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Abstract Empathy can be categorized into positive and
negative empathy depending on the emotional valence
experienced. When responding to others’ emotions, empa-
thy involves three key subprocesses: emotion recognition,
affective empathy, and motivational empathy. However, how
these subprocesses operate to realistic positive versus nega-
tive stimuli remains largely unexplored. To fill this gap, we
selected 96 real-life events with detailed contextual informa-
tion and collected functional magnetic resonance imaging
data. We observed lower within-subject and between-subject
behavioral and neural similarity for positive empathy than
for negative empathy. Although positive and negative empa-
thy partially shared neural mechanisms underlying emo-
tion recognition—evident in overlapping encoding regions
and functional connectivity (FC)—they diverged notably
in affective and motivational empathy. Negative empathy
involved more complex encoding schemes and more con-
vergent FC than positive empathy. These findings deepen
our understanding of empathy dynamics, highlighting its
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multifaceted nature and the importance of distinguishing
between positive and negative emotions in empathy research.
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Introduction

Empathy is a multifaceted construct essential for social inter-
actions, involving the process of identifying and responding
to the emotions of others [1-3]. Empathy can be differenti-
ated by emotional valence, ranging from positive to nega-
tive [4]. While both positive and negative empathy involve
understanding and resonating with others’ feelings, they
differ significantly. Negative empathy typically refers to the
ability to understand and resonate with others’ pain, suf-
fering, or distress, often eliciting emotional responses like
discomfort, compassion, sympathy, or even empathic painful
feelings. In contrast, positive empathy involves responding
to others’ joy, success, or positive experiences. While some
people may feel happiness and share in others’ joy, others
might experience opposite feelings, such as envy, resent-
ment, or indifference.

Empathy encompasses a range of subprocesses, includ-
ing emotion recognition, affective empathy, and motiva-
tional empathy, which may be labeled differently by various
scholars [5-9]. Emotion recognition involves recognizing
and comprehending others’ feelings explicitly [10]. Affec-
tive empathy refers to experiencing emotions similar to those
of others or being emotionally stirred by others’ emotions.
[5] Motivational empathy denotes compassion and concern
for others [7] or an internal altruistic drive that motivates
empathic behaviors [8].
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Previous studies have identified both shared and distinct
brain activations associated with positive and negative
empathy [11, 12]. However, the subprocesses of empathy
were not considered, the context of stimuli (e.g., the char-
acteristics of the individual presented and the event that
triggered the emotional response) was not detailed, and an
appropriate control condition was not considered [11, 12].
Treating empathy as a single construct may lead to mixed
findings, hindering our understanding of the detailed mecha-
nisms underlying positive and negative empathy. Specifi-
cally, the extent to which they are in common and at which
subprocesses of empathy they exhibited distinctions have not
been thoroughly explored, particularly concerning behavio-
ral performance and underlying neural mechanisms.

From the perspective of empathy subprocesses, we
hypothesize that positive and negative empathy may partly
share the emotion recognition subprocess, such as face per-
ception [13], and inferring others’ mental states [14]. How-
ever, we anticipate greater divergence between positive and
negative empathy in the affective and motivational empathy
subprocesses, given that people may experience different
emotions and exhibit distinct affective responses, which
in turn may lead to different motivational tendencies [15].
While positive empathy often fosters a desire to celebrate
and enhance others’ well-being, it can also evoke contrast-
ing emotions, such as envy, which is commonly observed
in real-life contexts [16, 17]. In contrast, negative empathy,
which entails understanding and sharing in others’ distress,
typically elicits more consistent emotional responses and
motivates similar concerns, such as empathy for pain, where
the distress experienced is more universally recognized and
shared [18]. Therefore, we also hypothesize that negative
empathy may involve more consistent processing than posi-
tive empathy. Specifically, the same individual may resonate
more consistently with others’ negative emotions compared
to positive emotions (intra-subject similarity), and differ-
ent individuals may respond more consistently to others’
negative experiences than positive experiences (inter-subject
similarity).

To test these hypotheses, we conducted a functional mag-
netic resonance imaging (fMRI) study using an event-related
design, collecting ratings for the three empathy subproc-
esses. This study included 96 real-life events, comprising 32
positive, 32 negative, and 32 neutral events, sourced from
online news and documentary films, each accompanied by
detailed contextual information (i.e., the characteristics of
the individual presented and the event that triggered the
emotional response) and high-resolution images depicting
facial expressions. Subsequently, we performed a series of
statistical analyses to uncover the shared and distinct mecha-
nisms between positive and negative empathy from the per-
spective of subprocesses, focusing on both intra-subject and
inter-subject behavioral and neural similarities.
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At the intra-subject level, we aimed to clarify the relation-
ships among emotion recognition, affective empathy, and
motivational empathy. To achieve this, we first performed
multilevel correlation analyses on the ratings of the three
empathy subprocesses. Given the temporal sequence of
empathy subprocesses, where emotion recognition occurs
first, followed by early affective resonance, and later motiva-
tional compassion [9], we explored whether ratings of affec-
tive empathy mediated the relationship between emotion
recognition and motivational empathy. This was achieved
separately for positive and negative stimuli using multi-
level mediation analyses, followed by moderated media-
tion analyses to determine whether mediation effects dif-
fered significantly between positive and negative stimuli.
For neural data, we performed parametric modulation (PM)
analyses to identify brain regions encoding ratings for each
empathy subprocess. Subsequently, whole-brain functional
connectivity (FC) analyses were conducted using these iden-
tified regions as seeds to reveal the neural synchrony among
brain regions. These analyses allowed us to compare neu-
ral responses to positive versus negative stimuli, revealing
shared and distinct intra-subject neural patterns.

At the inter-subject level, we aimed to assess rating
similarity across participants using inter-subject correla-
tion (ISC) analyses. Specifically, ratings from different par-
ticipants were compared to assess the degree of similarity
among participants exposed to the same stimuli. For neu-
ral data, beta values extracted from brain regions encoding
empathy ratings were compared across participants to assess
the inter-subject neural similarity. Additionally, the behavio-
ral and neural inter-subject similarity was compared between
positive and negative empathy to reveal shared and distinct
inter-subject neural patterns. Altogether, the present study
would provide evidence showing how the subprocesses of
positive and negative empathy operate in response to real-
life contexts, which contributes to a more comprehensive
model of empathic responses.

Materials and Methods
Participants

To determine the necessary sample size for identifying dif-
ferences in empathic responses to others’ positive and nega-
tive experiences, we performed a power analysis for 7-tests
using G*Power 3.1.9.7 [19, 20]. The statistical power was
set at 0.8, with an effect size of 0.5 and a significance level
of 0.05. The analysis suggested a minimum sample size of
34 for detecting the main effects between two dependent
means. Consequently, we recruited 35 right-handed healthy
participants (17 males; age: 22.03 + 2.30 years; education
duration: 16.06 + 2.37 years) for this study, accounting
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for incomplete data from one male participant (see section
MRI Data Acquisition and Preprocessing for details). No
significant differences in age and education duration were
observed between males and females (both P > 0.05). All
participants met MRI safety criteria and had no history of
neurological disorders, pain disorders, depression, anxiety,
or insomnia. Each participant provided written informed
consent and received monetary compensation for their par-
ticipation. The study protocol was approved by the Ethics
Committee of the Institute of Psychology, Chinese Academy
of Sciences, China.

Experimental Materials

A total of 96 diverse real-life experiences were carefully
selected, with 32 in each condition: positive, negative, and
neutral (Fig. 1A). These materials were sourced from online
news and documentary films published between 2015 and
2023. Initially, 120 experiences (40 per condition) were col-
lected, and 96 were ultimately chosen based on the evalua-
tion provided by an independent sample of participants (n =
30, 15 males; see Supplementary Materials for details). The

Positive stimulus

Neutral stimulus

description of the protagonist and the event preserved essen-
tial background information, such as the protagonist attend-
ing literacy training (an illiterate person in the mountains),
while maintaining a concise length (protagonist: 5.30 + 1.97
Chinese characters; event: 8.15 + 2.85 Chinese characters;
see examples in Table S1 and full list at https://osf.io/npbrg).
The Chinese character length for the protagonist and the
event was matched among the three conditions (Table S2).
Each stimulus also included a high-resolution image (1,920
% 860 pixels) showcasing facial expressions. Positive stimuli
were uplifting events with happy facial expressions, such
as a slum-dwelling youth accessing clean tap water for the
first time (Fig. 1A). Negative stimuli presented distressing
circumstances with sad facial expressions, for example, a
young woman facing the removal of her uterus due to a
rare disease. Neutral stimuli depicted everyday occurrences
with neutral facial expressions, such as an agricultural park
worker performing routine tasks. These stimuli in each con-
dition featured protagonists from diverse age groups (2/3
were adults, and 1/3 were children or elderly), nationali-
ties (2/3 were Chinese and 1/3 were non-Chinese), and gen-
ders (2/3 were females and 1/3 were males). Age group,

Negative stimulus

Took a shower with running
water for the first time
(Teenagers from a slum)

Event

(Protagonist)

Event (Protagonist)

Sharing work experience
(an ordinary employee)

Failure of in vitro fertilization
requiring termination of pregnancy
(a middle-aged woman who lost her only son)

3s

Ratings

Cc

Basic statistics

Intra-subject similarity Inter-subject similarity

, . Correlation analyses : :
Behavioral data — :ANOVA+ post hoc comparlsons: — Mediation analyses P ISC analyses '
: Parametric modulation analyses :

MRidata = GLM analyses : T ! Functional connectivity analyses : ISC analyses :

Fig. 1 Overview of stimuli (A), experimental design (B), and analy-
sis pipeline (C). A Representative stimuli depicting positive, neutral,
and negative real-life experiences. B Each stimulus sequence began
with a 0.5-s white fixation cross, followed by a 2-s text screen and
a 3-s image screen. After a jittered ISI of 4-6 s, participants were
prompted to rate three questions, yielding the IES, AES, and MES,
respectively. Another jittered ISI of 4-6 s preceded the next trial.

C Analysis pipeline for this study. After basic statistical analyses,
advanced analyses were performed to explore intra-subject similarity
and inter-subject similarity for both behavioral and fMRI data. IES,
identified emotion score; AES, affective empathy score; MES, moti-
vational empathy score; ANOVA, analysis of variance; ISC, inter-
subject correlation; ISI, inter-stimulus interval.
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nationality, and gender were matched among the three con-
ditions (Table S3).

Experimental Design

The fMRI experiment consisted of two positive runs, each
containing 16 positive stimuli and 8 neutral stimuli, and two
negative runs, each with 16 negative stimuli and 8 neutral
stimuli. The positive and negative runs were separated by
a resting-state scan of ~7 min to minimize potential emo-
tional interference, with the order of positive and negative
runs counterbalanced for males and females. Stimuli with
different real-life experiences were presented in a pseudo-
random order, with each beginning with a 0.5-s white cross,
followed by a 2-s text screen, and then a 3-s image screen
(Fig. 1B). The text screen provided two parts of contextual
information: the upper part describing the event, and the
lower part describing the protagonist. The image screen dis-
played the accordant image (reduced to 1,440 X 645 pixels)
at the center of the screen (1,920 x 1,080 pixels), with con-
textual information reappearing at the bottom in a smaller
font. Participants were instructed to primarily focus on the
image, referring to the text when necessary. Moreover, par-
ticipants were required to imagine themselves being present
at the scene of the event when viewing the image. In order
to introduce variability in the timing of stimulus presenta-
tions, jittered inter-stimulus intervals (ISIs) ranging from
4 to 6 s [21] were implemented, both between consecutive
stimuli and between the image screen and the subsequent
rating process.

After each stimulus, participants were asked to rate the
following three questions: (1) What is the emotional state
of the protagonist? (2) What emotion do you feel for them?
(3) To what extent do you feel warmth, kindness, concern,
or compassion? These questions have been similarly used
in previous studies, yielding the self-reported measures
of identified emotion score (IES), affective empathy score
(AES), and motivational empathy score (MES), respectively
[22, 23]. Notably, the motivational dimension is interpreted
differently between positive and negative empathy. While
“warmth” and “kindness” are used to represent the moti-
vational dimension for positive empathy, “concern” and
“compassion” are used for negative empathy [23]. These
differences were explained to participants, and they were
instructed to rate on question #3 if any of the words matched
their states. Ratings for the first two questions were made on
a 9-point scale ranging from — 4 to 4 (— 4 = “very sad”, 0 =
“neutral”, 4 = “very happy”), while the third question was
rated on a scale from 1 to 9 (1 = “very little”, 5 = “neutral”,
9 = “very much”). During the rating procedure, partici-
pants used two buttons operated with the left hand to adjust
their ratings (one for leftward and one for rightward move-
ment), and one of two buttons in the right hand to confirm
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their ratings. Each question began at the neutral position,
and there was no time limit for completing the ratings. The
average response time was 2.63 + 1.71 s for IES, 2.34 +
1.49 s for AES, and 2.70 + 1.64 s for MES. The experi-
mental paradigm was designed and implemented using the
PsychoPy software (Open Science Tools Ltd., https://www.
psychopy.org/).

To ensure data quality during the experimental proce-
dures, several strategies were employed. First, all data were
collected in the morning to ensure that participants were
in a good physiological state and to minimize the potential
influence of daily distractions. Second, participants received
a detailed explanation of the fMRI procedures, including
clarification on the presence of black screens (shown dur-
ing ISI) and the importance of maintaining a relaxed state
during these ISIs. Third, the ISI used in this study ranged
from 4 to 6 s, which has been shown to yield reliable effects
[21]. Fourth, we confirmed with all participants whether
they had made any errors in their ratings after the fMRI
scanning and corrected them immediately. Fifth, post-tests
were conducted for each participant immediately after the
experiment. Participants rated their level of concentration
during the task on a 9-point scale (1 = “very unfocused”,
9 = “very focused”), as well as their capability to imag-
ine themselves being present at the scene of the event (1 =
“very incapable”, 9 = “very capable”). Overall, participants
reported high levels of concentration (8.37 = 0.68) and capa-
bility (8.23 + 0.64). Additionally, participants were asked
to complete an image appearance test, determining whether
30 images (10 positive, 10 negative, and 10 neutral images;
half appeared in the task while the other half did not) had
appeared during the task. Importantly, participants were not
informed in advance about the content of the test to pre-
vent them from memorizing the images. Participants who
scored < 60% accuracy on the test would be excluded from
further analyses, but none failed to meet this criterion. The
average accuracy of the image appearance test was 90.20%
+ 7.60% (ranging from 70 to 100%), indicating good task
performance by the participants.

MRI Data Acquisition and Preprocessing

MRI data were collected using a Discovery MR 750
3.0T scanner (General Electric Healthcare, Milwaukee,
USA) with a 32-channel head coil at the Magnetic Res-
onance Imaging Research Center, Institute of Psychol-
ogy, Chinese Academy of Sciences, China. T1-weighted
structural images were obtained using a magnetization
prepared-rapid acquisition gradient echo (MP-RAGE)
pulse sequence (240 sagittal slices, flip angle [FA] = 7°,
field of view [FOV] = 256 mm X 256 mm, matrix size =
320 x 320, slice thickness = 0.8 mm). Task fMRI images
were obtained using a Gradient Echo pulse sequence with
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Hyperband acceleration (60 oblique slices, TR [repetition
time] = 800 ms, TE [echo time] = 30 ms, FA = 60°, FOV
=216 mm X 216 mm, matrix size = 90 X 90, slice thick-
ness = 2.4 mm, hyperband slice = 6, no slice spacing).
Note that the first five subjects were scanned with a TR
of 750 ms, and the remaining participants were scanned
with a TR of 800 ms to prevent reaching the upper limit
of the scanner. Fieldmap images were obtained before
task fMRI images (TE short = 4.9 ms, TE long = 7.4 ms).

MRI data were mainly preprocessed using the SPM 12
toolbox (Statistical Parametric Mapping, the Wellcome
Trust Centre for Neuroimaging, http://www.fil.ion.ucl.
ac.uk/spm). For task fMRI images, the initial 12 vol-
umes from each run were removed to ensure the scanner
signal stability. Voxel-displacement maps (VDM) were
computed from fieldmap images for each run. Task fMRI
images were then realigned and unwarped using the VDM
files as the phase maps while registering to the mean
task fMRI image. The structural image was corrected for
intensity non-uniformity using the N4BiasFieldCorrec-
tion tool in ANTs (Advanced Normalization Tools) 2.5.1
[24], coregistered to the mean task fMRI image, and then
segmented into gray matter, white matter, and cerebro-
spinal fluid. Task fMRI images were normalized to the
Montreal Neurological Institute (MNI) space using the
deformation field obtained during segmentation, resam-
pled to 2 mm X 2 mm X 2 mm isotropic voxels, and then
smoothed with a 4 mm full-width half-maximum Gauss-
ian kernel.

Regarding head motion, 33 out of 35 participants were
able to maintain it within 2.4 mm translation and 2.4°
rotation in any direction throughout each run. One female
participant exhibited a single large head motion spike in
the interval between stimuli, and the data were retained
and included in subsequent analyses. One male partici-
pant exhibited head motion exceeding 2.4 mm during the
last 3 min of a run. Consequently, the data collected dur-
ing this period (10 trials with 7 negative and 3 neutral
stimuli) were discarded, while the remaining data from
this participant were retained for analyses that do not
require equal trial counts among participants, e.g., analy-
sis of variance (ANOVA), correlation analysis, general
linear model (GLM), and PM analysis, but were excluded
from ISC and FC analyses.

Data Analyses

The overall analysis pipeline is demonstrated in Fig. 1C.
After conducting basic statistical analyses of behavioral
and fMRI data, we focused on exploring the intra-subject
similarity for each subprocess of empathic responses and
the inter-subject similarity among participants.

Behavioral Analyses

All ratings were normalized by dividing by the maximal
score (4 for IES and AES, and 9 for MES), resulting in IES
and AES being scaled to the [— 1,1] range, and MES to the
[0,1] range. For each type of ratings (IES, AES, or MES),
one-way repeated-measures ANOVA (positive, negative, and
neutral) was performed. When significant differences were
observed, post hoc pairwise comparisons were conducted.
To account for multiple comparisons, Greenhouse-Geisser
correction was applied to the ANOVA analyses, and false
discovery rate (FDR) correction was used for the post hoc
paired-sample ¢-tests. To explore whether the variance of
ratings differed among conditions, we calculated the SD for
each type of rating in each condition per participant and
compared the SD between positive and negative stimuli
using paired-sample z-tests.

To enable a more direct comparison between positive and
negative empathy, the IES and AES for negative stimuli were
reversed to ensure consistency in the direction of the scores
(i.e., larger values represented larger responses). Multilevel
correlation analyses were conducted to explore pairwise cor-
relations among IES, AES, and MES for each stimulus type.
Then, Fisher’s Z-transformed correlation coefficients among
IES, AES, and MES were calculated for each subject and
compared among stimulus types using one-way repeated-
measures ANOVA and post hoc paired-sample #-tests.

We explored whether AES mediated the relationship
between IES and MES using multilevel mediation analy-
ses for positive and negative stimuli separately. To further
distinguish their differences after accounting for the media-
tion effect of AES, we combined both stimulus types and
used stimulus type as a moderator (positive = 1, negative
= 0). We tested all possible models based on the moderated
paths: (1) IES — MES, (2) IES — AES, (3) AES — MES,
(4) IES — AES and IES — MES, (5) AES — MES and
IES — MES, (6) IES — AES and AES — MES, and (7) all
three paths combined. The model fit was assessed using the
following criteria: (1) the significance of y* test P > 0.05,
(2) the normed 42, i.e., the ratio of y* to degree of freedom
(df) < 2, [25] (3) the root mean square error of approxima-
tion (RMSEA) < 0.06, (4) standardized root mean square
residual (SRMR) < 0.08, and (5) both the comparative fit
index (CFI) and the Tucker-Lewis index (TLI) > 0.95 [26].
Standardized path coefficients (B), 95% confidence inter-
vals (CI), and P-values were reported for both direct and
indirect effects. Person-mean centering was applied before
parameter estimation, and parameter estimates were calcu-
lated using maximum likelihood with robust standard errors
to account for the data’s non-normality. The “correlation”
package was used for multilevel correlation analyses [27,
28], the “pingouin” package was used for ANOVA analy-
ses and post hoc comparisons [29], and the “Mplus v8.3”
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(https://www.statmodel.com/) was used for multilevel medi-
ation analyses.

Inter-subject similarity was assessed using inter-subject
correlation (ISC) analysis, which calculates the linear cor-
relations between each pair of subjects and derives summary
statistics from these correlations [30-34]. Specifically, the
ratings for each stimulus type were sorted in the same order
(i.e., identical stimulus order) across subjects. Then, Pearson
correlations between subjects were calculated to generate an
inter-subject correlation matrix for each type of rating. The
overall ISC value was obtained by calculating the median
of the lower triangle in each ISC matrix [35]. The P-value
was obtained by comparing the ISC to a null distribution
generated through subject-wise bootstrapping of the pair-
wise similarity matrices 10,000 times and evaluating the
proportion of samples from the distribution larger than the
observed ISC. Furthermore, the lower triangle of the ISC
matrices was compared across stimulus types using the non-
parametric Wilcoxon signed-rank tests. FDR correction was
applied to account for multiple comparisons. The “nltools”
package (https://cosanlab.github.io/nLtools) was used for
ISC analyses.

GLM Analyses for fMRI Data

First-level analyses were performed with the image
screen as the trial onset, with six realignment parameters
and a constant term per run included as regressors of no
interest (referred to as GLM#1). Three ¢-contrast maps
were generated for the three stimulus types at the first
level, and one-sample t-tests were performed on each
t-contrast to explore the brain’s activation and deacti-
vation under each condition. T-contrast maps compar-
ing different stimulus types, i.e., Positive versus Neu-
tral, Negative vs Neutral, and Positive vs Negative, were
summarized at the group level using one-way ANOVA—
within-subject. Conjunction analyses were conducted to
explore shared responses between the Positive versus
Neutral and Negative vs Neutral comparisons. To account
for multiple comparisons, thresholds of voxel-level P
< 0.001 and cluster-level FDR corrected P < 0.05 were
applied. These criteria were also applied in subsequent
fMRI analyses unless specified otherwise. The image
screen was used as the trial onset since brain responses
to facial expressions are faster and more direct than those
to words [36]. However, we also used the text screen as
the trial onset to verify the statistical results. All fMRI
analyses were performed using SPM12.
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PM Analyses for fMRI Data

PM analyses were performed to identify brain regions that
correlated with ratings for positive, neutral, and negative
stimuli, respectively. In the first-level analyses, a single
regressor was specified to model the onset of positive, neu-
tral, or negative stimuli, with the corresponding ratings
serving as parametric modulators for IES, AES, and MES,
respectively (referred to as GLM#2). At the group level, one-
sample ¢-tests were applied to identify brain regions that
were either positively or negatively correlated with the rat-
ings. Given high correlations among the ratings, a stringent
threshold was applied at the cluster level, i.e., FDR corrected
P <0.016 (0.05/3 = 0.016). Additionally, conjunction analy-
ses were conducted to explore shared brain regions encoding
both positive and negative stimuli. Please note that SPM
automatically de-means the parametric modulator by default.

FC Analyses for fMRI Data

FC analyses were performed to explore intra-subject neural
similarity between different brain regions using the beta-
series correlation method, which has been shown to be more
effective for event-related designs compared to standard
psychophysiological interaction (PPI) and generalized PPI
analyses [37]. To perform FC analyses, an additional first-
level analysis was conducted (referred to as GLM#3). In
GLM#3, one regressor was modeled for each single trial,
generating a beta map for each trial that allowed the explora-
tion of trial-by-trial dynamic variability of neural responses.
Then, beta maps for positive, negative, and neutral stimuli
were isolated. Mean beta values of a pre-defined region of
interest (ROI), i.e., the seed, were estimated, and Pearson
correlation analyses were performed to correlate these val-
ues with beta values in every single voxel of the rest of the
brain. The resulting correlation coefficients were Fisher’s
Z-transformed to generate the corresponding Z-map. At the
group level, #-contrasts (Positive vs Neutral or Negative vs
Neutral) were generated to identify regions with stronger FC
for positive or negative stimuli compared to neutral stimuli.
Notably, significant brain regions from the PM analyses were
defined as ROIs. ROI masks were created using the “Mars-
bar” toolbox [38], and beta-series correlation analyses were
performed using the modified MATLAB code based on SPM
scripts from Andrew Jahn and Derek Nee [39].

ISC Analyses for fMRI Data

ISC analyses were performed to explore inter-subject neu-
ral similarity. Significant brain regions identified from the
PM analyses served as ROIs, and trial-by-trial mean beta
values were extracted for each ROI from GLM#3. Like
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the ISC analyses for behavioral data, beta values were
first ordered according to the same stimulus sequence
across subjects. Then, a pairwise Pearson correlation
matrix was constructed, and the ISC value was computed
as the median of the lower triangle of the ISC matrix. The
P-value was determined by comparing the ISC value to a
null distribution. Furthermore, the beta value ISC matri-
ces for positive and negative stimuli were compared using
the non-parametric Wilcoxon signed-rank test, with FDR
corrections applied to account for multiple comparisons.

Results
Behavioral Results
Significant differences were observed in IES, AES, and MES

among positive, negative, and neutral stimuli (IES: F; ¢g,
= 1,353.76; AES: F g5, = 370.44; MES: F, o5, = 182.25;

all gppr < 0.001; Fig. 2A and Table S4), indicating robust
differences in stimulus valence. Furthermore, the variance
(SD) in IES, AES, and MES showed no difference between
positive and negative stimuli (all P > 0.05), suggesting that
these ratings’ variations were comparable between positive
and negative stimuli.

Multilevel correlation analyses revealed significant cor-
relations between IES and AES (positive: r = 0.51, neu-
tral: r = 0.68, negative: r = 0.69; all gppr < 0.001), IES
and MES (positive: » = 0.26, neutral: r = 0.20, negative: r
= 0.47; all ggpr < 0.001), as well as AES and MES (posi-
tive: r = 0.56, neutral: r = 0.29, negative: r = 0.64; all
grpr < 0.001). The correlations among these scores were
significantly weaker for positive stimuli compared to nega-
tive stimuli [r(IES, AES): 735y = — 4.27, gppg < 0.001,
Hedges’ g = — 0.76; r(IES, MES): 134y = — 5.00, gppg
<0.001, g = — 1.02; /(AES, MES): #33) = — 2.24, gppg =
0.032, g = — 0.48; Fig. 2B and Table S5], suggesting more
consistent responses toward others’ negative experiences
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Fig. 2 Behavioral results. A Comparisons of IES, AES, and MES
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identified emotion score; AES, affective empathy score; MES, moti-
vational empathy score; pos, positive; neu, neutral; neg, negative;
*grpr < 0.05, **gppr < 0.01, ¥**gppp < 0.001 in panels A and B,
*#%P < (0.001 in panel C; n.s., not significant.

@ Springer



862

Neurosci. Bull. April, 2026, 42(4):855-871

than positive experiences at the behavioral level. Please
note that one subject rated the AES at O for all neutral
stimuli, resulting in one less degree of freedom for AES-
related correlation analyses.

Exploratory multilevel mediation analyses revealed that
AES completely mediated the relationship between IES
and MES for both positive and negative stimuli (positive:
£ =0.30,95% CIs = [0.21, 0.38], P < 0.001; negative: j
=0.41,95% CIs = [0.32, 0.51], P < 0.001; Fig. 2C). The
direct effect of IES on MES, after controlling for the medi-
ator, was not significant (positive: = — 0.04, 95% CIs =
[— 0.14, 0.06], P = 0.411; negative: § = 0.06, 95% Cls =
[- 0.04, 0.15], P = 0.257). Mediation analyses involving
both positive and negative stimuli showed that the model
where the stimulus type moderated the paths between
IES and AES, and between IES and MES, fitted best (P =
1.000, ¥*/df < 0.001, RMSEA < 0.001, SRMR < 0.001,
CFI = 1.000, TLI = 1.000; Table S6). AES completely
mediated the relationship between IES and MES (§ = 0.41,
95% Cls = [0.38, 0.51], P < 0.001), with a significantly
weaker mediation effect for positive stimuli compared to
negative stimuli (unstandardized f difference = — 0.14,
95% CIs = [- 0.21, — 0.06], P = 0.001). The stimulus type
significantly moderated the direct effect from IES to AES
(f=-0.34,95% Cls = [- 0.51, — 0.16], P < 0.001), but
not on the direct effect from IES to MES (f = — 0.16, 95%
CIs = [— 0.35, 0.04], P = 0.114). These results indicated
that others’ positive events induced less similar empathic
responses compared to negative events, and individuals’
affective responses showed a weaker effect on the rela-
tionship between recognizing others’ emotions and moti-
vational empathy for positive events than negative ones.

ISC analyses indicated significant inter-subject similarity
in IES (positive: ISC = 0.09, ggpr = 0.008; neutral: ISC =
0.29, ggpr < 0.001; negative: ISC = 0.41, ggpg < 0.001),
AES (positive: ISC = 0.08; neutral: ISC = 0.18; negative:
ISC = 0.31; all ggpr < 0.001), and MES (positive: ISC =
0.19; neutral: ISC = 0.24; negative: ISC = 0.23; all gppg
< 0.001) for all stimulus types (Fig. 3). Wilcoxon signed-
rank tests showed the inter-subject similarity was signifi-
cantly weaker for positive stimuli compared to negative
stimuli (IES: z = — 15.84, AES: z = — 15.36, MES: z =
— 3.44; all gppg < 0.001; Table S7). This indicated that even
though different individuals responded in a similar way to
others’ positive and negative experiences, the similarities
were significantly weaker for positive experiences compared
to negative experiences.

GLM Analysis Results
GLM results for each condition were summarized in

Table S8. Compared to neutral stimuli, positive and negative
stimuli evoked stronger blood oxygenation level-dependent
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(BOLD) responses in 5,411 overlapping voxels (posi-
tive: 10,571 voxels, negative: 10,123 voxels) and weaker
responses in 2,170 overlapping voxels (positive: 5,428
voxels, negative: 4,453 voxels). Overlapping regions with
stronger responses were found in the bilateral superior
temporal sulcus (STS), medial prefrontal cortex (mPFC),
medial precuneus, and left dorsolateral superior frontal
gyrus (dISFG). In contrast, overlapping regions with weaker
responses were identified in the bilateral anterior insula
(aINS), bilateral triangular part of the inferior frontal gyrus
(IFGtri), bilateral inferior parietal gyrus (IPG), and corpus
callosum, among others (Fig. 4A—C and Table S9). The Posi-
tive vs Neutral contrast also showed stronger responses in the
right dISFG, left hippocampal and parahippocampal gyrus,
and right hippocampal gyrus (Fig. 4A and Table S10). The
negative vs neutral contrast showed stronger responses in the
left middle insula (mINS), right mINS extending into poste-
rior insula (pINS), right supplementary motor area (SMA),
supracallosal anterior cingulate cortex (ACC), and middle
cingulate cortex (MCC) (Fig. 4B and Table S11). A direct
comparison between positive and negative stimuli showed
that positive stimuli elicited stronger responses in 3,290 vox-
els, located in the bilateral occipital gyrus, fusiform gyrus,
parahippocampal gyrus, and left dISFG. In contrast, nega-
tive stimuli induced stronger responses in the right hemi-
sphere, including the aINS, pINS, and Rolandic operculum
(420 voxels; Fig. 4D and Table S12). These observations
suggested that there are shared and distinct brain responses
between positive and negative empathy. Unthresholded con-
trast maps are available at https://neurovault.org/collections/
19481/. GLM analyses with the text screen as the trial onset
yielded similar results (Fig. S1).

PM Analysis Results

For positive stimuli, bilateral IFGtri, left SMA, left precen-
tral gyrus, the mPFC, left aINS, left postcentral gyrus, and
left caudate showed a negative correlation with IES, while
the left cuneus exhibited a positive correlation with MES
(Fig. 5A and Table 1 upper part). No significant correlations
were observed for AES. For negative stimuli, the right fusi-
form gyrus exhibited a positive correlation with IES, while
bilateral IFGtri, left SMA, left precentral gyrus, the left mid-
dle temporal gyrus (MTG), and MCC showed a negative
correlation with IES. Bilateral conjunction of the middle
occipital gyrus (MOG) and MTG (MOTG) and right supra-
marginal gyrus (SMG) were positively correlated with both
IES and AES. The left SMG, right mINS, and right MOG
were also positively correlated with AES. The right angular
gyrus and left MTG were negatively correlated with both
AES and MES. The right inferior frontal gyrus (IFG) and
right dISFG were negatively correlated with MES (Fig. 5B
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Fig. 3 ISC matrices for IES, AES, and MES across different stimulus types. ISC, inter-subject correlation; IES, identified emotion score; AES,
affective empathy score; MES, motivational empathy score. *gppr < 0.05, **gppg < 0.01, ***gpne < 0.001, n.s., not significant.

and Table 1 lower part). For neutral stimuli, no significant
result was observed.

Conjunction analyses showed that the right IFGtri, left
SMA, and left precentral gyrus negatively encoded IES for
both positive and negative empathy. However, no shared
encoding schemes were observed for AES or MES. In short,

shared and distinct encoding schemes were observed for
IES in response to positive and negative stimuli; encoding
schemes for AES were only observed in response to negative
stimuli; more encoding schemes were observed for negative
stimuli compared to positive ones.
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Overlapping brain responses for both Positive vs Neutral contrast and
Negative vs Neutral contrast. Red indicates stronger shared responses,
while blue denotes weaker shared responses. D Brain responses for

FC Analysis Results

FC analysis results were summarized in Table S13. For both
stimuli, stronger FC was observed only between the right
IFG and left MOTG, which are IES-encoding brain regions.
For positive stimuli, stronger FC was also observed in IES-
encoding brain regions, specifically between the right IFG
and right superior parietal gyrus (SPG). Moreover, stronger
FC was observed in MES-encoding brain regions, includ-
ing between the left cuneus and MCC, as well as the medial
superior frontal gyrus (SFG).

For negative stimuli, stronger FC was also observed in
IES-encoding brain regions, including between the left SMA
and left postcentral gyrus, as well as between the MCC
and right SMG/left postcentral gyrus. Notably, evident FC
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B Negative vs Neutral

t-value

t-value

the Positive vs Negative contrast. dISFG, dorsolateral superior frontal
gyrus; mINS, middle insula; pINS, posterior insula; MCC, middle cin-
gulate cortex; SMA, supplementary motor area; IPG, inferior parietal
gyrus; STS, superior temporal sulcus; aINS, anterior insula; mSFG,
medial superior frontal gyrus; mPFC, medial prefrontal cortex.

results were observed in AES-encoding brain regions. Spe-
cifically, bilateral SMG and right mINS, which encoded
AES, showed stronger FC with the right SMA and supracal-
losal ACC (Fig. 6). Moreover, the mINS showed stronger FC
with several other brain regions, such as the left mINS, left
cuneus, left cerebellum, MCC, and left middle frontal gyrus
(MFG). No significant FC was observed in brain regions
encoding MES in response to negative stimuli.

To summarize, stronger shared FC between positive
and negative stimuli was only observed for IES-encoding
brain regions (between the right IFG and left MOTG); a
convergent FC network with several AES-encoding brain
regions was observed for negative stimuli; FC results for
MES-encoding brain regions were sparse.
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Fig. 5 Results of parametric modulation analyses. PM analyses
depicting brain regions significantly correlated with ratings for posi-
tive (A) and negative (B) stimuli. IES, identified emotion score; AES,
affective empathy score; MES, motivational empathy score; IFG,
inferior frontal gyrus; aINS, anterior insula; SMA, supplementary

motor area; MOTG, conjunction of the middle occipital gyrus and
middle temporal gyrus; mINS, middle insula; SMG, supramarginal
gyrus; MTG, middle temporal gyrus; dISFG, dorsolateral superior
frontal gyrus.
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Table 1 Parametric modulation analysis results for positive and negative stimuli

Stimulus type ROI index Cluster size  Cluster P (FDR) Hemisphere Brain regions t-value ~ Peak MNI coordinates
(mm)
x v oz
Positive IES (-)
1 112 < 0.001 L aINS 6.49 -30 24 -2
2 483 < 0.001 L Triangular and opercular parts of IFG, and 5.97 —-44 8 24
the precentral gyrus
3 340 < 0.001 R Triangular part of IFG 5.24 46 24 22
4 60 0.008 L Postcentral gyrus 5.15 -60 -8 34
5 84 0.002 M mPFC 5.14 8 44 48
6 67 0.006 L Caudate 4.94 -18 =8 22
7 64 0.006 L Precentral gyrus 4.90 -4 0 58
8 64 0.006 L SMA 4.50 -6 16 46
MES (+)
9 105 < 0.001 L Cuneus 5.17 -12 -68 30
Negative IES (+)
1 151 < 0.001 L MOTG 5.80 -32 -84 16
2 207 < 0.001 R MOTG 5.48 42 -8 14
3 130 < 0.001 R SMG 5.09 58 -32 24
4 69 0.006 R Fusiform gyrus 4.79 28 -44 14
IES (-)
5 88 0.001 L SMA 5.58 -4 20 52
6 102 < 0.001 L Triangular part of IFG 5.24 -52 18 4
7 201 < 0.001 L MTG 5.01 -5 -34 2
8 123 < 0.001 L Precentral gyrus 4.83 —-42 12 46
9 59 0.005 R Triangular and opercular part of IFG 4.60 50 14 28
10 71 0.002 M MCC 4.58 6 28 38
11 73 0.002 R Triangular part of IFG 452 54 26 14
AES (+)
12 369 < 0.001 L MOTG 6.00 -50 —-74 16
13 99 < 0.001 L SMG 5.70 -62 =30 34
14 421 < 0.001 R SMG 5.65 66 —-34 32
15 80 0.002 L MTG 5.19 -42 =58 0
16 154 < 0.001 R mINS 5.12 52 6 -2
17 90 < 0.001 R MOG 5.11 42 -82 14
18 90 < 0.001 R MOTG 492 50 -74 18
AES (-)
19 247 < 0.001 R Angular gyrus 6.35 50 -56 34
20 88 0.002 L MTG 4.89 —-46 —-42 0
MES (-)
21 259 < 0.001 L MTG 6.29 -48 —-42 0
22 80 0.003 R Triangular and opercular part of IFG 5.41 46 24 28
23 194 < 0.001 R dISFG 5.35 18 36 40
24 77 0.003 R Triangular part of IFG 5.20 44 30 18
25 248 < 0.001 R Angular gyrus 5.11 50 —-58 32

L, left; R, right; M, medial; aINS, anterior insula; IFG, inferior frontal gyrus; mPFC, medial prefrontal cortex; SMA, supplementary motor area;
SMG, supramarginal gyrus; MOTG, conjunction of the middle occipital gyrus and middle temporal gyrus; MTG, middle temporal gyrus; mINS,
middle insula; MOG, middle occipital gyrus; MTG, middle temporal gyrus; dISFG, dorsolateral superior frontal gyrus. The “ROI Index” col-
umn indicates the sequence of the ROIs used in the following ISC analyses.
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Fig. 6 Stronger FC in AES-encoding brain regions to negative
stimuli. Significant brain regions encoding AES, identified from PM
analyses, in response to negative stimuli, exhibited robust FC with the
supracallosal ACC and right SMA. FC, functional connectivity; AES,

ISC Analyses Results

Inter-subject neural similarity was explored using mean beta
values within ROIs identified from PM analyses (Fig. 7 and
Table S14). Both stimuli showed significant ISC among a
series of brain regions, including bilateral MOTG, right
fusiform gyrus, left IFGtri, left MTG, left precentral gyrus,
and right MOG. Two additional brain regions, i.e., the left
cuneus and right IFGtri, showed significant ISC for negative
stimuli only. Wilcoxon signed-rank tests showed that the ISC
values were significantly higher for negative stimuli com-
pared to positive stimuli in bilateral MOTG and right MOG.
Intuitively, this observation suggested higher inter-subject
neural similarity in response to others’ negative experiences
compared to positive ones.

Discussion

By dissecting empathy into three subprocesses—emo-
tion recognition, affective empathy, and motivational

FC Results
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affective empathy score; PM, parametric modulation; SMG, supra-
marginal gyrus; ACC, anterior cingulate cortex; SMA, supplementary
motor area; mINS, middle insula.

empathy—the present study systematically examined posi-
tive and negative empathy and identified similarities and
differences in both behavioral patterns and underlying neural
mechanisms. First, significant correlations were observed
among IES, AES, and MES, with AES completely mediat-
ing the relationship between IES and MES for both stimu-
lus types. Second, GLM analyses on fMRI data revealed
stronger shared responses in response to positive and nega-
tive stimuli than neutral stimuli in brain regions (i.e., the
bilateral STS, precuneus, mPFC, and left dISFG) that are
responsible for understanding others’ states and cognitive
control. Positive stimuli also showed stronger responses in
the right dISFG, left hippocampal and parahippocampal
gyrus, and right hippocampal gyrus than neutral stimuli.
Negative stimuli also showed stronger responses in bilateral
mINS, right pINS, right SMA, supracallosal ACC, and MCC
than neutral stimuli. Third, PM analyses further identified
shared brain regions (i.e., left SMA, right IFGtri, and left
precentral gyrus) encoding IES for both positive and nega-
tive stimuli. However, AES-encoding brain regions (e.g.,
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Fig. 7 Inter-subject neural similarity for positive and negative stim-
uli. The middle bar summarizes the ISC values for positive (left col-
umn) and negative (right column) stimuli, with brain regions identi-
fied from parametric modulation analyses as ROIs. The sequence
of the ROIs, labeled to the left of the bar, corresponds to the order
detailed in Table 1. Significance levels for comparisons between posi-
tive and negative ISC matrices are indicated to the right of the bar.
Representative ISC matrices for positive and negative stimuli are dis-

bilateral MOTG, bilateral SMG, and right mINS) were only
observed for negative stimuli. Fourth, shared stronger FC
between positive and negative stimuli was observed for
IES-encoding brain regions (between the right IFG and left
MOTG), and only negative empathy exhibited a convergent
FC network for AES-encoding brain regions (bilateral SMG
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played in the left and right panels, respectively, with the following
brain regions: left cuneus (top), left MOTG (middle), and right MOG
(bottom). MOTG, conjunction of the middle occipital gyrus and mid-
dle temporal gyrus; MOG, middle occipital gyrus; IES, identified
emotion score; AES, affective empathy score; MES, motivational
empathy score; ISC, inter-subject correlation. *gppg < 0.05, ***gpyp
< 0.001, n.s., not significant, ggpg > 0.05.

and right mINS showed stronger FC with the right SMA and
supracallosal ACC). Fifth, significant inter-subject similarity
of IES, AES, and MES was observed for both positive and
negative stimuli across participants, but the similarity was
significantly weaker in response to positive stimuli compared
to negative stimuli at both behavioral and neural levels.
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Responding to others’ emotions involves a complex
array of mental processes, including understanding oth-
ers’ states and emotions, sharing their feelings, and feeling
motivated to act [40, 41]. These subprocesses of empathy
are not mutually exclusive but function cohesively as an
integrated response [23]. This is reflected in our findings,
where significant correlations were observed among IES,
AES, and MES for both positive and negative stimuli. Such
correlations highlight the interdependence of empathy sub-
processes, supporting the view that empathy functions as a
dynamic and interconnected system rather than as isolated
processes [42]. In particular, our results confirm that AES
acts as a complete mediator between IES and MES for both
stimulus types. This aligns with previous studies empha-
sizing the central role of affective empathy in translating
emotional recognition into motivational outcomes [43, 44].
Affective empathy allows individuals to emotionally reso-
nate with others, thereby increasing the likelihood of proso-
cial actions [45, 46]. However, this mediation effect was
significantly weaker for positive stimuli compared to nega-
tive ones. This finding is further supported by ISC results,
which showed that participants were significantly less con-
sistent in their responses to positive stimuli than to negative
ones. In line with previous studies [47], this suggests that an
individual’s emotions are less influenced by others’ joy than
by their distress, and that different individuals respond more
similarly to the same negative experiences compared to the
same positive experiences. In other words, although positive
and negative empathy share similar subprocesses, there is a
fundamental difference between the two [15], which may
stem from the different variability in emotional responses
to others’ emotions. This discrepancy between positive and
negative empathy likely reflects a broader societal focus
on addressing suffering over celebrating success or well-
being, potentially influencing the motivations underlying
positive empathy. These insights would have important
practical implications. For instance, given the consistent
emotional resonance to negative events, these findings may
help explain why negative content spreads more rapidly and
widely online. Platforms could use such insights to adjust
content moderation policies or develop algorithms that pro-
mote more balanced emotional engagement.

Notably, our behavioral findings were supported by
neuroimaging evidence. GLM analyses revealed stronger
shared responses in the bilateral STS, mPFC, and medial
precuneus. These regions are known to be integral to the
theory of mind network, which is involved in inferring oth-
ers’ mental states [48, 49]. This overlap in brain activations
suggests that both positive and negative empathy engage
similar neural mechanisms for understanding others’ emo-
tional states. However, distinct responses were observed for
positive stimuli in the hippocampal gyrus and right dISFG,
along with broader activations in the left dISFG compared to

negative stimuli. These regions are associated with cognitive
control, with the dISFG in particular being responsible for
high-level cognitive functions [50]. This suggests that more
complex, high-level cognitive processing could be involved
when responding to others’ positive emotions, as individuals
may experience diverse feelings (even changes of feelings)
during positive empathy processing. In contrast, negative
empathy showed stronger responses in bilateral mINS, right
pINS, and right SMA, which are also activated during physi-
cal pain and positively correlate with real-time pain inten-
sity [51, 52]. The similarity of brain activation patterns
between empathic responses to others’ distress and one’s
own experience of distress suggests consistent and straight-
forward emotional processing during negative empathy.
This finding is in good agreement with ISC results showing
stronger inter-subject neural similarity for negative stimuli
than positive stimuli. Distress tends to evoke more uniform
emotional reactions across individuals, while responses to
joy appear more individualized, potentially influenced by
personal experiences or social norms regarding the expres-
sion of positive emotions.

Another key finding of this study is that positive and
negative empathy partly share the emotion recognition sub-
process but substantially differ in the affective empathy and
motivational empathy subprocesses. This is supported by
two lines of evidence. First, PM analyses revealed shared
encoding schemes for IES between positive and negative
stimuli in several brain regions, including the left SMA, left
precentral gyrus, and right IFG. The left SMA, for instance,
correlated with IES for both types of stimuli, suggesting
its role in understanding and resonating with others’ emo-
tional experiences, no matter positive or negative [53, 54].
However, distinct encoding schemes were observed for AES
and MES between positive and negative stimuli, suggesting
differences in their affective and motivational subprocesses.
Second, shared stronger FC between positive and nega-
tive stimuli was observed for IES-encoding brain regions
(between the right IFG and left MOTG), but none was
observed for AES- and MES-encoding brain regions. Fur-
thermore, the right mINS and bilateral SMG, encoding AES
for negative stimuli, were all connected with the right SMA
and supracallosal ACC. The supracallosal ACC, which is
associated with various important cognitive functions, [55]
has been proposed to integrate diverse information to create
a rich representation and exert high-level, abstract control
over decision and action. [56] It may play a similar role in
the empathy process, acting as a hub to transfer integrated
information into negative emotional reactions. The right
SMA, which is involved in regulating emotional responses
and modulating empathic reactions during empathy for
pain [57], may be directly related to implicit or explicit
reactions to distress, such as furrowing one’s brows. Alto-
gether, these findings provide both behavioral and neural
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evidence—including encoding schemes and associated brain
networks—demonstrating that positive and negative stimuli
partly share the emotion recognition subprocess but sub-
stantially differ in the affective empathy and motivational
empathy subprocesses.

In conclusion, this study employed real-life events with
detailed contextual information to enhance the ecological
validity and demonstrated that the three subprocesses of
empathy are more tightly interconnected when responding
to others’ negative experiences than positive experiences.
This is likely due to the similarity in the activation of par-
ticipants’ own negative emotions by others’ suffering, which
engaged a highly convergent affective neural network. In
other words, in real-life contexts, people tend to respond
more uniformly to others’ negative experiences than posi-
tive experiences at both behavioral and neural levels. These
findings contribute to a deeper understanding of the dynam-
ics of empathy by highlighting its multifaceted nature and
underscoring the importance of considering both positive
and negative emotional contexts in empathy research. Spe-
cifically, the observed differences among empathy subproc-
esses—and between responses to positive versus negative
valence—highlight the need for future studies to examine
the distinct psychological and neural mechanisms under-
lying each subprocess in different emotional contexts. For
example, for the bystander effect, is the lack of action due to
reduced affective empathy or diminished motivational empa-
thy? For people with a history of domestic violence, does
the indifference toward victims’ suffering originate from
impaired emotion recognition or from weakened affective
empathy? Identifying the specific stage at which empathy
breaks down may help elucidate the psychological and neu-
ral mechanisms underlying empathy deficits and guide the
development of targeted interventions and treatments.

Nonetheless, our study has several limitations. First,
the experimental design may not have effectively elicited
motivational empathy, as this subprocess tends to occur at
a late stage, and our paradigm did not include a context
in which participants could actively provide help. Future
studies should consider optimizing experimental design to
effectively activate motivational empathy, thereby improv-
ing our understanding of its neural underpinnings. Second,
the color, brightness, and other visual characteristics may
not be perfectly controlled in our experiment, since all
stimuli were selected from online sources to keep high
ecological validity. These possible confounding factors
may have influenced participants’ behavioral and neural
responses. Third, given the high intercorrelation among
empathy subprocesses, it is challenging to isolate any sin-
gle subprocess with precision. In this study, we adopted
a pragmatic, though suboptimal, approach by asking par-
ticipants to rate three questions following each stimulus.
To better dissociate the neural activations associated with
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each specific subprocess, future studies could ideally
employ task designs that incorporate clearly defined and
temporally distinct stages for each subprocess. Addressing
these limitations and expanding the scope of inquiry will
help further elucidate the complexities of empathy and its
vital role in social interactions.
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