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ABSTRACT

Despite extensive research on the effects of stress on the brain and behaviors, there is a debate
whether stress promotes prosocial behaviors, especially acute stress due to intricate costly punishment
in the ultimatum game. Therefore, the present study introduced an irrelevant third party to examine
how acute stress and the triggered cortisol influence third parties’ punishing and helping behaviors as
more convincing altruistic behaviors. The 65 participants were exposed to a psychosocial stressor
(n=33) or a control condition (n=32). Afterwards, two third-party intervention tasks (a token alloca-
tion task and criminal scenario judgment task) were completed, during which the participants, as an
“irrelevant” third party, could choose whether to sacrifice their own interests to help the victim or pun-
ish the transgressor. Participants’ affective states, heart rate, and salivary cortisol were repeatedly meas-
ured throughout the experiment. Results showed that acute stress can lead to more third-party
helping behaviors but not more punishing behaviors. Specifically, participants under stress tended to
transfer more monetary units to the victim in the token allocation task than the control-group partici-
pants, and they tended to help the victim in the scenario task. In contrast, there was no significant dif-
ference in punishing behavior between the stressed and control participants. These findings reveal that
acute psychosocial stress triggers the “tend and befriend” response, which might reflect the prosocial
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intuition under acute stress.

HIGHLIGHTS

e Acute psychosocial stress promotes altruistic behaviors toward an irrelevant third party.
e The raised prosocial tendencies are specific to third-party helping but not to punishing behaviors

in both real and fictitious scenario tasks.

1. Introduction

Stress, especially psychosocial stress, is prevalent in daily life.
Exposure to acute stress not only has a profound impact on
brain and cognition (McEwen et al., 2015) but also affects
human prosocial behaviors (Buchanan & Preston, 2014). The
effects of stress on social behavior can be both negative
(undermining) and altruistic (adaptive).

As the classical “fight or flight” response to acute stress
(Cannon, 1933), several studies have found that acute stress
shapes offensive or defensive social interactions. Reduced
trust behaviors (Feldmanhall et al., 2015; Steinbeis et al.,
2015), lower donations to charity (Vinkers et al., 2013), and
increased egoistic decision-making (Starcke et al., 2011) were
elicited by the neuroendocrinological stress response in cer-
tain situations.

In contrast to the “fight or flight” response, the promotion
of prosocial behaviors supported by the “tend and befriend”
response (Taylor et al, 2000) to acute stress has also been

verified by recent evidence. Participants show more trust,
sharing, and generosity (Sollberger et al, 2016; Takahashi
et al., 2007; von Dawans et al., 2012, 2019), and make more
altruistic moral decisions (Singer et al., 2017) after experienc-
ing stress, suggesting that stressed individuals become
friendlier and more prosocial to gain social support to relieve
anxiety caused by stress.

Among these inconsistencies, the elusory results of the
stress effects on costly punishment behavior in the ultima-
tum game (UG) drew our attention. It was found that costly
punishment has not to be impacted immediately after acute
stress (Vinkers et al, 2013; von Dawans et al., 2012), or be
reduced as the less rejection of even unfair offers (Steinbeis
et al, 2015; only for women: Youssef et al., 2018). In the UG,
when faced with a decision on allocating a sum of money
proposed by a partner, participants as the responder, can
either accept the offer (e.g. 90:10) so that both receive the
money as suggested, or reject unfair offers so that both
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receive nothing (i.e. 0:0) (Guth et al., 1982). Rejection of the
unfair offer (i.e. perishing together unless the allotment is
fair) is defined as costly/altruistic punishment (Fehr &
Gachter, 2002; Henrich et al., 2006) or as strong reciprocity
(Fehr et al., 2002; Gintis, 2000) for its essential role in enforc-
ing social norms (i.e. fairness) and boosting cooperation. This
altruistic punishment is believed to be driven by negative
emotions (e.g. aversion, outrage) induced by unfairness (i.e.
inequality aversion) (Fehr & Schmidt, 1999; Sanfey et al,
2003). However, as a self-defense behavior, this second-party
punishment might be interacted with the affected direct self-
interest (Civai et al, 2012) and urges for revenge (Strobel
et al,, 2011), which would not be a pure prosocial behavior.

Therefore, we introduced an uninvolved third-party condi-
tion wherein direct self-interest and revenge are unlikely to
play a role. People are particularly sensitive to injustice and
the third-party observers, even uninvolved in the violation,
will incur costs to punish norm violators. We call this kind of
punishment “third-party punishment” (Fehr & Fischbacher,
2004). It is an evolutionarily stable strategy universally, ena-
bling intense social cooperation in humans despite genetic
heterogeneity. In virtually all legal systems and most soci-
eties, moral norms are enforced mostly through third-party
punishment. Study showed that the third party preferred for
equal outcomes, while the second party preferred for these
unequal but self-advantageous outcomes (Civai et al., 2012).
Third-party punishment systems (integrating the harm to vic-
tims and assessment of the wrongdoers’ motives) seem more
executive than the affective second-party punishment sys-
tems (Krueger & Hoffman, 2016). It is driven by the percep-
tion of equality and fairness without the interaction of direct
self-interest, which could be a more convincing prosocial
behavior. Moreover, when faced with an unjust situation (e.g.
unfair events or crimes), a third party generally has three
response options: punishing the transgressor, helping the vic-
tim, or doing nothing out of self-protection. Third-party help-
ing behaviors happen even more frequently in daily life as a
robust prosocial behavior to promote survival and well-being
(Leliveld et al., 2012). Both third-party punishment and help-
ing behaviors are altruistic, reflecting the sacrifice of self-
interest to resist injustice (Lotz, Baumert, et al., 2011). The
present study adopts the third-party intervention paradigm
(Hu et al., 2015; Leliveld et al., 2012) to examine the effects
of psychosocial stress on two persuasive prosocial behaviors.
Moreover, due to the different psychological (Davis, 1983;
Pfattheicher & Keller, 2014) and neural (Hu et al, 2015;
Stallen et al., 2018) mechanisms of punishing and helping,
we can explore the preference to punish or help under acute
psychosocial stress.

The present study implemented a revised version of the
Trier Social Stress Test (TSST) to induce psychological, auto-
nomic, and endocrinal responses. Stress-related effects on
behavioral tendencies (i.e. punishing transgressors, helping
victims, and maintaining self-interest) in third-party interven-
tion tasks were then explored. Since the most common norm
transgression in daily life is crime, in addition to the eco-
nomic game task to explore distribution injustice, we added
a criminal scenario judgment task to simulate similar tri-
lemma scenes. In addition, we recruited both male and

female participants to avoid the limitation of studies involv-
ing only men. This design allowed us to examine third-party
individuals’ prosocial behaviors (i.e. whether they were willing
to sacrifice their self-interest to resist injustice) under stress
as well as their inclination to punish or to help.

2. Methods
2.1. Participants

We recruited 65 young healthy college students in this study.
Participants were randomly assigned to either the stress con-
dition (n=33; M,qe = 22.03years, SD,ge = 2.10, 16 females)
or the control condition (n=32; M,ge = 22.09years, SD,ge =
2.08, 16 females). One participant was excluded for issuing
extreme responses (beyond 3 SD) in the third-party interven-
tion task. To control the potential influence of non-experi-
mental factors on the HPA-axis reactivity of stress, the
following rigorous screening criteria were set: (1) no alcohol
or nicotine abuse; (2) no chronic diseases or mental disor-
ders; (3) no medication use within 2weeks; (4) no current
periodontitis; (5) no major exams within 2 weeks; (6) no circa-
dian disruption (i.e. adequate sleep and no chronic overnight
work); (7) no women in the 7 days before and after the onset
of menses to avoid the confounders of variance in stress
responsiveness in the late luteal phase and the menstrual
period (Asso & Braier, 1982; Kask et al., 2008; Ossewaarde
et al.,, 2010); (8) no contraceptives use; and (9) no high-inten-
sity exercise before the experiment. They were also asked to
refrain from food and drink (besides water), but not to be in
hunger, for two hours before the experiment to prevent a
brisk cortisol response to a standard lunch (Rosmond et al.,
1998, 2000). All subjects were right-handed with normal or
corrected-to-normal vision. This study was approved by the
Institutional Review Board of the State Key Laboratory of
Cognitive Neuroscience and Learning at Beijing Normal
University. All subjects read and signed the informed consent
form before the experiment.

2.2. Experimental procedure

In consideration of the diurnal variability of cortisol activity,
experiments were carried out between 1:30 pm and 6:00 pm.
Upon their arrival at the lab, participants were taken to the
testing room, where they were given an explanation of the
synopsis of the experiment and completed questionnaires for
20 minutes. After that, their baseline heart rate was recorded,
saliva samples (S;) were collected, and the Positive and
Negative Affect Scale (PANAS, PA;, and NA;) was adminis-
tered. Participants then took part under either the stress or
the control condition. Immediately after the TSST, saliva sam-
ples were collected (S,) and the PANAS (PA, and NA,) was
administered. The subjects then completed a third-party
intervention task (including both the token allocation task
and the scenario task). The third and fourth saliva samples
(S3, S4) were collected and the PANAS (PAs; and NA;, PA; and
NA,) was administered 15min and 25min after the TSST.
Heart rate was recorded throughout the TSST and the entire
task. Lastly, they were debriefed about the purpose of the
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experiment and paid. The general experimental procedure is
outlined in Figure 1.

2.3. Trier social stress test

2.3.1. Stress induction

Acute stress was induced by a revised version of the TSST
(Kirschbaum et al., 1993). The modified TSST was shown to
be as effective as (Buchanan et al., 2009) or even more effect-
ive (Boesch et al.,, 2014; Buchanan et al,, 2012) than the ori-
ginal TSST in eliciting cortisol responses. This psychosocial
stress induction paradigm consisted of a 5-minute prepar-
ation stage, a 5-minute public speaking stage, and a 5-
minute mental arithmetic stage. Subjects were instructed to
prepare an unscripted oral speech to defend themselves
against an accusation of shoplifting in front of the managers
of the store. They were asked to make their statements spe-
cific and precise, because the evaluation of their performance
was going to be based on how convincing, organized, articu-
late, and enthusiastic they were during their presentation.
After 5 minutes of preparation, they were escorted to another
room, where they delivered the speech in front of an evalu-
ation panel of two trained experimenters (one male and one
female). If the participants ran out of things to say, they were
prompted to keep going until 5minutes were up. After the
5-minute speech, subjects were asked to perform a mental
arithmetic task in which they serially subtracted the number
13 from 1022 as quickly and accurately as possible and
started over at 1022 if they made a mistake. The experiment-
ers, who dressed in white coats and maintained a neutral
expression without providing any feedback except for neces-
sary instructions, were present and observed the participants
throughout the period, with the whole process being
video recorded.

2.3.2. Control condition

The control condition was consistent with the stress condi-
tion in terms of duration and cognitive load, with the excep-
tion that the social and self-relevant threat components were
removed. This condition included a 5-minute preparation
stage, a 5-minute speech stage, and a 5-minute written arith-
metic stage. The control group was instructed to prepare a
summary overview of a general travel article and then read
their summary aloud for 5minutes. They were then required
to perform a simple arithmetic task for 5 minutes. The partici-
pants stayed in a room alone for the entire task.

2.4. Third-party intervention task

2.4.1. The token allocation task

Upon arrival, participants were asked to draw lots among
three player roles (i.e. A, B, C), but all the lots are set as
player C in advance. In such a way, the participants believed
that they were assigned to be player C (the third party) ran-
domly. To make sure that participants believed in the cover
story, they were told that participants who were selected by
lot as player A and B would be escorted to the downstairs
laboratory to complete the experiment where another
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trained experimenter (the confederate) is there. They were
placed in separate cubicles and informed that they would
remain anonymous during and after the experiment. All par-
ticipants (player C) received an endowment of 50 monetary
units (MUs; 10 MUs=RMB 1) per round. They were told to
observe a set of allocations of 100 MUs between several pairs
of players, the proposer (player A) and recipient (player B),
who were playing the dictator game (DG) simultaneously in
the downstairs laboratory. Player A received an endowment
of 100 MUs per round and could decide how to distribute
these MUs between him/herself and the recipient with 10
MUs as a unit. Player B had to receive the MUs passively. The
participants were told that the number of trials was deter-
mined by the number of pairs of players A and B, but this
was pre-programmed to be three trials in random order
(A:B=90:10, 70:30, and 50:50). The participants were asked
to choose from three options: transferring MUs to deduct
from player A’'s MUs, transferring MUs to add to player B's
MUs, or keeping MUs for themselves. If the subjects chose to
deduct or to add, then they continued to decide how many
MUs they wanted to transfer from their own 50 MUs, with
1MU as a unit. The cost ratio was 1:3, as in previous studies
(Hu et al, 2015; Leliveld et al., 2012). That is, every 1 MU
player C transferred could deduct 3 MUs from player A or
add 3 MUs to player B. After the instruction, the experi-
menter would call the confederate downstairs, in front of
participants, to prepare for the start. After about 1 minute,
the experiment started formally. Participants were debriefed
before leaving to make sure they believe in the cover story.
At the end of three trials, subjects completed a subjective
fairness perception scale on which they rated the fairness of
all possible offers player A could make (A:B=100:0; 90:10;
80:20; 70:30; 60:40; 50:50; 40:60; 30:70; 20:80; 10:90; 0:100)
from 1 (very unfair) to 4 (very fair). To avoid a spillover effect
on the subsequent scenario task, all participants completed a
short, irrelevant cognitive task consisting of three intuitive
calculation questions and two simple pictorial questions.

2.4.2. The scenario task

To increase ecological validity, we tested the third-party
intervention behavior using a scenario task. Based on
Prooijen (2010), we compiled two crime scenarios, one of a
robbery and the other of a traffic accident (see Appendix), in
which participants were about to make an urgent call to
avoid huge economic losses for themselves when they wit-
nessed a robbery or a traffic accident. They were instructed
to put themselves in the two situations and prioritize calling
110 for the police (i.e. punishing the offenders), calling 120
for the first aid center (i.e. helping the victims), or making
their personal call (i.e. maintaining self-interest). After each
scenario, they were asked to assess its severity on a 7-point
scale, from 1 (not serious at all) to 7 (extremely serious).

2.5. Data acquisition and analysis

2.5.1. Physiological measures
Saliva samples were collected with Salivette sampling devices
(Sarstedt, Rommelsdorf, Germany) and stored at —20°C until
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Figure 1. Experimental procedure and the flow chart of the token allocation task. Timeline depicting the procedure for collecting saliva samples, measuring subject-
ive affective state (PANAS), recording heart rate, administering the TSST, and implementing the third-party intervention tasks.

analysis. The samples were thawed and centrifuged at
3500rpm for 5minutes. The concentration of salivary cortisol
was analyzed by electrochemiluminescence immunoassay
(Cobas e 601, Roche Diagnostics, Numbrecht, Germany). The
intra- and inter-assay variations for cortisol were below 10%.

Heart rate was continuously measured by portable equip-
ment (POLAR RCX3) with a Polar WearLink and a heartrate
monitor. Heart rate was monitored for 3 minutes as baseline
and was recorded throughout the subsequent tasks. The task
interval was selected to yield the average value of heart rate
in each stage.

2.5.2. Psychological and personality measures

The PANAS (Watson et al., 1988) was used to measure the
current subjective affective states of participants. The scale
has a total of 20 items describing different feelings and emo-
tions, with 10 items for positive affective states (e.g.
“interested,” “excited”) and 10 items for negative affective
states (e.g. “nervous,” “scared”). The participants were asked
to score each item on a 5-point scale based on their current
affective state, from 1 (very slightly or not at all) to 5
(extremely). The average scores for positive affective states
and negative affective states were calculated.

To ensure that subjects in the stress group and control
group were homogeneous in stress-related status and per-
sonality traits, all participants completed the following inven-
tories: the Perceived Stress Scale (Cohen et al., 1983), the
State-Trait Anxiety Inventory (Spielberger et al., 1971), Type A
Behavior Pattern Scale (Boyuan, 1985), the Barratt
Impulsiveness  Scale (Patton et al, 1995), and the
Interpersonal Reactivity Index (Davis, 1983).

2.5.3. Data management and analysis

To examine whether acute stress was successfully induced, two-
way mixed analysis of variance (ANOVAs) were conducted on
salivary cortisol, heart rate, and subjective affective state, with

group (stress, control) as the between-subjects variable and
acquisition time period as the within-subjects variable.

For the two third-party intervention tasks, the number of
subjects choosing each of the three options (deducting from
player A’s MUs, adding to player B's MUs, or keeping MUs for
oneself) in the token allocation task and the number of subjects
making each of the three first phone calls (the police, the first
aid center, or the personal call) in the scenario task were com-
pared using two chi-square tests. In addition, for the token allo-
cation task, for the subjects deciding to punish or to help, two-
way ANOVA with group (stress, control) and choice (deducting,
adding MUs) was used to analyze the average number of MUs
transferred from player A or to player B in the two unfair condi-
tions (A:B=90:10 and 70:30, respectively).

To investigate stress-induced cortisol responses, the area
under the curve with respect to the increase (AUCI) in saliv-
ary cortisol concentration were calculated as individual saliv-
ary cortisol responses. AUCi = 1/2 - (S; + S5) - Tsa_s7 + 1/2 -
(S + S3) - Tsa_sy + 1/2 - (S3 + Sa) * Tsa—sz = Sq + (Tsa—s1 +
Tss_s2 + Tsa_s3), in which T denotes the time interval
between two successive salivary samplings expressed in
hours (Pruessner et al., 2003).

The Greenhouse-Geisser correction was used when the
requirement of sphericity in the repeated-measures ANOVA
was not met. The n? measure of effect size was included
where appropriate. The analysis of main effects and all pair-
wise comparisons were performed with Bonferroni correc-
tions of statistical significance.

3. Results

3.1. Psychological, physiological, and endocrinal
stress responses

We first examined the psychological, physiological, and endo-
crinal stress responses to verify the effectiveness of psycho-
social stress induction. For the negative affect data, we
conducted mixed two-way ANOVA with group as a between-
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subject factor and time as a within-subject factor. This ana-
lysis revealed significant main effects of group (F (1, 62) = 4.32,
p = 042, partial 1> = 0.065) and acquisition time (F (3,186) =
11.56, p < .001, partial n° = 0.157) and a significant interaction
of acquisition time and group (F (3,186) = 12.79, p < .001, par-
tial n° = 0.171). Simple effects analysis showed that the inter-
action was driven by the significantly higher negative affective
state after the TSST (NA,) in the stress group than in the control
group (p < .001) (Figure 2(A)). For positive affective state, the
mixed two-way ANOVA showed significant main effects of time
(F (3186) = 11.82, p < .001, partial n2 = 0.16), reflected in a
lower positive affective state at the final measurement (PA,)
than in the previous three measurements (p < .001), but no sig-
nificant main effect of group or significant interaction of acquisi-
tion time and group.

With regard to the heart rate data, unclear equipment-
wearing problems led to missing data in two participants.
The mixed two-way ANOVA for the remaining 62 subjects
revealed a significant main effect of acquisition time (F
(4,240) = 87.72, p < .001, partial n? = 0.594) and a signifi-
cant interaction of acquisition time and group (F (4,240) =
30.27, p < .001, partial n? = 0.335). Simple effects analysis
found no significant difference between the two groups in
terms of baseline heart rate (p > .05). During the TSST, the
heart rate was significantly higher in the stress group than in
the control group (public speaking stage: p = .006; mental
arithmetic stage: p = .012) (Figure 2(B)).

For the salivary cortisol data, mixed two-way ANOVA showed
a significant main effect of acquisition time (F (3,186) = 11.23, p
< .001, partial n*> = 0.153) and a significant interaction of acquisi-
tion time and group (F (3,186) = 7.38, p < .001, partial n* =
0.106). Simple effects analysis revealed that the baseline salivary
cortisol level (S;) in the stress group was not significantly different
from that of the control group (p > .05), and the salivary cortisol
level measured after TSST treatment (Ss) was significantly higher
in the stress group than in the control group (p = .013) (Figure
2(Q)). Of the 32 participants in the stress group, 22 (68.75%)
showed an effective cortisol increase of at least 1.5 nmol/l (Miller
et al, 2013). This percentage of cortisol responders corresponds
to the results of previous studies (Kirschbaum et al., 1993). These
results indicate that the psychosocial stressor successfully induced
psychological, physiological, and endocrinal stress responses.

In addition, to investigate the gender differences in stress
responses, we calculated the changes in cortisol concentra-
tion, heart rates and negative emotions from baseline to
peak (peak delta) (Kelly et al., 2008), and the analyses of
covariance (ANCOVAs) were conducted (with the between-
subjects gender factor and using age as a covariate). Results
did not show any significant gender differences in responses
to TSST (peak delta of cortisol: F (1, 63) = 0.171, p = .681;
peak delta of heart rates: F (1, 61) = 0.360, p = .551; peak
delta of negative emotions: F (1, 63) = 0.039, p = .843).

3.2. Results in the third-party token allocation task
under acute stress

According to the y° test, there was no significant difference
between the two groups in terms of the number of subjects
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who chose to deduct from player A’s MUs, to add to player
B's Mus, or to keep all MUs for the three offer conditions (for
the 90:10 condition: ¥* (2,64) = 0.14, p = .931; 70:30: >
(2,64) < .001, p=1.0; 50:50: > (2,64) = 2.07, p = .355).

For the number of MUs transferred to player A or B in the
two unfair allocation conditions, the two-way ANOVA in the
90:10 condition revealed a significant main effect of group, F
(1,47) = 10.26, p = .002, partial n2 = 0.179, but no significant
main effect of choice and no significant interaction of group
and choice. Further pairwise comparisons showed that the
stress group was more willing to add more MUs to player B
than was the control group (p = .01) in the 90:10 condition
(Figure 3). No significant effects in the 70:30 condition
were found.

For the subjective fairness perception, a mixed two-way
ANOVA with group as a between-subjects variable and offer
(A:B=100:0; 90:10; 80:20; 70:30; 60:40; 50:50; 40:60; 30:70;
20:80; 10:90; 0:100) as a within-subjects variable revealed a
significant main effect of offer, F (10,620) = 187.52, p < .001,
partial N2 = 0.752, and a significant interaction of group and
offer, F (10,620) = 2.70, p = .021, partial n? = 0.042. Further
simple effects analysis showed that the stress group per-
ceived more fairness than the control group when the A:B
offers were 30:70 and 20:80 (in 30:70 condition, p = .011; in
20:80 condition, p = .012) (Figure 4). The results showed that
stressed participants were more inclined to advantageous
offers (i.e. A: B=30:70; 20:80) to victims (player B).

For the AUCi of salivary cortisol, we divided all participants
across the stress and control group into low and high cortisol
responders groups on a median split of their AUCi scores. The
subsequent 2 test indicated no significant difference between
these two groups on the number of subjects with one of the
three choices. For the amount of transferred MUs, the two-way
ANOVAs with cortisol responders group (high, low) and choice
(deducting, adding MUs) in the two unfair conditions respect-
ively also showed no significant differences. The results did not
indicate significant relationships between cortisol responses
and third-party intervention behaviors.

3.3. Results in the third-party scenario task under
acute stress

Regarding the number of subjects who chose to call the
police, call the first aid center, or place a personal call in the
two scenarios, the y° test showed a significant difference
between the two groups in the traffic accident scenario, °
(2, 64) = 12.71, p = .002, mainly reflecting that more stressed
participants prioritized helping victims than did control group
participants. In the robbery scenario, the results were not sig-
nificant, 5* (2, 64) = 3.46, p = .178 (Figure 5).

For the severity scores of the two scenarios, an independ-
ent-samples t-test indicated that the stress group scored the
situation as more serious than the control group did in both
scenarios (traffic accident scenario, t (62) = 3.39, p = .001;
robbery scenario, t (62) = 2.08, p = .042). The results for the
criminal scenario task indicated that stressed participants
have a tendency to help victims and rated the scenarios as
more serious.
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Figure 2. (A) Subjective negative affective state across the experiment for the two groups. (B) Heart rate across the experiment for the two groups. (C) Salivary cor-
tisol concentrations across the experiment for the two groups. Gray color indicates the TSST period. ***p < .001, **p < .01, *p < .05.

In both tasks, results revealed no significant difference
between the two groups on all the stress-related status and
personality scales (all ts < .06, all ps > .05). For the two
third-party intervention tasks, the analysis did not show any
significant main effects or interactions with gender.

4. Discussion

In sum, the present evidence supports the “tend and
befriend” response of acute stress. Using the modified TSST

paradigm, we successfully induced psychosocial stress, as
indicated by elevated psychological, autonomic, and endocri-
nal responses. Results revealed that psychosocial stress led to
an increase in prosocial behaviors toward an irrelevant third
party. Specifically, compared with control-group participants,
participants under stress tended to transfer more money
units to the victim in the extreme unfair token allocation
condition, and they showed a trend of helping the victim in
the scenario task. Critically, this stress-induced prosociality
enhancement seemed specific to third-party helping but not
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Figure 3. MUs transferred by participants (player C) to players A and B for the two groups in the two unfair conditions. **p < .01, *p < .05.
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Figure 4. The subjective fairness perception rating of all possible offers for the two groups. **p < .01, *p < .05.

punishing behaviors, since no significant differences were
found for the third-party punishing behaviors between the
stress and control groups in the two tasks. Third-party help-
ing behavior entails sacrificing one’s benefits to help the vic-
tims. It is the most representative prosocial and altruistic
behavior (Rilling & Sanfey, 2011), directly and robustly reflect-
ing the “tend and befriend” responses of stress.

Why does acute stress lead to a third-party helping ten-
dency? Tracing the “tend and befriend” response, humans
show a tendency to affiliate in threatening times. This strat-
egy can protect people and their offspring through social
interactions benefiting a good reputation, whereby they may
receive joint protection and relieve distress (Taylor, 2006).
Studies have indeed indicated that prosocial behavior can
mitigate the negative effects of stress (DeVries et al.,, 2003;
Raposa et al, 2016). Moreover, third-party helping is an
effective conflict management strategy to prevent the

detrimental effects of conflict stress (Giebels & Janssen,
2005). Increased third-party helping behavior might be an
effective strategy for individuals in stressful circumstances to
ensure social reciprocity and relieve anxiety.

Furthermore, one review advanced a stress-induced delib-
eration-to-intuition (SIDI) model, which is well supported in
the decision-making field, positing that in stressful situations,
fast, habitual, and gut responses may dominate over slow,
goal-directed, and deliberate responses (Yu, 2016). These two
responses are rooted in the famous “dual-process” theory,
which posits two decision-making routes called Systems 1/2.
System 1 runs fast and with little effort with the “hot” emo-
tional neural circuitry of the salience network, while System 2
operates slowly and with greater effort with the neural cir-
cuitry of the executive control network (Menon et al., 2007;
Sanfey & Chang, 2008). In general situations, these two neu-
rocognitive systems are balanced to make an optimal choice.
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During times of unpredictable and uncontrollable stress, the
intuition neural system is upregulated and the deliberation
neural system is downregulated (Hermans et al., 2014), lead-
ing to a shift from flexible, goal-directed behavior to more
rigid stimulus-response, habitual behavior, as the SIDI model
indicates. Moreover, across a range of experimental designs,
studies have consistently confirmed that subjects are more
cooperative, but not selfish when reacting intuitively (Rand
et al., 2012; Rand & Epstein, 2014). Researchers have pro-
posed the social heuristic hypothesis (SHH), suggesting that
intuition favors cooperation and altruism (Rand et al., 2013,
2014). According to the SHH, individuals have internalized
intuitive reactions that are typically advantageous to boost
our everyday life, and these intuitions will be generalized
even to times under uncertainty. Combining the SIDI model
and the SHH, it seems that the intuitive social decision-mak-
ing under stress should be prosocial and altruistic, as repre-
sented by third-party helping.

Regarding there being increases only in third-party help-
ing but not punishing behaviors under acute stress, there are
several viewpoints. Although they both can maintain social
norms, punishing and helping behaviors are still essentially
different. Helping behavior is a clear altruistic behavior, while
punishment, even third-party punishment as a “strong reci-
procity” behavior, is an expression of attack (Feshbach, 1964).
The emotion accompanying punishment leads it to be typic-
ally considered an angry and impulsive response
(Pfattheicher & Keller, 2014), while helping behavior is mainly
driven by sympathy and empathy (Davis, 1983; Tomova et al.,
2016; Wolf et al.,, 2015). We explicate this result as follows,
combining it with other analyses in our studies.

First of all, punishing and helping behaviors might have
disparate outcomes. Researchers have found that helpful
third parties gained more rewards than third-party punishers
(Raihani & Bshary, 2015). From the perspective of social reci-
procity, the act of helping an individual in need might create
opportunities for direct reciprocity from the person being
helped or from uninvolved bystanders (Adams & Mullen,
2013; Raihani & Bshary, 2015; Sylwester & Roberts, 2013), as

recent studies have shown that generosity is a signal of trust-
worthiness, while punishment of selfishness is not (Przepiorka
& Liebe, 2016), and the punisher runs the risk of retaliation
by the transgressor. The threat of reprisals might lead indi-
viduals to avoid punishment when other non-confrontational
options are available (Dreber et al., 2008; Herrmann et al,,
2008; Rockenbach & Milinski, 2006). Therefore, punishment
might be inefficient for self-interest in the long term. Second,
concern for transgressors or victims matters. When subjects
have only two options, punishing offenders or helping vic-
tims, there is no significant difference between the two
choices (Hu et al, 2015; Leliveld et al, 2012; Lotz, Okimoto,
et al, 2011). However, when the degree of concern for trans-
gressors or victims changes, the preference for punishing or
helping changes correspondingly (David et al, 2017; Lotz
Okimoto, et al., 2011). Our results for the subjective fairness
perception scale indicate that the stressed individuals rated
advantageous offers to victims (i.e. A:B offers of 30:70 and
20:80) as fairer and more acceptable than the control group,
confirming that acute psychosocial stress probably increased
subjects’ concern for the victims in the third-party interven-
tion task, triggering greater third-party helping behaviors
(Gromet & Darley, 2009; Lotz, Okimoto, et al., 2011).

The present study did not find significant results regarding
acute stress-induced cortisol responses (AUCi) and third-party
intervention behaviors. Several studies have found inconsist-
ent relationships between cortisol responses and social deci-
sion-making, such as positive relationships with affiliation
(Berger et al., 2016), altruism (Singer et al., 2017), egotism
(Starcke et al., 2011), and negative relationships with trust
(Takahashi et al., 2005) decisions. The effects seem to be
ambivalent in these studies, and the exact mechanism of
how cortisol responses modulate social decision-making
needs further exploration. Our study found that neither gen-
der nor personality influences the effects of acute stress on
third-party intervention behaviors, although several previous
studies found individual differences under acute stress (gen-
der differences: Nickels et al., 2017; Turton & Campbell, 2007;
personality differences: Takahashi et al, 2005). These
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inconsistencies reflect the intricate process whereby acute
stress affects social decision-making and suggest that we
need further explorations of the complex underly-
ing mechanism.

There are several limitations to the present study. First,
the sequence of two third-party intervention tasks was fixed,
as the token allocation task always preceded the criminal
scenario task. The sequence matters, for it involves an
important factor, time. Under the biphasic-reciprocal model
(Hermans et al, 2014), the neuroendocrine level, cellular
level, and the brain system level all change over time. As
time passes, the changing stress response and consequent
effects on social behaviors differ (Vinkers et al., 2013).
Although the two third-party intervention tasks were all com-
pleted within 40 min after the stressor onset, time-dependent
effects could also influence the results. Second, the sample
size in present study is relatively small (N=65) (e.g. the main
effect of group on the amount of transferred MUs, partial n?
= 0.179) for a behavioral study with a between-subjects
design. Third, for the female participants, we had a relatively
laxer standards, since studies have shown that women have
the most similar cortisol responses with men during their
luteal phase (Kajantie & Phillips, 2006; Kirschbaum et al.,
1999). Besides the fluctuant late luteal phase, it indicates that
the early luteal phase might be the quite suitable phase for
female participants in stress studies. Lastly, we adopted the
modified TSST as a psychosocial stressor because of the
more effective stress response it elicited, but we neglected
the fact that the scenario of defending oneself against a
charge of shoplifting might have priming effects that con-
founded the subsequent third-party intervention task. We are
unsure if the priming effect was the main cause of our
results. Since in the field of social moral decision making, the
scenario of being accused of shoplifting resembles the pro-
cess of imposing a moral threat on individuals and releasing
them at the end of TSST. Previous studies have found that
such a phenomenon, such as cleansing after recalling uneth-
ical behaviors, can reduce people’s helping percentage to the
third party (Xu et al, 2014; Zhong & Liljenquist, 2006) and
increase harsh moral judgment to others (Zhong et al., 2010).
These results are just the opposite of our results with an
increased third-party helping behavior. From this perspective,
our results might not be explained by the priming effect.
However, we must recognize that the scenarios of being
accused of shoplifting could be an impact on third-party
intervention behaviors that reminds us to strictly control the
interference of irrelevant variables. Further studies can inves-
tigate whether the conventional TSST with the mock job
scenario has the same effect on third-party prosocial behav-
ior. In addition, through eliminating possible social factors,
the impact of nonsocial stressors (e.g. the Cold Pressor Task)
on third-party prosocial behavior might be the
other directions.

In conclusion, by extending previous findings on second-
party situations, our study demonstrates that acute stress
enhances prosocial and altruistic behaviors, specifically help-
ing behavior, but not antisocial and egoistic behaviors in
third-party situations.
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Appendix
A.1. The Robbery Scenario

One day on the way home, you're going to make a very urgent call, and
a tremendous economic loss will be inevitable if you don’t call immedi-
ately. All of a sudden, a scene emerges:

One person (P) grabbed another person’s (Q) money, and P hurt Q
who was wounded on the ground, P shouted and then run away.

You were the only witness and you saw P’s appearance. You can:

® Call 110 (the police) and tell the police the robber P’s appearance
and direction;
@ Call 120 (the first aid center) to help the injured Q; or
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® Make your emergency call to avoid the tremendous economic loss.
Please arrange these calling options in order of priority:

A.2. The Traffic Accident Scenario
One day on the way home, you're going to make a very urgent call, and
a tremendous economic loss will be inevitable if you don't call immedi-
ately. All of a sudden, a scene emerges:

One driver (P) knocked down a pedestrian (Q) for driving offenses, P
shouted and then drove away.

You were the only witness and saw the license plate number of P's
car. You can:

@® Call 110 (the police) and tell the police the driver P's license
plate number;

@ Call 120 (the first aid center) to help the injured Q; or

® Make your emergency call to avoid the tremendous economic loss.

Please arrange these calling options in order of priority:
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