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Abstract

induce observers’ avoidance response.

evidence for the TVPH.

Empathy-altruism hypothesis

Background What is our immediate reaction when we witness someone experiencing pain? The empathy-altruism
hypothesis predicts that observers would display empathy and a tendency to approach the person in pain. Alter-
natively, the threat value of pain hypothesis (TVPH) argues that others'pain serves as a signal of threat and should

Methods To examine these two hypotheses, three experiments were conducted. The experiments aimed to investi-
gate the impact of subliminal exposure to others’'physical pain on participants’emotional and behavioural responses.

Results The results revealed that subliminal pain priming resulted in faster response and attentional bias to fear-
ful faces compared to sad faces (Experiment 1), faster reaction times in recognizing fear-related words compared

to anger-related words during a lexical decision task (Experiment 2), and faster avoidance responses towards anger-
related words, as opposed to approaching responses towards positive words (Experiment 3).

Conclusions The consistent findings across all experiments revealed that subliminal perception of pain scenes
elicited fear emotion and immediate avoidance responses. Therefore, the outcomes of our study provide supportive

Keywords Subliminal priming, Pain perception, Emotional and behavioural response, Threat value of pain hypothesis,

Background

Pain serves as a warning signal, alerting us to potential or
existing physical harm resulting from exposure to harm-
ful stimuli [1]. When we encounter something excessively
hot, cold, or sharp, the sensation of pain prompts us to
withdraw to minimize further injury to our bodies. Pain
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can be personally experienced or observed in others. The
pain experienced by others not only evokes unpleasant
feelings in observers but also serves as a reminder of the
potential dangers present in the environment.

In our daily lives, we frequently come across situa-
tions where we witness others experiencing pain, such
as car accidents, finger cuts, burns, or falls. According
to Grynberg and Konrath [2], when we observe others in
pain, we often undergo two distinct emotional responses:
empathic concern and personal distress. Empathic con-
cern tends to lead to caring and altruistic behaviours
towards others, while personal distress is associated
with a motivation to withdraw and avoid potential exter-
nal threats. The empathic concern and personal distress
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responses proposed by Grynberg and Konrath [2] are
also align with the empathy-altruism hypothesis [3] and
the threat value of pain hypothesis (TVPH) [1, 4, 5]. The
empathy-altruism hypothesis proposes that witness-
ing others’ pain triggers empathic concern in observ-
ers, prompting them to approach and provide support.
On the other hand, the TVPH suggests that perceiving
others’ pain does not automatically activate empathic
responses, but rather activates the perceiver’s threat-
detection system, inducing avoidance behaviours.

The goal of the present study was to assess these seem-
ingly contradictory predictions by examining the emo-
tional and behavioral responses elicited by subliminal
perception of other people’s physical pain. The empathy-
altruism hypothesis would predict approach-oriented
emotional and behavioural responses, while the TVPH
would predict avoidance-oriented emotional and behav-
ioural responses.

Empathy-altruism hypothesis

The empathy-altruism hypothesis suggests that witness-
ing others in need can lead to empathic concern and
motivate people to help [3, 6]. Studies by Batson et al. [7]
and Van Lange [8] provided evidence for this hypothesis.
In Batson et al’s study, participants listened to a record-
ing of a protagonist who had tragically lost her parents
in a car accident. It was found that those who listened to
the recording from the protagonist’s perspective (high
empathy condition) were more willing to help compared
to those listened from an objective perspective (low
empathy condition). Similarly, Van Lange’s study found
that participants with higher empathy levels towards the
protagonist showed stronger altruistic motivation. These
studies consistently support the role of empathy in pro-
moting altruistic behaviors.

As studies mentioned previously have primarily
focused on social pain experiences, it is unclear if wit-
nessing physical pain (e.g., cutting the finger with a knife)
elicits similar empathic and altruistic behaviors com-
pared to social pain. Batson et al. [7] suggested that indi-
viduals may experience personal distress when observing
physical pain, while empathic concern is more likely
to be experienced in social pain situations. In a study
by Fabi et al. [9], participants were presented with sce-
narios involving social, physical, or no pain. They rated
their empathic concern and personal distress levels while
performing a response task based on high and low tones.
The results showed stronger empathic concern in the
social pain condition and stronger personal distress in
the physical pain condition. However, there were no dif-
ferences in response tendencies (approaching vs. avoid-
ance) between the two conditions, possibly due to the
timing of the tones, which occurred 1000 ms after the
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image presentation, potentially diminishing the empathic
concern or personal distress response tendencies by that
point.

Threat Value of Pain Hypothesis (TVPH)

The threat value of pain hypothesis (TVPH) suggests
that observing others in pain is perceived as a potential
threat. Rather than triggering empathic or approaching
responses, it activates the observer’s threat detection sys-
tem, leading to an avoidance response [1, 4, 5]. In Yamada
and Decety [5], participants were first presented with
subliminal priming stimuli consisting of positive words
(e.g., honest), negative words (e.g., rude), or scrambled
words as a neutral condition. They were then shown
images of painful and happy facial expressions and were
asked to determine whether the face expressed pain or
not. Participants exhibited greater sensitivity to pain
faces when primed with negative words, but no differ-
ences were found under positive or neutral word priming
conditions. This finding suggests a link between the per-
ception of words with higher threat value and the detec-
tion of pain.

In a study by Ibéfez et al. [4], participants were primed
with either their own faces or faces of others, assuming
that others’ faces represent a stronger threat. They were
then presented with neutral or painful semantic stimuli
(Experiment 1) or neutral or painful pictures (Experi-
ment 2). Participants had to judge whether the target
stimuli were painful or neutral while their ERPs data were
recorded. The study found that participants responded
faster and showed greater cortical activity when see-
ing painful stimuli after being primed with others’ faces,
indicating a higher perceived threat value. This suggests
that a higher threat value leads to quicker and stronger
responses to pain stimuli.

Additionally, Morrison et al. [10] found that observing
others’ physical pain leads to avoidance responses. Par-
ticipants watched a brief video of a hand being pricked
with a needle (physical pain condition) or touching cot-
ton (non-painful condition). After a 500 ms interval, they
had to press (approach) or release (avoidance) buttons in
response to target shapes presented in different colours.
The results revealed that participants had faster release
(avoidance) responses and slower press (approach)
responses in the physical pain condition compared to
the no-pain condition. These findings suggest that the
perception of others’ physical pain triggers avoidance
responses in observers. The results showed that partici-
pants exhibited faster release (avoidance) responses and
slower press (approach) responses in the physical pain
condition compared to the no-pain condition. These
findings indicate that the perception of physical pain in
others promotes avoidance responses in observers.
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Taken together, these studies showed that after being
primed by high threat value stimuli, participants showed
stronger responses to pain stimuli. Thus, there was a clear
association between pain and stimuli with high threat
value. However, none of these studies directly tested the
effect of pain perception on participants’ emotional and
behavioural responses.

The Present Study

The goal of the present study is to directly evaluate the
empathy-altruism hypothesis and the TVPH by exam-
ining the effect of pain scene priming on participants’
subsequent emotional and behavioral responses. Three
experiments were conducted to examine the emotional
and behavioral responses after perceiving the pain scene.
In all three experiments, participants were presented
with subliminal primes of pain and no-pain scenes. They
then completed a dot-probe task with sad and fearful
faces as target stimuli in Experiment 1, a lexical decision
task with fear-related, anger-related, and neutral words
as target stimuli in Experiment 2, and an approach/dis-
tancing decision task with fear-related, anger-related, and
positive words as target stimuli in Experiment 3.

In this study, subliminal priming was utilized to induce
subliminal perception, which refers to the phenomenon
where a stimulus influences cognition, emotion, action,
learning, or memory without conscious awareness [11].
Subliminal perception operates below the subjective
threshold and is less susceptible to individual experiences
and attitudes, thus minimizing the potential for social
desirability bias [12]. Subliminal perception holds par-
ticular significance for individual survival, as it can trig-
ger rapid primitive biological responses such as escape
or defense [13, 14]. Moreover, in line with the findings
of previous subliminal priming studies, the congruency
effect suggests that participants are expected to exhibit
faster and more accurate responses to target stimuli that
are congruent with the subliminal prime, compared to
those that are incongruent [15].

There is evidence to suggest that the motivational
dimension of emotions may vary depending on the task
involved [16]. Previous research indicates that the effects
of emotions on approach-avoidance tendencies are more
likely to be observed when participants explicitly focus
on the approach/avoidance dimension, such as in an
approach/distancing decision task, as opposed to when
they do not focus on this dimension, such as in a lexical
decision task [17]. Therefore, we conducted three experi-
ments with a dot probe task, a lexical decision task and
an approach/distancing decision task to investigate the
consistency of the effect of subliminal pain perception on
participants’ approach-avoidance tendencies across para-
digms. If the effect was robust, the TVPH would predict
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faster and more accurate response to stimuli associated
with avoidance tendencies compared to stimuli associ-
ated with approach tendencies. In contrast, the empathy-
altruism hypothesis would predict opposite outcomes.

Experiment 1

Experiment 1 investigated the effect of subliminal pain
scene priming on participants’ emotional response using
a dot probe task [18]. Pairs of emotional faces (sad versus
neutral or fearful versus neutral) were briefly presented
simultaneously, followed by a prompt (white dot) appear-
ing on the target emotional face side (congruent trials)
or the neutral face side (incongruent trials). Participants
indicated the prompt’s location, allowing the calculation
of attentional bias scores. This task assessed selective
attention towards emotional stimuli [19] and examined
whether attentional bias resulted from accelerated atten-
tional orientation or difficulty in disengaging attention.
Furthermore, the motivational dimension of emotion
suggests that different emotions have varying inclinations
towards approach or avoidance tendencies [16, 20-22].
For example, sadness and anger are associated with an
approach tendency [23-26], while fear is linked to avoid-
ance [27]. Based on the TVPH, participants primed with
a pain scene were expected to respond faster and show
attentional bias towards fearful faces, reflecting poten-
tial danger and avoidance tendencies [28]. Conversely,
according to the empathy-altruism hypothesis, faster
responses and attentional bias towards sad faces would
be expected, indicating a strong desire for help and an
approach tendency [29].

Method

Participants

Given the unknown effect size, we decided to set a
medium effect size (f) of 0.25. A sensitivity analysis
conducted in G-power suggested that a minimum of 16
participants would be required to achieve a power of
80% with a significance level (a) of 0.05. Twenty-five stu-
dents from Tianjin Normal University (19 females and
6 males) with an average age of 20.04 years (SD=1.49;
range=18-24 years) participated in Experiment 1. All
participants had normal or corrected-to-normal vision
and received compensation of 15 RMB for their partici-
pation. Informed consent was obtained from all partici-
pants, and they were free to withdraw from the study at
any time. The study was approved by the University Eth-
ics Committee at Tianjin Normal University.

Design

A 2 (priming type: pain, no pain) X2 (negative emotion
type: sadness, fear) X2 (the site of probe dot: consistent,
inconsistent) within-subject experimental design was
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used. Response time (RT) and attentional bias indexes
were the dependent variables. The attentional bias
indexes include attentional bias score (RT of inconsist-
ent condition—RT of consistent condition), attentional
orientation acceleration score (RT of neutral-neutral
condition—RT of negative-neutral condition) and disen-
gagement difficulty score (RT of neutral-negative condi-
tion—RT of neutral-neutral condition) [30].

The attentional bias score measured the attentional
results of individuals, that was, whether they showed
attentional bias to negative stimuli. The attentional ori-
entation acceleration score and disengagement difficulty
score served as explanatory factors for the observed
attentional bias. These scores help elucidate that par-
ticipant either demonstrated quicker attentional capture
towards a stimulus or experienced difficulties in disen-
gaging their attention from a stimulus. To establish these
scores, neutral faces were used as a baseline for calculat-
ing the acceleration and disengagement difficulty scores.

Materials

Priming stimuli

Sixteen images of no pain scenes and sixteen pain scenes
adopted from Lei [31]were selected. Four no pain images
and four pain images were used in the practice trials. All
images were standardized to have identical color con-
trast, size, and brightness. An illustrative example of
these images can be seen in Fig. 1.

Fig. 1 Example of a no pain and a pain scene

Fig. 2 Example masked images of a no pain and a pain scene
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Masking stimuli

To ensure the effectiveness of subliminal priming,
masking pictures were employed in the study. Prior
research has demonstrated that the presence of post-
masking images is essential to secure the priming effect
[32]. Adobe Photoshop software was utilized to uni-
formly mask the priming pictures, with dimensions of
7cm X 9cm and a resolution of 100 pixels/inch (see Fig. 2
for an example).

Emotional faces

The target stimuli were sad, fearful, and neutral faces
adopted from Peng [33]. A total of 12 models (6 males)
were screened, with three emotional facial pictures (sad,
fearful and neutral) from each model (see Fig. 3 for an
example). These emotional facial pictures of each model
were used to generate three emotional face pairs (sad-
neutral, fearful-neutral, and neutral-neutral).

Procedure

The participants were tested individually in a quiet room,
seated in front of a computer. After giving informed con-
sent, the participant first completed 12 practice trials,
followed by 288 experimental trials. For the experimen-
tal trials, 12 pain and 12 no pain priming pictures were
used. Each priming picture was repeated six times in
both the consistent dot-probe condition and the incon-
sistent dot-probe condition. For the emotional face pairs,
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Fig. 3 Example of emotional faces from a female model (From left to right: sadness, fear, neutral)

there were 36 pairs (sad-neutral, fearful-neutral, neu-
tral-neutral) from 12 models. The site of each emotional
face was counterbalanced, which led to 72 emotional face
pairs. These pairs were then combined with the priming
conditions (pain, no pain) and the two dot-probe condi-
tions (consistent, inconsistent), resulting in a total of 288
experimental trials.

Each trial followed the steps outlined in Fig. 4: (1) A
white fixation cross appeared at the center of the screen
for 500ms; (2) A blank screen was presented for 200ms;
(3) The priming picture depicting either a pain scene or
a no pain scene was displayed for 18ms. Previous studies
have indicated that a presentation time ranging from 12
to 20ms can reliably induce a subliminal priming effect
[4, 34-36]. In our study, based on the results of a pilot
study, we used a presentation time of 18ms; (4) Follow-
ing the priming picture, a masked picture was presented
for 60ms [35]; (5) A white fixation cross reappeared on
the screen for 500ms; (6) The emotional face pair (sad-
neutral faces, fearful-neutral faces, neutral-neutral faces)

were then displayed on the screen with each face on one
side (left or right) of the screen for 500ms; (7) After the
faces disappeared, a white dot appeared either on the
same side as the negative emotional face (consistent) or
on the same side as the neutral face (inconsistent). The
dot was positioned in the center of a face. Participants
were instructed to judge the position of the dot as quickly
as possible by pressing the "F" key for left or the "J" key for
right. Participants had maximally 2000 ms to respond. If
no response was recorded within 2000 ms, the dot would
disappear and the next trial would commence. The inter-
trial interval was 200 ms.

After the experiment, we checked the effectiveness of
the subliminal priming by asking participants whether
they noticed the flash screen before the masked image
appeared and, if so, whether they were able to identify
the content of the flash screen. None of the participants
reported perceiving the flash screen. This indicates that
the subliminal priming was successful. The entire experi-
ment lasted approximately 15 min.

Fig. 4 lllustration of the procedure in Experiment 1
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Data analysis

Before conducting data analysis, data were excluded
according to the following criteria: (1) participants with
an error rate higher than 20%; (2) RTs below 200 ms;
(3) RTs exceeded 3 standard deviations the mean RT of
a participant; (4) Trials with no responses or incorrect
response. Based on these criteria, 2.31% of the data were
excluded from the analyses. For all experiments and anal-
yses, a significance level of a=0.05 was adopted. A level
of marginal significance was considered for 0.05<a <0.1.
In cases where the assumption of sphericity was violated,
the Greenhouse—Geisser correction was applied. Post
hoc corrections were carried out using the LSD method
to account for multiple comparisons.

Results

RTs

A repeated-measure ANOVA was conducted with the
priming type (pain, no pain), negative emotion type (sad-
ness, fear) and the site of probe dot (consistent, inconsist-
ent) as the independent variables, and the mean RT of
the correct responses as the dependent variable. Descrip-
tive statistics are presented in Fig. 5, and full results can
be found in S1 Table 1 in the Supplemental Material. The
results revealed a main effect of negative emotion type
(F (1, 24)=4.94, p=0.036, ;7p2 =0.17) and a main effect
of the site of the probe dot (F (1, 24)=12.04, p=0.002,
17p2 =0.33). Furthermore, significant two-way interac-
tions were observed between the priming type and nega-
tive emotion type (F (1, 24)=14.77, p=0.001, ;7p2=0.38),
as well as between the priming type and the site of the
probe dot (F (1, 24)=12.40, p=0.002, r]p2=0.34). Lastly,
there was a significant three-way interaction among the
priming type, negative emotion type and the site of probe
dot (F (1, 24)=5.71, p=0.025, 17,°=0.19).

pain priming condition
410

400

390 1
380 I

360

mean RT / ms

350

340

consistent nconsistent
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To further examine the three-way interaction, sepa-
rate 2 (negative emotion type: sadness, fear)x2 (the
site of probe dot: consistent, inconsistent) ANOVAs
were conducted for each priming type (pain, no pain).
Under the pain priming condition (see S1 Table 2 for
full results), the main effect of the site of probe dot (F
(1, 24)=21.45, p<0.001, ;7p2=0.47) and the interac-
tion between negative emotion type and the site of
probe dot (F (1, 24)=5.37, p=0.029, np2=0.18) were
significant. The RT of sadness was marginally longer
than fear (p =0.089) when the site of the probe dot was
consistent, whereas there was no significant RT dif-
ference between sadness and fear faces when the site
of the probe dot was inconsistent. Under the no pain
priming condition (see S1 Table 3 for full results), there
was only a significant main effect of the negative emo-
tion type (F (1, 24)=25.48, p<0.001, 17p2=0.52). Par-
ticipants responded faster to sadness than fear faces
(p<0.001). However, there were no significant effects
related to the site of the probe dot. Thus, the three-way
interaction can be explained as follows: when primed
by pain scenes, participants responded faster to fear
faces when the site of the probe dot was consistent, but
equally fast to both sadness and fear faces when the site
of the probe dot was inconsistent. When primed by no-
pain scenes, participants responded faster to sadness
faces regardless of the site of the probe dot.

Indices of attentional bias

Three repeated-measure ANOVAs were conducted
with the priming type and negative emotion type being
independent variables, and the three indices of atten-
tional bias being dependent variables. Figure 6 presents
the descriptive statistics of different attentional bias
indices.

no pain priming condition

m sadness

fear

consistent inconsistent

the site of probe dot

Fig. 5 Mean RT of each condition. Error bars represent standard errors
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Fig. 6 Mean attentional bias indices of each condition. Error bars represent

The Attentional bias score (see S1 Table 4 for full results)
There was a significant main effect of priming type (F
(1, 24)=12.40, p=0.002, ;7p2=0.34). The interaction
between the priming type and negative emotion type
was significant (F (1, 24)=5.71, p=0.025, 77,°=0.19).
Under pain priming, individuals had a higher atten-
tional bias score for fearful faces than for sad faces
(p=0.029), whereas under no pain priming, the atten-
tional bias score did not differ between the two nega-
tive emotion types.

The attentional orientation acceleration score (see S1 Table 5
for full results)

There was a significant interaction between the prim-
ing type and the negative emotion type (F (1, 24)=20.49,
p<0.001, ;7p2=0.46). Under pain priming, the attentional
orientation acceleration score for fearful faces was mar-
ginally higher than for sad faces (p=0.089), whereas
under no pain priming, the score for sad faces was higher
than for fearful faces (p=0.002).

the type of emotion

standard errors

The attentional disengagement difficulty score (see S1

Table 6 for full results)

The main effects of the priming type (F (1, 24)=8.63,
p=0.007, 17p2=0.26) and the negative emotion type (F
(1, 24)=4.53, p=0.044, 77,°=0.16) were both signifi-
cant. The attentional disengagement difficulty score was
lower under pain priming than under no pain priming.
The score for fearful faces was higher for sad faces,
which showed that individuals’ attention was harder to
disengage from fearful faces than from sad faces.

Discussion

The results from the RT analyses demonstrated that
when participants were subjected to pain priming, they
responded faster to fearful faces than to sad faces when
the dot appeared on the site of the negative emotional
faces. In contrast, under the no-pain priming condi-
tion, participants responded to fearful and sad faces
equally fast regardless of the site of the dot.
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In terms of attentional bias, the results revealed that
participants showed attentional bias toward fearful
faces under the pain prime but not under the no-pain
prime. This bias was due to the faster attention engage-
ment to fearful faces than to sad faces under pain prime
but not under the no-pain prime.

Taken together, these results supported the TVPH, as
the subliminal pain perception led to faster response to
and stronger attentional bias towards fear emotion asso-
ciated with avoidance tendencies than sadness emotion
associated with approaching tendencies.

Experiment 2
Experiment 2 aimed to test the empathy-altruism
hypothesis and the TVPH with a lexical decision task.
Participants were first presented with identical sublimi-
nal pain scenes used in Experiment 1. They were then
shown a two-character Chinese word (i.e., fearful/fear-
related, angry/anger-related, neutral, and false words)
on the screen and asked to determine whether the word
was true or false. Unlike Experiment 1 in which fear and
sadness facial images were used and theses images were
more directly linked to emotional responses, emotional
words used in Experiment 2 required inferential analy-
sis [29]. If the TVPH remained applicable, participants
should respond more quickly and accurately to fear-
related words than to anger-related words after being
primed by the pain scene, as fear-related words were
related to avoidance tendency. The empathy-altruism
hypothesis would predict the opposite, as anger-related
words were related to approach tendency [16].

There were two subtle differences between Experiment
1 and Experiment 2 regarding the stimulus materials.
First, we used anger-related words rather than sadness-
related words as the target stimulus. This is because pre-
vious research has consistently shown that anger-related
words can elicit approach responses in a lexical decision
task [16]. Second, the priming scene was not masked.
This was because previous research has shown that mask-
ing the priming picture would reduce the priming effect
on the target words in a lexical decision task [37]. Thus,
we removed the mask to maximize the priming effect.

Method

Participants

A sensitivity analysis conducted in G-power suggested
that a minimum of 19 participants would be required to
achieve a power of 80% with a medium effect size (f) of
0.25 and a significance level (a) of 0.05. Twenty-five stu-
dents from Tianjin Normal University (20 females and
5 males) with an average age of 20.00 years (SD=1.12;
range=18-23 years) participated in Experiment 2. All
participants had normal or corrected-to-normal vision

Page 8 of 17

and received compensation of 10 RMB for their partici-
pation. Informed consent was obtained from all partici-
pants, and they were free to withdraw from the study at
any time. The study was approved by the University Eth-
ics Committee at Tianjin Normal University.

Design

A 2 (priming type: pain, no pain)x3 (word emotion
type: fear-related, anger-related, neutral) within-subject
design was used. The mean RT of correct responses and
the proportion of correct responses were the dependent
variables.

Materials

Priming stimuli

Fifteen images of no pain scenes and fifteen pain scenes
adopted from Lei [31] were selected. Three no pain
images and three pain images were used in the practice
trials. All images were standardized to have identical
color contrast, size, and brightness.

Target stimuli

Nine fear-related Chinese words (e.g., “Z 5" smother-
ing in English), nine anger-related Chinese words (e.g.,
3itiZ” ridiculous in English), nine neutral Chinese words
(e.g., “F 2" sporadic in English) and twenty-seven false
words (e.g., “Mffii” grid-steal in English) were used for
the lexical decision task. One true word in each of the
three types and three false words were used in the prac-
tice trials. All the true words were selected from the Chi-
nese affective words system (CAWS) by Wang [38]. The
selected true words were balanced in valence, arousal,
familiarity, specificity, word frequency, the total number
of strokes and separated emotion dimensions (happiness,
sadness, disgust, fear and anger). The first six dimensions
were all taken from the CAWS system. In addition, 90
individuals were recruited to evaluate the separated emo-
tion dimension of the selected words (see S2 Table 1).

Procedures

The participants were tested individually in a quiet room,
seated in front of a computer. After giving informed con-
sent, the participant first completed 6 practice trials, fol-
lowed by 96 experimental trials. For the experimental
trials, 12 pain and 12 no pain priming pictures were used.
Each priming picture was repeated four times accord-
ing to word emotion type. For the emotional word, there
were four kind words (8 fear-related words, 8 anger-
related words, 8 neutral words and 24 false words). The
site of each emotional face was counterbalanced, which
led to 72 emotional face pairs. Each word was repeated
twice according to two kinds of priming pictures, result-
ing in a total of 288 experimental trials.
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“R N IE#HE" correct in English
“R 5% wrong in English

SRR

no response in English

J R IE

Fig. 7 lllustration of the procedure in Experiment 2

Each trial followed the steps outlined in Fig. 7: (1) The
priming picture depicting either a pain scene or a no
pain scene was displayed for 18ms; (2) A blank screen
was shown for 200ms; (3) A two-character Chinese
word (fear-related, anger-related, neutral or false) was
presented in the centre of the screen. Participants were
instructed to judge whether the word was a true word or
a false word as quickly as possible by pressing the corre-
spondent keys on the keyboard (“F” and “J” keys). Partici-
pants had maximally 2000 ms to respond; (4) A feedback
screen (correct, wrong or no response) was displayed for
1500 ms; (5) The inter-trial interval was 1000 ms.

After the experiment, we checked the effectiveness of
the subliminal priming by asking participants whether
they noticed the flash screen before the word appeared
and, if so, whether they were able to identify the content
of the flash screen. None of the participants reported
perceiving the flash screen. This indicates that the sub-
liminal priming was successful. The entire experiment
lasted approximately 10 min.

Data analysis
Following the exclusion criteria used in Experiment 1,
4.67% of the data was excluded in this experiment.

Results

RTs

A repeated measure ANOVA was conducted with the
priming type (pain, no pain) and word emotion type
(fear, anger, neutral) as the independent variables, and
the mean RT of correct responses as the dependent vari-
able. Descriptive statistics are presented in Fig. 8, and full
results can be found in S2 Table 2 in the Supplemental

2000ms

Material. The results revealed a significant main effect of
word emotion type (F (2, 48) =7.62, p=0.003, 11p2=0.24).
The interaction between priming type and word emotion
type was significant (F (2, 48) =3.47, p=0.039, 11p2= 0.13).
Paired-sample t-tests revealed that under the pain prim-
ing, the RT for fear words was significantly shorter com-
pared to anger words (p=0.001), and the RT for anger
words was significantly longer compared to neutral
words (p=0.007). However, under the no pain priming,
RTs did not differ between different emotion word types.

Accuracy

A repeated measure ANOVA was conducted with the
priming type (pain, no pain) and word emotion type
(fear-related, anger-related, neutral) as the independent
variables, and the proportion of correct responses as the
dependent variable. A correct response to an emotion
word is when participants correctly judge an emotion
word as a true word. Descriptive statistics are presented
in Fig. 9, and full results can be found in S2 Table 3 in
the Supplemental Material. The results revealed a main
effect of word emotion type (F (2, 48)=7.28, p=0.004,
qp2=0.23). The accuracy for anger-related words was sig-
nificantly lower than for fear-related words (p=0.007)
and for neutral words (p=0.008).

Discussion

RT results revealed that the RT to fear-related words was
quicker than to anger-related words under the pain prim-
ing, whereas the RT to the fear-related and anger-related
words did not differ under the no-pain priming. This sug-
gests that the pain scenes were more strongly associated
with fear emotion than with anger emotion, supporting
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the TVPH. Accuracy results indicated that participants
responded more accurately to fear-related words than
to anger-related words regardless of the type of prim-
ing. This might be because the recognition of fear holds
important evolutionary significance.

Experiment 3

Experiments 1 and 2 provided compelling evidence that
individuals did unconsciously respond to pain scenes
with fear emotions, which is associated with avoidance
tendency. Experiment 3 aimed to examine the empathy-
altruism hypothesis and the TVPH with an approach/dis-
tancing decision task (ADDT), where participants were
explicitly instructed to perform either an avoidance or an
approaching response to emotional words. Participants

were first presented with identical subliminal pain scenes
used in previous experiments, and then they were pre-
sented with a two-character Chinese word (fear-related,
anger-related, and positive words) on the screen and were
asked to judge whether they wanted to approach or avoid
the word. According to the TVPH, participants’ avoid-
ance response to fear and anger-related words should be
faster and more accurate than their approach response to
positive words, whereas the empathy-altruism hypoth-
esis would predict the opposite. In addition, partici-
pants’ general approach/avoidance behaviour tendency
was used as a covariable in the analysis, which allowed
us to focus solely on participants’ approach/avoidance
responses to the target stimuli following the subliminal
perception of pain scenes.
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Method

Participants

A sensitivity analysis conducted in G-power suggested
that a minimum of 19 participants would be required to
achieve a power of 80% with a medium effect size (f) of
0.25 and a significance level (a) of 0.05. Forty-one stu-
dents from Tianjin Normal University (20 females and
5 males) with an average age of 19.90 years (SD=0.86;
range=18-21 years) participated in Experiment 3. All
participants had normal or corrected-to-normal vision
and received compensation of 10 RMB for their partici-
pation. Informed consent was obtained from all partici-
pants, and they were free to withdraw from the study
at any time. The study was approved by the University
Ethics Committee at Tianjin Normal University.

Design

A 2 (priming type: pain, no pain)x3 (word emotion
type: fear-related, anger-related, positive) within-
subject experimental design was used. The mean RT
of correct responses and the proportion of correct
responses were the dependent variables. Participants’
own approach/avoidance behaviour tendencies were
treated as covariables in the analyses.

Materials

Priming stimuli

Ten images of no pain scenes and ten images of pain
scenes adopted from Lei [31] were selected. Two no
pain images and two pain images were used in the prac-
tice trials. All images were standardized to have identi-
cal color contrast, size, and brightness.

Target stimuli

Eight fear-related Chinese words (e.g., “4t 11" punish in
English), eight anger-related words (e.g., “& k" betray
in English), and sixteen positive words (e.g., “#Fl”
profit in English) for the approach-distancing decision
task. One anger-related and one fear-related word and
two positive words were used in the practice trials. All
words were selected from the Chinese Affective Words
System (CAWS) by Wang [38]. The selected words
were balanced in terms of valence, arousal, familiar-
ity, specificity, word frequency, total stroke count and
separation of emotion dimensions (happiness, sadness,
disgust, fear and anger). The first six dimensions were
all taken from the CAWS system. In addition, 90 indi-
viduals were recruited to evaluate the separated emo-
tion dimension of the selected words (see S3 Table 1).
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The behavioural activation system (BAS) / behavioural
inhibition system (BIS)

Participants’ approach and avoidance tendency were
measured by the Chinese version of the BAS/BIS scale
[39]. This scale was originally developed by Carver
and White [40] and was later translated into Chinese
and validated with Chinese participants by Li et al.
[39]. The BAS questionnaire, consisting of 13 items,
encompasses three subscales: Reward responsiveness
(e.g., Upon encountering an appealing opportunity, I
promptly experience excitement), Drive (e.g., When
I desire something, I typically exert maximal effort to
attain it), and Fun seeking (e.g., I frequently act sponta-
neously without much deliberation). These items meas-
ure individuals’ approach motivation and goal-directed
behavior in response to rewarding stimuli. The BIS
questionnaire, consisting of 7 items (e.g., Even if some-
thing bad is about to happen to me, I rarely experience
fear or nervousness), which measure individuals’ avoid-
ance motivation and inhibition behaviour in the pres-
ence of potential punishment or negative outcomes.
Participants had to rate the extent to which the items
described themselves on a 4-point scale ranging, with
1 being "completely inconsistent” and 4 being "com-
pletely consistent”. Higher scores indicate a greater
inclination towards approach or avoidance tendencies
in individuals.

Procedure

The participants were tested individually in a quiet room,
seated in front of a computer. After giving informed con-
sent, the participant first completed 4 practice trials, fol-
lowed by 64 experimental trials. For the experimental
trials, 8 pain and 8 no pain priming pictures were used.
Each priming picture was repeated four times accord-
ing to word emotion type. For the emotional word, there
were three kind words (8 fear-related words, 8 anger-
related words, and 16 positive words). Each word was
repeated once according to two kinds of priming pic-
tures, resulting in a total of 64 experimental trials.

Each trial followed the steps outlined in Fig. 10: (1)
The priming picture depicting either a pain scene or a
no pain scene was displayed for 18ms; (2) A blank screen
was shown for 200ms; (3) A two-character Chinese word
(fear-related, anger-related or positive) was presented in
the centre of the screen. Participants were instructed to
decide whether they wanted to approach or avoid that
word by pressing the correspondent keys on the key-
board (“F” and “J” keys). Participants had maximally 3500
ms to respond; (4) A feedback screen (response or no
response) was displayed for 1500 ms; (5) The inter-trial
interval was 1000 ms.
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Fig. 10 lllustration of the procedure in Experiment 3

Following the experimental procedure, the partici-
pants completed the BAS/BIS questionnaire. Finally,
we checked the effectiveness of the subliminal priming
by asking participants whether they noticed the flash
screen before the word appeared and, if so, whether
they were able to identify the content of the flash
screen. None of the participants reported perceiv-
ing the flash screen. This indicates that the subliminal
priming was successful. The entire experiment lasted
approximately 10 min.

Data analysis
Following the exclusion criteria used in Experiment 1,
8.59% of the data was excluded in this experiment.
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Results

RTs

A repeated measure ANCOVA was conducted with the
priming type (pain, no pain) and word emotion type
(fear-related, anger-related, positive) as the independ-
ent variables, the approach and avoidance behaviour
tendency scores as the covariable, and the mean RTs of
correct responses as the dependent variable. Descriptive
statistics are presented in Fig. 11, and full results can be
found in S2 Table 2 in the Supplemental Material. The
results revealed a significant interaction between the
priming type and word emotion type was significant (F
(2, 76)=6.96, p=0.002, 11p2=0.16). Paired-sample t-tests
revealed that under the pain priming, the RT for anger-
related words was significantly shorter compared to

o fear
i anger

| positive

550
pain scenes

no pain scenes

priming type
Fig. 11 Mean RT of each condition. Error bars represent standard errors
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positive words (p=0.011), whereas the RT did not dif-
fer between fear-related and positive words (p=0.170).
Under the no pain priming, RTs did not differ between
different emotion word types.

Accuracy

A repeated measure ANCOVA was conducted with the
priming type (pain, no pain) and word emotion type
(fear-related, anger-related, positive) as the independ-
ent variables, the approach and avoidance behaviour
tendency scores as the covariable, and the proportion
of correct responses as the dependent variable as the
dependent variable. Approach responses for the posi-
tive word and avoidance responses for the negative (fear-
related, anger-related) words were counted as correct
response. Descriptive statistics are presented in Fig. 12,
and full results can be found in S3 Table 3 in the Supple-
mental Material. Neither the main effects nor the inter-
action between priming type and the word emotion type
were significant.

Discussion

RT results revealed that, under the pain priming condi-
tion, participants exhibited faster avoidance responses
to anger-related words compared to approach responses
to positive words. However, there was no significant dif-
ference in RT between fear-related words and positive
words. Previous research suggests that both fear and
anger stimuli are perceived as threatening, but they may
elicit different behavioral responses. Fear stimuli typically
indicate the presence of a potential threat in the envi-
ronment, prompting individuals to gather more infor-
mation before taking action. On the other hand, anger
stimuli directly pose an immediate threat to individu-
als, leading to more instantaneous responses [16, 41].

102

100 ]:

el
(=]

96

94

mean accuracy/%

90

88

Page 13 of 17

Based on these findings, it can be inferred that anger is
more strongly associated with an immediate avoidance
response compared to fear in the ADDT. Hence, the RT
results suggested that the subliminal primed of the pain
scene induced an instantly avoidant response rather than
an approach response. Therefore, our findings also sup-
ported the TVPH.

The accuracy analyses did not reveal any significant
main effects or interaction effects. One possible explana-
tion for this lack of significant findings could be that the
participants’ accuracy levels had already reached a ceiling
level.

General Discussion

In the present study, three experiments were conducted
to test the empathy-altruism hypothesis and TVPH by
examining the emotional and behavioural responses after
participants perceived subliminal primes of pain and no-
pain scenes.

Results from Experiment 1 revealed that subliminal
pain perception can lead to a faster response to those
negative emotions (i.e., fear) associated with avoidance
tendencies than to those negative emotions (i.e., sadness)
associated with approaching tendencies. Furthermore,
participants exhibited a greater attentional bias towards
fearful faces compared to sad faces. This was because
individuals directed their attention more rapidly towards
fearful faces than towards sad faces when primed with
pain. However, the emotional valence of the faces did not
influence the difficulty of disengaging attention. Previous
research has consistently demonstrated that individu-
als shifted their attention more quickly from threatening
stimuli to neutral ones [42—44]. In the present study, par-
ticipants exhibited faster attentional shifts under pain
priming than under no pain priming, presumably because

m fear
anger

| positive

pain priming

no pain priming

priming type

Fig. 12 Mean accuracy of each condition. Error bars represent standard errors
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the pain priming was perceived as a threat. Furthermore,
no significant differences were observed in the difficulty
of disengaging attention between fearful and sad faces.
This finding suggests that both fear and sadness, as nega-
tive stimuli, elicit discomfort and increase the likelihood
of shifting attention towards neutral faces.

In Experiment 2, we found that participants responded
faster to fear-related words than to anger-related words
under the pain priming. This suggests that subliminal
perception of pain scenes was more strongly related to
the negative emotions associated with avoidance ten-
dency (e.g., fear) than to those associated with approach-
ing tendency (e.g., anger). However, the analysis of
response accuracy revealed that participants consistently
responded more accurately to fear-related words than to
anger-related words, regardless of the type of priming
employed. The absence of an interaction between prim-
ing type and negative word types may be attributed to the
relatively simple nature of the lexical decision task used
in this experiment, where participants had high accuracy
levels, possibly reaching a ceiling effect. Furthermore, the
results indicated a consistently higher accuracy for fear-
related words compared to anger-related words, regard-
less of the priming condition. This finding aligns with
previous research suggesting that both types of priming
stimuli contained elements of danger (e.g., a knife), and
dangerous stimuli have been found to be more closely
associated with fear rather than anger emotion [45].

In Experiment 3, we found that participants exhibited
faster avoidance responses to anger-related words com-
pared to approach responses to positive words during
pain priming. This finding suggests that the presentation
of pain scenes elicited immediate avoidance responses
rather than approach responses. However, it is important
to note that the participants’ response times for avoid-
ance of fear-related words were not significantly different
from their response times for approach towards positive
words. This might be because fear stimuli are typically
associated with perceived threats in the environment,
requiring individuals to engage in cognitive processing
before taking action [41]. Similarly, the behavioral ten-
dency represented by positive stimuli contradicts the
behavioral tendency induced by pain priming, neces-
sitating individuals to engage in cognitive deliberation
before acting. Consequently, no significant difference in
response times was observed between fear-related words
and positive words. Furthermore, we did not observe any
significant main effects or interactions for in our accu-
racy analyses. This might be because participants’ accu-
racy has reached a ceiling level.

The results from the three experiments consistently
demonstrated a relationship between physical pain
scenes, fear emotions, and avoidance tendencies. These
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findings suggest that when individuals observe others
experiencing physical pain, it triggers feelings of fear
and prompts avoidance responses. These results provide
support for the TVPH, which posits that individuals are
more likely to respond with avoidance behaviors when
faced with potential physical harm.

The results supporting the TVPH over the empathy-
altruism hypothesis may be attributed to two possible
reasons. Firstly, the duration of presentation for the pain
scenes could play a role. Studies suggest that pain signals
undergo distinct processing stages [46]. Goubert et al.
[47] proposed that pain-related signals automatically acti-
vate the observer’s threat system, inducing self-directed
emotions like personal distress. Subsequent stages
involve the interpretation of pain cues influenced by
the observer’s background, potentially leading to other-
directed emotions like empathic concern. Studies sup-
porting the empathy-altruism hypothesis often employ
longer presentations of protagonists’ painful experiences
through stories (e.g., 40-60 s) [7, 8]. In contrast, studies
supporting the TVPH use shorter presentations of pain
stimuli, such as pictures or words (e.g., 13.3-200 ms) [1,
4, 5]. In our study, subliminal pain scene priming lasted
only 18 ms, and therefore our findings were aligning with
the TVPH. Subliminal stimuli as priming may yield more
reliable and practical findings, as our daily information
processing primarily occurs unconsciously. Additionally,
subliminal stimuli directly process through subcortical
pathways and resist conscious control [48, 49], potentially
reducing susceptibility to external stimuli and personal
experiences. Secondly, the type of observed pain may
contribute. Previous research indicates that witnessing
physical pain evokes personal distress, whereas observ-
ing social pain elicits empathic concern [7, 9]. Our study
employed pictures depicting physical pain as the priming
stimulus, thus supporting the TVPH.

Our findings contribute to previous research in several
key areas. Firstly, prior studies have established a strong
association between heightened pain responses and the
priming of high threat value stimuli [49-51]. However,
our study directly examined the impact of pain percep-
tion on participants’ emotional and behavioral responses.
Across all three experiments, we consistently observed
that physical pain perception resulted in an increased
attentional bias towards fear emotions and faster avoid-
ance responses. Secondly, the attentional bias index
analyses conducted in Experiment 1 provided valuable
insights into the origins of the attentional bias towards
fear emotion. The results indicated that the observed
bias was primarily driven by faster attentional orienta-
tion towards fear emotion, rather than slower disen-
gagement from other emotions. Lastly, while previous
research [10] has demonstrated that pain perception
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elicits faster avoidance responses and slower approach
responses, inferred from participants’ button release and
button press speed in a go/no go task. Experiment 3 fur-
ther elucidated that pain perception led to explicit faster
avoidance responses towards negative emotions and
slower approach responses towards positive emotions.
Thus, our findings expand upon existing knowledge and
shed light on the attentional biases, emotional responses,
and approach-avoidance tendencies associated with pain
perception.

It is worth noting that, following pain scene prim-
ing, participants responded faster to fear-related words
than to anger-related words in the lexical decision task
of Experiment 2. However, they responded equally fast
to these two types of words in the approach/distancing
decision task of Experiment 3. This might be because
the subliminal perception of others’ pain induced an
immediate avoidance response, which was reflected
by the faster response to the fear-related words in the
LDT, where participants’ implicit approach-avoidance
response was measured. In contrast, in the ADDT, par-
ticipants’ approach-avoidance response was measured
explicitly. Therefore, although the subliminal perception
of others’ pains still reduced the reaction time to the fear-
related words, this effect was cancelled by the factor that
people generally respond faster to anger-related words in
ADDT [37].

The study has some potential limitations that warrant
further exploration. Firstly, all priming stimuli used in
this study were picture stimuli, and it remains uncertain
whether the same findings would be observed with word
stimuli as priming stimuli. Sun et al. [29] suggested that
pictures may have a more direct emotional impact than
words. Future research could investigate the effects of
subliminal pain word priming on participants’ emotional
and behavioral responses. Secondly, the present study
exclusively focused on the effect of physical pain percep-
tion on emotional and behavioural responses, leaving the
effect of social pain perception unclear. As mentioned by
[52], perception of physical pain is likely to rely on auto-
matic, low-level processes activated through bottom-up
mechanisms, while social pain perception may demand
more deliberate effort and high-level processing, such
as understanding the other person’s mental state. Future
studies should compare the effects of physical and social
pain perception on emotional and behavioral responses,
ideally using a within-subject design. Lastly, future
research could utilize experimental tools with a higher
temporal resolution, such as eye-movement tracking
technology and event-related potentials, to gain deeper
insights into the temporal course of the related effects
of pain scene perception. For instance, as proposed by
Yan et al. [46], pain-related signals might automatically
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activate the observer’s threat system and self-directed
emotions (e.g., personal distress) in the early phase. In
later phases, the interpretation of pain cues might be
influenced by the observer’s background and character-
istics, leading to other-directed emotions (e.g., empathic
concern).

Conclusion

In summary, our study demonstrated that the subliminal
perception of others’ physical pain led to faster response
and attentional bias to fearful faces than sad faces (Exper-
iment 1), faster responses to fear-related words than to
anger-related words (Experiment 2), and faster avoidance
response to anger-related words than approach response
to positive words (Experiment 3). These findings indi-
cate a strong association between perceiving others’
pain, fear emotion, and immediate avoidance responses.
Our study’s results provide supporting evidence for the
TVPH.
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