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THREAT AND PUNISHMENT IN COOPERATION

Abstract
People are exposed to a wide range of aversive conditions, including climate change and
pandemics, which can have a profound impact on individual wellbeing and communal
functioning. While there is evidence suggesting that exposure to threat and the prospect
of punishment promote cooperation, the necessity of punishment in cooperation’s
maintenance under threat is largely unexplored. In the current study, we examined
whether the presence of threat requires less punishment to maintain cooperation. In a
laboratory experiment individuals in groups of three (N=60) were exposed (or not) to the
threat of electric shocks while deciding how much to contribute to the common pool.
Additionally, half of the tested groups (N=30) were subjected to a peer-punishment
procedure in which individuals had the option to deduct money (MU’s) from other group
members’ accounts. Heart rate and skin conductance were continuously measured while
participants were exposed to the aforementioned procedure. In comparison to the no-
threat condition, the threat of shock resulted in a neurophysiological freezing response
characterized by a reduction in heart rate and an increase in skin conductance. We find
that in contrast to our expectations, threat by itself does not promote cooperation and
punishment is needed in cooperation’s maintenance. Overall, our results suggest that the
presence of threat does not diminish the role of punishment in increasing cooperation.
Our results have implications for policy interventions designed to sustain cooperation
under threat.

Keywords: threat, punishment, cooperation, public goods game
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Introduction
Aversive conditions such as pandemics, climate change, and economic shortages pose
threats that, while having negative consequences on both individual and societal levels,
can be mitigated by cooperation (Boyd & Richerson, 2009; Fehr & Fischbacher, 2004;
Rand & Nowak, 2013). But what makes people remain cooperative in threatening
situations? There are findings indicating that the experience of threat can promote
cooperation (Dezecache et al., 2017; Shentu et al., 2018, Lojowska et al., 2022). Another
means shown to facilitate cooperation is peer-punishment (Lohse & Waichman, 2020).
Peer-punishment has been found to increase cooperation and reduce free-riding.
Specifically, people are willing to pay a personal cost in order to penalise those who
benefit from the public good without contributing themselves (Fowler, 2005; Hauert et
al., 2007). Compared to threat-induced cooperation, peer punishment is, however, costly
because it involves a waste of resources (e.g. waste of time or money) not only for the
punished but also for the punisher. The aim of the current study was to investigate
whether, in the presence of threat, cooperation would be maintained with less

punishment, provided a facilitating effect of threat on cooperation.

Throughout the evolution, humans have collectively fought threats such as contagious
diseases and natural disasters by cooperative efforts (Hauser et al., 2014; Milinski et al.,
2006, 2008). Although such threats have profound negative personal and social
consequences, people can achieve more synergistically than individually (Kallhoff, 2014;

Mawson, 2005; Mobbs et al., 2020). In pandemics, for instance, investing in public
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goods, such as in public healthcare is more beneficial than investing in individual
solutions such as buying a large number of very expensive antibiotics. However, human
cooperation is rather perplexing. That is because public goods necessitate everyone's
eagerness to contribute to their group, whereas consumption is available to everyone, not
limited to contributors (Dietz et al., 2003; Hardin, 2009). Thus, this aspect of non-
excludability increases the chance that people will try to benefit individually by enjoying
the benefits while not contributing to the common good. As a result, the public good is
often underprovided. The question is how cooperation can be sustained when social and
individual interests clash. To explain human cooperation, several theories have been
proposed. For instance, the theory of kin selection proposes that cooperation is preserved
among genetically related individuals (Hamilton, 1964). Theories of direct reciprocity
suggest that selfish motives enhance cooperation in long-term interactions (Dal Bo, 2005;
Trivers, 1971). The theories of indirect reciprocity imply that cooperation emerges in
larger groups because cooperators can establish reputation (Leimar & Hammerstein,
2001; Nowak & Sigmund, 1998). Yet, cooperation can break down among unrelated
people, in single interactions, and when reputational gains are small or absent. Since

human cooperation is fundamentally fragile, communities seek ways to sustain it.

Humans typically respond to threatening situations by undergoing neurophysiological
changes that influence decision-making (Fanselow, 1994; Ohman et al., 2001). At the
physiological level, defensive responses to threat manifest as sympathetically controlled
increases in skin conductance and parasympathetically driven decreases in heart rate
(Gladwin et al., 2016; Mackersie & Calderon-Moultrie, 2016; Roelofs, 2017). This

physiological state is typical of the physiological "freezing" response. Freezing triggers a
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state of hypervigilance and enhanced sensory processing, which allows the evaluation of
threat-relevant cues, resulting in optimal threat responses (Blanchard et al., 2011; Lang et
al., 2013; Lojowska et al., 2018; Sokolov & Cacioppo, 1997). Freezing, as a reaction to
threat, helps the person to adapt and improve its chances of survival. As a result of their
heightened emphasis on self-protection in the freezing state, humans may prioritize
personal interests over the interests of others (Engelmann et al., 2019; FeldmanHall et al.,
2015). For example, Engelmann and colleagues (2019), found that threat exposure
influences the neural circuity related to emotion processing and as a result, at a

behavioural level reduces trust among people.

Whereas previous research has contributed to explaining how people react to threat
exposure individually, the majority of threats humans encounter are, in fact, collective in
nature, and joint actions are frequently required to avoid them (e.g. climate change,
pandemics). The key element of collective threats is that individual responses and
decisions have an impact on not only themselves but also on others (Gross & Dreu, 2019;
Van Lange & Rand, 2022). Indeed, it has been found that cooperation among people
breaks down over time due to the conflict between self-interest and collective interest
(Fehr & Géchter, 2001; Lehtonen & Jaatinen, 2016; van Dijk & De Dreu, 2021).
However, when individual survival is at stake, more collective responses are observed
among group members exposed to aversive conditions (Hamilton, 1971; loannou, 2021;
Lehtonen & Jaatinen, 2016). Specifically, aggregation in response to predation is
commonly observed in various animals such as fish and birds (Beauchamp, 2004; Hoare
et. al., 2004), which according to the “safety in numbers” principle helps to increase the

survival of an individual (loannou, 2021; Lehtonen & Jaatinen, 2016). Collective
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responses and prosocial decision making in threatening situations have also been
observed in humans. People may “stick together” and take collective action to protect
themselves (Calo-Blanco et al., 2017; Lojowska et al., 2022; Mawson, 2005; Tedeschi et
al., 2020; Vieira et al., 2020). For example, Tedeschi and colleagues (2020), found that
when there is a chance of threat, people tend to band together and choose groups with a
larger number of members. In a real-life example, Vieira and her colleagues (2020)
examined how the threat caused by the COVID-19 pandemic influenced people’s helping
behaviour. The results revealed that the experience of anxiety triggered by the experience
of ongoing pandemics (i.e., COVID-19) was associated with more altruistic behaviour,
such as helping strangers or donating blood. Finally, in a laboratory experiment,
Lojowska and colleagues (2022) tested the effect of anticipatory threat state on
cooperation in small groups. They used a public goods game where participants decided
in multiple trials their (monetary) contributions to the common pool, either under the
threat of electric shocks or in a safe condition. The results revealed that whereas in non-
threatening conditions, a typical pattern of time-dependent reduction in cooperation was
observed, a sustained level of high cooperation was observed during the threat condition
Overall, these data support a view that threat promotes affiliation, and that humans tend

to act more prosocially during collective exposure to threats.

Peer punishment has been recommended as a strategy for maintaining cooperation,
mainly by reducing free riding. Peer punishment refers to people’s tendency to punish
others, primarily, for their lack of cooperation. Cooperation gradually deteriorates due to
the risk of cooperators being exploited by those who profit from public assets without

contributing (free-riders). However, if those who profit from others' cooperation are
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penalized, free-riding becomes less attractive and, thus, cooperation may persist
(Balafoutas et al., 2014; Fehr & Schurtenberger, 2018; Lohse & Waichman, 2020;
Molleman et al., 2019) Altruistic punishment, although beneficial for cooperation, might
be viewed as a "double-edged sword": it helps to maintain cooperation, but is costly for
the punisher. For instance, some people could argue with someone who parks their car in
a disabled parking space. On a personal level, there is no benefit from this activity, but it
can be costly due to time-wasting. The motivational factors of altruistic punishment have
been widely studied (Li et al., 2021; Nikiforakis, 2010). Personality characteristics, such
as inequality aversion, which refers to people's inclination to take actions that promote
fairness and eliminate inequality, prosociality, which refers to people's tendency to care
for the well-being of others, and altruism, which refers to people's proclivity to treat
others with unreserved generosity, explain why some people are eager to punish others
(Engel, 2014; Fehr & Fischbacher, 2003; Fehr & Géchter, 2002; Fehr & Schmidt, 2010;
Wang et al., 2021). Overall, despite its puzzling nature, in a number of experimental
research punishment has been shown to promote cooperation and diminish free-riding,
owing to people's eagerness to punish those who take advantage of others' cooperation,
even if it is costly on a personal level (Boyd & Richerson, 2009; de Quervain et al., 2004;

Yamagishi, 1986).

Together, both threat and peer punishment have been shown to promote cooperativeness.
The above evidence, however, raises a question of whether the presence of threat requires
less punishment to maintain cooperation, given the waste of resources associated with

punushment.
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The aim of this study is to examine whether an anticipatory threat state can reduce the
need for peer punishment in cooperation maintenance. To this end, we used a public good
game with punishment. Participants played the game under the threat of electric shocks
and safe condition (no shocks). Additionally, half of the groups were given a punishment
option, i.e., to deduct Deduction Points (DPs) from other participants’ accounts. We
hypothesised that if the facilitating effects of threat reduce the need for peer- punishment,
less Deduction Points will be deducted in threat compared to safe condition in
punishment condition. Additionally, we expected to replicate previous findings on the
enhancing effects of threat on cooperation (Lojowska et al., 2022), especially in the
control condition. We also expected, and in line with previous studies, to find overall
larger cooperation during punishment versus control (no-punishment) condition (Fehr &
Gachter, 2002; Fehr & Fischbacher, 2003). Lastly, to examine whether our threat
manipulation was successful in evoking a typical physiological response pattern under
threat, we measured participants’ heart rate and skin conductance. We expected that if
anticipatory threat triggers sympathetic and parasympathetic activation, we should

observe an increase in skin conductance and a decrease in heart rate, respectively.

Materials and Methods
Participants and ethics
Using G Power 3 software (Faul et al., 2007), we calculated that to achieve results at
adequate power (1 — B > 0.8) and medium effect size (n?=.06), a sample size of 176
participants was required to test. Therefore, a total of N = 60 three-person groups were

collected (30 groups for each between-subject condition). Of the 180 tested participants,
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131 were females and the average age of all participants was 21.6 years old. All groups
were mixed gender. As assessed using the Social Value Orientation task (SVO, Murphy
et al., 2011), 153 were “prosocial”, 26 were “individualists” and 1 was “altruist”. 0.77%
of all trials were removed from the analyses because participants did not contribute
actively in these trials, and in which contributions were decided by the computer. Trials
involving shocks (i.e. 10% of all trials) were also removed from the analysis since we

were primarily interested in anticipatory threat states rather than threat exposure itself.

The characteristics of the sample were the following: healthy participants aged between
18 and 35 years, no history of neurological, psychiatric, and cardiovascular conditions,
sufficient understanding of written and spoken English and no use of psychotropic drugs

within the past two weeks, no pregnancy (or doubt of being pregnant).

The study was approved by the ethics committee of the Faculty of Social Science of
Leiden University, The Netherlands (ethics approval number: 2021-05-03-M. Lojowska-
V2-3170). All participants provided written informed consent before the experiment and
upon completion debriefed and paid and received financial compensation or course
credits for their participation (i.e., 3.50 euro or 2-course credits). In addition, participants
earned extra money with the decisions they made during the experiment (ranging from
7.07 to 17.26 euro). To preserve anonymity, payment was computed individually paid
immediately after the end of the task by mobile bank transfer. No deception was involved

in this experiment.
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Shock administration and physiological measurements

To examine our hypothesis of the effect of threat on group cooperation, we induced an
anticipatory threat state. The anticipatory threat state was operationalized through the
chance of receiving unpleasant, but not painful electric shocks, during the public goods
game. Electric shocks were delivered transcutaneously through the participant’s fourth
and fifth distal phalanges of a dominant hand using Digitimer Constant Current
Stimulator DS5 or DS7 (www.digitimer.com) and standard Ag/AgCl electrodes. The
duration of the electric stimulation was 200 ms, with a 50Hz repetition of 10 pulses. The
intensity of electric shocks will vary between 1.2mA (level 1) to 10mA. The intensity of
the shocks used in the experiment was adjusted at the individual level to ensure that the
shocks were unpleasant, but not painful. Shock calibration was performed using a
standard shock calibration procedure comprising approximately 5 shock presentations.
After each shock administration, its intensity was adjusted according to the participant’s
verbal reports of its unpleasantness on a scale from 1 (not unpleasant) to 5 (very
unpleasant). When the intensity was rated as 5, participants were asked a follow-up
question about whether the shock was painful. If they responded with a no, the current
shock level was subsequently used in the experiment. If they responded with a yes, the
shock level was reduced, and only a shock level rated as non-painful was subsequently
applied in the study. The shock intensity obtained during this shock calibration procedure

was subsequently used used in the public goods game.

To objectively assess whether our threat manipulation was successful, we recorded heart

rate (HR) and skin conductance (SC). HR was used for offline assessment of the

10
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parasympathetically controlled heart rate deceleration, i.e., physiological index of
freezing, whereas SC was used as an index of sympathetic activity. HR and SC were
acquired throughout the task using a BIOPAK MP 150 system (Biopak Systems, Goleta,
CA, USA). The sample rate was set to 1,000 Hz. HR was measured using disposable
ECG electrodes attached to the participants’ chests. Skin conductance data were collected
with two standard Ag/AgCl electrodes attached to the second and third distal phalanges

of the participant’s non-dominant hand (Figure 1).
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Right arm Left arm O ECG electrodes
O Ag/AgCl electrodes for SC

A Ag/AgCl electrodes for electric

shocks

Figure 1. Physiological measurements. Heart rate (HR) was measured by disposable
ECG electrodes attached to the participants’ chests (sample rate 1,000 Hz). Skin
conductance (SC) data were collected with two standard Ag/AgCl electrodes attached to
the second and third distal phalanges of the participant’s non-dominant hand. Electric
shocks were delivered transcutaneously through the participant’s fourth and fifth distal

phalanges of a dominant hand using standard Ag/AgCl electrodes.

12
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Experimental procedure and Design

Prior to the experiment, an information email was sent to all participants including the
description of the study, the exclusion criteria, and Covid-related information applied at
the time of the experiment. Participants were informed that the experiment will take place
in the lab and that they are going to make a number of decisions together with other
participants. They were further informed that their participation will be anonymous and
that their identity will not be revealed to other participants. Although participants were in
the same room, their anonymity was protected through the following measures: (i) they
were asked to arrive at the lab with a 5-minute difference, so they will not meet each
other before, during, and after the experiment, (ii) they were seated in separate cubicles
and they were not able to see each other during the experiment, and iii) the participants
were asked to wear ear mufflers during the experiment, so they will not hear each other

(e.g. keyboard presses, reactions to shock administration).

Upon arrival, participants were asked to read and sign the consent form. Subsequently,
heart rate (HR), skin conductance, and shock electrodes were attached and informed by

the researcher that they can start the experiment.

Participants first completed the following questionnaires: the State and Trait Anxiety
Inventory (STAI, Spielberger et al., 1970), to measure anxiety level, the Social Value
Orientation task (SVO, Murphy et al., 2011) to measure social preferences, and the

Staircase Risk Elicitation Task (RET, (Falk et al., 2016; Holzmeister, 2017) to measure
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risk preferences (Figure 2). In the current study, only the Social Value Orientation task

was analysed.

During the SVO task, the participants were asked to make fifteen decisions on how to
allocate money between themselves and the other participants in the lab. In each decision,
they could either allocate the money in a way that maximises their own pay-off (self-
serving, i.e., 100 points allocated to oneself and 50 points to the other person) or in a way
that benefits the other person (altruistically, e.g., 50 points allocated to one-self and 100
points to the other person. The pattern of their decisions determined their “social value
orientation angle”, with larger the values indicating more baseline prosociality (Murphy

et al., 2011).

Next, the shock calibration procedure was performed individually (see above) and
participants were asked to read the instructions for the public good game and answer
comprehension questions. Participants had to answer all the comprehension questions

correctly before starting the public goods game.

Upon completion of the public good game, participants completed demographic
questions (age, gender, and field of study), and debriefing questionnaires e.g., about
whether they knew other participants in the study or how many shocks they have
received. Finally, participants were debriefed and paid. During debriefing, they were
informed about the purpose of the experiment. The total earnings were the sum of the

Social Value Orientation Task (Murphy et al., 2011), the Staircase Risk Elicitation Task
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(Falk et al., 2016), and one block of the public goods game. The block of the public

goods game that was used was chosen randomly.

Public goods game

To examine our hypotheses of the effect of threat and punishment on cooperation we
used a linear public goods game (Wit & Wilke, 1998). The task was performed in a group
of 3 participants. Participants performed the public good game under the threat condition,
which was the within-subjects factor, with two levels (“safe” = no electric shocks were
received, and “threat” = electric shocks) and under punishment conditions, which was the
between-subjects factor, with, also, two levels (“peer-punishment” and “control””). Threat
and safe conditions were indicated through a red and green colour of the participants’
icons, respectively, displayed on screen during the decision and feedback parts of a trial.
When the icons were red, participants could receive an electric shock to their fingers.
Shocks were incidental, i.e., independent of behavioural responses, and all participants
received them simultaneously. No shocks were delivered in safe trials. Feedback

followed by an ITI (inter-trial interval) of 2-4 seconds.

At the beginning of each trial, each participant received an endowment of 10 MU. On
each trial, participants had to decide how much of this endowment they wanted to
contribute to the group pool (reflecting other-regarding preferences) and how much to
keep for themselves (reflecting self-regarding preferences). A total contribution to the
group pool was multiplied by a factor of 1.5 and divided equally among the three

participants. The public goods game poses a social dilemma to groups. A total benefit of
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15 MU is achieved for the members of the group, when all group members fully
cooperate, by investing all of their resources to the public good. While the full
contribution of all group members to the group pool maximizes group earnings,
individual group members earn even more by withholding their own MU and benefit
from the contributions of others (free-riding). For example, if one member contributes
zero (0) (free-riding) to the group pool and the other two members fully contribute (10 x
2 x 1.5= 30 MUs in the group pool), the free-rider will gain 20 MUs (10 MUs, his own
endowment + 10 MUs from others contribution to the common pool), which are more
than the 15 MUs that this individual would earn if fully contributed to the common pool.
After the decision phase, feedback displayed for 10 seconds containing information on
individual and others’ contributions to the group pool and everyone’s earnings from a
given trial. The duration of the decision phase was 10 seconds as this period was the
minimum duration required for the acquisition of physiological data. If participants did
not make a decision within the decision window, their contribution was chosen randomly
by the computer, but the participants themselves earned 0 in that specific trial. This was
done to encourage participants to make active decisions on each trial. This procedure was

known to the participants beforehand.

Additionally, half of the tested groups (30 groups) were exposed to a peer punishment
procedure. Specifically, following the feedback phase, participants had an option to
punish other participants by means of deducting Deduction Points (DPs) from other
participants’ accounts. The cost of each deducted DP was 1 MU for the decision-maker,

and 4 MU for the punished participant. After the deduction phase, participants received

16
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feedback on how many DPs each of them had deducted and received in total (they did not
know from whom they received the DPs exactly). These two phases of peer punishment

(decision making and feedback) were not time-constrained.

In the current study, a 2 x 2 mixed factorial design was conducted. We used threat
condition as a within-subject condition with two levels: safe and threat, and peer
punishment as a between-subject condition with two levels: presence and absence of
punishment. Each condition was organised in blocks of 15 consecutive trials. Threat
condition was counterbalanced, i.e., half of the groups started with a safe, and another
half with a threat condition. Shock trials represented 10% of all trials, i.e. 3 trials with
shocks during the whole task. All tested groups (60 groups) were exposed to both levels
of threat condition (i.e. threat and safe). Additionally, half of the tested groups (30

groups) were exposed to a peer punishment procedure.

17
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Figure 2. Experimental procedure and the public goods game. A) Experimental

.. .e. '.

procedure; STAI, State and Trait Inventory; RET, Staircase Risk Elicitation Task; SVO,
Social Value Orientation, PGG; Public Goods Game. The duration of the experiment was
about 60-90 min. B) Public goods game. (a) Control (no-punishment) condition. In the
decision making phase, participants (in a group of 3, red icons) decided on how much of
their initial endowment to contribute to a public good (blue circle), keeping the remaining
amount. In the outcome phase (10sec), participants were informed of their individual
contributions to the group pool and their earnings. (b) Punishment condition. Half of the
tested groups were additionally exposed to a peer punishment procedure. During the
punishment phase, participants had an option to punish other participants by means of
deducting Deduction Points (DPs) from other participants’ accounts. In the outcome
phase, participants were informed on how many DPs each of them had deducted and

received in total.



THREAT AND PUNISHMENT IN COOPERATION 19

Data Analysis

The statistical analyses of the behavioural and physiological data were performed in R (R
version 4.1.2: 2021-11-01) and SPSS ( IBM SPSS Statistics for Windows, Version
27.00). The analyses were performed using Repeated Measures ANOVA, using
ezANOVA function (ez package, version 4.4.0), and regression analysis, using Im
function (DAAG package, versionl.24). In order to examine whether our threat
manipulation was successful, we assessed the effect of threat on heart rate (HR, reflecting
parasympathetic activity), and skin conductance levels (SCL, reflecting sympathetic
activity) during the public goods game. Baseline-corrected HR and SCL responses (i.e.,
means of HR during the decision making phase were subtracted from the baseline
represented by the mean of the HR in 20-sec breaks preceding a given block of trials
were calculated for each participant. A repeated-measures ANOVA was conducted with
the threat condition as within-subjects factor, the punishment conditions as a between-
subjects factor, and the baseline-corrected HR responses as the dependent variable. The

same analysis was performed for SCLs.

Individual contributions to the public good in the public goods game (range 0-10 MU)
were used as an index of cooperation. In order to measure the effect of threat and
punishment on cooperation, a repeated-measures ANOVA with threat condition (safe,
threat) as within-subjects factor, peer punishment (present, absent) as the between-
subjects factor, and individual mean contributions as the dependent variable were

conducted.
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Additionally, we were also interested to what extent the threat and punishment
manipulations influence free-riding behaviour in the public goods game. Free-riding was
observed in those trials where participants contributed nothing (0 MU) to the group pool.
For our analyses, we calculated the percentage of free-riding decisions participants made
in each condition. In order to measure the effect of threat and punishment conditions on
free-riding, a repeated-measures ANOV A with threat condition (safe, threat) as within-
subjects factor, peer punishment (present, absent) as a between-subjects factor, and the

percentage of individual free-riding decisions as the dependent variable was conducted.

Finally, we tested whether the number of assigned deduction points in punishment
conditions differs between threat and safe trials. To this end, a repeated-measures
ANOVA with threat condition (safe, threat) as within-subjects factor and the mean of

assigned deduction points as the dependent variable was conducted.

It should be noted that since the participants performed the task in groups, behavioural
responses between these participants may be interdependent. Because it is not feasible to
conduct nested analysis in ANOVA, in our analyses, we did not account for the fact that

participants were nested in groups.
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Results
Physiological results
In order to determine whether our threat manipulation was successful, we examined the
effect of threat conditions on HR and SCL. We first tested the effect of threat on heart
rate reflecting parasympathetic activation. The results showed that threat resulted in
changes in heart rate (HR), F(1,142) =4.88, p =.028, n? = .01, with lower HR in the threat
(M =-2.43, SD = 7.05) compared to safe condition (M = -1.25, SD = 6.42), (Figure 3).
HR did not differ between control and punishment conditions, as indicated by a non-
significant main effect of punishment F(1,142) = 3.23, p =.074, n? = .01. Finally, the
interaction between threat and punishment conditions was non-significant,
F(1,142)=1.28, p =.25, n?>= .003 suggesting that the effect of threat on HR did not differ

between control and punishment conditions.

Next, we tested the effect of threat on SCL reflecting sympathetic activation. We found
that threat induced larger SCL responses F(1,142)= 65.06, p <.001 n?= .20, with higher
SCL in threat (M = 1.19, SD = 2.61) compared to safe condition (M = -0.68, SD =1.75),
(Figure 3). Neither punishment, F(1,142)=0.28, p=.59, n? < .001 nor its interaction with

threat condition F(1,142)=1.64, p=.20, n? =.006 were significant.

These results support the conclusion that our threat manipulation was successful in
evoking a typical physiological response pattern under threat, and that these responses

did not differ as a function of punishment condition.

21
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Figure 3. Physiological responses during the public goods game. (A) Baseline-corrected
heart rate (HR) responses. Lower heart rate (HR) responses in threat compared to safe
conditions reflect parasympathetic activation. (B) Baseline-corrected skin conductance
levels (SCL) responses. Higher skin conductance levels (SCL) in threat compared to safe
condition reflect sympathetic activation. uS: microSiemens; bpm: beats per minute. Error

bars represent standard errors of the mean.
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Behavioural results

We first tested the effect of threat and punishment conditions on cooperation.
Cooperation was defined by participants' contributions (in MU) to the group pool in the
public goods game. We found a significant main effect of the punishment condition on
cooperation, F(1,178)=15.15, p <.001, n?= 0.07 with higher overall contributions in
punishment (M =6.82, SD = 2.05) compared to control condition (M =5.51, SD = 2.65)
(Figure 4). This result is in line with the previous studies (Fehr & Schurtenberger, 2018;
Lohse & Waichman, 2020; Molleman et al., 2019) where punishment was successful in
increasing overall contributions to the public good. The main effect of threat
F(1,178)=0.10, p = .74, n* < .001 was not significant, suggesting that cooperation did not
differ between safe and threat conditions. Finally, the interaction between threat and
punishment conditions was not significant F(1,178)=0.41, p=.51, n? < .001, suggesting
that the effect of threat on cooperation did not differ between control and punishment

conditions.

Next, we examined the effect of threat and punishment conditions on free-riding. Free-
riding was defined as 0 MU contributions to the group pool in the public goods game.
First, we found a significant main effect of punishment on free-riding F(1,178)=8.89,
p=.003, n?>= 0.03 with more free-riding decisions observed in control (M =6.60, SD =
2.83) compared to punishment condition (M = 2.05, SD =1.59) (Figure 5), further
confirming that our punishment manipulation was successful. The main effect of threat
F(1,178)=0.26, p=.61, n>< .001, was not significant suggesting that free-riding was not

different in safe compared to threat condition. Finally, the interaction between threat and
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punishment conditions F(1,178)=1.04, p=.30, n? =.001, in free-riding was also not
significant suggesting that the effect of threat on free-riding was not different in control

compared to punishment conditions.

In our next analysis, we focused on the deduction points and whether the magnitude of
assigned deduction points differed between threat and safe trials. Deduction points were
defined by the number of Deduction Points (DP) participants had deducted from other
participants' accounts. The analysis revealed that there was no difference between threat
and safe conditions in the number of Deducted Points during punishment condition,

F(1,89)=2.99, p=.08, 12 = .002.
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contributions (MU)

conltrol punishment
punishment condition

Figure 4. Mean contributions to the public good. Participants contributed more in

punishment compared to control condition. MU, Monetary Units



THREAT AND PUNISHMENT IN COOPERATION

free-riding decisions (%)
I

Coﬁtrol Punis'hment
punishment condition

Figure 5. Fee-riding decisions in the public goods game. Free-riding decisions are
represented by null contributions to the group pool. Higher percentage of free-riding

decisions in control compared to punishment condition
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Exploratory analyses

The relationship between SVO and contributions

Previous studies have shown that individual baseline prosociality modulated the
relationship between threat exposure and cooperation, with higher baseline prosociality
associated with more cooperation under threat (Lojowska et al., 2022). Thus, in the next
exploratory step, we aimed to investigate whether and how baseline prosociality
moderates the effect of threat and punishment on cooperation. To this end, we performed
repeated-measures ANOVA, with the threat condition as within-subjects factor, the
punishment conditions as a between-subjects factor, the SVO angle as a covariate, and
mean individual contributions as the dependent variable. The analyses revealed a
significant main effect of baseline prosociality, F(1,176) = 6.09, p = .015, n? = .033 with
larger baseline prosociality associated with more cooperation (Figure 6). The interactions
between baseline prosociality and punishment condition F(1,176) = 2.00, p =.158, n? =
.011, as well as between baseline prosociality and threat conditions, F(1,176) = .359, p =
550, n? =.002, were non-significant. Finally, the interaction between threat condition,
punishment condition, an