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Evidence from a long-term experiment that
collective risks change social norms and
promote cooperation
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Social norms can help solve pressing societal challenges, from mitigating climate change to
reducing the spread of infectious diseases. Despite their relevance, how norms shape
cooperation among strangers remains insufficiently understood. Influential theories also
suggest that the level of threat faced by different societies plays a key role in the strength of
the norms that cultures evolve. Still little causal evidence has been collected. Here we deal
with this dual challenge using a 30-day collective-risk social dilemma experiment to measure
norm change in a controlled setting. We ask whether a looming risk of collective loss
increases the strength of cooperative social norms that may avert it. We find that social
norms predict cooperation, causally affect behavior, and that higher risk leads to stronger
social norms that are more resistant to erosion when the risk changes. Taken together, our
results demonstrate the causal effect of social norms in promoting cooperation and their role
in making behavior resilient in the face of exogenous change.
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ARTICLE

rom climate change and habitat destruction to the spread of

infectious diseases, many contemporary societal challenges

pose collective action problems where groups benefit from a
shared outcome but individuals’ incentives drive them to free ride
on others’ efforts. While laws and other formal institutions can
foster cooperation to address global issues, they are often una-
vailable, unenforceable, or insufficient! and informal institutions
like social norms become essential>3. Despite their broad
scientific*® and practical importance’~?, the factors that lead
beneficial social norms to arise and change are insufficiently
understood. According to the tightness-looseness theory of
culture®10, in societies that experienced high threats (e.g., due to
frequent disease, environmental catastrophes, or intergroup
conflict) “tight” cultures emerge with stronger social norms and
low tolerance of deviant behavior, thereby enhancing order and
social coordination allowing these cultures to effectively manage
the risks they face. Conversely, in low threat settings “loose”
cultures arise that allow greater flexibility at the individual level
but are less able to overcome risks at the collective one. Social
norms, hence, are building blocks of culture that play a crucial
role in shaping behavior. Importantly, causal evidence that social
norms change in response to threat variants and that stronger
norms increase social coordination is lacking. Most studies that
test norm-change interventions on behavior, such as reducing
antibiotic prescribing, discouraging binge drinking, and
encouraging hand washing!! do so without explicit measures of
social norms and their strength. Other studies, which do measure
social norms and their causal effect on behavior®12-14, adopt
static approaches that cannot address norm change. As a con-
sequence, social norms are both hailed as solutions? yet remain
too vague for others!>.

To test whether social norms change in response to external
threats, whether they causally motivate behavior, and how this
affects their ability to solve cooperation problems we conducted a
30-day online experiment (n = 286) (Fig. 1). Compared to stan-
dard short-term designs, a longer-term experiment may allow
norms to emerge and evolve. We use an extensive set of
measures!® to identify social norms, establish their causal effect

Day 1

Days 2-29

on behavior, and measure their change over time in the context of
a modified collective-risk social ~dilemmal”18. Following
Bicchieri?, we define social norms as informal behavioral rules
that individuals follow conditionally on their belief that: (i) a
sufficiently large number of people in their community conform
to the rule (empirical expectations), and (ii) a sufficiently large
number of people in their community think that they ought to
conform to the rule and may be willing to sanction transgressions
(normative expectations). In this view, a social norm exists when
there is a set of individuals who are disposed to follow a beha-
vioral rule because they believe that both these conditions are
fulfilled.

We elicit subjects’ empirical expectations and normative
expectations in each of the 28 game-days to detect the basic
conditions for norms to motivate behavior. If social norms
explain cooperative behavior, we expect that both empirical and
normative expectations are positively associated with cooperation
(Hypothesis 1). Crucially, we elicit empirical and normative
expectations daily using distributions, not averages, allowing us to
identify convergence of expectations accurately and detect mul-
tiple or conflicting norms. We also manipulate social expectations
in a “conditional contribution” phase (i.e., with the strategy
method) on a subset of the game rounds to identify the causal
effects of empirical and normative expectations on behavior. We
expect that the manipulation of empirical and normative expec-
tations will result in changes in cooperation level such that higher
empirical and normative expectations elicit higher contributions
(Hypothesis 2). On the final day of the experiment after all
contribution decisions have been made, we give subjects a one-
time punishment opportunity. If social norms exist in our setting,
we expect that subjects will target uncooperative subjects with
punishment (Hypothesis 3a) and that subjects should also expect
that uncooperative subjects are punished (Hypothesis 3b)7. We
elicit punishment preferences only at the end of the experiment in
order to avoid influencing the in-game behavioral dynamics and
rule out instrumental motivations for punishment. To test whe-
ther different threats increase the strength of social norms, we
manipulate the risk of the collective loss (high risk vs low risk)
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Fig. 1 Structure of the experimental setup. Each day represents an experimental round. During day 1, participants performed four individual trait tests: Big
Five, risk preference elicitation, Autism spectrum and Social Value Orientation, and completed a short questionnaire. From day 2 to day 29 participants
were matched in groups of six people and interacted according to the collective-risk social dilemma answering questions on their expectations (asked in a
random order before or after the contribution decision) and deciding their actual contribution and their conditional contributions. Conditional contributions
were elicited on rounds 1, 5, 10, 14, 15, 19, 24, and 28. At the end of each round, participants kept their saved points if the threshold was reached, otherwise
they lost all their round points with probability p. The outcome of the conditional contribution decisions was calculated based on the contributions and
actual empirical and normative expectations of each group (see Supplementary Information Section 4 for details). Each day the groups were reshuffled.
During day 30, participants went through a punishment phase in which their punishment behavior and expectations were elicited. Subjects subsequently

received information about their results and payment.
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and we predict that different risk levels will influence the strength
of the evolved social norms. Moreover, by modifying the order of
the different risks, we examine whether stronger norms make the
behavior more resistant to change than weaker norms. If so, we
expect that the change in behavior is slower when a highly
probable threat becomes less risky than when a low risk one
becomes highly probable (Hypothesis 4)10. (see Methods for
preregistered hypotheses and analysis plan). In this way, we
provide an empirical account for how variation in experienced
risk leads existing social norms to change and how this affects
individuals’ ability to solve collective action problems.

We also isolate the effect of social norms from individual-level
factors that may determine contribution in our setting by mea-
suring subjects’ own beliefs about the appropriate way to behave
(personal normative beliefs>16) that are not conditional on the
expectations of others, a range of dispositional traits that plau-
sibly affect contribution and/or sensitivity to social norms (The
Big Five!®20, Social Value Orientation?!, Risk Preferences??,
Autism Spectrum Quotient?324), and demographic variables
(Supplementary Table 1).

In our collective-risk social dilemma, groups of six individuals
can avoid the risk of collective loss (the threat) by spending
money from their endowment (100 points every round) to reach a
common threshold (300 points). If the threshold is reached the
collective risk is averted and subjects keep their unspent points;
otherwise, they risk losing their earnings for that round with
probability p. The experiment was coded in oTree?> (IBSEN
version) and participants were recruited through the IBSEN
subject pool (http://www.ibsen-h2020.eu) and participated in one
of two experimental sessions involving 148 and 138 individuals
each in June 2018 and September 2018, respectively (the Supple-
mentary Information provides an English translation of the
experimental instructions in Section 1 and information on par-
ticipants’ demographics, dropout rates and summary statistics in
Section 2, Supplementary Table 1 and Supplementary Table 2). At
the end of every round, subjects are informed about the con-
tribution of their group members, the outcome, if a collective loss
occurred, and their individual payoff for that round. At every new
round/day, groups of six people were formed by shuffling active
(non-excluded) individuals. Excluded individuals are those who
either missed the first day or at least 4 decisions over the
remaining 29 days. Reshuffling individuals among groups allows
us to study how norms that regulate interaction among strangers
emerge and change at the level of populations instead of within
small fixed-groups embedded in long-term relations2®27. More-
over, reshuffling reduces issues from attrition since excluded
subjects can be grouped together after every round. Since subjects
do not know each other’s identity, the expectations that we elicit
from them do not concern behaviors or beliefs of specific others;
instead, they concern generalized others” behavior and beliefs and
thus demonstrate how general norms can emerge from small-
group interactions.

To test how risk affects social norms, cooperation, and norm
stability, we implement a within-subjects design. We manipulate
the risk probability (high: 0.9 vs low: 0.6). Once the risk prob-
ability changes, it is stable for the remaining rounds; participants
face one risk probability for rounds 1-14 and in the remaining
15-28 rounds they face a different risk probability. The between-
subjects treatments vary the ordering in which subjects face dif-
ferent risks: in High Low, they first experience high risk (rounds
1-14) followed by low risk (rounds 15-28) while in Low High this
order is reversed.

We evaluate the strength of social norms using three criteria:
(i) agreement between expectations of group members
(consistency?), (ii) whether expectations correctly predict the
behavior and personal normative beliefs of others (accuracy?),

and (iii) how specific the norm is concerning the range of
acceptable behaviors (specificity)® (see Section 5 of the Supple-
mentary Information for precise definitions and the measurement
scale; see Supplementary Section 3 for full model outputs of all
analyses discussed below). Punishing intensity and expectations
are elicited only in the last round of the game, hence by con-
struction, our norm strength index does not include it. While the
first two criteria capture the emerging group consensus around a
social norm and are consistent with Bicchieri’s conceptualization
as well as other empirical studies on norm measurement13:14
the criteria of specificity come from psychology and social
science®!?. The strength of a norm is content free, meaning that
strong norms are highly consistent, accurate, and impinge on a
specific behavior regardless of the particular behavior they pre-
scribe. To create a single norm strength measure, we define norm
strength = consistency X accuracy x specificity, where each of the
single factors are normalized to account for temporary differences
in group size due to inactivity or exclusion (consistency, accuracy,
and specificity turn out to be highly positively associated with
each other: r;, = 0.81, 7. = 0.99).

Results

Social norms and contribution. We start by testing the asso-
ciation between contribution and social expectations (empirical
and normative expectations), personal beliefs (personal norma-
tive beliefs), and dispositions based on unconditional contribu-
tions and expectations. Social expectations are strongly and
positively associated with contribution in all model specifications
(Table 1, Supplementary Table 3) (Hypothesis 1). Every unit
increase in empirical expectations and normative expectations is
associated with 0.59 and 0.52 higher contributions respectively
(Model 1) and together account for 22% of the variation in
contributions. Personal normative beliefs also have strong and
consistently positive significant associations with contributions.
Including this variable increases the R? of the previous model to
31% (Model 2). In contrast, adding variables for dispositions and
other factors only improves the model R? by an additional 4%
(models 3 and 4). The results are robust with respect to attrition
and the time-varying sessions. We manage attrition in two ways.

Table 1 Predictors of contribution.

Dependent variable: contribution

Independent Model 1 Model 2 Model 3 Model 4

variables

Empirical 0.590***  0.477*** 0.479*** 0.447***

expectations (0.105) (0.103) (0.101) (0.098)

Normative 0.521*** 0.212** 0.214** 0.224**

expectations (0.116) (0.081) (0.079) (0.076)

Personal beliefs No Yes Yes Yes

Preferences and No No Yes Yes

psychological

variables

Additional No No No Yes

controls

Constant —7.324 —-14.968**  —-19.383**  —16.212*
(6.613) (5.149) (7.802) (7.847)

R2 0.22 0.31 0.34 0.35

Observations 7433 7433 7433 7433

Linear regression model estimates with standard errors clustered according to 284 subjects.
Statistical significance calculated using two-sided t-tests. Preferences and psychological
variables contain social value orientation, risk preferences, Autism Spectrum Quotient, and a set
of Big Five variables for extraversion, agreeableness, conscientiousness, neuroticism, and
openness. Additional controls contain variables for treatment, collective risk, age, gender,
student, experience with experiments, and left-right political orientation.

"p<0.05, “p<0.01, p<0.001.
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Fig. 2 Conditional contributions and behavioral types. a Conditional contribution according to empirical expectations (EE) and normative expectations
(NE). High expectations imply at least 50 points and low expectations imply <50 points (e.g., the distribution for high normative expectations and low
empirical expectations displays conditional contributions if the majority of one’s group contributes <50 and believe that you all should contribute at least
50). n=283 individuals repeatedly measured during the experiment. Dashed lines and text values show means, hollow circle markers display medians,
bars represent the interquartile range, and spikes the upper- and lower-adjacent values (see also Supplementary Fig. 1). b The horizontal and vertical lines
divide the space according to subjects’ reactions with respect to a change in, respectively, normative and empirical expectations. Along those lines the
change in contribution, due to a change in the corresponding expectation, is null. n = 276 individuals. Source data are provided as a Source Data file.

First, reshuffling players among groups, by design, allows us to
account for attrition on group dynamics. Second, the sample
composition from round 1 to round 28 remains constant
throughout the experiment (Supplementary Table 2), and this
suggests that subjects are randomly dropping out and attrition
does not bias our results. We checked whether the starting sample
characteristics across the two experimental sessions vary and find
that they do not (Supplementary Table 1). Unconditional con-
tributions and expectations covary in a feedback loop. Our next
test demonstrates the causal effect of expectations on
contribution.

We also find that contributions are causally and substantially
influenced by empirical and normative expectations (Hypothesis
2). Figure 2a represents the subjects’ conditional contributions in
response to empirical and normative expectations. Mean
contribution is 33.90, 95% CI [31.34, 36.47] in response to low
empirical and low normative expectations, increases to 43.57,
95% CI [42.51, 44.64] under high empirical and low normative
expectations, increases further to 48.74, 95% CI [46.42, 51.07]
under low empirical and high normative expectations, and
reaches 51.73, 95% CI [51.04, 52.43] when both empirical and
normative expectations are high (Supplementary Table 4).
Participants increase their contribution in response to higher
empirical and normative expectations even reacting to a belief
(normative expectation) that has no material implication for
them. Strikingly, subjects respond more to normative expecta-
tions than they do to empirical expectations (difference,
p<0.001).

Further indicating the presence of cooperative social norms,
low contributors (<50), irrespective of risk, are punished with a
higher intensity (6.18, 95% CI [5.70, 6.67]) than those who
contribute 50 (2.33, 95% CI [1.94, 2.72]) or more (2.02, 95% CI
[1.61, 2.44] points (Hypothesis 3a) and subjects expect low
contributors to be punished with a higher intensity (7.03, 95% CI
[6.62, 7.46]) than higher contributors (contribute 50: 3.37, 95% CI
[2.93, 3.80]; contribute more than 50: 2.82, 95% CI [2.35, 3.28]
(Hypothesis 3b) (Tables S5 and S6).

Behavioral types based on social expectations. To understand
why cooperation changes according to expectations, we use k-means
clustering?8 to generate a stringent classification of subjects (Fig. 2b)
based on their responsiveness to empirical and normative expecta-
tions (see Supplementary Information Section 6; Supplementary
Fig. 2, Fig. 3; Supplementary Table 7 for individual predictors of
responsiveness). Social norms followers often manifest themselves as
conditional cooperator types?” yet the motivation for conditional
behavior remains unclear. Consistent with extensive literature?%-30,
we find conditional cooperators but we move beyond this typology,
which is based on behavior, and identify the types of expectations
that shape their conditional cooperation. Our method further iden-
tifies three sub-types of conditional cooperators whose behavior
depends on different response to expectations (consistent with Bic-
chieri’s work?7): empirical cooperators (11.6%; 32/276 of the parti-
cipants), who cooperate primarily because they think others will also
cooperate (empirical expectations), normative cooperators (14.1%; 39/
276) who cooperate primarily because they think others think that
they ought to cooperate (normative expectations), and social norm
followers (10.9%; 30/276) who cooperate due to both empirical and
normative expectations, that is put a similar weight on both. We also
find threshold-driven participants (26.5%; 73/276) who decrease
contribution when others increase3! and unconditional participants
(37%; 102/276), who do not change their behavior in response to
expectations. If we use a less stringent notion of social norm influence
based only on a positive response of contributions due to normative
expectations we find that 77.2% (213/276) of our subjects are posi-
tively influenced to some extent, increasing contribution by >1 in
response to high normative expectations.

Social norm strength in risky environments. We now turn to
the between treatment comparisons. In line with the conjecture
that tighter norms emerge in higher risk environments®10, we
find stronger social norms in the high-risk settings (Fig. 3, Sup-
plementary Fig. 4). Norm strength is 0.80, 95% CI [0.79, 0.81] in
high risk settings and 0.72, 95% CI [0.71, 0.73] in low risk settings
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Fig. 3 Social norm and contribution dynamics. a Norm strength (consistency x accuracy x specificity) as a function of the round. RDB indicates the Random
Decision Baseline of 0.424 (mean identified using 1000 simulations); the norm strength that would be observed if subjects made their decisions randomly for
contribution, empirical expectation, normative expectations, and personal normative beliefs. Shaded areas indicate 95% Cls with one observation per group;
based on n =284 individuals. Solid lines without shading indicate mean contributions (blue: High Low; red: Low High). b Distribution of norm strengths in the
two stages of the experiment at the group level (one observation per group based on n =284 individuals). Source data are provided as a Source Data file.

(difference: p<0.001, Cohen’s d=0.772) (Supplementary
Table 8). To help interpret these values, we used simulations to
calculate the social norm strength in a Random Decision Baseline
at 0.424. This is the social norm strength that would be achieved
by individuals making random decisions for their contribution,
empirical expectation, normative expectations, and personal
normative beliefs. The differences in social norm strength
translate into substantial differences in average cooperation (high
risk: 52.18, 95% CI [51.39, 52.97]; low risk: 48.00, 95% CI [46.47,
49.53; Supplementary Table 9) and the ability of groups to reach
the threshold: 0.48, 95% CI [0.44, 0.52] proportion do so under
low risk and 0.75, 95% ClIs [0.72, 0.79] achieve it under high risk
(Supplementary Table 10). Moreover, groups with stronger social
norms are likelier to reach the threshold level than groups with
weaker social norms (OR =5.793, s.e. = 3.049, p =0.001) (Sup-
plementary Table 11, Supplementary Fig. 6).

As norms are stronger and contributions higher in high risk,
we expected cooperation to prevail in the 0.9 part of High Low
and to slowly break down following a change in risk. On the other
hand, we predicted that cooperation is less established in the 0.6
part of Low High but will emerge after the change in risk. We test
this by comparing average contributions in the two treatments at
round 15 relative to what they were in the other treatment in
round 14 and analyzing the change of contributions from round
15 to round 28. We use round 14 contributions in the other
treatment as a baseline comparison (i.e., round 14 in High Low
against round 15 Low High and round 14 in Low High against
round 15 High Low) because these are the contribution levels that
are observed for the same risk level; for instance, round 14 in
High Low has risk 0.9 and round 15 in Low High has risk 0.9.

Consistent with this hypothesis (Hypothesis 4), in round 15,
average contribution in Low High (52.26) is already comparable
to the average contribution of subjects in round 14 of High Low

(51.89; difference: b=0.368, p=0.738) and this contribution
level remains stable until the end of the experiment (b = —0.061,
p =0.216) (Fig. 3). In contrast, contribution in High Low decays
slowly when the risk decreases. In round 15 of High Low,
contribution remains higher (49.29) than the round 14 contribu-
tion in Low High (46.72; difference: b = 2.568, p = 0.012) and this
decays as the experiment proceeds (b= —0.331, p=0.001)
(Supplementary Tables 12, 13). The difference between the two
treatments in their round 15 proximity to their baseline
comparisons is near significant although with large uncertainty
(b=2.937, p=10.051, 95% CI [—0.01, 5.88]), while the differences
between the treatments in the trajectory of contributions over
rounds 15-28 are significant (b = 0.270, p = 0.017, 95% CI [0.05,
0.49]). In addition, in the high part of Low High the percentage of
groups reaching the threshold 0.67, 95% CI [0.62, 0.73] is
significantly lower than in the high part of High Low 0.82, 95% CI
[0.78, 0.86], further demonstrating the inertia effect that social
norms can have on behavior (Supplementary Table 10).
Consistent with stronger social norms in the high-risk treatment,
punishment of low contributors is high and marginally higher when
the rounds directly before punishing elicitation are high risk, at 6.67
points, 95% CI [5.98, 7.36], than when these rounds are low risk at
5.78, 95% CI [5.11, 6.46] (difference: p=0.071) (Supplementary
Table 5). Moreover, subjects expect that punishing of low
contributors is more intense in the high-risk setting. Their
expectation in low risk is 6.64, 95% CI [6.05, 7.22] and in high
risk are 7.52, 95% CI [6.93, 8.11] (difference: b =0.88, p =0.039)
(Supplementary Table 6). On the other hand, punishing towards
contributors, 50 or above, does not differ depending on the risk of
the prior rounds. Punishing towards 50 contributors is 2.44, 95% CI
[1.90, 2.97] in low risk and 2.20, 95% CI [1.63, 2.78] in high risk,
whereas it is 1.99, 95% CI [1.42, 2.55] in low risk and 2.07, 95% CI
[1.45, 2.69] in high risk towards those who contribute more than 50
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(Supplementary Table 5). Punishing expectations of contributors
reflect the same finding (Supplementary Table 6).

Discussion

Consistent with our hypotheses, we find greater cooperation and
stronger social norms in the high-risk environment and slower
behavior change after a change in risk when social norms are
stronger. Moreover, social norms predict cooperation, causally affect
behavior, and lead to the punishment of norm-breakers. Our results
show that high risk of collective loss increases social norm strength,
reduces tolerance of deviance, and increases cooperation. Risk
changes norms and coordinates and motivates social expectations
and contributions leading to higher cooperation under high risk,
whereas stronger norms provide greater resistance to behavioral
change than loose ones. This is consistent with the tight-loose theory
of cultural change and is, to our knowledge, the first causal evidence
in support of this key assumption®!%; exposure to threats leads to the
emergence of stronger norms for organizing social interaction. Yet,
our results indicate that when the risk of a future threat decreases,
norm strength may diminish as well: an issue that has important
implications when designing policy interventions. Thus, once the
social dilemma has been provisionally averted, it may be important
to establish additional mechanisms to support compliance with the
evolved social norms and to help sustain cooperation even further
into the future. One possibility, along with others such as commu-
nication, is to favor the adoption of a distributed enforcement
mechanism like peer punishment. Somewhat counter-intuitively, our
results suggest that the appeal to enforcement mechanisms may be
especially important when the risk of collective loss is low because
social norms start losing their strength. We also demonstrate that
social expectations are stronger drivers of cooperation than personal
dispositions and individual factors that we measure, in line with the
previous work32. This suggests that it may not be necessary to shape
individuals’ dispositions in order to change behavior: shaping
expectations, which is often easier to do, can be sufficient3%33,
Another key observation is that social norms causally motivate
cooperative behavior and different individuals respond differently to
social expectations. Empirical cooperators respond positively to what
they expect others to do while threshold-driven respond negatively
to their empirical expectations; normative expectation-driven
cooperators and social norm followers respond positively to an
increase in normative expectations. This implies policy making must
embrace heterogeneity, designing interventions that reach all types
based on both empirical and normative expectations and avoiding
potentially harmful messages that focus only on empirical affairs that
may backfire for some individuals (threshold types in our context)34,
Finally, we have shown that a precise, measurable definition of social
norm allows quantitative analyses lead to insights about the feed-
backs between norms and behavior, leading in turn to specific
predictions of optimal behavioral change interventions relevant to
global societal challenges. Yet extensive space for research remains
on the role of social norms in social dilemmas. One particularly
important question is what would happen if the condition of threat
is even less extreme (e.g., the probability of collective loss is <0.5 or
the amount lost if it does occur is little) such that groups would be
better off in expectation from individuals not contributing. It might
then be possible that “harmful” social norms supporting cooperation
emerge, leading to accelerated detrimental effects. Further research
along these lines is urgently needed.

Methods

Experiment. We designed a 30-day online experiment using oTree2%. Subjects, on
the first day, completed the Big Five personality questionnaire, the Social Value
Orientation slider measure, the Autism Spectrum questionnaire, and a risk pre-
ference elicitation task. Subsequently, they participated in 28 rounds (one round

per day) of our variant of the collective-risk social dilemma. At the end of the
experiment (day 30), we elicited subjects punishing behavior, their expectations
concerning punishing, and they answered a short end questionnaire. All the
interactions in the experiment took place anonymously on computers or phones.

In the daily collective-risk social dilemma, subjects are randomly allocated into
groups of 6 and each subject receives 100 points endowment at the start of every
round, and decide how much of this to contribute to the collective pot. All
contributions to the pot are destroyed. If a threshold amount (300 in total) is
reached, subjects keep what they did not contribute as they avert the collective loss.
If the threshold is not reached, there is a probability (p) with which subjects have all
of their remaining endowment from that round destroyed and a probability (1-p)
with which they keep the points that they did not contribute. Contribution
decisions were made simultaneously and subjects were not able to communicate
with one another. Subjects were informed after each round of the contributions of
other group members. There were no identifiers for other players and the ordering
of contributions in a group was randomly determined. Groups were reshuffled
every round. Subjects were either “active”, “inactive”, or “excluded”. Active subjects
are those that completed all of their decisions on a given day, inactive subjects are
those who are still actively participating in the experiment (i.e., did not miss day 1
and have not missed 3 or more decisions in-game) but missed some decisions.
Excluded subjects are those who have been removed from the experiment because
they missed their decisions on day 1 or missed 4 or more decisions during the
game. To reduce the effect of inactive and excluded participants on our experiment,
excluded subjects were grouped together after each round, and inactive and
excluded subjects made their decisions for contributions, empirical expectations,
normative expectations, and personal normative beliefs, by randomly selecting a
value from the other active participants in their group.

We implement four treatments in a mixed within- and between-subjects design.
The within-subjects treatments change the risk probability (0.9 or 0.6). Subjects
face one risk probability for 14 rounds and in the other 14 rounds, they face a
different risk probability. The between-subjects treatments vary the ordering:
whether subjects face a 0.9 risk and then a 0.6 risk or vice versa.

To study whether subjects’ contribution was driven by the presence of social
norms, we elicited subjects’ Personal Normative Beliefs (PNB), Empirical
Expectations (EE), and Normative Expectations (NE). We elicited these beliefs
every round and randomly before or after their contribution decisions. Both the EE
and NE elicitations were incentivized by comparing the former against
contribution of their group and by comparing the latter against the PNB of their
group (see Section 4 of the Supplementary Information for further details). In
addition, on selected rounds of the collective-risk social dilemma (1, 5, 10, 14, 15,
19, 24, 28), we asked subjects to report their conditional contributions. This asked
subjects how much they will contribute to four combinations of high and low EE
and NE: if the majority of their group members put in [at least 50 points/<50
points] and believe that you should all spend [at least 50 points/<50 points]. We
incentivized this by identifying the EE and NE combination that held in the
subject’s group and they were additionally paid for this.

Subjects, 286 of whom participate in the experiment, were recruited from the
IBSEN subject pool (http://www.ibsen-h2020.eu). They are Spanish or residents in
Spain, are 30 years old on average, 56% are female, and 50% of them are students.
They earned an average of €19.97 ($23.62) including a €5 show-up fee. To reduce
dropout, one randomly selected subject received a 10* multiplier to their earnings
(to a maximum of €200). The research sample followed the requirements of
representativeness for lab/online experiments. Participants were contacted through
email and they played the on-line experiment either via computer or via mobile
phone. The data collection occurred in two sessions that lasted 30 days each: the
High Low session started on 4 June 2018 while the Low High session started on 3
September 2018. A total of 23 subjects dropped out or were excluded during the
experiment (3 in High Low and 20 in Low High).

We preregistered our study hypotheses and analysis plan on the Open Science
Framework at https://osf.io/f3cyt>.

The study complied with all relevant ethical regulations for work with human
participants. Informed consent was obtained from all subjects. The study received
institutional ethical approval from the Institute of Cognitive Sciences and
Technologies ethics board (Italian National Research Council, Rome, Italy).

Statistical methods. The statistics presented in the paper use parametric tests. We
used different regression models (OLS with clustered errors, logistic regression).
Section 3 in the Supplementary Information provides information on the different
models used to test the hypotheses of the paper. Data were analyzed using Stata IC
16.1 and R 3.6.3. The decisions of inactive and excluded subjects were removed
from the data before analysis.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability
The data generated in this study have been deposited in the Open Science Framework
(https://doi.org/10.17605/0sf.io/wvgk9)3>. Source data are provided with this paper.
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Code availability
The experiment and analysis code are available at the Open Science Framework (https://
doi.org/10.17605/0sf.io/wvgk9)3>.
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