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Abstract

Background: The present study sought to clarify the relationship between empathy trait and attention responses
to happy, angry, surprised, afraid, and sad facial expressions. As indices of attention, we recorded event-related
potentials (ERP) and focused on N170 and late positive potential (LPP) components.

Methods: Twenty-two participants (12 males, 10 females) discriminated facial expressions (happy, angry, surprised,
afraid, and sad) from emotionally neutral faces under an oddball paradigm. The empathy trait of participants was
measured using the Interpersonal Reactivity Index (IRI, J Pers Soc Psychol 44:113-126, 1983).

Results: Participants with higher IRl scores showed: 1) more negative amplitude of N170 (140 to 200 ms) in the
right posterior temporal area elicited by happy, angry, surprised, and afraid faces; 2) more positive amplitude of
early LPP (300 to 600 ms) in the parietal area elicited in response to angry and afraid faces; and 3) more positive
amplitude of late LPP (600 to 800 ms) in the frontal area elicited in response to happy, angry, surprised, afraid, and
sad faces, compared to participants with lower IRl scores.

Conclusions: These results suggest that individuals with high empathy pay attention to various facial expressions

processing of faces.

more than those with low empathy, from very-early stage (reflected in N170) to late-stage (reflected in LPP)
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Background

Humans are considered social animals, as they have
greater and more extensive social cognitive abilities than
many other species [1]. To achieve amicable social inter-
actions, it is important for humans to pay attention to
the faces of other humans and to discriminate facial
expressions accurately. However, attention response to
faces is thought to differ depending on characteristics of
individuals such as personality, sex, and age.

Given that the face provides such important cues to
understanding the emotions and ideas of others, atten-
tion response to faces is thought to be deeply related to
empathy. Empathy means ‘the ability to imagine oneself
in another’s place and understand the other’s feelings,
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desires, ideas, and actions’ (Encyclopaedia Britannica,
1999). Previous neuroscience studies have suggested that
facial expressions play an important role in empathic re-
sponses [2-4]. For example, in a functional magnetic res-
onance imaging (fMRI) study by Carr et al. [2], imitation
and observation of facial expressions activated largely
overlapping brain areas (for example, the insula), sug-
gesting that empathy is related to action representation
such as imitation of the facial expressions of others.
Thus, one factor causing individual differences in atten-
tion response to faces is thought to be the empathy trait
of individuals. Indeed, some neuroscience studies [5-8]
have reported relationships between empathy trait and
brain activities evoked by watching faces.

Our previous event-related potentials (ERP) study [5]
revealed that empathy trait correlates positively with late
positive potential (LPP) elicited while discriminating be-
tween happy and angry faces. LPP is a positive potential
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showing at approximately 200 ms after stimulus onset in
the centro-parietal area [9,10] and reflects the motiv-
ational significance of stimuli [9,11-13]. Given that the
LPP is more positive in response to pleasant or unpleas-
ant stimuli than to neutral stimuli [9,13,14], increased
positivity of the LPP thus appears related to increased
attention to stimuli [13-17]. That previous study [5] thus
suggests that people with high empathy pay more atten-
tion than those with low empathy trait when discrimin-
ating between happy and angry faces.

Another ERP study by Soria Bauser et al. [6] reported
that the higher empathy trait participants had, the more
negative were the N170 components elicited in response
to angry faces. N170 is called a face-selective compo-
nent, as the negative peak is shown in the posterior
temporal areas around 170 ms after face onset [18-22].
N170 is also known to be more negative when faces are
attended [21] and to show age-related increases in the
right posterior temporal area [22]. The findings of Soria
Bauser et al. [6] thus imply that a reliable relationship
exists between empathy trait and attention response to
angry faces, not only in the late stage (300 to 800 ms
after stimulus onset) [5], but also in the early stage (170
ms after stimulus onset) of attention.

Both of the two previous studies by Choi and Watanuki
[5] and Soria Bauser et al. [6] measured the empathy trait
of participants using the Interpersonal Reactivity Index
(IRID) [23]. The IRI is a questionnaire that assesses the em-
pathy trait using four subscales: perspective taking (scale
to represent attempts to take the perspectives of others);
fantasy (scale to measure the tendency to be immersed in
fiction such as drama and novels); empathic concern
(scale related to the tendency to feel compassion for
others); and personal distress (scale to measure the
discomfort generated in response to observing others in
negative or emergency situations) [23]. The IRI has been
one of the most widely used indices of empathy trait in
other neuroscience studies [7,24-26].

Since Ekman and Friesen [27] investigated the univer-
sality of facial expressions of emotion, basic facial ex-
pressions have generally been thought to comprise the
following six expressions: happiness; anger; surprise;
fear; sadness; and disgust. However, very few studies
have investigated the relationship between empathy trait
and attention to those various facial expressions. As
mentioned above, empathy trait in previous studies was
correlated with the brain activity elicited by discriminat-
ing happy and angry faces [5] or discriminating happy,
angry, and neutral faces [6]. In addition, an fMRI study
by Jabbi et al. [7] found that the empathy trait (as mea-
sured by IRI) of participants correlated positively with
activation of the anterior insula and adjacent frontal
operculum elicited in response to food-related pleased
and disgusted facial expressions.
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To the best of our knowledge, only one study [8] exam-
ined the relationship between empathy trait and attention
to more than four expressions, using neurotypical adult
participants as subjects. In an fMRI study by Chakrabarti
et al. [8], the empathy trait of participants was measured
using the Empathy Quotient (EQ) [28], with participants
observing short movie clips of happy, angry, sad and
disgusted faces. The results showed that, across all facial
expressions, empathy trait correlated positively with acti-
vation of the inferior frontal gyrus and ventral premotor
cortex [8]. However, differences were also seen in brain
areas which correlated with empathy trait depending on
the facial expressions viewed (for example, for happy
faces, EQ correlated with ventral striatal response; for
angry faces, EQ correlated with precuneal and lateral pre-
frontal cortical response), suggesting different evolution-
ary functions of each emotion [8].

However, it is necessary to use ERP to clarify how
early empathy trait starts to affect the attention process-
ing of various facial expressions, since ERP provides
higher temporal resolution than fMRI. The high tem-
poral resolution of ERP is thought to enable us to clarify
whether empathy trait is related to the very early stage
(reflected in N170) and late stage (reflected in LPP) of
attention to facial expressions.

Moreover, which aspect of empathy is correlated with
those facial expressions is still unclear, because the EQ
questionnaire [28] used by Chakrabarti et al. [8] lacks the
subscales reflecting various aspects of empathy included
in the IRL. Empathy is a multi-dimensional concept
[23,29,30] and has three facets: sharing of experience
(which is sharing another’s state); mentalizing (which is
considering and understanding another’s state); and pro-
social concern (which is expressing motivation to help an-
other) [30]. The IRI subscales are thought to reflect those
three facets of empathy. In other words, personal distress
and fantasy scales of IRI appear to reflect the sharing of
experience facet of empathy, whereas perspective taking
scale of IRI appears to reflect the mentalizing facet of
empathy. Empathic concern scale of IRI appears to reflect
the prosocial concern facet of empathy. Examination of
relationships between empathy and attention response to
faces using the IRI is thus warranted.

We thus aimed to investigate the relationships be-
tween the IRI and ERP responses to five facial expres-
sions (happy, angry, surprised, afraid, and sad), to extend
knowledge of the relationship between empathy trait
and attention to face. Participants discriminated those
five facial expressions from emotionally neutral faces
under an oddball paradigm. As indices of attention, the
N170 and LPP components of ERP were examined. We
predicted that individuals with high empathy trait would
pay more attention to all facial expressions (happy,
angry, surprised, afraid, and sad) and may thus show a
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more negative N170 and a more positive LPP compared
to individuals with low empathy.

Methods

Participants

Twenty-two Japanese university or graduate school
students participated in the study (12 men, 10 women;
age range, 21 to 28 years; all right-handed). Participants
had normal or corrected-to-normal vision and were not
using prescription medications. They filled out the Japanese
version [31] of the IRI [23] using responses on a scale of
1 (‘does not describe me well’) to 4 (‘describes me very
well’). Written informed consent was obtained from all
participants prior to participation. All study protocols
were approved by the ethics committee in the Department
of Design at Kyushu University, Japan.

Stimuli and procedures

Images of 12 adult humans (6 men, 6 women) showing
six types of facial expression (neutral, happy, angry, sur-
prised, afraid, and sad) were taken from the Karolinska
Directed Emotional Faces [32] for a total of 72 images.
All images were edited to 300 x 400 pixels and presented
in the centre of a black screen (17-inch monitor, 1,024 x
768 resolution).

Five blocks of oddball tasks were conducted during
ERP recording. In each block, target stimuli were happy,
angry, surprised, afraid, or sad faces, while non-target
stimuli were emotionally neutral faces in all blocks.
Participants were instructed to press a key with the right
hand as soon as they saw the target. Each block con-
sisted of 96 trials, during which the target was presented
25% of the time (24 trials). After a cross shape was
presented for 500 ms, a target or non-target image was
presented for 800 ms (interstimulus interval, 1,000 ms).
Targets were never presented on two consecutive trials.

After oddball tasks, participants assessed the valence
and arousal of images based on a visual analog scale
(VAS) (for valence, 0 cm indicated ‘very pleasant’, the
middle part of the scale indicated ‘neutral’, and 10 cm
indicated ‘very unpleasant’; for arousal, 0 ¢cm indicated
‘very aroused, the middle part of the scale indicated
‘neutral’, and 10 ¢cm indicated ‘very relaxed’). We scored
0 cm as —10 points and 10 cm as 10 points.

ERP measurements and analysis

Electroencephalography (EEG) was recorded at the Fz
(medial frontal), Cz (medial central), Pz (medial parietal),
T5 (left posterior temporal), and T6 (right posterior
temporal) sites based on the International 10 to 20 system
[33] with averaged ears as reference using a Polymate
AP1532 system (TEAC, Tokyo, Japan). Electrooculog-
raphy (EOG) was recorded to detect blinking with
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electrodes above and below the right eye. All electrode
impedances were below 10 kQ.

EEG signals were digitized at a sampling rate of 500
Hz and amplified (band pass, 1 to 30 Hz) using the
EMSE Suite (Source Signal Imaging, San Diego, CA,
USA). We excluded trials containing artifacts > 50 pV
and trials during which the subject did not show any
response. Target stimulus presentation of —200 to 800 ms
was averaged (baseline: stimulus presentation of -200
to 0 ms) for each facial expression (happy, angry,
surprised, afraid, and sad). The mean number of trials
was 20.6 (standard deviation (SD) = 2.3) for happy faces,
20.0 (SD=3.6) for angry faces, 21.3 (SD=3.2) for
surprised faces, 20.2 (SD = 3.4) for afraid faces, and 20.1
(SD =2.9) for sad faces.

N170 was calculated as mean amplitude within 140 to
200 ms at the T5 and T6 sites. LPP was calculated as
mean amplitude within 300 to 600 ms (for early LPP) and
600 to 800 ms (for late LPP) at the Fz, Cz, and Pz sites.

Statistical analysis

For ERP responses, we conducted repeated-measures
analysis of variance (ANOVA) with Emotion (happy,
angry, surprised, afraid, and sad) and Site (N170: T5 and
T6; LPP: Fz, Cz, and Pz) as within-subject factors. We
then correlated IRI score with N170 at T6, early LPP at
Pz, and late LPP at Fz (Pearson’s correlation coefficient)
(for details, refer to Results).

For behavioral data (response accuracies, reaction times,
and subjective ratings), we conducted repeated-measures
ANOVA with Emotion as a within-subject factor and then
correlated IRI score with behavioral data (Pearson’s correl-
ation coefficient).

Statistical significance was accepted at the 5% level
(P <0.05) (SPSS, Chicago, IL, USA). The Greenhouse-
Geisser correction was applied where sphericity was vio-
lated. We analyzed male and female data together, since
no significant sex differences in IRI score were apparent
(independent t-test, equal variances assumed; total IRI
score, t=-1.35; Perspective taking, ¢=-0.63; Fantasy,
¢t = -0.95; Empathic concern, t = -1.39; Personal distress,
t=-0.92, all df =20, P> 0.05).

Results
Empathy trait
Table 1 shows the IRI scores of participants.

N170

No significant main effect of Emotion or interaction was
seen for N170. The main effect of Site was significant
(F (1, 21) =12.51, P=0.0019), suggesting that N170 is
significantly more negative at T6 than at T5. We thus
correlated N170 at T6 site (Figure 1) and IRI score. In
general, a significant, negative correlation was apparent
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Table 1 Empathy trait (Interpersonal Reactivity Index (IRI)

score)

Range Mean (SD)
Total score 54 to 96 79.0 (10.5)
Perspective taking 13 to 27 20.5 (3.9)
Fantasy 1110 28 19.6 (4.5
Empathic concern 14 to 25 20.1 (2.8)
Personal distress 13 to 25 188 (34)

n=22.

between IRI and N170. As seen in Table 2, IRI total scores
correlated significantly and negatively with N170 elicited
by angry (P=0.0401) and surprised faces (P =0.0026,
Figure 2A). The Perspective taking scale correlated
significantly and negatively with N170 elicited by happy
(P=0.0191) and surprised faces (P=0.0166) (Table 2).
Empathic concern scale correlated significantly and
negatively with N170 elicited by happy (P=0.0463),
angry (P=0.0016), surprised (P =0.0002), and afraid
faces (P =0.0420) (Table 2).

LPP

For early LPP, no significant main effect of Emotion or
interaction was evident. A main effect of Site was signifi-
cant (F (1.59, 33.32) =46.78, P = 0.0000), suggesting that
early LPP is significantly more positive at Pz than at Fz
(P=0.0000), and Cz (P=0.0380). We thus correlated
early LPP at Pz (Figure 3) and IRI score. The Perspective

Page 4 of 9

taking scale showed significant, positive correlations
with early LPP elicited by angry (P =0.0373) and afraid
faces (P =0.0198) (Table 2).

For late LPP, no significant main effect of Emotion or
interaction was seen. A main effect of Site was signifi-
cant (F (1.36, 28.63) = 33.61, P =0.0000), suggesting that
late LPP is significantly more positive at Fz than at Cz
(P =0.0085) and Pz (P =0.0000). We thus correlated late
LPP at Fz (Figure 4) and IRI score. IRI total score corre-
lated significantly and positively with late LPP elicited
by happy (P=0.0205), angry (P=0.0221), surprised
(P=0.0389, Figure 2B), and sad faces (P=0.0388)
(Table 2). The Perspective taking scale correlated signifi-
cantly and positively with late LPP elicited by happy
(P =0.0445), surprised (P=0.0093), and afraid faces
(P <0.0448) (Table 2). The Fantasy scale correlated sig-
nificantly and positively with late LPP elicited by angry
faces (P =0.0246) (Table 2). The Empathic concern scale
correlated significantly and positively with late LPP
elicited by happy faces (P = 0.0378) (Table 2).

Behavioral responses

For response accuracies, a significant main effect was
seen for Emotion (F (4, 84) =4.68, P=0.0019), showing
that response accuracies were highest in response to
surprised faces (mean =99.34%, SD =0.76%) and lowest
in response to sad faces (mean =98.20%, SD =1.71%).
Response accuracies did not show any significant correl-
ation with IRI (all P> 0.05).
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Figure 1 Grand-averaged event-related potential (ERP) waveforms elicited at T6. High empathy participants (thick line, n =12, range of
total IRl scores: 80 to 96) and low empathy participants (thin line, n =10, range of total IRl scores: 54 to 78) were selected by total Interpersonal
Reactivity Index (IRI) score and labeled only for illustrative purposes.
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Table 2 Correlations between empathy trait
(Interpersonal Reactivity Index (IRI) score) and
event-related potential (ERP) responses

IRI score Total Subscale
ERP responses  score Perspective Fantasy Empathic Personal
taking concern  distress
N170
Happy faces -030 -0.50° 0.00 -043° 0.01
Angry faces —044° -032 -016  —063° -0.23
Surprised faces —-061°  —0.51° -032 -0.71° -0.26
Afraid faces -033 -0.18 -0.29 —044° -0.07
Sad faces -032 -033 -0.14 -0.36 -0.11
Early LPP
Happy faces 0.31 0.29 0.18 0.17 0.24
Angry faces 0.34 045° 0.12 017 0.21
Surprised faces ~ 0.04 0.25 -0.10 -0.05 -0.01
Afraid faces 038 049° 0.21 0.26 0.10
Sad faces 0.27 041 -0.01 0.18 0.20
Late LPP
Happy faces 049° 043° 039 046° 0.11
Angry faces 0497 027 048° 031 028
Surprised faces  0.44° 0.54° 0.23 0.31 0.16
Afraid faces 042 043° 0.21 0.39 017
Sad faces 044° 038 031 034 022

n = 22. *Pearson correlation; P < 0.05. °P < 0.01. LPP, late positive potential.
N170: T6 site; Early LPP: Pz site; Late LPP: Fz site.

Reaction times also showed a significant main effect
of Emotion (F (4, 84)=11.67, P=0.0000), appearing
shortest in response to surprised faces (mean = 386.81
ms, SD =52.23 ms) and longest in response to sad faces
(mean =440.30 ms, SD =56.87 ms). Reaction times did
not show a significant correlation with IRI (all P> 0.05).
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Subjective rating showed a significant main effect of
Emotion (valance: F (4, 84) = 76.81, P = 0.0000; arousal: F
(2.92, 61.27) = 15.87, P =0.0000). Valance rating showed
that happy face was rated as the most pleasant expres-
sion, whereas angry face was rated as the most unpleas-
ant expression (Table 3). Arousal rating revealed that
happy face was rated as the most arousing face, whereas
sad face was rated as the least arousing face (Table 3).
No items of subjective rating showed any significant
correlation with IRI (all P> 0.05).

Discussion
The present study sought to clarify the relationship
between empathy trait and attention responses to five
facial expressions (happy, angry, surprised, afraid, and
sad), by measuring N170 and LPP components as indices
of attention.

Empathy trait and N170

In the present study, clear N170 was elicited in
response to all five facial expressions - happy, angry,
surprised, afraid, and sad faces. In addition, N170 was
more negative at the right posterior temporal area than
at the left posterior temporal area. This is in line with
previous findings [18,19,22] and supports the idea of
Campanella ez al. [19] that the perception of human
faces is associated with the right posterior temporal
area. However, N170 was not different depending on
facial expressions in the present study. Some previous
studies have reported that N170 is modulated by facial
expression [34,35], while others have not found this as-
sociation [36,37]. The present study supports the latter
findings [36,37], suggesting that N170 is not different
among facial expressions in the task of discriminating
emotional facial expressions from emotionally neutral
facial expressions.
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Figure 2 Correlations between empathy trait (IRl score) and event-related potential (ERP) responses to surprised faces. Total IRl score
correlated negatively with (A) N170 (P =0.0026) and positively with (B) late positive potential (LPP) (P =0.0389) elicited by surprised faces
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Figure 3 Grand-averaged event-related potential (ERP) waveforms elicited at Pz. High empathy participants (thick line, n =12, range of
total Interpersonal Reactivity Index (IRI) scores: 80 to 96) and low empathy participants (thin line, n =10, range of total IRl scores: 54 to 78) were
selected by total IRl score and labelled only for illustrative purposes.

Overall, N170 showed negative correlations with IRI
for happy, angry, surprised, and afraid faces. The present
finding thus suggests that individuals with high empathy
trait pay attention more than those with low empathy
from very early stage (around 170 ms after face onset),

not only to angry face [6], but also to happy, surprised,
and afraid faces. However, in response to sad faces, no
significant correlation between IRI and N170 was seen.
This might be because sad faces were the most difficult
facial expression to discriminate from emotionally neutral
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Figure 4 Grand-averaged event-related potential (ERP) waveforms elicited at Fz. High empathy participants (thick line, n =12, range of
total Interpersonal Reactivity Index (IRI) scores: 80 to 96) and low empathy participants (thin line, n =10, range of total IRl scores: 54 to 78) were

selected by total IRl score and labeled only for illustrative purposes.
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Table 3 Subjective ratings

Valance Arousal
Happy faces 58 (2.7) 55(1.9)
Angry faces -50(22) 52 (26)
Surprised faces -0.1(1.5) 42 (29
Afraid faces -3.2(25) 3.1 (3.3)
Sad faces -3027) 04 (3.2)

n=22. Mean (SD).

faces in the present experiment, given that response
accuracy was lowest and reaction time was longest in
response to sad faces. In addition, sad faces were rated as
the least arousing facial expression. More time might
therefore be required for empathy trait to affect the atten-
tion processing of sad faces, as N170 reflects the very early
stage of attention.

In terms of the relationship between each subscale of
IRI and N170, the present study showed that N170
correlates with perspective taking and empathic concern
scales, not with fantasy or personal distress scales. As
mentioned earlier, the perspective taking scale represents
attempts to take the perspectives of others, and thus
reflects the cognitive aspect of empathy more than other
subscales of IRI [16]. Interestingly, the perspective taking
scale correlated with happy and surprised faces, but not
with angry or afraid faces in the present study. Thus, the
cognitive aspect of empathy might affect early processing
of faces with positive (happy) or ambiguous (surprised) ex-
pressions, rather than with negative expressions (angry or
afraid). Meanwhile, the empathic concern scale correlated
with happy, angry, surprised, and afraid expressions, partly
supporting the previous finding [6] of a negative correl-
ation between empathic concern scale and N170 elicited
by angry faces. Given that the empathic concern scale
assesses the tendency to feel compassion for others [23], a
willingness act altruistically might be strongly related to
early processing of facial expressions, regardless of the
valance of facial expressions.

Empathy trait and LPP

Early LPP (300 to 600 ms) was greater at the medial
parietal area than at the frontal and central areas. Typical
early LPP was thus thought to be generated in the present
experiment, as LPP is generally reported to be maximal at
centro-parietal sites [9,13,15,38]. Meanwhile, late LPP
(600 to 800 ms) was greater at the frontal area than at the
central and parietal areas, inconsistent with the previous
findings mentioned above [9,13,15,38]. Nonetheless, some
ERP studies have reported frontal enhancement of LPP
[39-41]. For example, Leutgeb et al. [40] suggested in-
creased LPP at frontal sites relates to controlled atten-
tional engagement. In addition, late LPP (>600 ms) seems
to reflect elaborate processing of stimuli compared with
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early LPP (<600 ms) [14,15]. Taken together, frontal
enhancement of late LPP is thought to reflect increased
cognitive processing of stimuli. We thus suggest that the
present oddball task to discriminate facial expressions
from emotionally neutral faces as quickly as possible
entailed cognitive and sophisticated attention.

In line with our hypothesis, the present study revealed
generally positive correlations between IRI and LPP. In
particular, late LPP correlated with IRI for all facial ex-
pressions presented in the present study - happy, angry,
surprised, afraid, and sad faces. We thus suggest that
individuals with high empathy pay attention more than
those with low empathy in the late stage (600 to 800 ms
after face onset) to surprised, afraid, and sad faces, as
well as to happy and angry faces [5]. Given that frontal
enhancement of late LPP mirrors cognitive processing as
mentioned above, the present study also indicates that
empathy trait affects cognitive and voluntary attention
for processing of those five facial expressions. Mean-
while, early LPP correlated with IRI only for angry and
afraid faces, unlike late LPP. Empathy trait seems to
relate to obligatory attention only for negative and
arousing facial expressions such as angry or afraid faces,
as early LPP reflects obligatory capture of attention
more than late LPP [14,15].

In addition, late LPP correlated with IRI for sad faces,
while N170 did not. This finding supports our interpret-
ation mentioned above, suggesting that the processing of
sad faces takes longer than the time course of N170.

Investigating each subscale of IRI, the perspective
taking scale showed greater correlations with LPP than
other subscales of IRI. The fantasy scale correlated only
with late LPP elicited by angry faces and the empathic
concern scale correlated only with late LPP elicited by
happy faces. Related to the correlation between the
fantasy scale and LPP to angry faces, the present results
are partly consistent with our previous study [5], which
reported a correlation between the fantasy scale and late
LPP elicited by discriminating angry and happy facial
expressions. Attention to angry expressions in others is
thus thought to be related to a tendency to be immersed
in fiction. However, explaining why late LPP to only angry
faces is related with fantasy scale is difficult, as is finding a
supportive reason why late LPP to only happy faces corre-
lated with empathic concern scale in the present study.
Further research is warranted to explore which aspects of
empathy are related to specific facial expressions.

Empathy trait and surprised faces

Surprised expressions revealed stronger correlations be-
tween IRI and ERP responses (both N170 and LPP) than
the other four facial expressions presented in the present
study. We suggest that this might be because the valance
of surprised faces is ambiguous. Previous studies [42-44]
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have reported that surprised faces can be interpreted as
both positive and negative expressions, depending on
context. For example, Neta et al. [44] reported that
surprised faces are rated as more positively within the
context of positive faces than within the context of angry
faces. In the present study, surprised faces were pre-
sented only within emotionally neutral faces. The ambi-
guity of surprised faces might thus have been increased
in the present study and individuals with high empathy
might pay particular attention to surprised faces, in
order to gauge the valance of the surprised face.

Limitations and future directions
Several limitations must be considered when interpret-
ing the results of the current study. First, the findings
are correlational, so causal relationships remain undeter-
mined. Second, a disgusted facial expression was not
presented as stimuli in the current study, although this
is one of the six basic facial expressions [27]. The rela-
tionship between empathy trait and the N170/LPP re-
sponse elicited by disgusted faces thus remains unclear
and future studies should address this question.
Although some neuroscience studies have reported in-
dividual differences in empathy [5-8], the current study
is the first to investigated relationships between empathy
trait and ERP response to various facial expressions. The
high temporal resolution of ERP enabled us to clarify
that empathy trait is related to the very early stage
(reflected in N170) and late stage (reflected in LPP) of
attention to facial expressions. Furthermore, since we
measured empathy trait using IRI, the current study
could address which facet of empathy relates to atten-
tion to facial expressions. As mentioned in Background,
empathy has three facets: sharing of experience; menta-
lizing; and prosocial concern [30]. Prosocial concern has
received less attention in neuroscience studies than the
other two facets [30]. Interestingly, in the current study,
N170 showed the strongest correlations with the em-
pathic concern subscale among IRI subscales, reflecting
the prosocial concern facet of empathy. The current re-
sult thus highlights the importance of the prosocial con-
cern facet in empathy, suggesting that prosocial concern
for others might affect the increase in attention to faces
in very early stage, and vice versa.

Conclusions

We found that IRI correlated negatively with N170 in
response to happy, angry, surprised, and afraid faces, but
correlated positively with LPP in response to happy,
angry, surprised, afraid, and sad faces. This indicates that
individuals with high empathy pay greater attention to
various facial expressions than those with low empathy,
from the very early stage (reflected in N170) to the late
stage (reflected in LPP) of facial processing. In addition,
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the relationship between empathy trait and attention to
face was strongest for the surprised facial expression,
which might relate to the ambiguity of the surprised fa-
cial expression. Furthermore, N170 showed the strongest
correlation with the empathic concern subscale among
the IRI subscales, which is related to prosocial behav-
iour. We therefore suggest that among the facets of em-
pathy, the prosocial concern facet in particular affects
the increase in attention to facial expressions in the very
early stage and vice versa.

Abbreviations

ANOVA: analysis of variance; EEG: electroencephalography;

EOG: electrooculography; EQ: The Empathy Quotient; ERP: event-related
potential; fMRI: functional magnetic resonance imaging; IRI: Interpersonal
Reactivity Index; LPP: late positive potential; VAS: Visual Analog Scale.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

DC and SW contributed to the design of the experiment. DC performed the
experiments, analyzed the data and wrote the manuscript with advice from
SW. TN, MM, and YE participated in the discussion and preparation of the
manuscript. RM helped coordinate research activities. All authors read and
approved the final manuscript.

Author details

'Department of Kansei Science, Kyushu University, 4-9-1, Shiobaru,
Minami-ku, Fukuoka 815-8540, Japan. 2Departmen‘[ of Public Health, Nagasaki
University Graduate School of Biomedical Sciences, 1-12-4 Sakamoto,
Nagasaki, Japan. 3Faculty of Design, Kyushu University, 4-9-1, Shiobaru,
Minami-ku, Fukuoka 815-8540, Japan.

Received: 4 April 2014 Accepted: 12 June 2014
Published: 30 June 2014

References

1. Gazzaniga M: Human: The Science Behind What Makes us Unique. New York:
HarperCollins Publisher; 2008.

2. Carr L, lacoboni M, Dubeau MC, Mazziotta JC, Lenzi GL: Neural mechanisms
of empathy in humans: a relay from neural systems for imitation to
limbic areas. Proc Natl Acad Sci U S A 2003, 100:5497-5502.

3. Leslie KR, Johnson-Frey SH, Grafton ST: Functional imaging of face and
hand imitation: towards a motor theory of empathy. Neuroimage 2004,
21:601-607.

4. Schulte-Ruther M, Markowitsch HJ, Fink GR, Piefke M: Mirror neuron and
theory of mind mechanisms involved in face-to-face interactions: a functional
magnetic resonance imaging approach to empathy. J Cogn Neurosci 2007,
19:1354-1372.

5. Choi D, Watanuki S: Effect of empathy trait on attention to faces: an
event-related potential (ERP) study. J Physiol Anthropol 2014, 33:4.

6. Soria Bauser D, Thoma P, Suchan B: Turn to me: electrophysiological
correlates of frontal vs. averted view face and body processing are
associated with trait empathy. Front Integr Neurosci 2012, 6:106.

7. Jabbi M, Swart M, Keysers C: Empathy for positive and negative emotions
in the gustatory cortex. Neuroimage 2007, 34:1744-1753.

8. Chakrabarti B, Bullmore E, Baron-Cohen S: Empathizing with basic
emotions: common and discrete neural substrates. Soc Neurosci 2006,
1:364-384.

9. Cuthbert BN, Schupp HT, Bradley MM, Birbaumer N, Lang PJ: Brain
potentials in affective picture processing: covariation with autonomic
arousal and affective report. Biol Psychol 2000, 52:95-111.

10.  Weinberg A, Ferri J, Hajcak G: Interactions between attention and
emotion: insights from the late positive potential. In Handbook of
Cognition and Emotion. Edited by Robinson MD, Watkins ER, Harmon-Jones
E. New York: Guilford Press; 2013:35-54.



Choi et al. Journal of Physiological Anthropology 2014, 33:18
http://www.jphysiolanthropol.com/content/33/1/18

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Lang P, Bradley MM, Cuthbert BN: Motivated attention: Affect, activation,
and action. In Attention and Orienting: Sensory and Motivational Processes.
Edited by Lang PJ, Simons RF, Balaban MT. Hillsdale, NJ: Erlbaum; 1997:97-136.
Olofsson JK, Nordin S, Sequeira H, Polich J: Affective picture processing: an
integrative review of ERP findings. Biol Psychol 2008, 77:247-265.

Schupp HT, Cuthbert BN, Bradley MM, Cacioppo JT, Ito T, Lang PJ: Affective
picture processing: the late positive potential is modulated by motivational
relevance. Psychophysiology 2000, 37:257-261.

Weinberg A, Hilgard J, Bartholow BD, Hajcak G: Emotional targets: evaluative
categorization as a function of context and content. Int J Psychophysiol 2012,
84:149-154.

Weinberg A, Hajcak G: The late positive potential predicts subsequent
interference with target processing. J Cogn Neurosci 2011, 23:2994-3007.
Hajcak G, MacNamara A, Olvet DM: Event-related potentials, emotion,

and emotion regulation: an integrative review. Dev Neuropsychol 2010,
35:129-155.

Hajcak G, Weinberg A, MacNamara A, Foti D: ERPs and the study of emotion.
In Oxford Handbook of Event-related Potential Components. Edited by Luck SJ,
Kappenman ES. New York: Oxford University Press; 2012:441-474.

Bentin S, Allison T, Puce A, Perez E, McCarthy G: Electrophysiological
studies of face perception in humans. J Cogn Neurosci 1996, 8:551-565.
Campanella S, Hanoteau C, Dépy D, Rossion B, Bruyer R, Crommelinck M,
Guérit JM: Right N170 modulation in a face discrimination task: an
account for categorical perception of familiar faces. Psychophysiology
2000, 37:796-806.

Eimer M, Holmes A: An ERP study on the time course of emotional face
processing. Neuroreport 2002, 13:427-431.

Holmes A, Vuilleumier P, Eimer M: The processing of emotional facial
expression is gated by spatial attention: evidence from event-related
brain potentials. Brain Res Cogn Brain Res 2003, 16:174-184.

Taylor MJ, McCarthy G, Saliba E, Degiovanni E: ERP evidence of
developmental changes in processing of faces. Clin Neurophysiol 1999,
110:910-915.

Davis MH: Measuring individual differences in empathy: evidence for a
multidimensional approach. J Pers Soc Psychol 1983, 44:113-126.

Hooker Cl, Verosky SC, Germine LT, Knight RT, D'Esposito M: Mentalizing
about emotion and its relationship to empathy. Soc Cogn Affect Neurosci
2008, 3:204-217.

Singer T, Seymour B, O'Doherty J, Kaube H, Dolan RJ, Frith CD: Empathy for
pain involves the affective but not the sensory components of pain.
Science 2004, 303:1157-1161.

Krémer UM, Mohammadi B, Dofamayor N, Samii A, Miinte TF: Emotional
and cognitive aspects of empathy and their relation to social cognition -
an fMRI-study. Brain Res 2010, 1311:110-120.

Ekman P, Friesen WV: Constants across cultures in the face and emotion.
J Pers Soc Psychol 1971, 17:124-129.

Baron-Cohen S, Wheelwright S: The Empathy Quotient (EQ). An
investigation of adults with Asperger syndrome or high functioning
autism, and normal sex differences. J Autism Dev Disord 2004, 34:163-175.
Decety J, Jackson PL: The functional architecture of human empathy.
Behav Cogn Neurosci Rev 2004, 3:71-100.

Zaki J, Ochsner KN: The neuroscience of empathy: progress, pitfalls and
promise. Nat Neurosci 2012, 15:675-680.

Sakurai S: The relationship between empathy and helping behavior in
college students. Bulletin 1998, 37:149-154 (in Japanese with English
abstract).

Lundgvist D, Flykt A, Ohman A: The Karolinska Directed Emotional Faces -
KDEF, CD ROM from Department of Clinical Neuroscience. Karolinska Institutet:
Psychology section; 1998. ISBN 91-630-7164-9.

Towle VL, Bolanos J, Suarez D, Tan K, Grzeszczuk R, Levin DN, Cakmur R,
Frank SA, Spire JP: The spatial location of EEG electrodes: locating the
best-fitting sphere relative to cortical anatomy. Electroencephalogr Clin
Neurophysiol 1993, 86:1-6.

Luo W, Feng W, He W, Wang NY, Luo YJ: Three stages of facial expression
processing: ERP study with rapid serial visual presentation. Neuroimage
2010, 49:1857-1867.

Zhang D, Luo W, Luo Y: Single-trial ERP analysis reveals facial expression
category in a three-stage scheme. Brain Res 2013, 1512:78-88.

Eimer M, Holmes A, McGlone FP: The role of spatial attention in the
processing of facial expression: an ERP study of rapid brain responses to
six basic emotions. Cogn Affect Behav Neurosci 2003, 3:97-110.

Page 9 of 9

37. Herrmann MJ, Aranda D, Eligring H, Mueller TJ, Strik WK, Heidrich A,
Fallgatter AJ: Face-specific event-related potential in humans is
independent from facial expression. Int J Psychophysiol 2002, 45:241-244.

38.  Amrhein C, Muhlberger A, Pauli P, Wiedemann G: Modulation of
event-related brain potentials during affective picture processing:

a complement to startle reflex and skin conductance response?
Int J Psychophysiol 2004, 54:231-240.

39, Hauswald A, Schulz H, lordanov T, Kissler J: ERP dynamics underlying
successful directed forgetting of neutral but not negative pictures.
Soc Cogn Affect Neurosci 2011, 6:450-459.

40. Leutgeb V, Schéfer A, Kochel A, Schienle A: Exposure therapy leads to
enhanced late frontal positivity in 8- to 13-year-old spider phobic girls.
Biol Psychol 2012, 90:97-104.

41, Spreckelmeyer KN, Kutas M, Urbach TP, Altenmiiller E, Miinte TF: Combined
perception of emotion in pictures and musical sounds. Brain Res 2006,
1070:160-170.

42. Kim H, Somerville LH, Johnstone T, Alexander A, Whalen PJ: Inverse
amygdala and medial prefrontal cortex responses to surprised faces.
Neuroreport 2003, 14:2317-2322.

43. Neta M, Norris CJ, Whalen PJ: Corrugator muscle responses are associated
with individual differences in positivity-negativity bias. Emotion 2009,
9:640-648.

44, Neta M, Davis FC, Whalen PJ: Valence resolution of ambiguous facial
expressions using an emotional oddball task. Emotion 2011, 11:1425-1433.

doi:10.1186/1880-6805-33-18

Cite this article as: Choi et al.: Effect of empathy trait on attention to
various facial expressions: evidence from N170 and late positive
potential (LPP). Journal of Physiological Anthropology 2014 33:18.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Stimuli and procedures
	ERP measurements and analysis
	Statistical analysis

	Results
	Empathy trait
	N170
	LPP
	Behavioral responses

	Discussion
	Empathy trait and N170
	Empathy trait and LPP
	Empathy trait and surprised faces
	Limitations and future directions

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References

