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Background: Empathy is shown to affect the attentional processing of painful stimuli and
emotional stimuli. However, whether the attentional effects on emotional stimuli depend on
emotional valence and the nature of the relationship between the attentional effects on
different stimuli are still unknown.

Methods: In the present study, 25 high-empathy (HE) participants and 25 low-empathy (LE)
participants were recruited to perform dot-probe tasks on painful stimuli and emotional
stimuli.

Results: The results showed that HE individuals had weak attentional disengagement to
painful pictures. More importantly, regarding emotional pictures, HE individuals showed
attentional avoidance to negative emotion pictures, while LE individuals showed attentional
bias to positive emotion pictures. Correlation analysis showed that the attentional bias score
and attentional disengagement score were only associated with each other within the same
category of stimuli (painful, positive or negative stimuli).

Conclusion: These results revealed that HE individuals mainly showed attentional avoid-
ance to negative stimuli, while LE individuals mainly showed attentional bias to positive
stimuli.

Keywords: empathy, attentional bias, attentional disengagement, painful stimuli, emotional
stimuli

Introduction
According to Rogers,' empathy is defined as a kind of sensitive ability and will-
ingness to understand others’ thoughts, feelings and struggles from another’s point
of view. People seem to have “shared circuits” for self and others’ pain, and this
shared neural representation is associated with empathy. Previous neuroimaging
studies found that when observers perceived that others were suffering from pain,
the activated neural network was similar to that activated when they received
painful stimulation themselves, which included the medial/anterior cingulate cortex
(ACC) and anterior insula.>”” Individual empathy is usually measured by the scale
of Interpersonal Reactivity Index (IRI). The IRI score was found to be associated
with the empathy for pain revealed by the vicarious pain subscale of the Empathy
for Pain Scale (EPS).® A neuroimaging study also showed that the IRI score was
correlated with the neural activity in the bilateral anterior insula during state
empathy for pain.’ Therefore, the scale of IRI is a suitable measurement to reveal
the trait empathy and the empathy for pain.

According to the social neuroscience perspective on empathy,'® individuals’
understanding of feelings and emotions in others shares the neural network that
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produces such states in themselves, which constitutes one
important aspect of empathy. However, empathy, as well
as its related brain activities, may be a characteristic that

varies among individuals. Goubert et al''

proposed that the
bottom-up processes (eg, observing person’s pain expres-
sions and contextual pain cues) and the top-down pro-
cesses (eg, the observer’s shared knowledge and other
dispositions) influence the sense of knowing the experi-
ence of another person in pain and in turn influence the
affective and behavioural responses of empathy. For exam-
ple, health care professionals who are overexposed to pain
stimuli may develop perceptual adaption and may thus
show reduced sensitivity to pain stimuli.'? Studies
revealed that these health professionals tended to under-
estimate patients’ pain, and this tendency was more pro-
nounced as the patients’ pain severity increased.'>'
Correspondingly, neuroimaging evidence suggested that
medial and superior prefrontal cortices and the temporo-
parietal junction involved in emotion regulation and theory
of mind were activated in physicians viewing visually
painful stimuli, while pain-related networks such as the
anterior insula and ACC were only activated in the control
group.'® The empathic trait can also modulate individuals’
response for painful stimuli. Previous studies demon-
strated that participant’s empathy level was positively
associated with their estimates for others’ pain'’ and the
activation in anterior insula, left inferior frontal gyrus and
ACC when observers watched others’ pain.”'® Therefore,
individuals with different levels of empathy may develop
different processes on pain-related stimuli.

In some studies, empathy is shown to modulate atten-
tional processing in response to painful stimuli. For exam-
ple, high-empathy (HE) participants showed a longer
overall gaze duration on painful faces than on neutral
faces.'® Children with HE performed better on searching
painful expressions among neutral expressions, indicating
that the effect of empathy on the attentional processing of
painful stimuli may be well developed early in life.*°
However, there is other evidence showing small or mod-
erate attentional effects on painful stimuli. A previous
event-related potential (ERP) study found little difference
of P200 and P300 amplitudes between painful and non-
painful stimuli.?' More importantly, a recent meta-analysis
indicated a weak attentional bias towards painful pictures
with the dot-probe task.?” Nevertheless, even if the atten-
tional effect on painful stimuli is observed, the mechanism
underlying the attentional processing of painful stimuli is
yet to be elucidated. One possible mechanism is that

individuals with HE may process emotional cues better
than individuals with low empathy (LE). Evidently, pain-
ful pictures may induce more negative emotional experi-
ences and thus bias the attention of HE individuals.
Negative emotional stimuli may capture attention even
at the early stage of visual processing, suggesting
a negativity bias.>>*®* Some studies, in contrary, found
attentional bias to positive emotional stimuli.”* ° These
attentional biases could be modulated by top-down moti-
(eg, 28,31-33

According to the social neuroscience perspective on

vational  significance affective  mood).
empathy,'® empathy may have an impact on the processing
of emotional stimuli. It was found that HE participants
Through

a paradigm of the emotional Stroop effect, Hofelich and

could quickly detect targets’ emotions.**
Preston’® showed that empathy could increase attention to
emotional information. Consistently, eye-movement stu-
dies found increased fixation duration on emotional faces
and the most affective facial region (eyes) for HE
individuals.*®® At the neural activity level, electrophy-
siological evidence also suggested that the level of empa-
thy affected the wave amplitudes from early (N200) to late
(last positive potential) components elicited by facial
expressions.***?  Although these results may indicate
a relationship between empathy and attentional bias to
emotional stimuli such as facial expressions, whether
attentional bias or attentional disengagement was different
between positive and negative emotional stimuli was not
examined.

The dot-probe paradigm is considered to be effective in
revealing the attentional processing of visual stimuli.***'
Quantitative indicators such as the attentional bias score
(ABS)*! and the attentional disengagement score (ADS)*
could be calculated from the results of this paradigm,
which are accurate measures of attentional processing.
Specifically, ABS is defined as the difference of perfor-
mance between the invalid cue condition and the valid cue
condition. If a cue appears and biases the attention simul-
taneously, this score might be larger than zero. ADS mea-
sures how difficult one may switch the attention away
from a stimulus. It is defined as the difference between
the invalid cue condition and the neutral cue condition.
The larger the score, the harder one can disengage the
attention from the invalid cue. These indices were adopted
because they could directly reflect the attentional bias and
attentional disengagement processes.

In the present study, we examined the attentional pro-
cessing of both painful stimuli and emotional stimuli
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among HE and LE individuals through a modified dot-
probe paradigm. Attentional bias and disengagement with
the stimuli were calculated directly. First, we may expect
to observe attentional bias or disengagement to painful
stimuli and emotional stimuli. Next, we hypothesized
that HE individuals may show stronger attentional bias to
painful and emotional stimuli than LE individuals. In
addition, HE individuals may be more difficult in disen-
gaging their attention from the painful and emotional
stimuli. More specifically, as painful stimuli may also
induce negative experience, the hypotheses concerning
the effects of painful stimuli and negative emotional sti-
muli were identical. Finally, although there were studies
suggesting that empathy could modulate the attentional
processing on painful stimuli and emotional stimuli, direct
evidence on the relationship between the two kinds of
attentional processing is not examined. To reveal the rela-
tionship between the painful empathy and the emotional
empathy directly, we also aimed to examine the correlation
between the attentional processing of painful stimuli and
emotional stimuli. We hypothesized that there might be
a high correlation between painful stimuli and negative
emotional stimuli.

The present study may advance our understanding
about the effect of empathy on the attentional processing
of emotional and painful stimuli, and may provide criti-
cal evidence for developing interventions on the atten-
tional deficits caused by empathic problems. First,
theoretically, the relationship between the pain empathy
and the emotional empathy is largely unknown. Our
study could help elucidate the relationship between the
two kinds of empathy. Second, as we mentioned above,
the empathy of health professionals may be reduced by
overexposure to painful stimuli, and thus they may
underestimate the pain of patients. The findings of the
present study may characterise the attention of LE indi-
viduals on painful and emotional stimuli, and provide
evidence for further interventions on LE individuals.
Similarly, other groups with LE such as conduct disor-
dered or anti-social disordered may be also benefit from
the present study.

Materials and Methods

Participants

One hundred forty-seven undergraduates completed the
Chinese version of the Interpersonal Reactivity Index
(IRI-C). In order to find a significant attentional bias effect

(by comparing an attentional indicator with zero), we
performed a power analysis to determine the sample size
through G*Power 3.1. At a level of medium effect size
(d=0.6) with a statistical power of 0.8, the result showed
that a sample of 24 subjects was required. Therefore,
twenty-five individuals whose IRI-C scores were within
the highest 25% (HE group) and twenty-five whose IRI-C
scores were within the lowest 25% (LE group) voluntarily
participated in the behavioural experiments. All of the
participants were right-handed and had normal or cor-
rected-to-normal vision and normal colour vision, and
none of them had a history of neurological or psychiatric
illness.

The ages of the participants ranged from 18 to 22
years. No age difference was found between the HE
group (M=20.00, SD=1.01) and LE group (M=19.96,
SD=0.93) (#(48)=0.146, p=0.884). No sex difference was
noted between the HE group (15 females) and LE group
(13 females) (y2 =0.569, p=0.776). IRI scores were sig-
nificantly different between the HE (M=60.92, SD=3.63)
and LE (M=35.92, SD=4.07) groups (#(48)=22.92,
p<0.001).

Ethical Approval

All procedures performed in this study involving human
participants were in accordance with the ethical standards
of the Ethical Committee of Human Research at Zunyi
Medical University and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
Ethical consent and informed consent was obtained from
all participants before participation.

Materials

Scale

The IRI-C was used to measure the empathy of
participants.** It contains 22 items and encompasses four
subscales, including perspective taking (eg, “I try to look
at everybody’s side of a disagreement before I make
a decision”), personal distress (eg, “Other people’s mis-
fortunes do not usually disturb me a great deal”), fantasy
(eg, “When I watch a good movie, I can very easily put
myself in the place of a leading character”), and empathy
concern (eg, “When I see someone being taken advantage
of, I feel kind of protective towards them”). All of the
items were rated on a 5-point Likert scale from 0 (“not at
all like me”) to 4 (“very much like me”). The Cronbach’s
o coefficient of the IRI-C was 0.75, and its test-retest
reliability was 0.74 in a Chinese sample.* In the present
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study, the Cronbach’s a coefficient was 0.84. In the present
study, IRI-C scores were collected from a sample of under-
graduates. The combined mean score from the HE group
and the LE group was 48.35 (SD=9.15). We compared our
scores with other studies using the IRI scale in Chinese
groups. In healthy adults, the score ranged from 48.40 to
51.50.2% In undergraduates, the scores were 52.97,
47.50, 48.56 and 51.20 for normal students, medical
school students, nursing students and military school stu-
dents, respectively.***° The score in the present study was
comparable with those of previous studies. More impor-
tantly, in our study, the HE group showed an average score
of 60.92 on the IRI scale, while the LE group showed an
average score of 35.92, which was significantly different
from the average scores of the present study and previous
studies. These results demonstrated that the selection of
HE and LE individuals was appropriate.

Painful Pictures

Digital colour pictures depicting a model’s hand, forearm,
or foot in painful or nonpainful situations were adopted
from a previous study and presented as stimuli.’® Eighteen
painful pictures and 42 nonpainful pictures were selected,
forming 18 painful-nonpainful picture pairs and 12 non-
painful-nonpainful pairs. All pictures had a uniform size
(354*266 pixels) and were matched for brightness and
contrast. The pain intensity of each picture was evaluated
by a group of 70 undergraduates on a 9-point scale (“1=no
sensation” to “9=unbearable pain”). The results showed
significantly different intensities between the painful
(M=6.534, SD=1.023) and nonpainful (M=2.162,
SD=0.470) pictures (#(69)=22.80, p<0.001). The results
regarding emotional valence (1= very unhappy, 9= very
happy) revealed significant difference between the painful
(M=2.315, SD=0.715) and nonpainful (M=4.498,
SD=1.480) pictures (#(69)=5.95, p<0.001).

Emotional Pictures

Digital colour pictures depicting emotional situations were
adopted from the Chinese Affective Picture System
(CAPS).>! Twenty-four positive, 24 negative and 72 neu-
tral emotional pictures were selected. All pictures had
a uniform size (433*315 pixels) and were matched for
brightness and contrast. The valence and arousal of each
picture were evaluated by a group of 46 undergraduates on
a 9-point scale. Kruskal-Wallis test revealed that the emo-
tional valence was significantly different among positive
(M=17.36, SD=0.28), negative (M=1.76, SD=0.27) and

neutral (M=4.45, SD=0.56) pictures (p<0.001). Post hoc
tests showed significant difference between each two kinds
of pictures (all p<0.001, Bonferroni corrected). Kruskal—
Wallis test revealed that the arousal was significantly dif-
ferent among positive (M=6.40, SD=0.41), negative
(M=6.46, SD=0.29) and neutral (M=4.15, SD=0.59) pic-
tures (p<0.001). Post hoc tests showed significant lower
arousal of neutral pictures than positive and negative pic-
tures (all p<0.001, Bonferroni corrected), while no signifi-
cant difference was found between the arousal of positive
and negative pictures (p>0.05).

Apparatus

The visual stimuli were presented on a SAMSUNG 19-in
LCD screen, with a spatial resolution of 1280 x 800 and
a refresh rate of 60 Hz.>* The subjects viewed the stimuli
from a distance of 60 cm. The presentation of stimuli was
controlled by E-Prime 2.0 software (https://www.pstnet.

com). Data analysis was conducted by using SPSS 16.0
(https://www.ibm.com/analytics/SPSS-statistics-software).

Procedure
A modified version of the dot-probe paradigm was
adopted. The procedure is demonstrated in Figure 1.

Experiment |: Attentional Bias to Painful Pictures

At the beginning of each trial, a white fixation cross with
a black background was presented in the centre of the
screen for a random period of 500~1000 ms. Afterwards,
a pair of pictures was presented for 500 ms, with one
picture on each side of the visual field. A probe was
presented immediately after the disappearance of the pic-
tures. The probe consisted of three horizontally aligned
white dots or three vertically aligned white dots, whose
centre was coincident with one of the pictures. Participants
were asked to press one key (F or J) if the dots were
horizontally aligned and another key (J or F) if the dots
were vertically aligned as quickly and accurately as pos-
sible. The painful cue was valid if the locations of the
painful picture and the probe were the same. Otherwise,
the cue was invalid. Each probe appeared until a response
was made within 5 s, followed by a blank screen for 500
ms. Each participant completed 2 experimental blocks.
Each block consisted of 96 trials, including 24 trials of
nonpainful-nonpainful pairs, 24 trials of painful-
nonpainful pairs with hand injury, 24 trials of painful-
nonpainful pairs with forearm injury, and 24 trials of

painful-nonpainful pairs with foot injury. In total, each
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500 ms ~ 1000 ms

Probe
max. 5000 ms

500 ms

Figure | An example of the experimental procedure of dot-probe paradigm. A cue consisted of two pictures. In cueing trials, one of the pictures was a painful/emotional
picture, while the other one was a nonpainful/neutral picture. In non-cueing trials, both pictures were nonpainful/neutral pictures. A probe was presented immediately after
the disappearance of the cue, and persisted until the participant made a response within 5000 ms. Participants were asked to judge the orientation of the probes.

participant completed 48 trials of nonpainful-nonpainful
pairs and 144 trials of painful-nonpainful pairs. The types
of picture pairs, positions of painful pictures, and positions
of probes were all counterbalanced in each block. The type
of key press (eg, F for a horizontally aligned probe or J for
a horizontally aligned probe) was randomly assigned to
each participant.

Experiment 2: Attentional Bias to Emotional Pictures
The procedure of Experiment 2 is similar to that of
Experiment 1, except that the stimuli were changed to
emotional pictures. The emotional cue was valid if the
locations of the emotional picture and the probe were the
same. Otherwise, the cue was invalid. Each participant
completed 3 experimental blocks. Each block consisted
of 48 trials, including 16 positive-neutral pairs, 16 nega-
tive-neutral pairs and 16 neutral-neutral pairs. In total,
each participant completed 48 trials of positive-neutral
pairs, 48 trials of negative-neutral pairs, and 48 trials of
neutral-neutral pairs. Positions of emotional pictures and
probes were also counterbalanced in each block.

Statistical Analysis

The raw RT data were preprocessed by excluding outliers
beyond or below the mean with three standard deviations.
To directly reveal the attentional bias to and the attentional
disengagement to painful or emotional pictures, we calcu-
lated the ABS and ADS for each experiment.

The ABS was calculated according to previous
studies.*’">® This index was calculated based on the reac-
tion times (RTs) to probes at consistent or inconsistent
positions with painful or emotional pictures. In
Experiment 1, ABS = [(PIDr-PrDr)+(PrDI-PIDI)]/2
(P=Painful pictures, D=Dot-probe, I=left and r=right).
A positive ABS indicates that attention is biased to the
painful picture (ie, faster responses to probes following
painful pictures than to probes following nonpainful

pictures). In contrast, a negative ABS indicates attentional
avoidance of the painful picture. In Experiment 2, for
[(PIDr-PrDr)+(PrDI-PIDI)]/2
(P=Positive emotional pictures, D=Dot-probe, 1=left and
r=right); for negative pictures, ABS = [(NIDr-NrDr)
+(NrDI-NIDI)]/2 (N=Negative emotional pictures, D=Dot-
probe, 1=left and r=right).

positive pictures, ABS =

The ADS was calculated according to methods used in
previous studies.**>* This index was calculated based on
the RTs to probes at inconsistent positions with painful or
emotional pictures and the RTs to probes following non-
painful or neutral pairs of pictures. In Experiment 1, ADS
= (PIDr+PrDI)/2-(NDI+NDr)/2  (P=Painful
D=Dot-probe, N=Nonpainful pictures pair, l=left and

pictures,

r=right). A positive ADS indicates that one has difficulty
disengaging their attention from painful pictures. In
Experiment 2, for positive pictures, ADS = (PIDr+PrDI)/
2-(NeuDI+NeuDr)/2  (P=Positive pictures,
D=Dot-probe, Neu=Neutral pictures pair, I=left and
r=right); for negative pictures, ADS = (NeglDr+NegrDl)/
2-(NeuDl+NeuDr)/2 (Neg=Negative emotional pictures,
I=left and

emotional

D=Dot-probe, Neu=Neutral pictures pair,
r=right).

In Experiment 1, independent #-tests were conducted on
the ABS and ADS separately to examine the group differ-
ence. In addition, comparisons between the ABS/ADS and
zero were performed in each group to examine whether there
was significant attentional bias or attentional disengagement
to the painful pictures. In Experiment 2, two 2 (valence:
positive/negative) * 2 (group: HE/LE) mixed ANOVAs were
first conducted on ABS and ADS. In addition, direct com-
parisons between the ABS/ADS and zero were also per-
formed in each group and each condition to examine
whether there was attentional bias or attentional disengage-
ment in the emotional pictures. Finally, Pearson correlational
analyses were performed on the scores of ABS and ADS to
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examine whether there were relationships between ABSs
and ADSs and between scores from different tasks.

Results
Accuracy Results

In the two experiments, accuracies were quite high in all
of the conditions in each group (all M>95%, SD<6%, see
Tables S1 and S2), indicating that participants paid con-
siderable attention to the tasks and that they did not sacri-
fice accuracy for faster responses. More importantly, we
performed a 3 (condition: valid/invalid/neutral) x 2
(group: HE/LE) mixed ANOVA for Experiment 1 and
a 5 (condition: positive valid/positive invalid/negative
valid/negative invalid/neutral) x 2 (group: HE/LE) mixed
ANOVA for Experiment 2 on the accuracy data. Results
showed no significant interactions and main effects in
either Experiment 1 or Experiment 2 (all £<1.4, p>0.2).

RT Results

The RTs and statistical results from Experiment 1 are
displayed in Tables S3 and S4. The RTs and statistical
results from Experiment 2 are displayed in Tables S5-S7.

Results from Experiment |

We compared the ABS and the ADS between the HE and
LE groups (Figure 2). The results showed nonsignificant
group differences in the ABS (#48)=0.943, p=0.350,
Cohen’s d=0.266) and ADS (#(48)=0.963, p=0.340,
Cohen’s d=0.272).

A ;_

ABS
I

-10 -

15 =

HE LE

Then, we directly compared the ABS or ADS with zero
in each group. In the HE group, the ABS was not signifi-
cantly different from zero (#24)=—0.367, p=0.717,
Cohen’s d=0.073). ADS was significantly higher than
zero in the HE group (#24)=2.290, p=0.031, Cohen’s
d=0.458), indicating difficulty in disengaging attention
from painful pictures in HE individuals. In the LE group,
neither the ABS nor ADS was found to be significantly
different from zero (ABS: #(24)=—1.522, p=0.141, Cohen’s
d=0.304; ADS: #24)=1.537, p=0.137, Cohen’s d=0.307).

Results from Experiment 2

We first examined the ABSs (Figure 3A). There was no
significant interaction effect between valence and group (<
(1, 48)=0.196, p=0.660, ;1;=0.004). The main effect of
(F(1, 48)=8.480, p=0.005,
17§=0.150), indicating that ABSs were higher for positive

valence was significant

pictures. The main effect of group was also significant (£(1,
48)=5.133, p=0.028, n§:0.097), indicating that ABSs were

higher for the LE group. Direct comparisons between ABSs
and zero were performed in each group. In the HE group,
ABSs were lower than zero only for negative pictures (#24)
=-2.874, p=0.008, Cohen’s d=0.575), but not for positive
pictures (#(24)=0.225, p=0.824, Cohen’s d=0.045). In the
LE group, ABSs were higher than zero only for positive
pictures (#(24)=2.342, p=0.028, Cohen’s d=0.468), but not
for negative pictures (#(24)=—0.451, p=0.656, Cohen’s
d=0.090). These results indicated that HE individuals had
attentional avoidance to negative pictures and LE indivi-
duals had attentional bias to positive pictures.

B -
*
15
R 104
) |
) |
0
HE LE

Figure 2 Results from Experiment |. (A) Averaged ABSs for painful stimuli in HE and LE groups. (B) Averaged ADSs for painful stimuli in HE and LE groups. Error bar

denotes | standard error of mean. *p<0.05.

Abbreviations: ABS, attentional bias score; ADS, attentional disengagement score; HE, high empathy; LE, low empathy.

1228

Dove!

Psychology Research and Behavior Management 2021:14


https://www.dovepress.com/get_supplementary_file.php?f=318657.docx
https://www.dovepress.com/get_supplementary_file.php?f=318657.docx
https://www.dovepress.com/get_supplementary_file.php?f=318657.docx
https://www.dovepress.com/get_supplementary_file.php?f=318657.docx
https://www.dovepress.com/get_supplementary_file.php?f=318657.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Bi et al

A
E Positive picture
20 — *
10 —
B -
0 ]
10 —
20 —
*%*
HE LE

3 Negative picture
20 —

10 —

ADS
v
H

10 —

-20 -

HE LE

Figure 3 Results from Experiment 2. (A) Averaged ABSs for emotional stimuli in HE and LE groups. (B) Averaged ADSs for emotional stimuli in HE and LE groups. Error

bar denotes | standard error of mean. *p<0.05, **p<0.01.

Abbreviations: ABS, attentional bias score; ADS, attentional disengagement score; HE, high empathy; LE, low empathy.

For ADSs (Figure 3B), no significant interaction
effect or main effects were found (interaction: F(1, 48)
=1.660, p=0.204, 1712,=0.033; emotion valence: F(1, 48)
=0.575, p=0.452, nf,=0.012; group: F(1, 48)=1.666,
p=0.203, r]127=0.034). The ADSs for each group and
each condition were also not different from zero (posi-
tive/HE: #24)=0.450, p=0.657, Cohen’s d=0.090; nega-
tive/HE: #24)=—1.179, p=0.250, Cohen’s d=0.236;
positive/LE: #24)=1.279, p=0.213, Cohen’s d=0.256;
negative/LE: #24)=0.914, p=0.370, Cohen’s d=0.183).

Table | Correlational Results

Correlational Results

The correlational results are displayed in Table 1. In the
HE group, correlation analysis only showed a significant
relationship between ABSs and ADSs of negative pictures
(r=0.603, p=0.015, FDR corrected). In the LE group,
correlation analysis showed that 1) the relationship
between the ABS and ADS of painful pictures was sig-
nificant (#=0.522, p=0.040, FDR corrected), 2) the rela-
tionship between the ABS and ADS of positive pictures
was significant (+=0.645, p=0.015, FDR corrected), 3) and

Painful Stimuli Emotional Stimuli
1ABS 2ADS 3ABS_P 4ADS_P S5ABS_N 6ADS_N
HE group | -
2 0.125 -
3 0.095 0.117 -
4 —0.171 0.260 0.210 -
5 —0.175 —0.164 0.123 0.166 -
6 —0.050 —0.101 —0.149 0.297 0.603%* -
LE group | -
2 0.522% -
3 —0.267 0.114 -
4 —0.193 0.109 0.645%%* -
5 —0.291 —0.140 —-0.199 -0.179 -
6 -0.379 —0.084 —0.098 0.244 0.521** -
Notes: The six numbers in each group correspond to the six variables listed under painful and emotional stimuli. *¥p<0.01, ***p<0.001, uncorrected.
Abbreviations: ABS, attentional bias score; ADS, attentional disengagement score; P, positive picture; N, negative picture.
Psychology Research and Behavior Management 2021:14 https: 1229
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the relationship between ABS and ADS of negative pic-
tures was significant (=0.521, p=0.040, FDR corrected).

These results indicated that ABSs and ADSs were
associated with each other only in tasks with the same
stimuli, supporting that there might be different processing
methods for different stimuli.

Discussion

In the present study, we examined the impact of empathy
on the attentional processing of painful and emotional
stimuli with a modified dot-probe paradigm. Significant
attentional effects were observed in some conditions,
demonstrating the validity of the task. Two hypotheses
concerning the effect of empathy were proposed. First,
HE individuals may show stronger attentional processing
on painful and emotional stimuli than LE individuals.
Second, the attentional processing of painful stimuli may
have a close relationship with that of negative emotional
stimuli, ie, they are significantly correlated with each
other. These hypotheses were partly supported. First, we
found that HE individuals but not LE individuals showed
a trend of attentional disengagement to painful stimuli.
Second, HE individuals showed attentional avoidance to
negative emotional stimuli, while LE individuals showed
attentional bias to positive emotional stimuli. These results
indicate that HE and LE individuals may have different
attentional processing of painful and emotional stimuli.
Furthermore, correlational analysis showed that ABSs
and ADSs were associated with each other only within
the same category of stimuli, indicating that the attentional
processing of different stimuli may not share a common
mechanism.

In Experiment 1, we only observed a relatively weak
result showing that HE individuals showed difficulty in
disengaging their attention from painful pictures, which
may indicate attentional maintenance to painful informa-
tion. This finding was consistent with previous findings on
painful expressions, which revealed that HE participants
showed overall attentional maintenance to painful expres-
sions relative to nonpainful expressions.'” However, no
significant attentional bias to the painful stimuli was
found in our study, which is surprising and seems contra-
dictory to our hypothesis. Researchers have proposed that
painful stimuli may attract observers’ attention® and
found that brain areas including the ACC/paracingulate
and the right middle frontal gyrus were activated only
when the painful stimuli were explicitly attended.’®
These findings indicate an important role of attention in

the processing of painful stimuli. A potential reason for the
discrepancy between previous findings and ours might be
that attentional bias of painful stimuli may rely on the
emotional arousal of pictures. That is, if the painful stimu-
lus fails to induce emotional experience, it may also fail to
attract the attention. Previous studies revealed that empa-
thy was closely related to empathic emotion®’ and that
individuals experiencing high levels of empathic emotion
were ready to offer help to victims when watching other
people being given electric shocks.”® Emotional stimuli
have been revealed to be effective in biasing visual atten-
tion automatically and enhancing brain activities in the
visual cortex.’”®® Therefore, attentional bias may be
induced by painful stimuli only when they are fully pro-
cessed and emotional information is successfully
extracted, which might not have been fully achieved in
the present study as they were only presented for 500 ms.
Further studies are required to examine the attentional bias
induced by painful stimuli by adopting a longer presenta-
tion duration. In addition, we should also note that a larger
ADS may result from a general slowing of response to the
painful stimulus, which should be ruled out in future
studies.

More importantly, in Experiment 2, we found that HE
participants showed attentional avoidance of negative
emotional pictures while LE participants did not. It could
be a protective mechanism for HE individuals, as they may
experience more intense feelings and emotions than LE
individuals. Individuals with HE were found to express
stronger negative emotional reactions to negative pictures
showing aggressive acts.’ Compared with highly threa-
tening stimuli, those with a moderate level of threat may
be more effective on attentional attraction than attentional
avoidance.®”® For example, a threat expressed by facial
expression is moderately intense, and HE individuals were
found to be better in recognizing expressions and showed
response bias towards sad and fearful expressions.®* In the
present study, vivid negative pictures were adopted, which
may induce a more intense emotion than facial expres-
sions. As a result, HE individuals showed attentional
avoidance rather than attraction to these negative pictures.

Meanwhile, we also found that LE individuals showed
attentional bias towards positive emotional pictures. It was
not surprising, as such an effect was consistently found in

previous studies.®’

According to the empathy-altruism
hypothesis, high level of empathy may induce altruistic
motivation.”®®® Therefore, the LE individuals may have

more self-interested rather than altruistic motivated, and
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may thus be motivated by self-interested hedonism to
show attentional bias towards positive emotional pictures.
From another aspect, the present measurement of empathy
may mainly measure the negative empathy which refers to
understanding and sharing others’ negative emotions.®” If
the LE individuals have high level of positive empathy,
they may show attentional bias towards positive emotional
pictures. Future studies may test this hypothesis with mea-
surements of positive empathy. However, our results did
not reveal attentional bias on negative emotional stimuli,
which seems inconsistent with previous studies showing
attentional bias to emotional stimuli through eye-
movement®®®® and ERP’ approaches. There might be
two explanations for this finding. First, negative stimuli
could not elicit attention among LE individuals, as they
may perceive emotion weakly. For example, a previous
study found that empathy could enhance attention to emo-
tional information.*> However, it may be hard to explain
why LE individuals showed attentional bias to positive
emotional stimuli. Second, negative stimuli also induced
attentional avoidance, which compromised the attentional
bias outcome observed among LE individuals. As we
found significant attentional avoidance among HE indivi-
duals, such a process was highly possible to affect LE
individuals as well. The two processes of attentional bias
and attentional avoidance induced by negative stimuli
should be examined in further studies.

Finally, we did not find a strong relationship between
performance regarding painful stimuli and emotional sti-
muli. Evidence suggested that painful stimuli seemed to
modulate visual attention more weakly than emotional
stimuli. An ERP study revealed that painful stimuli eli-
cited larger P3 (380-500 ms) components than neutral
stimuli only when subjects were performing a pain judge-
ment task, not when they were performing a counting
task.”"””> Therefore, painful stimuli processing may
require high attentional investment. In contrast, emotional
stimuli processing was found to be mostly automatic and
unconscious.”>"”*  Furthermore, performance regarding
positive stimuli was not associated with that for negative
stimuli. Consistently, previous ERP studies found that the
time course of the neural response to positive stimuli was
largely different from that to negative stimuli.*® Although
our study did not reveal the relationship between different
tasks, further studies are required to investigate whether
the processing of emotional stimuli and painful stimuli
share common mechanisms that could be revealed by
adapting other tasks.

We noticed that there are several limitations in the
present study. First, participants in the present study were
divided into HE and LE groups based on their general
empathy trait rather than a specific dimension of the trait.
It is possible that different kinds of empathy, such as the
cognitive empathy (understanding others’ emotion) and the
emotional empathy (sharing others’ emotion), may play
different roles in the attentional processing of painful and
emotional stimuli. For example, the total fixation durations
on painful, happy and fearful video clips were not different
between controls and individuals with impaired affective
empathy but normal cognitive empathy, indicating that
affective empathy may not influence the attentional main-
tenance on emotional stimuli.”” In contrary, participants
with high level of affective empathy were found to show
attentional bias to emotional words.>> Further studies may
examine the roles of different kinds of empathy in different
attentional processes. Second, in a few studies with dot-
probe task, relatively low internal consistency and retest
found for the
measurement.’®’® The reliability of dot-probe task could

reliability over one week were
be modulated by some factors. For example, the reliability
of dot-probe task was stronger when the target was pre-
sented at the bottom visual field, and was stronger in later
sessions in an experiment.””*® Therefore, the dot-probe task
might be unsuitable for measuring individual difference.
However, evidence showed that the group difference
revealed by the dot-probe task was much more reliable.”®
Nevertheless, more evidences are needed to validate our
findings. Furthermore, although we did not find a strong
attentional effect with the current paradigm, such an effect
might be revealed in other paradigms. For example, an eye-
movement study showed that HE individuals focused on
painful faces longer than they focused on neutral faces,
which indicated strong sustained attention on painful stimuli
in HE individuals.'® Our results also implied a similar trend
by showing that HE individuals had difficulty in attentional
disengagement from painful stimuli, although the effect was
relatively weak. Further studies are required to investigate
the effect of empathy on the attentional processing of pain-
ful stimuli through other paradigms, especially those related
to sustained attention. Third, we measured the empathy of
participants by a subjective self-report scale, which might
not reflect the objective empathy level of individuals. The
present findings might be affected if we measure empathy
more objectively. However, objective measurements on
empathy are still yet to be developed. For examples, heart
rate and skin conductance level in response to emotional
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stimuli were considered as indicators of affective
empathy.” 81782 It was found that individuals with impaired
affective empathy showed reduced heart rate to painful and
fearful stimuli and reduced skin conductance level to pain-
ful stimuli.”” Besides, behavioural performance of emo-
tional understanding in response to emotional stimuli was
considered as the index of cognitive empathy.”>® For
example, patients with behavioural variant frontotemporal
dementia showed deficiency in inferring mental states for
emotional persons, indicating a cognitive empathy deficit.*®
Future studies may measure participants’ empathy with
both subjective and objective measurements, and examine
the relationship and difference between the two kinds of
measurements.

In conclusion, in the present study, we found that HE
individuals showed attentional avoidance of negative emo-
tional pictures and had difficulty disengaging their atten-
tion from painful pictures, while LE individuals showed
attentional bias towards positive emotional pictures. These
results imply that different means of processing painful

and emotional pictures exist for HE and LE individuals.
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