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Abstract Two hypotheses have been proposed regarding the
response that is triggered by observing others’ pain: the
“empathizing hypothesis” and the “threat value of pain
hypothesis.” The former suggests that observing others’ pain trig-
gers an empathic response. The latter suggests that it activates the
threat-detection system. In the present study, participants were
instructed to observe pictures that showed an anonymous hand
or foot in a painful or non-painful situation in a threatening or
friendly social context. Event-related potentials were recorded
when the participants passively observed these pictures in different
contexts. We observed an interaction between context and picture
in the early automatic N1 component, in which the painful pictures
elicited a larger amplitude than the non-painful pictures only in the
threatening context and not in the friendly context. We also ob-
served an interaction between context and picture in the late P3
component, in which the painful pictures elicited a larger ampli-
tude than the non-painful pictures only in the friendly context and
not in the threatening context. These results indicate that specific
social contexts can modulate the neural responses to observing
others’ pain. The “empathic hypothesis” and ““threat value of pain
hypothesis” are not mutually exclusive and do not contradict each
other but rather work in different temporal stages.
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Introduction

Observing the pain of others is a very salient stimulus. Event-
related potential (ERP) studies demonstrate more positivity in
the N1, N2 and P3 components in response to painful stimuli
than to non-painful stimuli (Han, Fan, & Mao, 2008a; Ibanez
etal., 2011; Lyu, Meng, & Jackson, 2014; Meng et al., 2012).
Functional magnetic resonance imaging studies suggest that
observing others who are in painful situations triggers stronger
activation of a larger set of brain regions, including the ante-
rior insula, anterior cingulate cortex, and amygdala (Keysers,
Meftert, & Gazzola, 2014; Keysers, Kaas, & Gazzola, 2010;
Lamm, Decety, & Singer, 2011; Rizzolatti & Sinigaglia,
2010), compared with observing others who are in non-
painful situations.

Two hypotheses have been proposed regarding the re-
sponses that are triggered by observing others’ pain: the
“empathizing hypothesis” and the “threat value of pain
hypothesis” (TVPH). The “empathizing hypothesis” suggests
that observing others’ pain triggers empathy for the others’
pain. Empathy refers to the ability to share and understand
others’ emotions or feelings (Decety & Lamm, 2006).
Empathy relies on the integration of two components: an auto-
matic early emotional contagion system and a more advanced
cognitive system that allows self-regulation and elaboration of
the situation (Decety & Jackson, 2004; Mella, Studer, Gilet, &
Labouvie-Vief, 2012). From a temporal perspective, ERP stud-
ies support the two-component model, suggesting that empa-
thizing with pain involves two corresponding temporal pro-
cesses: early, automatic processing that results in emotion
al contagion and affective sharing (reflected by a more


mailto:cuifang0826@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.3758/s13415-017-0517-9&domain=pdf

Cogn Affect Behav Neurosci (2017) 17:850-857

851

positive early automatic component [EAC], such as N1 and
N2, in response to painful stimuli compared with non-painful
stimuli) and a later, cognitively controlled process that is
subserved by the prefrontal cortex to regulate empathic re-
sponses and to make a clear distinction between the self and
other (reflected by more positive amplitudes of centro-parietal
P3 in response to painful stimuli compared with non-painful
stimuli; Fan & Han, 2008; Mella et al., 2012; Sessa, Meconi,
Castelli, & Dell'Acqua, 2014).

The TVPH suggests that both the early and the late processing
of painful stimuli are associated with a potential threat, and the
mere perception of others’ pain does not automatically activate
an empathic process. Rather, a threat-detection system appears to
be activated first, with a possibly general aversive response in the
observer, instead of an empathic response (Ibanez et al., 2011).
However, compared with the “empathizing hypothesis,” the
TVPH is relatively new, and few studies can be found in the
literature that have tested or verified it.

Social interactions, such as understanding others’ feelings
and emotions, naturally occur in context-rich settings that
modulate all aspects of cognition, from basic perception to
the interpersonal domains (Ibanez & Manes, 2012).
Empathy for pain in particular is a highly contextual phenom-
enon (Melloni, Lopez, & Ibanez, 2014). Numerous studies
have suggested that the neural response to others’ pain is flex-
ible and can be modulated by contextual factors (Akitsuki &
Decety, 2009; Decety, Echols, & Correll, 2010; Cui et al.,
2016 Cui, Ma, & Luo, 2016; Gu & Han, 2007; Lyu et al.,
2014; Singer et al., 2004). A reasonable assumption is that
the context, especially the social context, influences the way
in which we process others’ pain. However, the ways in which
the social contexts modulate the processing of others’ pain has
not yet been explored.

When you hear a gunshot on the street, then seeing a person
who is covered with blood may make you want to run away. In
contrast, when you see the suffering of a child in a hospital,
you may want to approach and comfort him. Under different
social contexts, others’ pain may signal danger or a call for
help. In the present study, we explored the ways in which
stimuli that show others’ pain are processed in different social
contexts. “Social context” refers to the immediate physical
and social setting where people live or where something hap-
pens or develops (Barnett & Casper, 2001). We manipulated
the social context by presenting pictures of different facial
expressions to the participants. Angry faces were used to in-
duce a threatening context, and smiling faces were used to
induce a friendly context; the faces have all been shown to
be valid in the literature (Karos, Meulders, & Vlaeyen, 2015).

A modified affective oddball paradigm was used to create
the affective contexts. Using the affective oddball paradigm to
trigger an affective context has also been shown to be valid
(Cui, Zhu, Duan, & Luo, 2015; Schupp et al., 2000). The
oddball paradigm can enable the unpredictability of target

stimuli. The unpredictability of stimuli that show others’ pain
can exclude confounding factors such as expectation and
preparation. Two types of blocks were used: “threatening”
block and “friendly” block. In the threatening blocks, angry
faces were the standard stimuli, and pictures that showed
others who were in painful or non-painful situations were
the deviant stimuli. In the friendly blocks, smiling faces were
the standard stimuli. We compared ERPs while the partici-
pants viewed the deviant pictures in the different blocks.

Our first hypothesis was that the participants would be
more sensitive and alert to others’ pain in the threatening
context than in the friendly context in the early perceptual
processing stage, reflected by EACs, such as N1 and N2.
Such an effect would be better explained by the TVPH
because others’ pain does not trigger an empathic re-
sponse but rather activates the danger detection system.
One ERP study found that the threat detection system was
enhanced when primed with information that was associ-
ated with others compared with information that was as-
sociated with one’s own because the other represents a
stronger threat than the self (Ibanez et al., 2011).Greater
sensitivity to harm in the threatening context could be
evolutionally beneficial because harm that affects others
mostly is a danger signal to the self as well.

Our second hypothesis was that there is a weaker empathic
response to others’ pain in a threatening context than in a
friendly context. One recent study found that the stress of
being around strangers might be responsible for the absence
of empathizing with the pain of strangers (Martin et al., 2015).
This finding indicates that when our own safety is threatened,
the stress prevents us from automatically empathizing with
others’ pain. In the design of the present study, this effect
might be observed in later ERP components, such as P3. In
the threatening context, one would retain the mental resources
that are necessary to deal with potential dangers rather than
process others’ emotions and feelings. Moreover, if evidence
is found to support both of these hypotheses, then this indicate
that the empathizing hypothesis and TVPH might both be true
and work in different temporal stages. The early perceptual
processing stage can be considered a danger detection stage,
which can be better explained by the TVPH. The observers
would first judge whether others’ pain signals a threat. The
later, cognitive processing stage would be better explained by
the empathizing hypothesis because the threat may prevent the
observer from empathizing with others’ pain.

Methods
Participants

Twenty-three right-handed participants with no history of neu-
rological disorders, brain injuries, or developmental
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disabilities participated in the experiment. All of them had
normal or corrected-to-normal vision. The research was ap-
proved by the Medical Ethics Committee of Shenzhen
University Medical School according to the principles of the
Declaration of Helsinki. All participants provided written in-
formed consent. One participant’s data were rejected due to
intensive head movements during EEG recording (27.4% bad
epochs). Finally, 22 participants’ data were included (nine
male, age 23.95 + 0.45 years (mean + SE)).

Materials and design

In the oddball paradigm, 60 pictures showing a person’s
hands/forearms/feet in painful or non-painful situations were
used as deviant stimuli (30 painful and 30 non-painful); 180
pictures showing an angry face or a happy face were used as
standard stimuli (90 angry faces and 90 happy faces). Genders
of'the faces were counterbalanced between the angry and hap-
py faces.

The deviant stimuli used in the experiment were pictures
showing a person’s hands/forearms/feet in painful or non-
painful situations, which have been used in previous ERP
studies (Meng et al., 2013). All the situations depicted in these
pictures were ordinary events in daily life and all the events
shown in the non-painful pictures corresponded to those in the
painful pictures just without the nociceptive component
(Fig. 1A).

The standard stimuli used in the experiment were selected
from the native Chinese Facial Affective Picture System
(CFAPS) including 90 happy faces and 90 angry faces
(Fig. 1A). The recognition consistency and intensity of ex-
pressions were evaluated in the initial validation research (X,
YX,Y, & YJ,2011). The recognition consistencies were 85.64
+ 8.38 for happy expressions and 86.77 £ 6.56 for angry
expressions. The intensities of happy and angry expressions
were 6.35+0.78 and 6.91 £ 0.58 (mean + SD). No significant
differences in recognition consistency or intensity were found
between these two categories (p>0.5). Male and female faces
were represented equally. They were identical to each other in
size, background, contrast grade, brightness, and other phys-
ical properties. All faces were gray-scale and were presented
on a black background (3.0°x3.5°visual angle). All of them
had the same size, 9x6.76 cm (widthxheight), with 100 pixels/
in.

During the experiment the participant sat in a dark and
quiet room alone during the recording. A 15-in. color monitor
was placed in front of him/her. During the task, the pictures
were presented in the center of a white background.

Experimental procedures

The study had a 2x2 within-subject design. The first factor
was the “Context.” There were two levels to this factor: the
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threatening context and the friendly context. The second fac-
tor was the pictures: the painful and the non-painful ones. A
block design was used with each block contain 240 trials
including 25% deviant stimuli (12.5% painful and 12.5%
non-painful pictures) and 75% standard stimuli. In the
“Threatening context,” all of the 75% standard stimuli were
an angry face while in the “Friendly context”, all of the 75%
standard stimuli were a happy face. In each trial, a fixation was
presented on a white screen for 500 ms, followed by a deviant
or a standard stimuli picture presented for 1,000 ms. There
was a blank interval presented for 400—700 ms between trials
(Fig. 1B). There were two blocks of “threatening context” and
two blocks of “friendly context.” The order of the blocks was
“ABBA,” “BAAB,” “ABAB,” and “BABA,” balanced
among participants. There were 240 trials of each block and
a maximum of 2 min rest between blocks. There were 960
trials in total. Each specific stimulus was repeated four times
and the whole recording last approximately 55 min.

In order to keep the participant’s attention during the pas-
sive viewing task, the participant was told that questions
would randomly appear after the deviant stimuli to ask if they
saw a painful or a non-painful picture and they were to re-
spond by pressing appropriate buttons. In each block, there
were 25% (60) deviant stimuli and within them 10-20% of the
pictures were followed by a question randomly. The question
that followed was presented immediately after the picture and
disappeared until a response was given.

EEG acquisition and analysis

Electroencephalography (EEG) data were recorded from a 63-
electrode scalp cap using the 10-20 system (Brain Products,
Munich, Germany). The channel TP10 was used as the refer-
ence during recording. Two electrodes were used to measure
the electro-oculogram (EOG). EEG and EOG activity was
amplified at 0.01-100 Hz band-passes and sampled at 500
Hz. All electrode impedances were maintained below 5 kS2.
EEG data were pre-processed and analyzed using Matlab
R2011b (MathWorks, Natick, MA, USA) and EEGLAB tool-
box (Delorme & Makeig, 2004). EEG data at each electrode
were down-sampled to 250 Hz. The data were then re-
referenced to the common average, after which the signal
passed through a 0.01-30 Hz band-pass filter. Time windows
of 200 ms before and 1,000 ms after the onset of the picture
were segmented from EEG. EOG artifacts were corrected
using an independent component analysis (ICA) (Jung et al.,
2001). Epochs with amplitude values exceeding £50 pV at
any electrode were excluded from the average.

Further statistical analysis was conducted in IBM SPSS
Statistics 22 (IBM Corp., Armonk, NY, USA). Previous stud-
ies using similar stimuli suggest that EAC (mainly including
N1 and N2) and P3 are particularly related to observing
other’s pain (Cui et al., 2016; Fan & Han, 2008; Lyu et al.,
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Fig. 1 (A) Examples of the deviant and standard pictures. (B) Example of one trial

2014; Meng et al., 2013; Meng et al., 2012). Analyses were
conducted over the peak amplitude of the N1 and N2 compo-
nents and the mean amplitudes of the P3 component. On the
basis of the topographical distribution of grand-averaged ERP
activity and previous studies, different sets of electrodes for
each component were chosen. F3, Fz, F4, FC3, FCz, and FC3
electrode sites were selected for the analysis of N1 (110-160
ms) and N2 (240-270 ms); FC3, FCz, FC4, C3, Cz, and C4
for the analysis of P2 (160-200 ms); CP3, CPz, CP4, P3, Pz,
P4, PO3, POz, and PO4 were selected for the analysis of P3
(350-550 ms). Repeated measures ANOVA (2 (Context:
Threatening / Friendly) x2 (Picture: Painful / Non-Painful))
were performed for the mean amplitudes of all selected elec-
trodes sites for each component. Degrees of freedom for F-
ratios were corrected according to the Greenhouse—Geisser
method. Statistical differences were considered significant at
p < 0.05; post-hoc comparisons were Bonferroni-corrected at
p <0.05.

Results
Behavioral data

The accuracy of the responses to questions in the threatening
blocks and in the friendly blocks were (98.37 + 0.14) % and
(99.31 £0.24) % (mean + SE), indicating that the participants
did pay attention to the stimuli during the task. There were no
significant differences between the two contexts in accuracy
or reaction time (RT) (p > 0.5).

Event-related potentials

The total averaged ERPs for the pictures were computed sep-
arately for each condition. There are four conditions in total:
the painful picture in the threatening context (T _P), the non-
painful pictures in the threatening context (T _NP), the painful
picture in the friendly context (F_P), and the non-painful pic-
tures in the friendly context (F_NP).

N1 A significant main effect of Picture was observed (F (1,
21) = 6.909, p = 0.016, Ny, = 0.248). The painful picture
elicited more positive amplitudes than the non-painful pictures
(—1.045 £ 0.120 nuV (mean + SE) for painful stimuli and
—1.207 £0.132 uV for the non-painful ones). The main effect
of Context was nonsignificantly observed (F (1,21)=1.117,p
= 0.302, 1, = 0.051). A significant interaction of Context x
Picture (F (1, 21) = 4918, p = 0.038, 11,, = 0.190) was ob-
served. Pairwise comparison indicates that in the threatening
context, the painful stimuli elicited a significantly more posi-
tive N1 than the non-painful stimuli (—1.015 + 0.143 uV for
painful stimuli and —1.354 + 0.167 uV for non-painful stim-
uli, p <0.001). Meanwhile, there was no significant difference
between painful and non-painful stimuli on N1 in the friendly
context on any electrodes site (—1.074 £ 0.130 1V for painful
stimuli and —1.060 + 0.131 uV for non-painful stimuli, p =
0.904) (Fig. 2A and Fig. 3).

P2 The main effect of Picture (F (1, 21) = 0.289, p = 0.596,
Tp2 = 0.014), main effect of Context (F (1, 21) = 0.024, p =
0.879,mp2 =0.001), and the interaction of Context xPicture (F
(1,21) = 0.307, p = 0.586, Ny, = 0.014) were not significant.

N2 We observed a significant main effect of Picture (F (1, 21)
=10.686, p = 0.004, Ny, = 0.337) on N2. The painful picture
elicited a more positive N2 than the non-painful pictures
(—0.738 £0.119 uVand —0.993 £ 0.156 nV). The main effect
of Context (F (1, 21) = 1.539, p = 0.228, 11,, = 0.068) and the
interaction of Context x Picture (F (1, 21) =0.024, p = 0.878,
Np2 = 0.001) were insignificant.

P3 The main effect of Picture (F (1, 21) = 1.995, p = 0.172,
Np2 = 0.087) and Context (F (1, 21) = 0.247, p = 0.625, npz =
0.012) were not significant. We found a significant interaction
of Context x Picture (F (1, 21) = 5.433, p = 0.030, np; =
0.2006). Pairwise comparisons showed that only in the friendly
context did the painful pictures elicit a significantly larger
amplitude than the non-painful pictures (2.650 £ 0.215 uV
and 2.009 + 0.167 uV, p = 0.031). Meanwhile no significant
difference was observed between the painful and the non-
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Fig. 2 (A) Grand average and topography of N1 at Fz site; (B) grand
average and topography of P3 at POz site under four conditions: the
painful picture in the threatening context (T_P); the non-painful pictures
in the threatening context (T NP); the painful picture in the friendly
context (F_P); and the non-painful pictures in the friendly context (F_NP)

painful pictures in the threatening context pictures (2.418 +
0.223 pV and 1.897 + 0.156 pnV, p = 0.760) (Fig. 2B and
Fig. 3). The figure of ERPs waveforms with the continuous
SD is provided in the Supplementary Material, Fig. S1. No
other significant effects or interactions were observed.

Discussion

In the present study, ERP responses to viewing others’ pain in
a threatening context and a friendly context were compared.
Consistent with previous findings (Decety et al., 2010; Fan &
Han, 2008; Meng et al., 2012), early automatic components
(N1 and N2) in the frontal area and later positive deflections
(P3) over the posterior parietal area were observed. A signif-
icant Context x Picture interaction was found, in which the
painful pictures elicited a more positive amplitude of N1 than
the non-painful pictures only in the threatening context and
not in the friendly context. An inverse Context X Picture in-
teraction was also found, in which the painful pictures elicited
a larger amplitude of P3 than the non-painful pictures only in
the friendly context and not in the threatening context.

The literature indicates that N1 can discriminate painful
from non-painful stimuli and may be considered a marker of
the automatic activation of affective arousal or emotional shar-
ing (Decety, 2011; Lyu et al., 2014). In the present study, we
found a more positive shift of N1 in response to painful stimuli
compared with non-painful stimuli in the threatening context,
but no such effect was found in the friendly context. This
effect may be better explained by the TVPH, which proposes
that observing others’ pain may activate the threat-detection
system rather than trigger an automatic empathic response.
The threat-detection system would be more alert in a threat-
ening context than in a safe context, and the noxious and
neutral stimuli would be better differentiated in a threatening
context accordingly. One ERP study compared self-inflicted
pain and pain that was caused by others and reported a similar
effect, in which painful stimuli elicited a more positive N1
than non-painful stimuli only when the individual who was
the target of pain was with others and not when the target was
alone (Lyu et al., 2014). These findings can also be explained

e— Pain

e NONPain

g N1 P3
3
I
05 25
A 5
15 —+ 1 . 1

Threatening Friendly

Fig. 3 The interaction effect observed on the N1 and P3 components

@ Springer

Threatening Friendly



Cogn Affect Behav Neurosci (2017) 17:850-857

855

by the TVPH. When another person was with the target indi-
vidual in the picture, the context was considered more threat-
ening and dangerous than when the target was alone (Ibanez
etal., 2011). Another ERP study found that differences in the
effects of painful and non-painful stimuli on the amplitudes of
N1 were significant in a group of adolescents but nonsignifi-
cant in a group of adults (Mella et al., 2012). This result might
also support the TVPH because adolescents have been report-
ed to be more sensitive to threats and dangers than adults
(Yuan et al., 2015).

The stage of early perceptual processing of others’ pain
would more likely be a threat-detection stage instead of an
empathizing stage. This makes sense from an evolutionary
perspective. Whenever a noxious stimulus appears, the brain
quickly detects whether it is dangerous. When we see others’
pain, we first immediately decide whether this pain is a danger
warning to us rather than empathize with it. For example, the
sight of a wounded person after hearing a gunshot may indi-
cate the presence of a killer. Your first reaction would be, “I
should run for my life!” instead of “Ouch! That must hurt!”

One study measured local field potentials in patients
with depth electrodes placed in the amygdala and several
other regions while they observed pictures that showed
intentional and unintentional harm. Intentional harm in-
duced activity in the amygdala in a very early stage
(<200 ms; Hesse et al., 2016). This finding indicates that
the detection of intentional harm occurs very early, and
the amygdala is a critical hub to index the biological sig-
nificance of salient stimuli (Hesse et al., 2016; Pessoa &
Adolphs, 2010). In the present study, the threatening con-
text might activate the amygdala in the observer because
intentional harm is more likely to occur in a threatening
context than in a friendly context. The activated danger
detection system enhances the sensitivity to noxious stim-
uli and facilitates the subsequent categorization of harm-
ful events (Pessoa & Adolphs, 2010). The neural under-
pinnings of the effect of N1 might involve the amygdala,
and its frontotemporal connections may trigger an early
response to harmful scenarios only in a threatening con-
text and not in a friendly context.

We found a significant effect of picture on N2, which
was larger in response to painful stimuli compared with
non-painful stimuli, indicating that this component can
discriminate painful stimuli from non-painful stimuli.
The involvement of the N2 component in observing
others’ physical pain has been consistently reported, and
it was suggested to be an index of an early automatic
component that is related to the sensitivity to others’ pain
and a biomarker of the affective component of empathy
for pain (Chen, Yang, & Cheng, 2012). In the present
study, the amplitude of N2 was not modulated by the
social context, which may indicate that N2 was a relative-
ly stable biomarker of the sensitivity to others’ pain.

Previous studies suggested that affective pictures elicited a
larger P3 than neutral pictures, and P3 was suggested to reflect
motivational engagement and the commitment of attentional
resources to affective pictures (Olofsson, Nordin, Sequeira, &
Polich, 2008; Schupp et al., 2000). Stimuli that are more sa-
lient, arousing, and motivationally significant usually elicit a
larger P3 (Delplanque, Lavoie, Hot, Silvert, & Sequeira, 2004;
Keil et al., 2002; Mini, Palomba, Angrilli, & Bravi, 1996;
Nieuwenhuis, Aston-Jones, & Cohen, 2005; Sabatinelli,
Lang, Keil, & Bradley, 2007). In the present study, the painful
pictures elicited a significantly larger P3 than non-painful pic-
tures in the friendly context but not in the threatening context.
This result appears to be consistent with the “empathizing
hypothesis.” The friendly context promotes an empathic re-
sponse. Previous studies found a moderately significant rela-
tionship between positive affect and empathy, in which people
exhibited higher levels of empathy when they were in a pos-
itive mood (Likowski, Muhlberger, Seibt, Pauli, & Weyers,
2011; Rehberger, 2014). In the present study, the friendly con-
text (i.e., observing a series of smiling faces) may have in-
duced a positive mood in the participants, thus increasing their
empathy for others’ pain. A threatening context may suppress
the empathic response to others’ pain. One study supported
this assumption by finding that P3 amplitudes in response to
observing others’ pain significantly decreased when self-pain
primes rather than neutral primes were presented (Meng et al.,
2013). Another recent study found that the stress of being
around strangers reduced empathic responses to others’ pain
(Martin et al., 2015). In a friendly context, people would be
more likely to allocate mental resources to processing others’
feelings because their own safety is not threatened. Therefore,
we suggest that during the later, cognitive processing stage,
observing others’ pain triggers an empathic response, as pro-
posed by the “empathizing hypothesis.”

Notably, in the present study, an affective oddball paradigm
was used. The effect on P3 that we observed could be ex-
plained by an oddball effect rather than by modulation of the
empathic response by the social context. Studies that have
used the affective oddball paradigm found that a greater affec-
tive distance from the target (i.e., a greater difference in va-
lence from the standard stimuli) was associated with a larger
P3 (Cacioppo & Berntson, 1994; Schupp et al., 2000;). When
the affective valence of the deviant stimuli are inconsistent
with the valence of the standard stimuli, this affective incon-
sistency elicits a substantially larger P3, which is conceptual-
ized to be attributable to a mismatch between the affective
context and affective evaluation of the stimuli (Cacioppo,
Crites, Jr., & Coles, 1993; Crites, Cacioppo, Gardner, &
Berntson, 1995). In the present study, the distance in valence
between the affective context (smiling faces) and painful stim-
uli in the friendly context was larger than the distance in va-
lence between the affective context (angry faces) and painful
stimuli in the threatening context. Thus, the greater contrast in
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the friendly context may explain the observed effect on P3.
The literature on empathy for pain has consistently indicated
that P3 reflects an empathic response. Studies that have used
the affective oddball paradigm have also indicated that the
apparent probability of stimuli and the intrinsic affective prop-
erties of stimuli modulate P3. Therefore, we cannot distin-
guish the oddball effect from the empathic effect based on
the present data. We suggest that the effect on P3 may have
been partially attributable to an oddball effect. Future studies
should control the probabilities of stimuli to clarify the “pure”
contextual modulation of empathic responses on P3.

One issue is why the same stimulus (i.e., others’ pain)
triggers a different neural response in different contexts. The
social context network model (SCNM), proposed by Ibanez,
suggests that in social situations, people use common sense
and implicit associative learning that derives from prior expe-
rience to update the contextual framework to predict the
meaning of social targets that are most likely to appear in a
specific scene (Melloni et al., 2014). For example, in a threat-
ening context, based on prior experience, observers would
predict the meaning of others’ pain as a warning of imminent
danger. Therefore, observers would recruit most of their men-
tal resources to protect themselves. In a friendly context, ob-
servers would predict the same signal of others’ pain as a call
for help. Without the stress of being threatened, they tend to
empathize with others’ pain. What is the neural basis for this
contextual modulation? The SCNM suggests that a fronto-
temporo-insular network mediates such modulation (Ibanez
& Manes, 2012). The social context network modulates and
influences the pain matrix, depending on the specificity of the
situation and saliency of the event, allowing a very complex
pool of empathic responses for each situation (Melloni et al.,
2014). The present findings support the SCNM by showing
that others’ pain can trigger different automatic and controlled
neural responses in different social contexts. Furthermore, the
“empathizing hypothesis” and TVPH may hold true in differ-
ent temporal processing stages. The theoretical framework of
the SCNM may explain which of these two hypotheses pre-
dominates and why in specific social contexts. However, the
ways in which the interaction between empathy for pain and
social context networks impact this modulation require further
investigation, especially with functional magnetic resonance
imaging studies.

The present findings should be considered heuristic
rather than prescriptive. We provide temporal proof that
the social context can modulate the perception of others’
pain. The two different hypotheses (“empathizing
hypothesis” and TVPH) might hold true in different pro-
cessing stages instead of being mutually exclusive.
However, we were unable to separate the odd-ball effect
from the context effect on P3 because of limitations that
are inherent with the experimental design. We were also
unable to uncover the neural underpinnings of such
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an effect observed due to the limitation of the technology
applied. Future studies should broaden the experimental
design and perform analyses with higher spatial resolution.

In summary, the present results indicate that the social con-
text modulates the neural responses to perceiving others’ pain.
Our findings suggest that the “empathizing hypothesis” and
TVPH are not mutually exclusive and might work in different
processing stages. The early, automatic processing stage was
better explained as a danger-detection process, and the later,
cognitive processing stage was better explained as an empa-
thizing process. The present results should be further explored
based on the theoretical framework of the SCNM.
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