indices were down-sampled to fit the temporal

framework of the NCIs. Median values of the rated sadness intensity

and the parasympathetic index were computed in time-windows of 10

TRs with an overlap of 9 TRs. For each of the participants, Spearman’s

rank correlation coefficient was computed between these down-

sampled indices and the NCIs. These correlations were computed for

series including only non-overlapping time-windows of the indices to

avoid violation of the assumption of independence between samples in

Spearman’s test.

For each network or pair of networks of interest, a two-tailed Z-test

was performed to test whether the average Rs for the comparisons

between the NCI and the state-empathy indices across participants

differ from 0. Twenty comparisons were performed at this stage and

a false discovery rate (FDR; Benjamini and Hochberg, 1995) correction

was applied to control for multiple comparisons. To test the difference

between the cinematic conditions in terms of NCI–state-empathy

association, R populations were compared using a two-tailed paired

t-test on participants for whom valid fMRI data were available for both

films (N¼ 34, 19 females, 26.81� 4.81 years).

In addition, to control for a ‘whole-brain effect’, a spatial bootstrap-

ping approach was employed (see Supplementary S2).

Comparing NCI with trait-empathy indices

This analysis tested the hypothesis that the connectivity of the net-

works of interest during moments of highly empathic stimulation is

modulated by a priori tendency of the participant to be empathically

engaged in such states. The time-window that was used to test this

hypothesis was selected on the basis of the sadness rating at the group

level. We were specifically interested in the dramatic build-up since we

expected the relevant networks to be involved in the processing of the

highly salient incoming empathy-related information. Thus, the global

maxima of the average rating were defined for each of the cinematic

conditions. A time-window of 10 TRs coinciding with the TR of max-

imal rating was selected for each film. For each network or pair of

networks of interest, the NCI values in this time-window (after

Z-scoring the entire NCI signal to standardize individual data) were

compared with the IRI scores in each of the four subscales across

participants. Spearman’s rank test was performed, yielding an overall

of 40 comparisons considered for FDR correction.

RESULTS

Relations between behavioral and parasympathetic indices

The comparison of the continuous behavioral and physiological state-

empathy indices revealed an opposing pattern between the films. While

in Stepmom the retrospective sadness rating was positively correlated

with the online parasympathetic index (Z¼ 3.87, P < 0.0002), in Sophie

these indices were negatively correlated (Z¼�2.27, P < 0.025;

Figure 2). This replicates our previous findings obtained outside of

the scanner in a different group of participants (Raz et al., 2012).

Relations between network cohesion and state-empathy indices

Similarly, an opposite pattern of relations between the NCIs and state-

empathy indices was evident. The ToM-NCI was positively linked with

the behavioral index in Stepmom [Z¼ 2.8, P < 0.006, FDR-adjusted

P-value (pFDR) < 0.03], but strongly negatively correlated with this

index in Sophie (Z¼�4.34, P < 2� 10�5, pFDR < 0.0002; Figure 3a).

These results showed high specificity in the brain space, as higher and

lower behavioral-NCI associations were found for 97.7% and 98.3% of

1000 randomized sets of regions in Sophie and Stepmom, respectively

(Supplementary Figure S2). A direct comparison between the two cine-

matic conditions confirmed that ToM-NCI was more positively corre-

lated with the sadness rating in Stepmom than in Sophie (P < 0.0002).

An association between the ToM-NCI and the parasympathetic index

was not found in either case.

At odds with our expectations, the ES-NCI alone did not signifi-

cantly correlate with indices of state empathy in Sophie. Although in

this case the peak average ES-NCI and the median sadness rating

coincided, with a marginally significant correlation between these vari-

ables (P < 0.08, uncorrected; Stepmom: P < 0.13, Supplementary Figure

S1), the evidence on their coupling is weak. However, when the rela-

tions between ES-limbic-NCI and the rated sadness intensity was

tested, a strong positive correlation (Z¼ 4.9, P < 2� 10�6, pFDR <

3� 10�5) with high specificity in brain space (99.8%) was found in
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Sophie (Figure 3b). This association did not survive the correction for

multiple comparisons in Stepmom.

ES and ES-limbic-NCIs were not associated with the parasympa-

thetic index. However, the ToM-limbic inter-NCI�although did not

correlate with the behavioral index for both films�was nonetheless

positively linked with the parasympathetic index (Z¼ 2.58, P < 0.01,

pFDR < 0.04, specificity: 92.17%) in Stepmom (Figure 3d).

Markedly, the limbic-NCI was positively correlated with the rated

sadness intensity (Z¼ 4.33, P < 2� 10�5, pFDR < 0.001, specificity:

99.5%; Supplementary Figure S1), but negatively correlated with

the parasympathetic index (Z¼�2.95, P < 0.004, pFDR < 0.02, speci-

ficity: 99.6%; Figure 3d) in Sophie. No such associations were found in

Stepmom.

Relations between network cohesion and trait-empathy indices

We next tested the hypothesis that personal empathic tendencies in-

fluence the connectivity of empathy-related networks during moments

of high emotional engagement. Peak emotional intervals were defined

on the basis of the average sadness rating. NCIs for these intervals were

then compared with the scores of the four IRI subscales for each of the

films.

During these intervals of peak empathic engagement, ToM intra-

NCI positively correlated with the personal distress scores (Rs¼ 0.53,

P < 0.002, pFDR < 0.03) in Stepmom, whereas in Sophie the same

subscale scores were associated with ES-limbic inter-NCI

(Rs¼ 0.53, P < 0.002, pFDR < 0.03). No other correlation between

the NCIs and the trait-empathy subscale scores survived FDR

correction.

DISCUSSION

This study provides unique evidence regarding the neural bases of

empathic experience, both corroborating and potentially refining the

accumulated knowledge on this topic. Our findings augment conver-

ging data on distinct empathy-related processes, relying on either

insulary–cingulate or MPF-temporo-parietal circuits (associated with

ES and ToM, respectively). Particularly�and to our knowledge, unpre-

cedentedly�we found the dynamic patterns of connectivity of these

circuits to be associated with empathy experienced under realistic

Fig. 2 Behavioral and physiological indices of reactions to film excerpts: (a) rated sadness intensity�median values (solid line) and inter-quartile range (delineated by dashed lines). N¼ 44 and N¼ 43 in
Sophie and Stepmom, respectively. (b) Parasympathetic index (mean� standard error) and median rating of sadness intensity resampled as described in the ‘Materials and Methods’ section. (c) The behavioral
and the parasympathetic indices. N¼ 35 and N¼ 32 in Sophie and Stepmom, respectively. *P < 0.03, **P < 0.0002.
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situations. Furthermore, our data indicate a growing interaction of

these circuits with a set of subcortical limbic structures during the

intensification of empathic engagement. However, these findings also

evince a context-dependent dissociation between empathy-related

brain processes, suggesting that emotional sharing is based on the

interplay between ES- or ToM-related processes, which may alterna-

tively dominate empathic engagement.

Different empathy-related systems were found to be associated with

empathic engagement for each of the films. In Stepmom, it was the

ToM-NCI that was correlated both with the state-empathy index (sad-

ness rating) over time, and the trait-empathy index (personal distress

scores) in a selected time-window of peak rated sadness. Strikingly,

these same state and trait indices were strongly associated with ES-

limbic-NCI in Sophie. Thus, in each of the cinematic conditions, it was

the NCI that most significantly positively correlated with the state-

empathy behavioral index that also correlated with the personal dis-

tress scores in the tested time-window.

How should we interpret the indications that it is specifically the

interaction between these subcortical and cingulo-insular structures

that underpins aware empathic experience in Sophie? Notably, these

findings are congruent with Craig’s model of the neural basis of

emotional experience (Craig, 2009). This model posits that the real-

time experience of a sense of self emerges as a result of an interaction

between brain structures within both the ES and the limbic networks.

According to this hierarchical model, interoceptive information about

the homeostatic state of the body ascends from the spinal cord to

Fig. 3 Relations between behavioral, physiological and network cohesion indices. Median values of the behavioral index (a,b) and mean values of the physiological (c,d) and network cohesion (a–d) indices are
indicated. The gray surface indicates ES-NCI standard error. N¼ 44 and N¼ 43 in Sophie and Stepmom, respectively. *P < 0.01, pFDR < 0.04, **P < 0.006, pFDR < 0.03, ***P < 2� 10�5, pFDR < 0.001.
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specific thalamic nuclei and is then projected to the insular and

anterior cingulate cortices (ACC). The AI then integrates multi-

modal information from various sources including affective informa-

tion coming from relatively low-level limbic areas such as the hypo-

thalamus and the amygdala. Subsequently, a motivational value for the

integrated representations of the interoceptive state is established and

fed back to the body via major descending projection from the ACC to

the PAG. Thus, when another’s distress is empathically experienced as

one’s own interoceptive state, the interaction between the components

of this circuit (reflected as ES-limbic-NCI) is indeed expected to

increase.

The indications for the involvement of this ES-limbic circuit were

weaker in the case of Stepmom, for which evidence on ToM-related

processing was found. Importantly, evidence suggests that the recruit-

ment of ToM- and ES-related neural circuits varies as a function of the

temporal relations between the subject and the object of mental pro-

cessing, as well as of the interpersonal distance between the two. Thus,

Buckner and Carroll (2007) emphasize the role of MPF and medial

temporal structures in processes that rely on the ability to flexibly shift

one’s perspective beyond the immediate present in contrast with pro-

cessing bound to real-time input, which recruits ES and limbic regions

(Craig, 2009). These authors evince that ToM considerably shares its

neural correlates with other cognitive functions such as autobiograph-

ical memory and thinking about the future that involve similar de-

tachment from the here-and-now perspective.

Moreover, in terms of agency, the insula and the ACC have been

associated with ‘first-person’ simulations of other’s state involving

minimal distance between individuals, whereas the STS, TPJ and

mPFC have been implicated with the projection of one’s own proper-

ties to an objectified, distant or separated agent. When the perceiver of

animated or filmed actions allegedly believed that she controls these

actions, insulary activations were found, but when these actions were

perceived as controlled by another agent, temporo-parietal regions

were recruited (e.g. Farrer and Frith, 2002; Corradi-Dell’acqua et al.,

2008). Other evidence suggests that direct stimulation of TPJ may even

induce an extreme ‘third-person’ perspective in which individuals

report that they see their own bodies as separated external observers

(e.g. Blanke et al., 2002). A highly relevant recent study of both agency

Fig. 4 (a) Cohesion indices of selected networks (gray) and non-resampled average rating. Time-windows of culminating reported empathic engagement are marked in red. (b) Heat maps representing the
correlation matrices used for NCI computation. The right map in each pair relates to the selected time-window (see a), whereas the left map refers to the first time-window for comparison. For each pair of ROIs,
the average correlation over participants is indicated by a color. For ROIs nomenclature, see Figure 1. (c) NCI values of the selected networks in the time-windows of interest against trait-empathy index of IRI-
PD (N¼ 34).
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and empathy reports that witnessing the social exclusion of a stranger is

associated with the activation of the dorsal mPFC, while dorsal ACC

and AI are activated in response to the exclusion of close friend pro-

portionally to the strength of their tendency to share emotions with

that friend (Meyer et al., 2012).

Does this distinction between the modes of agency correspond with

a difference between the contents of Sophie and Stepmom? A systematic

examination of the cinematic factors that induce increased

ToM-related processing in Stepmom and ES-limbic integration in

Sophie is yet to be conducted. However, a key thematic distinction

between the clips, which is related to agency, may readily be considered

relevant: both films introduce a theme of separation of mother from

child, but in Sophie the loss is presented as a real-time probabilistic

event whereas in Stepmom the loss is presented as a determined fact,

which cannot be changed by intentional action. In Stepmom, the

mother and children discuss the separation as a given fact, while

Sophie and her children face an unfolding act of separation.

Therefore, it is possible that Sophie triggers a ‘first-person engagement’

wherein the film viewer and the cinematic characters share an increas-

ingly integrated activity of the ES-limbic circuit responsible for viscer-

ally based sensations during a real-time action. On the other hand, in

Stepmom, when the loss is primarily simulated as a distant and object-

ive event, ToM-related processing, facilitating a flexible representation

of non-actual states, may mediate empathic engagement.

A support for this interpretation comes from a recent meta-analysis

of emotion-related autonomic reactions (Kreibig, 2010). Reviewing

multiple instances of experimentally induced sadness, two major

modes of autonomic reaction were identified, involving either

increased sympathetic activity or enhanced parasympathetic control.

Importantly, this meta-analysis reports that an ‘activating’ mode of

sadness response appears predominantly in reaction to films that pre-

sent loss as an event that is expected to occur at any moment, as in

Sophie, whereas a ‘deactivating’ parasympathetic pattern characterizes

responses to cinematic representation of loss as a determined fact

(Kreibig, 2010), as in Stepmom.

Correspondingly, our findings indicate that Stepmom elicits an

experience of heightened parasympathetic tone as reflected by an

association between the sadness rating and the autonomic index.

This parasympathetic reaction is specifically associated with the pro-

cessing of affective aspects of ToM information as indicated by the

correlation between ToM-limbic-NCI and the parasympathetic index.

On the other hand, the emotional intensification in Sophie is related to

decreased parasympathetic activity, evident as negative correlations

between the parasympathetic index and sadness rating, as well as the

limbic-NCI. Taken together, this line of evidence suggests that the

alternative recruitment of ToM- and ES-related circuits in empathic

situations is linked with the adoption of either a ‘third-person’ per-

spective on separated agents (Tan, 1995) or a proactive ‘first-person’

involvement with an online situation.

However, one key finding remains surprising also within the sug-

gested explanatory framework. Assuming that a global drop in the

correlations between the nodes of a certain network reflects the attenu-

ation of its function as an integrative module, the apparent drop in

ToM-NCI during the most dramatic moments in Sophie has yet to be

explained. Why this empathy-related mode of processing is released or

even suppressed in the presence of other’s extreme distress?

Notably, mentalization and ES are described in the literature as both

complementary and alternative modes of empathy (Jankowiak-Siuda

et al., 2011). ES may effectively motivate pro-social behavior and thus

have a key value for survival. However, if the self/other distinction is

substantially undermined, a risk is posed to one’s ability to function

autonomously according to non-empathic individual needs.

Maintaining a distance from the object of empathy may therefore

‘protect’ the empathizer from automatic and maladaptive contagious

reactions (Jankowiak-Siuda et al., 2011). This ability, which develops

with age (Hastings et al., 2006), helps to regulate empathic distress as it

relies on a separation between one’s own and other’s perspectives of a

given situation, implying that suffering is not self-originated. In fact,

the ability to generate this differentiation by conceiving of the others as

separate agents with distinct concerns, beliefs and intentions is a

developmental precondition for gaining the ability to engage in such

ToM processing.

It is possible that the dip in ToM intra-NCI, while viewing Sophie’s

imposed choice to send her daughter to her death, reflects the suspen-

sion of this regulated and distanced form of cognitive engagement

(allowing ‘feeling for’) in favor of an embodied and direct form of

emotional sharing (‘feeling with’). Indeed, in line with the notion of

regulatory function of ToM, MPF regions are often implicated in

emotion regulation as well (e.g. Goldin et al., 2008). Moreover, the

evidence on the role of the parasympathetic system in emotion regu-

lation (Porges, 1991; Rottenberg et al., 2003) together with its

relevance to the emotional experience elicited by Stepmom indicates

the regulatory aspect of the mode of empathic engagement elicited by

this film. It should be noted that the part of the ToM-limbic circuit

that apparently increased its connectivity hand-in-hand with parasym-

pathetic activation has been implicated in the regulation of efferent

outflow both through direct projection and via indirect relay pathways

(Dampney, 2011).

In conclusion, relying on a novel approach for analyzing the

dynamics of functional network connectivity, this study provides

further support for the claims of the involvement of cingulo-insulary

and MPF-temporo-parietal regions in empathy-related processes of ES

and ToM, respectively. The inter-relations between the multi-level

indices suggest that Stepmom and Sophie comprise instances of two

forms of empathy for sadness. The first relies on a cognitive represen-

tation of another’s distress from a ‘third-person’ perspective facilitat-

ing regulated reaction. The second involves a ‘first-person’ proactive

experience of automatic emotional resonance, accompanied by the

attenuation of a more psychologically distanced judgment of the situ-

ation. The network analysis of ES and ToM circuits specifically suggests

that (i) the contribution of these circuits to the generation of empathic

reactions is context-dependent and may be mediated by their inter-

actions with subcortical limbic structures. These circuits may be sinu-

ously recruited depending on the circumstances under which empathy

is experienced. (ii) ToM-related processing in particular may be

enhanced but also diminished when confronting another’s distress.

This phenomenon may reflect a flexible switching between more or

less cognitively regulated modes of engagement.
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