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1. Analytical results

Recall that the parameter p stands for the probability of meeting an in-group partner in the dyadic
interaction. Based on the expected payoffs of our three types of agents (see numerical
simulations in the Methods section), we can characterize the population compositions at which
various types will perform better or worse than others. To simplify the analysis, we will

compare earnings of agents of different types that belong to the same group.

Universal cooperators will out-compete free riders as long as:
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Similarly, we can compare parochial types with free-riders:
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As well as universal and parochial cooperators with each other:
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Recall the identity N = kn;. We will use the following approximations:
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We are mainly interested in the effect of p on the survival of each type. To examine whether free-
riding prevails or disappears, we combine universalists and parochialists into a single category of

cooperators.



Non-fluid groups: p=1
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This means that with non-fluid groups, the success of some form of cooperation requires that the
share of either type of cooperator — whichever is the largest — in the group to exceed the costs-
benefit ratio of cooperation-to-helping. This has the obvious implication that in our setting of ¢, =

1, the net benefits of helping have to be at least 1.
Comparing the two forms of cooperation, we get:
Tp; > Mg < Ny; > Np;.
Thus, in a non-fluid case, the more numerous type of cooperator will spread.
Fluid groups: p = 0.5
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The case of two groups (k = 2) provides an interesting special case. The condition becomes:
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Effectively, the condition states that free-riders will be driven out if the share of either the fotal
number of universal cooperators, or the share of in-group parochialists in the entire population
exceeds the cost-benefit ratio of cooperation-to-helping. Compared to non-fluid groups, we see

that out-group universalists begin playing a role in tipping the balance in favor of cooperation.
Comparing the two forms of cooperation, we get:
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Tp; > Mg & Np;.

The left-hand side can be understood as a weighted average of in- and out-group universalists. For
k > 2, we see that in-group universalists still receive a large weight. For £ = 2, the condition

simplifies to:

TTp; > Y[5:0] (= ny > Np;.



Thus, the total number of universalists is pitted against only the in-group parochialists. If half of
the population becomes universal cooperator, this condition is always satisfied. Hence,
universalists are more likely to take over the population in groups with fluid, rather than non-fluid

group boundaries.
Exploitation of universal cooperation

The above comparisons hold between agents of various types within the same group. However,
and especially when considering competition between universal and parochial cooperators,
parochial types may spread more easily. To understand this dynamic, consider the simple case of
two groups, one composed entirely of universalists and the other entirely by parochialists.
Parochialist types benefit from both their club good, as well as the public good paid for by

universalists and will, hence, earn a higher payoff, and eventually drive out universalism.

Take the setting with two groups (k = 2), where one group is composed entirely of universalists,
while the other contains both universalists and parochialists. Then, independently of fluidity p,

parochial types can still dominate as long as:

npi bp—c

Tp; > My & 2> —A—
n; bp—cp+bce
and

Tp; > My < Np; > Nyj.

Interestingly, in this setup, the competition between the two cooperative types is decided entirely
by the costs and benefits of helping, as well as the return of the club good, and is independent of

both fluidity and group size.

2. Numerical simulations
2.1. Imitation and contact

In our main model, we assume that imitation takes place across groups based on the payoffs of
different strategies. The more successful a strategy is in the population, the more likely it is to be
copied. However, one could also assume that group membership and the probability to meet in-

group vs. out-group members (i.€., p) biases the strategy imitation process, such that an agent that



adapts their strategy has a higher likelihood to copy a strategy from an in-group member, the more
likely it 1s to interact with in-group members in stage 2. In the extreme case, when in-group
members only meet in-group members in stage 2 (p = 1), this would mean that agents only imitate
strategies from the in-group, since they have ‘no contact’ with out-group members in stage 2. To
test how these assumptions would influence the results of our model, we ran additional numerical
simulations in which the probability to switch to a type y depends on the payoffs of type y in group
A and B weighted by the probability of meeting in-group vs. out-group agents in the population:
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Under p = 0.5, the probability of agent x4 switching to strategy y is equally influenced by the
relative success of strategy y in its own or the other group, exactly like in our original model. At
the other extreme, under p = 1, the probability of an agent x4 to switch to strategy y only depends
on the success of strategy y in group A. In other words, agents only imitate other strategies from
their own group but are unaffected by the success of different strategies in the other group in this
case. This corresponds to assuming that groups are completely isolated, and evolution (or learning)
only takes place within each confined group (when p = 1). With decreasing p, the success of
strategies in the opposing group are gradually integrated. Under p = 0.5, imitation takes place
across group boundaries without any group bias in the learning process. Figure S1 shows the result

of the numerical simulation for this adjusted Moran process.
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Figure S1. Numerical simulation results when the Moran process is biased by group membership and the
probability to only interact with in-group members (p).



The general results are very similar to our original model specification (with ‘global’ learning; see
Fig. 2A-C in the main manuscript) under 0.5 < p < 1, and — by necessity — exactly the same under
p=0.5. Yet, under p = 1, we observe a similar proportion of universalists and parochialists under
sufficiently high bs. For example, under b, = 5, four population compositions are stable, and they
all emerge with the same probability of 17.7%: (a) a population of only parochialists, (b) a
population of only universalists, (c) group A consisting of only parochialists and group B
consisting of only universalists, (d) group A consisting of only universalists and group B consisting

of only parochialists.

With this model setup, state (c) and (d) can be stable because there is no selection across groups
taking place anymore. Parochialists in one group benefit from their club good and the public good
provided for by universalists in the other group, leading to payoff inequalities across groups.
Despite this inequality, universalists do not adopt their strategy in this case (or die out), since
imitation is only taking place within the boundaries of the group. Hence, while groups are
structurally interdependent (i.e., they share a public good), an assumption of complete isolation
(i.e., no adaptation taking place across group boundaries) can, in this case, lead to (stable) cross-

group exploitation.

The assumption of no learning across group boundaries under p = 1 thus creates a step transition
in which certain configurations become stable that are not stable anymore already for slightly lower
values of p. At the same time, for lower values of p, this new model does not generate qualitatively

different results or insights.
2.2. Marginal per capita return (MPCR) of club goods and public good

In the main manuscript, we report how the parameters b, and p influence the cooperation dynamics
based on numerical simulations. Specifically, the results show how the benefit of helping (b,)
governs whether cooperating agents can survive against free-riders at all while the meeting
probability within vs. between group boundaries (p) determines what type of cooperation emerges
(i.e., universal or parochial cooperation; see also above). Another factor that influences the relative
payoff of parochial vs. universal cooperators is the benefit from the club good (bcc) relative to the
benefit from the public good (brg) (9—11). In the reported simulations and the behavioural study,
we set bcg to 2 and bpg to 3 (for the case of 2 groups with 4 agents each). This is an interesting

case to consider because the individual return from universal cooperation is lower than the



individual return from parochial cooperation (bpc/N < bcc/n), while the efficiency (or, in other
words, the social welfare of full cooperation) of public good provision is larger than club good

provision (i.e., br > bca).

Here we report additional results from numerical simulations in which we varied the parameters
bpg and bcg along our main variables of interest (b, and p). Figure S2 shows how these parameters
influence the relative frequency of parochial vs. universal cooperation. With higher bcg, parochial
cooperation increasingly dominates the parameter space even when the likelihood to meet out-
group members is high (i.e., low values of p; as can be seen in the change of the population
composition from left to right in Fig. S2). Also note that this dynamic is unaffected by a change in
brc (as can be seen by comparing the population composition from top to bottom in Fig. S2). This
is because the benefits of public goods provision affect the payoff of all agents in the population
equally by definition and cannot create a relative advantage for universal cooperators compared to
other agents. In contrast, the benefit of club good cooperation provides a relative advantage for
groups populated by parochialists compared to out-groups comprised of other types. This means
that agents not only need to interact across group boundaries, but the relative return from local,

group-confined club goods needs to be sufficiently low for universal cooperation to evolve.
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Figure S2. Evolution of universal cooperation depending on the return from club good cooperation.
Relative frequency of free-riders (red), parochialists (blue), and universalists (green) depending on the
benefit of club good cooperation (bcg; varied along the rows) and the benefit of public good cooperation
(brg; varied along the columns). The marginal per capita return (MPCR) is defined as the return from
cooperation minus the cost of cooperation for a single agent and is simply calculated as bcg/n and bpg/N for
the club good and public good, respectively, with n =4 and N = 8. With a higher MPCR for club goods, it
becomes more difficult to establish universal cooperation.



3. Behavioural study
3.1. Helping models

Our main helping model to test hypothesis 2 is shown in Table S1. As can be seen, participants
help free-riders significantly less independent of the treatment. Importantly, universal cooperators
are helped significantly more than parochial cooperators in the fluid compared to the solid group
boundary treatment (fluid-boundary x universal receiver interaction), in line with our second

hypothesis.

Table S1. Helping changes across treatments.

Fixed effects of a multilevel logistic regression predicting helping based on the receivers’
cooperation decision in stage 1 in interaction with the treatment.

Coefficient est. (std. error) p-value
intercept (parochial receiver) 2.391 (0.363) <.001***
selfish receiver -1.517 (0.178) <.001***
universal receiver 0.117 (0.142) 412
fluid boundary treatment -1.011 (0.515) .0495%
fluid boundary x selfish receiver -0.052 (0.255) .838
fluid boundary X universal receiver 0.722 (0.198) <.0071%***

Note: * p < .05, *** p <.001

We fitted additional models to investigate (1) to which degree helping decisions are influenced by
own cooperation behavior, (2) to which degree participants conditioned their helping decisions on
whether the receiver extended help in the previous round (i.e., second-order reputation
information) and whether helping decisions were influenced by group affiliation (in the fluid group

boundary treatment).

Table S2 shows that free-riders (i.e., participants deciding to keep their resources in stage 1) were
significantly less likely to extend help in stage 2, resonating with our assumptions about free-riding
agents in the simulations. Overall, participants who cooperated in stage 1 (either universally or

parochially) decided to help their receiver in 78.6% of the cases which dropped by 40 percentage



points for participants who decided to keep their unit and did not cooperate in the cooperation
stage. The likelihood of universal cooperators to help was not significantly different from that of
parochial cooperators. Furthermore, focusing on participants’ own cooperation decisions in
interaction with the cooperation decision of the receiver, universal cooperators were more likely

to help other universal cooperators compared to parochial cooperators (b = 0.50, p =.02).

Table S2. Helping as a function of own stage 1 decisions.

Fixed effects of a multilevel logistic regression predicting helping based on own cooperation
decisions in stage 1.

coefficient est. (std. error) p-value
intercept (parochial cooperation) 2.106 (0.351) <.001***
keep -0.834 (0.186)  <.001%***
universal cooperation 0.163 (0.142) 252
fluid boundary treatment -0.541 (0.499) 278
fluid boundary X keep -0.197 (0.266) 458
fluid boundary x universal cooperation 0.026 (0.200) .898

Note. *** p < .001

In Table S3, we see that participants in the solid-boundary treatment extended more help in stage
2 towards parochial and universal cooperators compared to free-riding participants (as already seen
in Table S1 across the entire sample). Furthermore, participants were sensitive to second-order
reputation information. The odds to help increased by 4.5 when the receiver was also a helper in

the previous round.



Table S3. Helping as a function of receiver’s decisions in the solid-boundary treatment.

Fixed effects of a multilevel logistic regression predicting helping based on the receiver’s choice
in stage 1 and helping decision in stage 2 (of the previous round) in the solid-boundary

treatment.

Model 1 Model 2
coefficient est. (std. err) est. (std. err)
intercept (parochial receiver) 2.51 (0.40)*** 1.20 (0.34)***
selfish receiver -1.56 (0.18)***  -1.42 (0.19)***
universal receiver 0.09 (0.14) 0.09 (0.15)
receiver helped (t-1) 1.64 (0.14)***

Note. *** p < .001

Finally, Table S4 shows how participants conditionally helped in the fluid-boundary treatment. As
in the solid-boundary treatment, participants were significantly less likely to help receivers that
decided to keep their unit in the previous cooperation stage and more likely to help receivers that
also helped in the previous round. Furthermore, participants were more likely to help universal
cooperators compared to parochial cooperators (in line with the model results shown in Table S1).
This was partly driven by group affiliation. Participants significantly reduced their helping when
paired with a parochial cooperator from the out-group (out-group receiver coefficient in Table S4,
model 5). In contrast, their odds of helping did not significantly change when facing a universal
receiver of the in-group or the out-group (post-hoc comparison: out-group receiver + universal x

out-group receiver = 0; b =-0.21, p = .16), resonating with our model assumptions.



Table S4. Helping as a function of receiver’s decisions in the fluid-boundary treatment.

Fixed effects of a multilevel logistic regression predicting helping based on the receiver’s choice
in stage 1, helping decision in stage 2 (of the previous round), and group affiliation in the fluid-

boundary treatment.

Model 1 Model 2 Model 3 Model 4 Model 5
coefficient est. (std. err) est. (std. err) est. (std. err) est. (std. err) est. (std. err)
intercept (parochial receiver) 1.31 (0.33)*** 0.35(0.30) 0.23 (0.33) 0.55 (0.31)7 0.79 (0.34)*
selfish receiver -1.52 (0.18)***  -1.36 (0.19)***  -1.23 (0.29)***  -1.37 (0.19)***  -1.65 (0.30) ***
universal receiver 0.77 (0.13)*** 0.69 (0.15)*** 0.86 (0.23)*** 0.69 (0.15)*** 0.38 (0.23)

receiver helped (t-1)

1.51 (0.13)***

1.71 (0.25)**

1.52 (0.13)***

1.52 (0.13)%**

out-group receiver -0.32 (0.11)** -0.72 (0.25)**
selfish X out-group receiver 0.47 (0.39)
universal x out-group receiver 0.51 (0.29)

Note. T p <.10, * p<.05, ** p <.01, *** p<.001

3.2 Additional measures

After the main task, we measured individual-level social preferences, self-reported identification,
and a within/between group trust game in 304 participants in our sample (as pre-registered at
https://aspredicted.org/VY8 C51). We did not pre-register hypotheses for these additional
measures, and only included them for exploratory purposes. Results for these additional tasks are

reported below.
3.2.1 Social preferences

We measured individual level social preferences using the 6-item social value orientation (SVO)
slider measure (58). In this task, participants have to decide how to distribute points between
themselves and another unknown person. For example, the participant has to choose one out of
nine possible allocations ranging from allocating 100 points to oneself and 50 points to the other
person (maximally ‘pro-self” option) to allocating 50 points to oneself and 100 points to the other
person (maximally ‘pro-social’ option). The decision pattern of participants allows to calculate a
single measure of social preferences: the SVO angle. The higher the SVO angle, the more a person

is willing to sacrifice points in order to benefit another person (i.e., higher SVO angle indicates



stronger social preferences). As such, decisions are altruistic in the sense that pro-social actions
cannot be ascribed to reciprocity concerns (since they act with an anonymous other that cannot

reciprocate kind actions).

We used the individual level SVO scores to further investigate decisions to contribute towards the
public good, club good, or keep resources. Since we only had one SVO data point per individual,
we aggregated data across rounds and fitted multilevel linear regression models to the average
universal, parochial, and keeping decisions with a random intercept to account for individuals
being nested in groups. A higher SVO angle was associated with less free-riding (i.e., keeping)
decisions, as one would expect (Table S5). Further, participants with stronger social preferences
contributed more to the public good (Table S6), independent of the treatment (see also (3) for
similar findings). Interestingly, social preferences did not significantly predict the individual’s
propensity to cooperate with the in-group (i.e., club good provision, Table S7), also not in
interaction with the treatment. Figure S3 illustrates the bivariate correlations between social

preferences and contribution decisions.

Table S5. Social preferences and free-riding.

Multilevel regression modelling the average degree of keeping units as a function of individual’s
social preferences and treatment.

coefficient est. (std. error) p-value
intercept 0.314 (0.047) <.001%**
SVO angle -0.006 (0.001)  <.001***
strict boundary treatment -0.037 (0.067) 575
SVO angle x strict-boundary 0.002 (0.002) 331

Note. *** p < .001



Table S6. Social preferences and universal cooperation.

Multilevel regression modelling contributions to the public good as a function of individual’s
social preferences and treatment.

coefficient est. (std. error) p-value
intercept 0.437 (0.066)  <.001%***
SVO angle 0.007 (0.002)  <.001***
strict boundary treatment -0.069 (0.092) 457
SVO angle x strict-boundary -0.002 (0.002) 358

Note. *** p <.001

Table S7. Social preferences and parochial cooperation.

Multilevel regression modelling contributions to the club good as a function of individual’s
social preferences and treatment.

coefficient est. (std. error) p-value
intercept 0.250 (0.053)  <.001%***
SVO angle -0.001 (0.001) 450
strict boundary treatment 0.110 (0.075) 143
SVO angle x strict-boundary 0.000 (0.002) 955
Note. *** p <.001
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Figure S3. Social preferences and contribution decisions. Participants with higher social preferences (as
measured by the SVO angle) were less likely to keep their resources (Spearman r = -0.31; A) and more
likely to contribute resources to the public good (Spearman r = -0.29; C), while there was no significant
association with parochial cooperation (Spearman r = -0.08; B). Each dot represents one participant. The
black line indicates the best linear fit.



This suggests that social preferences modulate the likelihood of participants to choose universal
cooperation rather than free-ride but are unrelated to parochial cooperation. This is important,
because it can explain the high levels of universal cooperation in our experiment. According to
this result, social preferences shift human behavior from free-riding towards more public good
cooperation in general (but not parochial cooperation). In some sense, social preferences can, thus,
be interpreted as a mechanism to establish cross-group cooperation that acts as a psychological

substitute for intergroup interactions.

We should note that 70.4% of participants in our sample were classified as ‘pro-social’ (with
28.9% as ‘selfish’ and 1 participant as ‘competitive’ and 1 participant as ‘altruistic’) according to
the SVO task. These values are higher than we observed previously in our lab and in other studies
(55, 56, 60). One reason may be that data was collected during the COVID-19 pandemic which
may increase social concerns in general and, due to selection bias, the social concerns of those
who voluntarily participate in scientific research, specifically. This, however, does not challenge
our main conclusions about how inter-group interactions shift cooperation towards universal and
away from parochial cooperation, since these conclusions rest on relative differences in universal
vs. parochial cooperation across our experimental treatments and participants were randomly
assigned to treatments independent of their social preferences. Indeed, we did not find a significant
difference in social preferences across our two treatments (multilevel regression, treatment b =

0.234, 4(302) = 0.151, p = .88).
3.2.2 Group identification

After experiencing the task, we asked participants to indicate their identification with their group
of four participants with which they shared a club good (item 1: ‘I felt a bond with my group’,
item 2: ‘I am glad that [ was in my group’, item 3: ‘I felt solidarity with my group’, item 4: ‘I felt
committed to my group’) and the larger collective (i.e., the eight person group that shared a public
good; item 1: ‘I felt a bond with all participants’, item 2: ‘I am glad that I was part of the larger
collective’, item 3: ‘I felt solidarity with all participants’, item 4: ‘I felt committed to all

participants’) on a four-point Likert scale from ‘not at all’ to ‘very strongly’ (59).

The internal consistency of responses was Cronbach’s a. = 0.88 [95% CI: 0.85—-0.90] for the group
identification scale and Cronbach’s o = 0.88 [95% CI: 0.86—0.90] for the cross-group identification

scale. In other words, participants sufficiently answered individual items in a similar way to allow



aggregating responses across items and to calculate a scale mean for self-reported in-group
identification and cross-group identification. For each individual, we calculated the difference
between cross-group and in-group identification. Positive values indicate a higher cross-group

identification and negative values indicating a higher in-group identification.

Figure S4 shows how the experimental manipulation influenced these self-reported identification
scores. In the strict-boundary treatment (p = 1), participants indicated to identify as much with
their in-group as with the larger collective with an average of X = -0.05 that did not significantly
differ from zero (one-sample Mann-Whitney U-test, U = 94, p = .70). In the fluid-boundary
treatment (p = 0.5), participants’ difference scores were significantly above zero (X = 0.53; one-
sample Mann-Whitney U-test, U = 168, p < .001) indicating that they identified more with the
larger collective than with the in-group and significantly more so than in the strict-boundary

treatment (Mann-Whitney U-test, U = 56, p <.001).
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Figure S4. Self-reported identification. (A) Distribution of difference scores per individual calculated as
the average identification across groups minus the average identification with the in-group in the strict-
boundary (p = 1) and fluid-boundary (p = 0.5) treatment. Positive values indicate a stronger self-reported
identification with the larger collective than the in-group. Results show that higher fluidity increases
identification with the larger collective. (B) Average identification for the in-group and the collective
separated by treatments further shows how self-reported identification with the in-group decreases in the
fluid boundary treatment, while identification with the larger collective increases compared to the strict
boundary treatment. White dots indicate the medians, black boxes the upper and lower quartiles, vertical
lines the 95% intervals (for A), error bars indicate the standard error of the mean and dots represent averages
per group (for B).



3.2.3 Trust

Immediately after finishing the main task, participants made trust- and reciprocity decisions in two
trust games (57). In the two trust-decisions, participants received 5 units of endowment each and
had to decide how many of these units to send to a receiver and how many of these units to keep
for themselves. In the first trust decision, the receiver was a member from the own group. In the
second trust decision the receiver was a member from the other group from the previously played

nested social dilemma.

Participants were told that each transferred unit was multiplied by 3 and that the receiver could
then decide how many of the received units to transfer back to them. The mutually most efficient
and fairest outcome is achieved when all units are transferred (leading to 15 units and, hence, a
surplus of 10 units) and the receiver transfers 7 or 8 units back to. Transfers to the receiver can be
considered a measure of trust, since the risk of transferring units is that the receiver will not transfer
anything (or less than what was transferred to them) back. Back-transfers of the receiver can be
considered a measure of reciprocity. The more the receiver transfers back, the more she

reciprocates the trust she received.

Reciprocity of trust was measured with the strategy method (see, e.g., (/8)). For each possible
transfer, the participant had to indicate how many units she wants to transfer back and how much
she wants to keep for herself. Participants made this decision twice, for transfers by an in-group
member and for transfers by an out-group member. Decisions had real payoff-consequences and
participants were paired in a closed loop (subject 1 sending to subject 2, subject 2 to subject 3, ...,
subject 8 to subject 1) within and between groups such that no receiver was also the sender for of
the same partner. This was known to participants to avoid the possibility of direct reciprocal

interactions.

We tested whether participants extended or reciprocated more trust towards in- vs. out-group
members in interaction with the treatment they experienced. In general, we found that participants
transferred 0.5 units more to in-group members on average (multilevel regression, b = 0.49, p <
.001). We did not find any evidence that the treatment affected average trust (towards in-group vs.
out-group members) or reciprocity. However, we observed that higher universal cooperation
significantly reduced the trust-gap between in-group and out-group members (multilevel

regression, b =-0.56, p =.04).



4. Agent-based simulations
4.1 Group size effects on the evolution of universal cooperation

Our agent-based simulations extended the numerical simulations by investigating larger and more
groups. The parameters governing the population structure are N (size of the population) and &
(number of groups that exist in the population) with n = N/k giving the number of agents per group.
The simulations reported in the main manuscript investigated the trajectory of cooperation
assuming a fixed £ (number of groups) and manipulating N and »n (Fig. 4A; group size effect) and
assuming a fixed N (population size) and manipulating k and » (Fig. 4B, fragmentation effect).
Here, we report results from additional simulations in which we fixed n (group size), manipulating
k and N. Hence, we complement the already reported results and investigate the third possibility
to manipulate population structure by varying the number of groups of equal sizes (i.e., a number

of groups effect).

Figure S5 shows the emergence of parochial vs. universal cooperation when varying the number
of groups £, fixing the group size n to 16 (leading to a population of size of N =[32, 64, 128, 256,
512]), respectively. As can be seen in Figure SSA, parochialism does not substantially increase
when keeping the group size constant but increases the sharpness of the transition between
parochialism and universalism (as illustrated Fig. S5B). This shows that a smaller vs. a larger
number of groups per se is not detrimental for the emergence of universal cooperation but rather
many small groups vs. few large groups (i.e., a higher fragmentation of a fixed-sized population).
Results are based on 200 simulations for each parameter combination (176,000 independent

simulations in total).
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Figure S5. Increase in the number of groups. When populations consist of more groups (of equal size n =
16), the relative frequency of parochial cooperation (left) and universal cooperation (right) stays relatively
constant (A); based on k= [2, 4, 8, 16, 32] groups, averaged across p =[1.0, ..., 0.0] and b, =1, ..., 4].
Across the whole parameter space (with ¢, = ¢, = 1, bcg = 2, beg = 3, = 10™), the overall frequency of
parochialism to universalism does not change substantially, while the transition depending on p becomes
sharper with more groups (B).



4.2 Conditional helping and second-order free-riding

In our simulations, we assume that agents help depending on the first stage behavior of their
receiver. This reciprocity mechanism allows to exchange mutual benefits among cooperators and
can reverse the payoff gap between free-riders and cooperators. Exchanging conditional help
among cooperators is therefore (a) essential to outcompete free-riders and (b) governs what type
of cooperation emerges, depending on p (since we assume that universalists help other

universalists while parochialists help other parochialists of their own group, only).

To be able to derive exact numerical simulations, we had to restrict the type space to a small set
of types that already condition help on first stage behavior (the receiver’s cooperation choice) as
well as the receiver’s group affiliation. In this restricted type space we do not consider, for
example, types that disregard group membership and/or promote cooperation in general (i.e.,
regardless of whether cooperation is parochial or universal). Furthermore, it is important to note
that second stage helping is a costly action and therefore also introduces free-riding incentives and
a second-order free-riding problem that is not captured in the original model. A non-helping
cooperator (i.e., free-riding on the possibility to enforce a norm of cooperation) should outcompete

a helping cooperator that is willing to pay the cost to reward cooperation.

To extend the strategy space and also incorporate this second-order free-rider problem, we ran
additional agent-based simulations. In a first step, we introduce three helping types: helping
universalists, helping parochialists and ‘non-discriminating helpers’ that reward both parochialists
and universalists. Importantly, in this first step, agents help regardless of the group membership of
the receiver and there are no cooperating agents that do not extend help (i.e., we do not consider
second-order free-riders in this first step). As shown in Figure S6A, cooperation can evolve in this
type space, as long as the benefit of helping is larger than 2. The type of cooperation (universalism
vs. parochialism) can both emerge independent of p, since helping is not conditional on group
affiliation. Importantly, while cooperation can stabilize and free-riding disappears, agents that help
regardless of the type (‘non-discriminating helpers’) disappear in the population, being replaced
by either exclusive universal helpers or parochial helpers (on average, only 0.4% of agents are
‘non-discriminating helpers’ at the end of the simulations vs. 30% universal and parochial helping

types, respectively). This already shows that, even when helping is unconditional on group



affiliation, indiscriminate helping is driven out (since it is more costly than discriminatory

helping).
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Figure S6. Extended type space and incorporating second-order free-riding. (A) With three helping types
that cannot condition their helping on group affiliation, cooperation evolves with sufficient helping benefit,
but the type of cooperation that emerges is unaffected by p. (B) When introducing the possibility for second-
order free-riding, selfish agents have a higher chance to survive and take over the population, even under
high helping benefit (bs). (C) When agents condition their help only on stage 2 reputation information,
parochial cooperation is more prevalent and the type of cooperation that emerges is unaffected by the
fluidity of group boundaries (p). (D) However, when agents condition their helping on both stage 1 and
stage 2 behavior, the same general pattern emerges again; i.e., increased fluidity of group boundaries
increases universal and decreases parochial cooperation. Based on c. = ¢, = 1, beg = 2, bpg =3, u = 10*, k
=2,n=>50.



In the next step, we introduced second-order free-rider types — i.e., universal cooperators that do
not extend help in stage 2 and parochial cooperators that do not extend help in stage 2 — next to
our four original types (helping universalists, helping parochialists, ‘non-discriminating helpers’,
and non-helping free-riders). We further assume, as before, that helping agents only condition their
help on the stage 1 behavior of their receiver (i.e., whether they cooperate parochially, universally,
or free-ride). Hence, there is no mechanism to ‘punish’ second-order free-riding. Figure S6B
shows that under these circumstances, free-riders dominate the parameter space, because non-
helping types have an advantage over helping types, while free-riders have an advantage over non-
helping types. Second-order free-riding crowds out cooperation when agents cannot condition their

help on the helping behavior of their receivers.

Therefore, helping types need a mechanism to identify and exclude non-helping types from
receiving help (i.e., second stage reputation information). In the second model, we consider that
agents can condition their stage 2 decision on whether the receiver is a helping type or not.
Specifically, helping agents only help other agents when they also are willing to costly help in
stage 2 (i.e., are also helping types). Importantly, this conditional help does not depend on stage 1
behavior. It only matters whether agents are a helping type or not, but not whether they are
universal cooperators or parochial cooperators. This allows cooperation to emerge again. Yet,
since conditional behavior is only conditional on stage 2, the fluidity of group boundaries (p) does
not matter and we observe a higher proportion of parochial cooperation regardless of p as long as

by 1s large enough (Fig. S6C).

For p to influence the type of cooperation that emerges, agents need to condition their help on a
combination of stage 1 and stage 2 reputation. In other words, agents need not only care about
whether their receiver is also willing to help, but also what type of cooperation they reward. In the
last model, we therefore assume that helping agents condition their help on a combination of stage
1 and stage 2 behavior of their receiver. Specifically, next to free-riders, non-helping parochialists
and non-helping universalists, we assume that helping universalists (or ‘non-discriminating
helpers’) only extend help when their receiver is also a helper of other universalists and helping
parochialists (or ‘non-discriminating helpers’) only extend help when their receiver also is a helper
of other parochialists (and part of their own group). When agents combine reputation information
of stage 1 and stage 2 in this way, the simulations show that cooperation likewise emerges again

(Fig. S6D) and cooperating agents can alleviate the second-order free-rider problem. Importantly,



the fluidity of group boundaries influences the type of cooperation again in the direction that we
observed in all of our reported theoretical models and in line with our empirical observations: With
higher fluidity, universal cooperation emerges, whereas with lower fluidity of group boundaries,

parochial cooperation is favored (as long as b; is high enough; see Fig. S6D).

Importantly, our empirical data are in line with this overall pattern of cooperation (i.e., increases
in parochial vs. universal cooperation depending on p), which suggests that participants are
sensitive to reputation information from stage 1 and stage 2. Furthermore, looking at what
information participants used to decide to help the receiver or not, we found empirical evidence
that participants conditioned their helping both on first stage behavior (i.e., the cooperation
decision of their receiver) and their second stage behavior (i.e., whether the receiver helped in the

past or not — see section 3.1).



5. Instructions and computer interface of the behavioural study

Figure S7-S13 show the instructions as displayed on the computer of participants. Figure S14-S17

show the computer interface for decision making in the main experiment.

Instructions

Please read the following information carefully!

After the instructions, we will ask you some comprehension questions to make sure every undestands the rules of the task.

In this experiment, 8 participants take part in total.

You will not meet any of the other participants, nor will you learn about their identity. Likewise, the other participants will not learn about your

identity. Everything you do in this experiment will be completely anonymous.

You will make decisions that influence your own earnings and potentially the earnings of the others.

Instructions

Participants are assigned to two different groups.

Each group consists of 4 members.

Figure S7. Instructions (page 1 and 2).



Instructions

You will interact with the other participants across 20 rounds.
Each round has 2 stages.

What happens in Stage 1?

In Stage 1, each participant will get one Monetary Unit.
We will refer to Monetary Units simply as MU.

Each participant has to decide what to do with their MU.

There are three possibilities:

(1)Keep the MU.
In this case, you simply keep the MU to yourself and the MU will be added to your earnings.

(2).invest the MU to the group pool
In this case, each of your group members (including you) will receive 0.5 MU from each invested MU.

Note that your own return from your invested MU is lower than keeping the MU to yourself.

(3).invest the M he univer:
In this case, each participant (including you) will receive 0.375 MU from each invested MU.
Note that your own return from your invested MU is lower than keeping the MU to yourself.

All participants will make this decision at the same time.

Atfter all participants decided what to do with their MU, you will learn about:
(1) How many MU were invested into their group pool in total.
(2) How many MU were invested into the universal pool in total.

(3) Your earnings from this stage.

Your earnings from Stage 1 are:

1 MU (only if you decided to keep your MU) + return from your group's group pool + return from the universal pool.

Figure S8. Instructions for stage 1 (page 3).



Instructions

Each round also has a second stage.

What happens in Stage 2?

In Stage 2, you will get one additional MU and you will be assigned to another participant.
Let's call this participant 'your receiv

Then you decide whether you want to keep your additional MU or transfer this MU to your receiver.
In case you keep the MU, the MU will be simply added to your earnings and your receiver will not receive anything.
In case you transfer the MU, the MU will be tripled and your receiver receives 3 MU.

Before you make your decision, you will learn about:

- to which group your receiver belongs

- the decision of your receiver in Stage 1

- as well as their decision in Stage 2 from the previous round.

At the same time, you will also be in the role of a receiver for another participant.
Let's call this participant 'your decider'.
Your decider will also learn about your previous decisions and decide whether to transfer their additional MU to you or not.

In Stage 2, each participant will make one decision in the role of decider and will be the receiver for another participant.
Who you are paired with in Stage 2 will change across rounds.

Importantly, each participant is randomly paired to other participants, regardless of the group they belong to.
This means your assigned receiver can be from your own group or the other group. Also your decider can be from your own group or the other

group.

After everyone made their decision, your receiver will learn whether you decided to keep or transfer your additional MU to them.
Likewise, you will learn whether your decider decided to keep or transfer their additional MU to you.

Your receiver and decider will never be the same person in a given round and changes across rounds.

Figure S9. Instructions for stage 2 (page 4).



Instructions

After Stage 2, the round is over and you proceed to the next round starting with Stage 1 again.
To summarize the rules again:

- each participant belongs to one of two groups.
- each round has two stages.

- in Stage 1, all participants (including you) decide whether to keep their MU, invest it into their group pool or the universal pool.
- if you keep the MU, it is simply added to your earnings.
- any MU invested into the group pool only benefits members from the own group.
- specifically, for each MU invested into the group pool, each group member receives 0.5 MU.
- any MU invested into the universal pool benefits all participants, regardless of whether they belong to your group or the other group.
- specifically, for each MU invested into the universal pool, each participant receives 0.375 MU.

- in Stage 2, each participant gets one additional MU and is randomly assigned to another participant (their receiver) (regardless of the group they
belong to).

- each participant will see previous decisions of their receiver and decide whether to transfer their additional MU or keep it.
- in case the MU is kept, the participant simply keeps the MU for themselves and their receiver does not receive anything.
- in case the MU is transferred, the participant gives the MU to their receiver. By doing that, the MU is tripled and the receiver receives 3 MU.

On the next page, we will provide you with some examples to illustrate the rules.

Figure S10. Summary (page 5).



Instructions

The following examples ilusirate the rules of Stage 1 of the experiment. These examples are for llustrative purposes only. They are aimed at

ustrating the rules of the task.

Example 1 (Stage 1)
Assume

Partcipant 1 (group 1) decides to keep their MU.
Participant 2 (group 1) decides o keep their MU.
Participant 3 (group 1) decides 1o koop their MU.
Participant 4 (group 1) decides to ksep their MU.

Partcipant 5 (group 2) decides 1o keep their MU.
Partiipant § (group 2) docides 10 koop their MU.
Partcipant 7 (group 2) docides 1o kbep their MU.
Participant 8 (group 2) decides 1o keep their MU.

Thus,
0 MU were invested in the group pool of group 1
0 MU were invested in the group pool of group 2.
0 MU were invested n the universal pool.

8 partcipants docided to keep their MU.

Each group member from group 1 would receive 0 MU x 0.5 = 0 MU from their group pool.
Each group member from group 2 would receive 0 MU x 0.5 = 0 MU from their group pool.
Al participants would receive 0 MU x 0.375 = 0 MU from the universal pool.

in Stago 1
Group member 1 (member of group 1) would earn 1 MU.
Group member 2 (member of group 1) would ear 1 MU.
Group member 3 (member of group 1) would earn 1 MU.

Group member 4 (member of group 1) would eam 1 MU.

Group member 5 (member of group 2) would ear 1 MU,
Group member 6 (member of group 2) would eam 1 MU.
Group member 7 (member of group 2) would eam 1 MU.

Group member 8 (member of group 2) would eam 1 MU.

Example 2 (Stage 1)

Assume

Participant 1 (group 1) docides 1o invest their MU 1o the universal pool.
Participant 2 (group 1) decides 1o invest their MU to the universal pool.
Paricipant 3 (group 1) docides to invest thir MU to the universal pool
Partcipant 4 (group 1) decides to invest thir MU to the universal pool

Participant 5 (group 2) decides 1o invest their MU 1o the group pool.
Participant 6 (group 2) decides 10 invest their MU 1o the group pool.
Participant 7 (group 2) decides o invest their MU to the group pool.
Participant 8 (group 2) decides o invest their MU to the group pool.

Thus,
0 MU were invested in the group pool of group 1
4 MU were invested in the group pool of group 2.
4 MU woro invostod in tho universal pool.

0 participants decid

Each group member from group 1 would receive 0 MU x 0.5 = 0 MU from their group pool.
Each group member from group 2 would receive 4 MU x 0.5 = 2 MU from their group pool.

Al participants would recsive 4 MU x 0.375 = 1.5 MU from the universal pool.

in Stage 1
Group member 1 (member of group 1) would ear 1.5 MU.
Group member 2 (member of group 1) would earn 1.5 MU.
Group member 3 (member of group 1) would earn 1.5 MU.
Group member 4 (member of group 1) would ear 1.5 MU.

Group member 5 (member of group 2) would eam 3.5 MU.
Group member 6 (member of group 2) would earm 3.5 MU,
Group member 7 (member of group 2) would ear 3.5 MU,

Group member 8 (member of group 2) would earm 3.5 MU,

Example 3 (Stage 1)

Assume

Participant 1 (group 1) decides 1o invest their MU to their group poo.
Participant 2 (group 1) decides 1o invest their MU to their group pool.
Participant 3 (group 1) decides o keep their MU.

Participant 4 (group 1) decides to keep their MU.

Participant 5 (group 2) doecides 1o invest their MU 10 the universal pool.
Participant 6 (group 2) docides 1o invest their MU to the universal pool.
Participant 7 (group 2) docides 1o koop their MU.
Partcipant 8 (group 2) decides 1o keep their MU.

Thus,
2 MU were invested in the group pool of group 1
0 MU were invested in the group pool of group 2.
2 MU were invested in the universal pool.

4 partcipants docided to koop thoir MU

Each group member from group 1 would receive 2 MU x 0.5 = 1 MU from their group pool.
Each group member from group 2 would receive 0 MU x 0.5 = 0 MU from their group pool.
Al participants would receive 2 MU x 0.375 = 0.75 MU from the universal pool.

i Stage 1
Group member 1 (member of group 1) would earn 1.75 MU.
Group member 2 (member of group 1) would earn 1.75 MU.
Group member 3 (member of group 1) would earn 2.75 MU.
Group member 4 (member of group 1) would earn 2.75 MU.

Group member 5 (member of group 2) would ear 0.75 MU.
Group member 6 (member of group 2) would ear 0.75 MU.
Group member 7 (member of group 2) would ear 1.75 MU,

Group member 8 (member of group 2) would ear 1.75 MU.

Figure S11. Examples for stage 1 (page 6).



Instructions

The following examples illustrate the rules of Stage 2 of the experiment. These examples are for illustrative purposes only. They are aimed at
illustrating the rules of the task.

Example - Stage 2

Assume, participant 2 is the receiver of participan

Participant 1 observes the previous decisions of participant 2 and decides to keep their MU.

Furthermore, participant 4 is the receiver of participant 2.

Participant 2 observes the previous decisions of participant 4 and decides to transfer their MU.

Furthermore, participant 1 is the receiver of participant 3.

Participant 3 observes the previous decisions of participant 1 and decides to keep their MU.

Furthermore, participant 3 is the receiver of participant 4.
Participant 4 observes the previous decisions of participant 3 and decides to transfer their MU.

In Stage 2,

Participant 1 would earn 1 MU (1 MU kept and 0 MU received).
Participant 2 would earn 0 MU (0 MU kept and 0 MU received).
Participant 3 would earn 4 MU (1 MU kept and 3 MU received).
Participant 4 would earn 3 MU (0 MU kept and 3 MU received).

Figure S12. Examples for stage 2 (page 7).



Instructions

Payment

As mentioned before, this part of the experiment consists of 20 rounds.

At the end of the experiment, one round from this part will be randomly selected for paym
You will receive the sum of MU you earned in this round converted to euros after the experiment. One MU is worth 1 euros.

Since you do not know which round will count for real, you should treat each round independently and as if this round is the one that counts.

Please make sure you fully understand the rules of this experiment. If you have any questions now, please contact the experimenter. Next, we will

ask you to answer some comprehension questions to make sure that all participants understand the rules of the experiment before we start.

Reminder: This study falls under the no deception policy at Leiden University. This means that there are no hidden information and no deception:

Everything will happen as stated in the instructions. Your decisions and the decisions of the other participants will have real consequences.

Since this is an interactive experiment, please keep in mind that you may have to wait for other participants that need more time to read

instructions, answer comprehension questions, or make decisions.

Figure S13. Instructions (page 8).

Stage 1

You have one MU.
Please decide what you want to do with your MU.

invest my MU in my group pool
(each participant from your group will receive 0.5)

invest my MU in the universal pool
(each participant from your group and the other group will receive 0.375)

keep my MU

Figure S14. Interface — stage 1 decision.



Stage 1 outcome

You decided to keep your MU.

1 MU have been invested to your group's group pool in total.

2 MU have been invested to the universal pool in total.

You earn 0.5 MU from your group's group pool.
Likewise, each other group member from you group earn 0.5 MU from your group's group pool.

You earn 0.75 MU from the universal pool.

Likewise, each other participant (regardless of their group affiliation) earn 0.75 MU from the universal pool.

In addition you earn the 1 MU that you kept.

in total, you earned 2.25 MU in this stage.

On average, the other participants earned 1.8 MU in this stage.

Participants in your group, earned 1.75 MU, on average.
Participants in the other group, earned 2 MU, on average.

Figure S15. Interface — stage 1 exemplary feedback.

Stage 2

You have one additional MU and have been assigned to another participant, your receiver.

You
(decider)

Your receiver is from your own group.

In Stage 1, your receiver decided to: invest their MU to the group pool.

| transfer my MU to the receiver
(you keep 0 MU, the receiver receives 3 MU)

| keep my MU

(you keep 1 MU, the receiver receives 0 MU)

Figure S16. Interface — stage 2 decision.



Stage 2 outcome

You were also the receiver of another participant (your decider).

Your decider was from your own group.

In Stage 1, your decider invested their MU to the universal pool.

Your decider decided to keep his/her additional MU.
Hence, you did not receive any additional MU.

Figure S17. Interface — stage 2 exemplary feedback.
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