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Abstract

We characterize ‘Games of Altruistic Cooperation’ as a class of games
where cooperation leaves the individual and the group of decision-makers
worse off than defection, but favours individuals outside the group. An
example is climate change mitigation. In this context, we experimen-
tally investigate whether decentralized institutions using costly punish-
ment and/or communication support altruistic cooperation to sustain the
welfare of future generations. Without punishment or communication, co-
operation is low; communication alone even increases the incidence of zero
contributions. However, combining peer punishment with communication
strongly increases cooperation, showing that an effective decentralized so-
lution to a Game of Altruistic Cooperation exists.

Keywords: Games of altruistic cooperation; social dilemma; intergenerational
good game; punishment ; behavioral experiment

JEL classification code: C92; D74; H41; Q54



1 Introduction

Collective action problems arise whenever “an individual can benefit from mu-
tual cooperation, [but] each one can also do even better by exploiting the co-
operative efforts of others” (Axelrod, 1981, p.1391). Such conflicts between
private and public interests contribute to inefficiencies in various economic in-
teractions (e.g., Olson, 1965; Hirshleifer, 1978; Dawes, 1980; Bergstrom et al.,
1986; Dawes and Thaler, 1988; Gardner et al., 1990; Ostrom et al., 1992; Kosfeld
and Rustagi, 2015; Bonatti and Horner, 2011; Chan, 2016; Becker, 2015). While
non-cooperative game theory predicts that individuals will refrain from coop-
erating, experimental research has consistently shown that cooperation occurs
far more frequently than the theory anticipates. Yet, in repeated game settings,
maintaining high levels of cooperation over time remains a persistent challenge
(Ledyard, 1994; Zelmer, 2003; Villeval, 2020). Nonetheless, other experimen-
tal studies suggest that institutional mechanisms—particularly sanctioning (e.g.
Fehr and Géchter, 2000; Andreoni et al., 2003) and communication (e.g. Isaac
and Walker, 1988a; Balliet, 2010)—can substantially foster cooperative behav-
ior.

Much of this experimental evidence stems from classical social dilemmas,
such as the prisoners’ dilemma (Schelling, 1973; Axelrod, 1981), the public good
game (Dawes and Thaler, 1988; Isaac and Walker, 1988b; Fehr and Géchter,
2000), and the common pool resource game (Hardin, 1968; Ostrom et al., 1992,
1994). These dilemmas share a common incentive structure where (a) defection
is the best response when all other decision makers cooperate, and (b) mutual
cooperation leads to a higher payoff than mutual defection for all decision makers
(Dawes, 1980; Dawes and Thaler, 1988; Beckenkamp, 2006).! Thus, if decision
makers were to maximize their payoff as a group or to follow a social planner
who maximizes group payoffs, they would cooperate.

Classical social dilemmas therefore capture the tension between coopera-
tion and defection within a well-defined group of decision makers who mutually
benefit from each other’s cooperation. In large, interconnected economies, how-
ever, cooperation problems often extend beyond cases where decision makers
and beneficiaries are the same. This occurs when the benefits of cooperation
accrue to others, either spatially, temporally, or both. Take climate change as
an example, where current decision makers decide whether to cooperate, i.e.,
transfer some of their wealth to future generations. This cooperation problem
appears particularly difficult to resolve: despite potentially large long-term ben-
efits from reducing carbon emissions, individual efforts fall short of meeting the
2°C Paris target (Roelfsema et al., 2020). One reason why cooperation fails in
this context is that the benefits extend beyond the immediate group of decision
makers. Since decision makers do not directly benefit from their own mitigation
efforts, the logic of cooperation in these situations differs from that in classical
social dilemmas. In particular, cooperation now requires decision makers to

n some classical social dilemmas, such as the prisoner’s dilemma and the linear public
good game, defection is a dominant strategy. Condition (a) is more general as it applies also
to other social dilemmas, such as the common pool resource game (e.g., Ostrom et al., 1992).



sacrifice some of their own current wealth for the sole benefit of future others.
More generally, we define this class of cooperation problems as “games of altru-
istic cooperation”. In this class of games, condition (a) of the classical social
dilemma still holds (i.e., defection is a best response if everyone else cooper-
ates). But condition (b) is replaced by the following alternative condition (b*):
mutual cooperation leads to a lower payoff for each decision maker. Thus, even
if decision makers were acting as a cartel optimizing their group payoff, they
would collectively choose to deviate from the globally optimal allocation that
an intertemporal social planner would choose.

Games of Altruistic Cooperation hence pose a greater challenge to coop-
eration because there are fewer motives to cooperate than in classical social
dilemma games. In classical social dilemmas, cooperation may arise from pure
altruism, reciprocity, or strategic considerations (Axelrod, 1981; Kreps et al.,
1982; Rand and Nowak, 2013). By contrast, in Games of Altruistic Cooper-
ation, successful cooperation cannot be due to direct reciprocity or strategic
motives. This raises new questions regarding the institutions that can support
altruistic cooperation, which we address in this study.

A prominent example of a Game of Altruistic Cooperation is the Intergenera-
tional Goods Game (IGG, Hauser et al., 2014), In this game, a group of decision
makers (hereafter referred to as “generation”) can contribute to a public good.
Different generations form a sequence in which later generations benefit from
the contributions of earlier generations. If the total contributions of the current
generation reach a predefined threshold, the next generation receives a new en-
dowment and can participate; if not, the game ends with the current generation.
This structure implies that the provision of the public good is not in the mone-
tary interest of either the individual decision maker or the current generation as
a whole. However, overall efficiency across generations is maximized when each
generation contributes sufficiently to reach the threshold, resulting in sustained
cooperation over time.

Previous evidence, notably Hauser et al. (2014), Camerer et al. (2018), and
Lohse and Waichman (2020), suggests that while the majority of participants
in IGG experiments contribute to a public good that only benefits later genera-
tions, their total contributions often fall short of reaching the threshold (result-
ing in low levels of “sustained generations”). Moreover, Hauser et al. (2014) and
Balmford et al. (2024) demonstrate that median voting is an effective institution
that helps most generations to reach the threshold. However, implementing the
outcome of the vote requires centralized enforcement, which is often absent in
international settings such as in climate change negotiations where votes are
non-binding. Without centralized enforcement, where votes are only partially
binding, the effectiveness of voting is significantly reduced (Hauser et al., 2014).
A fully decentralized institution that has been studied is costly peer punishment.
In contrast to findings from classical social dilemmas, where peer punishment
is typically highly effective, it only moderately increases successful cooperation
in the IGG (Lohse and Waichman, 2020). Overall, there is no evidence that
decentralized institutions can achieve high levels of altruistic cooperation in the
I1GG.



After providing a formal definition of games of altruistic cooperation, we
present the results of an IGG experiment that investigates the potential of decen-
tralized institutions to support altruistic cooperation. Specifically, we examine
whether combining peer punishment with communication — both of which could
be considered as naturally-evolved institutions for solving cooperation problems
within a fixed group (Smith, 2010; Markussen et al., 2014; Kamei et al., 2015)
— results in a high level of sustained generations. We set up four treatments:
a baseline with no communication or punishment, a treatment in which mem-
bers of the current generation can punish peers at a cost, a treatment in which
members can communicate, and a treatment that combines both punishment
and communication.

Both punishment and communication have been extensively studied in the
context of classical social dilemmas. Peer punishment has been found to be effec-
tive in facilitating cooperation in linear public good games (Fehr and Géchter,
2000, 2002). Communication typically enhances cooperation in public good
games (Isaac and Walker, 1988a; Bochet et al., 2006; Bochet and Putterman,
2009) and in threshold public good games (Bicchieri, 2002; Tavoni et al., 2011;
Palfrey et al., 2017). The joint use of punishment and communication is par-
ticularly effective in classical social dilemmas where each institution alone has
a small effect (Ostrom et al., 1992; Janssen et al., 2010; Cason and Gangadha-
ran, 2016).2 However, because the incentive structure in Games of Altruistic
Cooperation is fundamentally different from that in classical social dilemmas,
it is unclear whether these institutions will be equally effective in facilitating
altruistic cooperation.

Our main findings are as follows: In the absence of any additional institu-
tion, only a small fraction of generations (20%) achieve sufficient cooperation
to reach the threshold. Punishment alone more than doubles the likelihood
of reaching the threshold, but the share of sustained generations is still only
48%. Communication alone does not significantly increase successful cooper-
ation (27%) and even increases the incidents of zero contributions. However,
when punishment and communication are combined, the number of sustained
generations increases significantly, approaching the maximum number possible
(87%). This large increase is surprising because neither of the two institutions
affects the basic incentive structure fundamentally: mutual defection still maxi-
mizes the joint payoff for the current generation (as well as for each individual).
We also identify a potential channel leading to this outcome. With peer punish-
ment, the nature of communication changes: decision makers now rarely suggest
defection, and the content of the messages exchanged tends to focus on coop-
eration instead. In general, the expression of cooperative intentions, together
with enhanced coordination through communication, makes a combination of
punishment and communication highly successful in inducing altruistic cooper-
ation.

2This finding typically arises when the payoff from cooperation is not constant, leading to
cooperative outcomes that are more difficult to coordinate on because some intermediate level
of cooperation is optimal.



2 Classical social dilemmas and Games of Al-
truistic Cooperation

Consider a strategic form game with the set of players N = {1,...,n}. Within
this set, there is a subset of decision makers D = {1,...,m} € N, with m < n,
while P = {m+1,...,n} is a subset of passive players. Each decision-maker i € D
has a strategy set S;. We let
S=X5;
ieD

denote the set of all possible strategy profiles for decision makers. A strategy
option for decision-maker 7 is denoted by s;, and the strategy profile of decision
makers other than i is denoted by s_;. We write s = (81, ..., 8;) € S for a strategy
profile chosen by all decision makers. The payoffs of all players (decision makers
and passive players) depend only on the options chosen by the decision makers.
The payoff for player i € N is denoted by 7;(s), while the aggregate payoff for all
players is denoted by 7(s) = ¥ i, m;(s). Note that the aggregate payoff includes
the payoffs of both the decision makers and the passive players.

2.1 Classical social dilemmas

Classical social dilemmas are characterized by the following properties. Each
strategy set .S; contains at least two possible strategies: a cooperative strategy,
denoted as ¢;, and a defecting strategy, denoted as d;.> We denote the strat-
egy profile for mutual cooperation (i.e., each decision maker i chooses ¢;) as ¢
and for mutual defection (i.e., each decision maker ¢ chooses d;) as d. Further-
more, the profile of a single decision maker ¢, who unilaterally deviates from
cooperation and instead chooses to defect while the others continue to coop-
erate, is denoted by (d;,c_;). The classical dilemma arises from the following
conditions (see, e.g., Dawes, 1980; Dawes and Thaler, 1988; Beckenkamp, 2006):

Condition a: Defection is the best response for a decision maker i € D if all
other decision makers cooperate; i.e., m;(d;, c_;) > m;(c;, c_;).

Condition b: Mutual cooperation leads to a higher or equal payoff than mu-
tual defection for all decision makers; i.e., m;(c) > m;(d) for all ¢ € D. Further-
more, mutual cooperation leads to a higher or equal aggregate payoff for all
players (i.e., decision makers and passive players) than mutual defection; i.e.,

Y mile) = m(e) > w(d) = T, mi(d).

A seminal example of a classical social dilemma is a linear public good game
(e.g., Dawes and Thaler, 1988; Isaac and Walker, 1988a; Fehr and Schmidt,
1999). There are n > 2 players who simultaneously decide on their contributions

3For simplicity, we implicitly assume that the defecting strategy is unique. In more general
settings, a decision maker’s unilateral optimal response may, of course, depend on the overall
strategy profile of all other players.



x; € [0,w] to a public good. That is, in this particular example, the set of
players is equal to the set of decision makers. We denote x_; as the vector of
contribution decisions of the n —1 players other than i. The monetary payoff of
player i is given by

n
mi(x,v) =w—x; +a ij
j=1

with % < a < 1. Each player’s cooperative (defecting) strategy choice is to con-
tribute the whole endowment ¢; = w (nothing, i.e. d; = 0). Mutual cooperation
leads to the highest payoff for each individual player (and hence the highest
aggregate payoff) provided that a is greater than % (Condition b). However,
the best response for each player is to contribute nothing since this leads to the
highest individual payoff if everyone else cooperates (Condition a).*

2.2 Games of Altruistic Cooperation

A different type of social dilemma arises when only a subset of society is re-
sponsible for decision making and when the interests of these decision makers
diverge from those of the broader population. This is exemplified by some of the
major challenges we face today, such as the prevention of climate change, which
requires current generations to bear the entire cost of cooperation while future
generations reap all the benefits from it (Weiss, 1990). Other challenges can be
spatial in nature, such as when a group of decision makers decides on a public
project (such as building a dam) that later helps or harms others located in a
different region or even a different country through a downstream externality
(Delaney and Jacobson, 2014).

Here we describe the general properties of Games of Altruistic Cooperation,
in which decision makers must sacrifice their own payoff in order to increase the
aggregate payoff (of all players). Therefore, Games of Altruistic Cooperation
are characterized by Condition a — as defined in the previous section — as well
as Condition b*.

Condition b*: Mutual cooperation leads to a lower or equal payoff than mu-
tual defection for all decision makers; i.e., m;(c) < m;(d) for all s € D. However,
as in b), mutual cooperation leads to a higher or equal aggregate payoff for all
players (i.e., decision makers and passive players) than mutual defection; i.e.,

Yicimi(e) =m(c) 2m(d) = XL mi(d).

Consider as the simplest possible example of a Game of Altruistic Cooper-
ation a modification of the standard Dictator Game (Forsythe et al., 1994), in
which multiple decision-makers allocate funds from a private endowment to be
multiplied (with a factor larger or equal than 1) and subsequently shared with
passive recipients. This simple modified dictator game captures condition a and

4In a linear public good game, defection is a dominant strategy since a < 1, and therefore,
the marginal investment in the public good causes a loss of (1 —a) for the individual player.



b* of games of altruistic cooperation: first, defection (contributing nothing)
is the optimal strategy for each individually rational decision maker; second,
mutual cooperation (contributing the full endowment or any positive amount)
leaves decision makers strictly worse off individually and as a group compared
to defection (withholding contributions entirely). Yet, with a sufficiently large
efficiency multiplier, full cooperation maximizes aggregate payoffs for all players
(i.e., active decision-makers and passive recipients).

In his meta-analysis, Engel (2011) observes that 28.35% of the initial endow-
ment is donated in standard dictator games (with single dictators and recipients
and without an efficiency multiplier). This suggests that participants are willing
to cooperate even when it cannot be explained by selfish motives.? Furthermore,
efficiency considerations matter (albeit the overall effect size in the meta analy-
sis is small). Further evidence for altruistic preferences comes from a literature
on charitable giving, which also shows that people are willing to share some
resources with a charitable recipient and that changes to the price of giving
through matching grants or rebates (that work similar to the factor m increase
generosity, e.g., Karlan and List, 2007; Vesterlund, 2016). In the type of mod-
ified multiplayer dictator game presented above, Panchanathan et al. (2013)
finds that dictators transfer less and recipients earn less when there are mul-
tiple dictators (28%, 12%, and 9% of the respective endowments with one two
and three dictators). This effect persisted despite mechanisms that eliminate
or reduce uncertainty about the behavior of fellow dictators (using a strategy
method and communication among dictators). Regarding their last treatment
with communication, there is contradicting evidence about the effect of group
decision making in dictator games. In line with Panchanathan et al. (2013),
Luhan et al. (2009) find that groups are less generous than individuals. But
Cason and Mui (1997) find the opposite.

While findings from dictator games suggest that some level of altruistic co-
operation exists in simple interactions, it is unclear if it would be sufficient
to sustain an intergenerational public good such as climate change mitigation.
Such goods are often provided within a sequence of generations where later
generations first assume the role of passive players and later on act as decision
makers. Moreover, successful altruistic cooperation here hinges on reaching a
threshold or target level through collective action. The Intergenerational Goods
Game (IGG, Hauser et al., 2014) expands upon this core idea by introducing a
chain of sequential generations and a collective contribution threshold, which,
if met, ensures multiplied endowments are passed on to the next generation of
decision makers.

5Bardsley (2008) and List (2007) show that it is problematic to infer an individual’s social
preferences from a specific dictator game, as factors such as framing (giving, taking), efficiency,
and the action set’s range may matter. Yet, there is evidence that (some) people ‘give’ money,
even when they can ‘take’, thus possessing (some form of) altruistic preferences.



3 The repeated Intergenerational Good Game

The Intergenerational Good Game (IGG, Hauser et al., 2014) lends itself for
further study for three reasons: (i) it involves a threshold, which effectively
establishes the group as the decision-making unit, as no single decision maker
can unilaterally secure the payout for subsequent players. This mirrors one key
characteristic of the climate change dilemma, (ii) previous experiments indicate
that, in the absence of supporting institutions, altruistic cooperation remains
very difficult to achieve (Hauser et al., 2014; Camerer et al., 2018; Lohse and
Waichman, 2020); and (iii) thus far, only a perfectly centralized institution has
been shown to achieve considerable levels of altruistic cooperation (Hauser et al.,
2014; Lohse and Waichman, 2020).

In the repeated version of the IGG we newly introduce, a cohort of 12 players
is randomly divided into four successive generations, each consisting of three
players. Without loss of generality, we assume that players 1, 2, and 3 are
assigned to Generation 1, players 4, 5, and 6 to Generation 2, players 7, 8, and
9 to Generation 3, and players 10, 11, and 12 to Generation 4. Accordingly,
we define G; = {1,2,3}, Go = {4,5,6}, G3 = {7,8,9}, and G4 = {10,11,12}.
The IGG starts with Generation 1 and, depending on their contributions, could
move on to the next generations.

In each of T' = 5 periods, each decision maker receives an endowment of
%w and decides how much of the endowment to allocate to a “group account”
that will exclusively benefit subsequent generations. Thus, when the members
of Generation 1 make their decisions, all remaining players are passive players.
We denote the contribution amount of player ¢ in round ¢ as ¢;;. Let ¢; =
Zthl ci+ be the total individual contribution of a player i over all T' periods,
and let ¢ = (¢, ...,c9) be the vector of the total contributions of all players in
generations 1-3. If, at the end of the T periods, the sum of contributions of
the three decision makers is equal to or above a threshold value C' = %w, the
experiment continues with the next generation whose members become active
decision makers. Otherwise, the experiment ends, and the members of the next
generation make no decisions and receive no payoff. If the experiment continues
with Generation 2 (3), then this generation will face the same decisions as
Generation 1 (2). If Generation 3 reaches the threshold, then each member of
Generation 4 earns %w Otherwise, the game ends with Generation 3, and the
members of Generation 4 earn nothing.

We define an indicator function 1, which indicates whether or not Gener-
ation ¢ has reached the threshold. I.e., we have

1. (c) = 1, for Yjeq, ¢ 2C,
c 10 otherwise.



The payoff of player i are thus given by

w=—c; for i € G,
(w—-1¢i)lg, (c) for i € Ga,
(w=-1¢;)lg, (c)lg,(c) for i € G3,
%w]lgl (c)lg,(c)lg,(c) forieGy.

(1)

mi(c) =

In the experimental implementation of the game, we choose parameters such
that if each decision maker contributes exactly half of the endowment, the
threshold is reached, and all players in the cohort receive equal payoffs (¢; =
mi(c) = 2w). Hence, contributing half of the endowment may serve as a focal
point for cooperation.

Finally, to see that the IGG is a Game of Altruistic Cooperation, note that
for any money-maximizing decision maker (in any generation), there is a dom-
inant strategy of defecting and contributing nothing (Condition a). Moreover,
for all decision makers in a given generation, mutual cooperation (i.e., the gen-
eration reaches the threshold) results in a lower or equal payoff than mutual
defection (i.e., contributing nothing). However, reaching the threshold costs the
current generation an amount of %w but provides the subsequent generation
with an endowment of 3w (or %w in the case of Generation 4). Thus, mutual
cooperation (reaching the threshold) leads to a higher or equal aggregate payoff
for all players (including players in future generations) than mutual defection
(Condition b*).

The baseline game is summarized in Figure 1. For our experiment, we used
w =50 ECU (Experimental currency units). Thus, in each of the five periods,
each member of the current generation decides on the allocation of %w = %50 =10
ECU. The threshold to be reached by a generation is C' = %w =150 ECU, which
can be met if each decision maker contributes half of her endowment (i.e., ¢; = 25
ECU). If members of all three active generations do this, all participants in the
cohort receive equal payoffs (m;(c) = 3w = 25 ECU). If all members of the first
generation defect by contributing nothing, they each receive 50 ECU, i.e., a
total of 150 ECU, while all remaining players receive nothing. If instead, every
generation cooperates by reaching the threshold exactly, total earning across all
generations are 300 ECU. In other words, altruistic cooperation maximizes the
cohort’s aggregate income.

3.1 Treatments

There are four between-subject treatments, crossing the dimensions of punish-
ment and communication in a 2x2 design: BASE (no punishment, no communi-
cation - as described in Section 3), PUN (punishment and no communication),
PUN&COMMS (punishment and communication), and COMMS (communica-
tion and no punishment).

The PUN treatment is identical to BASE, but includes costly peer pun-
ishment & la Fehr and Géchter (2000, 2002). After making their contribution
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Figure 1: Repeated Intergenerational Goods Game (IGG)

Note: Participants are divided into cohorts of four generations with three members each.
In Gen 1, each members is endowed with 10 experimental currency units (ECU) in each of
the 5 periods (i.e., a total of 50 ECU per members). In each period, each of the three mem-
bers simultaneously makes a decision to contribute to a group account. If, at the end of the 5
periods, the members have contributed at least 75 ECU (i.e., half of the total available endow-
ment to the three members), the experiment continues with the next generation, otherwise,
the experiment ends. If the contributions of Gen 3 reach the threshold, each member of Gen
4 receives an endowment of 25 ECU, and the game ends without any further decision being
made. Upper panel: A case with perfect sustained generations (i.e., Gen 4 is reached).
Lower panel: A case where contributions of Gen 2 have failed to reach the threshold, and
the experiment ends. Members of the subsequent Gens 3 and 4 are endowed with 0 ECU.

choices, decision makers observe the individual contributions made by the peers
within their generation and can assign 0, 1, or 2 negative points to each of
them (as long as their endowment minus their contribution allows for it). Put
differently, punishment is contemporaneous i.e., within a generation but not
across generations. Each punishment point costs the sender 1 ECU and reduces
the payoff of the punished player by 3 ECU. For any generation k& and players
i,j € G, let p;;+ be the number of negative points sent by a player ¢ to a player
j in round t. We denote the total effect of punishment on player ¢ (including
the fine from receiving punishment and the cost of sending punishment) as

T T
Pi=3>. > Djitt Y. Y. Dt

t=1jeGy t=1 jeGy

10



Table 1: Treatment Overview and Number of Participants

No Punishment Punishment

No Communication BASE, N=144 PUN, N=144
Communication COMMS, N=96 PUN&COMMS, N=144

and p = (p1, -..,p9). Under punishment, the payoff of player ¢ are given by

w—¢; — P, forie Gy
(w=-c¢;-pi)lg,(c), for i € G
(w-c¢;i-pi)lg,(c)lg,(c), forieGs
twle, (€)lg,(c)lg,(c), forieGy.

(2)

mi(c,p) =

The COMMS treatment is identical to BASE, except that before the contri-
bution phase, there is a communication phase, in which members of the current
generation can chat freely with each other for 3 minutes in periods 1 and 2 and
1.5 minutes in periods 3, 4, and 5 (in an anonymous chat window; i.e., identifi-
cation is not allowed, (see e.g., Bochet et al., 2006) and was also not observed in
the chat protocols). As before, communication is only possible between mem-
bers of the same generation and not between members of different generations.
The PUN&COMMS treatment combines both punishment and communication.
Each period starts with a communication phase (as in COMMS), followed by a
contribution phase, and ends with a punishment phase (as in PUN).

3.2 Predictions

Under money-maximizing preferences, contributing nothing is a dominant strat-
egy for all players in the Baseline treatment. Costly peer punishment will not
occur if decision makers are money-maximizers, and therefore will not deter
decision makers from contributing nothing. Similarly, under money-maximizing
preferences, we expect non-binding communication to have no effect on the
decision makers’ contributions. Since the dominant strategy is to contribute
nothing, money-maximizing players would have no reason to propose positive
contributions or to follow the suggestions of their generational peers. In sum-
mary, under money-maximizing preferences, neither communication nor pun-
ishment, nor a combination of the two, will lead to a different outcome than in
the baseline: All cohorts will fail to reach the threshold in Generation 1.
However, there is ample evidence that many people are also motivated by
“other regarding preferences” that also consider the welfare of others, as we
have discussed above in the context of dictator games (see also e.g., Cooper
and Kagel, 2017).° One possible, but not exclusive, candidate to represent such

SFor instance, Murphy et al. (2011), who measure social value orientation as an empirical
operationalization of such preferences, observe that 59% of their participants are classified as
prosocial, while 35% and 3% are classified as individualistic and competitive (both consistent
with payoff maximizing behavior).
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preferences is the inequity-aversion model (Fehr and Schmidt, 1999) under the
assumption that players consider their payoff as well as the payoffs of all other
players in the cohort.

However, even players with strong inequity-averse preferences will not co-
operate if they expect the threshold not to be reached. Thus, to reach the
threshold, the three group members must have strong inequity-averse prefer-
ences and also believe that their peers share these preferences. This is quite a
strong requirement, and therefore, we expect only a small number of genera-
tions to reach the threshold in BASE. In COMMS, communication can enhance
coordination and strengthen positive beliefs among cooperative players, likely
increasing the number of generations reaching the threshold compared to BASE.
However, because mutual defection maximizes the current generation’s payoffs,
communication in the IGG could also lead to coordination on defection instead
of cooperation. Overall, the effect of communication is expetced to be at most,
small, as communication alone does not allow a player to “force” others to
cooperate.

Inequity aversion is especially suitable to explain the effectiveness of punish-
ment in facilitating cooperation (Fehr and Schmidt, 1999). However, unlike in
classical social dilemmas, defection in the IGG does not reduce the payoffs of
other decision makers (hence, defection is not equivalent to free-riding as typ-
ically defined in classical social dilemmas). In PUN&COMMS, those inequity-
averse decision makers, who are willing to punish, may reveal this explicitly or
implicitly during the communication phase. If this revelation appears credible
to their peers, even payoff maximizers could contribute half of their endowment
(since the payoff lost to punishment points received is higher than the bur-
den of contributing). Therefore, we expect a positive effect in PUN&COMMS
compared to BASE and COMMS. Finally, under punishment without commu-
nication (in PUN), the availability of punishment will increase contributions if
decision makers believe that one of their peers is willing to punish them. As
such beliefs may exist, we expect the level of contributions in PUN to be at
least as high as in BASE. Whether contributions are higher in PUN than in the
two treatments with communication (COMMS and PUN&COMMS) depends
on whether communication affects these beliefs.

3.3 Procedure

The experiment took place between December 2022 and May 2023. Participants
were recruited from the experimental laboratories of two major German univer-
sities using hroot (Bock et al., 2014). The study was conducted online using
oTree (version 5.6) (Chen et al., 2016). A total of 528 participants (55% female)
took part in four treatments: BASE (N=144), PUN (N=144), PUN&COMMS
(N=144), and COMMS (N=96).

In total, there were 12 independent cohorts of four generations in each of
the first three treatments and 8 cohorts in COMMS. All participants received 5
euros as a show-up fee, regardless of their payoff in the game. We conducted 7
sessions per treatment, with one or two cohorts (12 or 24 participants) partici-
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pating in each session. Each session consisted of three parts: first, participants
received instructions, including quiz questions, after logging into the experi-
ment. The instructions were identical for all participants. Second, participants
were randomly assigned to a generation and the experiment began. Finally,
participants completed a short post-experiment questionnaire that collected de-
mographic data and information about their motivation and perceived difficulty
of the experiment. Participants reported a mean difficulty level of 2.2 (“easy”)
with a standard deviation of 0.92 (ranked on a scale from 1 = very easy to 5
= very difficult). Earnings were converted to euros at an ECU/euro exchange
rate of 2.5:1 and transferred to participants’ bank accounts within two working
days.

4 Results
4.1 Sustained Generations

BASE
B PUN
M PUN+COMMS

COMMS
08
0.0
Gen1 Gen2 Gen3

Gend
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>

Sustained Generations
°
=

o

Figure 2: Sustained generations across treatments In BASE, 12 cohorts
started in Gen 1. Of these, 3, 0, and 0 cohorts reached Gen 2, Gen 3, and Gen 4, respectively.
In PUN, 12 cohorts started in Gen 1. Of these, 6, 3, and 1 cohorts reached Gen 2, Gen 3, and
Gen 4. In PUN&COMMS, 12 cohorts started in Gen 1. Of these, 10, 9, and 8 cohorts reached
Gen 2, Gen 3, and Gen 4. In COMMS, 8 cohorts started in Gen 1. Of these, 2 and 1 cohorts
reached Gen 2 and 3. Then, one participant in Gen 3 dropped out of the experiment, and we
had to stop the experiment for this cohort, although the cohort could still have reached Gen
4. Appendix D shows that the inclusion/exclusion of this generation has no significant effect
on the results.

Figure 2 shows the percentage of generations that are sustained throughout
the game in the different treatments. As the game progresses from one gen-
eration to the next, it indicates a very high level of sustained generations in
PUN&COMMS, a lower level in PUN, and very low levels of sustained gen-
erations in BASE and COMMS. Comparing the effectiveness of the different
institutions between treatments, we observe that significantly more generations
are sustained in PUN&COMMS than in any of the other treatments (at p < .05
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in each pairwise comparison; robust rank order test; Appendix, Table B.1).” In
BASE, only 25% of the cohorts reached the second generation, and no cohort
reached the third (and fourth) generation. The average likelihood of reaching
the threshold for a generation in this treatment is 20%. In PUN, 50% reached
the second, 25% the third, and 8.3% the fourth generation. These figures closely
resemble the results of Lohse and Waichman (2020) - albeit a study with only
one period per generation (BASE: 29%, 12%, and 0%; PUN: 56%, 28%, and 12%
reached the second, third, and fourth generation, respectively). Thus, punish-
ment increases the number of sustained generations, but only moderately so
overall; the average likelihood of reaching the threshold for a generation in this
treatment is 48%. However, in contrast to findings on standard public good
games (e.g., Fehr and Géchter, 2000, 2002; Andreoni et al., 2003), the overall
success rate of punishment is relatively modest. In fact, in most sequences,
punishment does not help sustain the game until generation 4.

In this respect, punishment is significantly more effective when it is combined
with communication: in PUN&COMMS, 83%, 75%, and 66% of the cohorts
reached generations 2, 3, and 4, respectively. The average likelihood of reaching
the threshold for a generation in PUN&COMMS is 87%.

Importantly, in contrast to findings from standard public good games (Bal-
liet, 2010), communication alone is insufficient to sustain cooperation over mul-
tiple generations. In COMMS, only 25% and 12.5% reached generations 2 and
3, respectively. The average likelihood of reaching the threshold for a generation
in COMMS is 27%, which is similar to the baseline (20%).

Whether a generation reaches the threshold may depend on its composi-
tion, which is randomly determined at the start of the experiment. Therefore,
following the literature (Hauser et al., 2014; Lohse and Waichman, 2020), we
complement our results with a bootstrap simulation with 40,000 contribution
decisions drawn from the observed contribution decisions in the first period (Ap-
pendix, Section E). This simulation provides further evidence that our results
are not driven by random generation assignment within a sample of a limited
size.

4.2 Individual contributions

Next, we compare individual contributions across treatments, either for the first
period (i.e., Period 1 in different cohorts) only or for all periods. The reason
for looking at contributions in the first and all periods separately is that in
later periods, even those initially inclined to cooperate may stop contributing
after observing that the threshold cannot be reached. Contributions in the first
period instead reflect the beliefs of participants without having observed the
contributions of other decision makers yet.

"In addition, the likelihood of sustained generations among all possible generations,
PUN&COMMS is significantly larger than in the baseline and any of the other treatments
(Chi2 test; p < 0.001 for each pairwise comparison between PUN&COMMS and the other
treatments; Appendix, Table B.2).
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Figure 3: Panel (a): Individual contribution in the first period only (a total of
45, 63, 93, and 33 observations in BASE, PUN, PUN&COMMS, and COMMS).
Panel (b): All five periods .

The average contributions are 3.29 and 3.24 in BASE and COMMS. They
are markedly higher in PUN and PUN&COMMS with 4.81 and 5.05, respec-
tively. Figure 3a shows that in all treatments except for COMMS, the modal
contribution in the first period is 5 ECU. In COMMS, the modal contribution is
zero, while a smaller but still considerable share of participants choose the focal
contribution level of 5 ECU. This observation shows that communication with-
out punishment may actually undermine cooperation; it allows individuals to
highlight their non-cooperative intentions and thereby may discourage potential
cooperators from spending on a lost cause.

Table 2 contains coefficient estimates from linear regressions of individual
contributions on the set of treatment indicators. Model 1 focuses on the first
period of Generation 1, while Model 2 includes the first period of all sustained
generations. Models 3 and 4 repeat this analysis using contributions averaged
across the five periods as the dependent variable. In all four specifications,
communication does not increase contributions relative to the baseline. Both
PUN and PUN&COMMS lead to higher contributions compared to BASE and
COMMS. In terms of contributions, there is no evidence that PUN&COMMS
leads to significantly higher contributions than PUN.
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Table 2: Linear Regressions: Individual Contributions

Model (1) Model (2) Model (3) Model (4)
Period 1: Gen 1 Period 1: All gen All Periods: Gen 1  All Periods: All gen
COMM -0.92 -0.05 -0.57 -0.28
(0.89) (0.74) (0.69) (0.56)
PUN 1.06 1.52%%* 1.44%%* 1.55%%*
(0.65) (0.55) (0.51) (0.42)
PUN+COMM 1.72%%* 1.76%+* 1.97%+%* 1.97%%%
(0.58) (0.48) (0.43) (0.37)
Constant 3.42%F% 3.20%* 2.73%H* 2.65%F*
(0.48) (0.41) (0.38) (0.33)
Observations 132 234 132 234
R-squared 0.11 0.08 0.19 0.18
Pairwise treatment comparisons by joint F-tests (p-values)
COMMS vs. PUN 0.0253%* 0.0277%* 0.0033%** <0.001%**
COMMS vs. PUN&COMMS 0.0017*%* 0.0064*** <0.001#** <0.001***
PUN vs. PUN&COMMS 0.2256 0.5738 0.1799 0.1674

Note: Dependent variable: Individual contributions. Robust standard errors are shown in
parentheses. BASE is the default treatment. “Period 1” refers to the first of five periods per
generation. “Gen 1” is the first generation, whereas “All gen” indicates individual contribu-
tions in all generations that were reached. Finally, ¥** ** and * denote significance levels of
1%, 5%, and 10%, respectively (two-sided tests).

The results observed in the first period are generally consistent with those
considering decisions in all five periods per generation (see comparison of Fig-
ure 3a and 3b; and comparison of models 1 and 3 with 2 and 4 in Table 2).
Taking into account all periods, the average individual contributions do not
differ between the BASE (average=2.65) and COMMS (2.38) treatments, and
between PUN (4.21) and PUN&COMMS (4.63) treatments.

4.3 How do the different institutions drive behavior?

This section provides possible explanations for two puzzles. First, although
individual contributions are not significantly higher in PUN&COMMS than in
PUN, there is a considerably higher level of sustained generations in the former
treatment. Second, why does communication without punishment not lead to a
significant improvement over baseline cooperation?

Regarding the first puzzle, in PUN&COMMS, participants use the chat mes-
sages to coordinate on the focal contribution level (where symmetric contribu-
tions equalize within-generation and across-generations earnings) considerably
more often than in PUN. In particular, this focal contribution level occurs at
similar frequencies in BASE, COMM, and PUN (32%, 35%, and 37%) and at
much higher frequencies in PUN&COMMS (73%). Table 3, uses logit regressions
to show that the focal contribution of 5 ECU is significantly more frequent in
PUN&COMMS than in any of the other treatments.® This regression also shows
that when considering the focal contribution in each of the five periods, then
communication enables coordinating on this outcome (significantly higher prob-

8 Alterative linear probability model regressions yield similar results (see Appendix Ta-
ble C.2).
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ability under COMMS than under either BASE or PUN). Yet, when comparing
COMMS to PUN&COMMS the latter has a significantly higher occurrence of
focal contributions than COMMS. In the Appendix we repeat the same exercise
for defection (zero contributions). Here our results shows that communication is
not combined with Punishment, it can actually backfire. Both in the first period
or in each of the five periods, COMMS has higher occurrence of zero contribu-
tions than the other treatments, while PUN&COMMS has not (see Appendix
Table C.5).

Table 3: Logit regressions: Individual contributions of 5 ECU (focal point
cooperation)

Model (1) Model (2) Model (3) Model (4)
Period 1: Gen 1  Period 1: All gen All Periods: Gen 1 All Periods: All gen
COMM -1.10% -0.39 1.73%* 1.50%*
(0.58) (0.47) (0.87) (0.72)
PUN -0.22 -0.24 0.00 0.39
(0.47) (0.39) (1.03) (0.74)
PUN+COMM 0.96* 0.89** 3.06%** 3.05%**
(0.50) (0.38) (0.80) (0.64)
Constant -0.00 -0.04 -2.83%%K -2.64%%*
(0.33) (0.30) (0.73) (0.60)
Observations 132 234 132 234
Pseudo R-squared 0.077 0.050 0.241 0.231
Pairwise comparisons of coefficients (Chi2 (1)) (p-values)
COMMS vs. PUN 0.132 0.744 0.046** 0.060*
COMMS vs. PUN&COMMS 0.0007*** 0.003*** 0.023%* 0.0007***
PUN vs. PUN&COMMS 0.019%* 0.0009*** 0.0001*** 0.0000%***

Note: The dependent variable is assigned the value of 1 if a contribution of 5 ECU in the
initial period (left two columns) or if contribute 5 ECU in each of the five periods (right two
columns), and otherwise zero. Robust standard errors are given in parentheses. BASE is the
default treatment. “Period 1” refers to the first of five periods per generation. “Gen 1”7 is
the first generation, whereas “All gen” indicates individual contributions in all generations
that were reached. Finally, *** ** and * denote significance levels of 1%, 5%, and 10%,
respectively (two-sided tests).

The importance of this coordinating effect of communication is further high-
lighted when examining how often generations narrowly fail to reach the thresh-
old between PUN and PUN&COMMS. In PUN, 4 out of 14 generations (29%)
contributed at least 90% (68 ECU) of the amount needed to reach the threshold,
but narrowly missed it. In PUN&COMMS, only 1 out of 28 generations (4%)
narrowly missed it.

To better understand the differences in outcomes between the two commu-
nication treatments (with and without punishment), we analyzed the content
of the chat transcripts. Four independent annotators evaluated the content
of each chat transcript. The annotators were instructed to identify the initial
and the final suggestions in each chat protocol and to evaluate whether deci-
sion makers suggested to “cooperate”, to “not cooperate”. Unclear cases were
marked as “unspecified.”” Initial suggestions may serve as a starting point

9Tn 71% (26%) of the cases there was consensus among annotators’ opinions (three annota-
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or anchor for the subsequent discussion, while final suggestions may indicate
an ultimate agreement. In PUN&COMMS, initial suggestions to cooperate
occurred more often than in COMMS (87% vs. 55%), possibly because non-
cooperators were more hesitant about revealing their intentions early on in the
chat due to a fear of later punishment. In COMMS, initial suggestions not to
contribute occurred in 36% of all chat protocols, compared to only 7% of chat
protocols in PUN&COMMS. When comparing initial to final suggestions, in
PUN&COMMS, there is virtually no change. In contrast, participants in the
COMMS treatment are considerably more likely to suggest making no contri-
butions in their final messages than in the initial message (an increase from
36% to 55%). These final messages are highly predictive of actual behaviour
in both treatments: 90% and 97% of generations behaved in line with the final
suggestion in COMMS and PUN&COMMS, respectively.

Finally, communication also changes how often punishment occurs when
comparing the two punishment treatments. Decision makers rarely make use of
the punishment option when communication is possible. In contrast, punish-
ment is applied more often in the absence of communication: 17% of the deci-
sions were punished in PUN, while only 5% were punished in PUN&COMMS
(Appendix, Table C.6). This suggests that punishment facilitates cooperation
primarily through deterrence (Fudenberg and Pathak, 2010). Interestingly, pun-
ished members do not increase their contribution in the following period. The
median period-to-period change in an individual’s contribution after being pun-
ished is 0 ECU. Thus, even when applied, punishment has no disciplinary effect
in the following period.

The sparse use of punishment in PUN&COMMS is consistent with the cor-
responding chat protocols. The annotators observed only a few instances (6%)
in which participants explicitly threatened others with punishment. More com-
mon were instances where participants reassured their generational peers that
they would not punish each other if they adhered to the agreed-upon suggestion
(19%). Thus, in PUN&COMMS, the implicit threat of punishment, rather than
an explicit reference to it in the chat or subsequent enforcement, is sufficient to
achieve high levels of sustained generations.

Finally, when comparing average payoffs within the cohorts between treat-
ments, we observe that the average payoffs are substantially higher in PUN&COMMS
than in any other treatment (robust rank order test; p < 0.05 for each pairwise
comparison). This outcome is driven by (i) a higher proportion of sustained
generations in PUN&COMMS, (ii) few resources spent on punishment, and
(iii) improved coordination. The latter enables decision makers to either reach
the threshold without wasting resources, or to make an early decision to avoid
wasting resource when there is insufficient chance for altruistic cooperation to
succeed. That is, improved coordination avoids narrowly missing the threshold
and wasting resources in vain.

tors had the same opinion). In 3% of the instances (labeled as "unspecified”) two annotators
had the same opinion.
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5 Discussion

Games of Altruistic Cooperation model situations in which a group of deci-
sion makers must sacrifice some payoff for the exclusive benefit of others. The
dilemma arises because mutual cooperation maximizes the aggregate income of
all players, while mutual defection is best not only for the individual but also
for the group of decision makers. Using the IGG as an example of this class
of games, we find that common institutions that are effective in classical social
dilemmas — namely, peer punishment and communication — are not sufficient
to ensure a high level of altruistic cooperation. Only the combination of these
decentralized institutions achieves high levels of altruistic cooperation.

These findings highlight the importance of recognizing that the incentive
structure inherent in Games of Altruistic Cooperation is fundamentally different
from that in classical social dilemma. Examples of such situations abound in an
interconnected economy, where the benefits of public goods provision are rarely
limited in time or space to those who decide to fund them. Both the theoretical
considerations and the corresponding experimental evidence we provide here
suggest that findings from classical social dilemmas may not directly transfer to
situations where the beneficiaries are strangers outside of the group of decision
makers or future generations as in the case of climate change. Such transfers may
overlook key behavioral factors that are unique to altruistic cooperation. This
is in line with previous studies showing that contributions to climate change
mitigation are not strongly correlated with behavior in standard public good
games, suggesting that different underlying motivations are at play (Goeschl
et al., 2020). For a general discussion on the transferability of evidence from
one experimental context to another see List (2020).

Although stylized in nature, studying Games of Altruistic Cooperation such
as the IGG provides valuable insights into climate change and biodiversity loss.
While centralized coordination and enforcement are effective in providing such
public goods, these institutions are often politically challenging and infeasible
at the international level. We provide the first evidence that decentralized in-
stitutions, which are more feasible at the international level, can largely solve
the intergenerational good dilemma. One interpretation is that international
climate diplomacy, which has largely been constructed around communication
(e.g., COP meetings), is unlikely to solve this dilemma. Our findings point to
the need to address these challenges through appropriate institutional design.

This paper assesses how effectively decentralized institutions promote coop-
eration in the IGG, treated here as a benchmark case of altruistic cooperation.
Future research should examine the portability of these institutions to other
environments characterized by altruistic cooperation, thereby testing whether
their efficacy depends on specific IGG features like its generational sequence or
contribution threshold. Relatedly, alternative experimental designs for studying
intergenerational public goods provision could probe the significance of factors
like generational structure (Freitas-Groff et al., 2025) or asymmetric impacts on
different generations (Hauser, 2025). All these scenarios encapsulate the core
problem of altruistic cooperation: a strategic incentive for the present genera-
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tion to jointly defect at the expense of future generations.
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A Experimental design and procedure: Exten-
sion

A.1 Experimental design

We begin by describing our terminology. Treatment is the experimental condi-
tion (BASE, PUN, PUN&COMMS, or COMMS), and Session refers to a specific
date and time. Each session consists of either one or two cohorts. One cohort
consists of 12 participants divided into 4 generations of 3 members. In each
generation, members make decisions in 5 consecutive periods.

In the original version of the intergenerational good game (IGG), decision
makers in each generation make a single, one-shot decision, with an indefinite
number of generations (Hauser et al., 2014). Later adaptations retain the fea-
ture of one-shot decisions, but limit the game to a finite number of generations
(Lohse and Waichman, 2020)." The primary goal of our study is to compare
the effectiveness of decentralized punishment- and communication-based insti-
tutions in sustaining future generations. To this end, we introduce a further
modification to the original IGG design, by incorporating intragenerational rep-
etition (i.e., five decision periods per generation). After each period, there is a
feedback screen showing the contributions made by each decision maker (in the
current generation). This modification allows us to gauge the full effectiveness of
each institution, as decision-makers can observe how others in their generation
use and react to institutions such as peer-punishment.?

The design of the baseline game is described in Figure A.1. Each partici-
pant receives a €5.00 show-up fee and can earn additional money depending on
whether his/her generation is reached and his/her decisions (and in PUN and
PUN&COMMS, also on the punishment decisions of their generational peers).
In BASE, in each period, each member of Gen 1 is endowed with 10 ECU (Ex-
perimental Currency Units; the exchange rate in the experiment is 2.5:1, i.e., 2.5
ECU are exchanged for €1.00) per period. Le., each member receives 50 ECU
in total (10 ECU in each period for five periods). In every period, each member
decides how many ECU to allocate to a group account (while the rest of the
endowment remains (automatically) in their private account). If the sum of all
individual contributions to the group account at the end of the five periods is
less than 75 ECU, the experiment ends instantly, and the payoff for all partic-
ipants of later generations is zero. If the sum of all individual contributions to
the group account amounts to 75 ECU or more (i.e., at least 50% of the total
generation endowment), the game continues to Gen 2. Independent from the
decisions of later generations, members of Gen 1 earn the respective amounts

IThe similarity in baseline cooperation rates between the two approaches (Lohse and
Waichman, 2020) suggests that the number of generations is not a crucial design element.

2 Allowing multiple decision periods per generation reduces the financial risk of cooperation
and may increase altruistic cooperation (Schelling, 1960). Additionally, repetition can enhance
the impact of punishment by allowing for strategic motives, and has been deliberately used in
modelling climate change negotiations within intragenerational settings (Milinski et al., 2008;
Tavoni et al., 2011).
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Figure A.1: Repeated Intergenerational Goods Game (IGG)

Note: Participants are divided into cohorts of four generations with three members each.
In Gen 1, each members is endowed with 10 experimental currency units (ECU) in each of
the 5 periods (i.e., a total of 50 ECU per members). In each period, each of the three mem-
bers simultaneously makes a decision to contribute to a group account. If, at the end of the 5
periods, the members have contributed at least 75 ECU (i.e., half of the total available endow-
ment to the three members), the experiment continues with the next generation, otherwise,
the experiment ends. If the contributions of Gen 3 reach the threshold, each member of Gen
4 receives an endowment of 25 ECU, and the game ends without any further decision being
made. Upper panel: A case with perfect sustained generations (i.e., Gen 4 is reached).
Lower panel: A case where contributions of Gen 2 have failed to reach the threshold, and
the experiment ends. Members of the subsequent Gens 3 and 4 are endowed with 0 ECU.

in their private accounts (i.e., the total endowment of 50 ECU minus the sum
of their individual contributions to the group account in the 5 periods). The
same procedure applies to members of Gens 2 and 3. The experiment ends with
the decisions of Gen 3. If they contribute 75 ECU or more, then each member
of Gen 4 earns 25 ECU. Otherwise, members of Gen 4 earn nothing. For Gens
1 and 2, reaching the threshold costs 75 ECU to the current generation but
provides an endowment of 150 ECU to the subsequent generation(s). Hence,
there is a gain in total earnings (across multiple generations) from reaching the
threshold. We choose the parameters such that there is a symmetric focal point
for cooperation (each member contributes a total of 25 ECU in the five periods).

A.2 Procedure and treatments

We conducted 28 sessions between December 7, 2022, and May 8, 2023. Of
these, 12 sessions consisted of one, and 16 sessions consisted of two cohorts. We
treat each cohort as an independent observation. After running 22 sessions with
randomized order of the three treatments BASE, PUN, and PUN&COMMS,



we found that the likelihood of sustained generations is considerably higher in
PUN&COMMS than in BASE and PUN. At this point, we could not disentangle
whether this result is because of the combined effects of punishment and com-
munication or whether it is due to communication alone. Therefore, we added
COMMS as a separate treatment, and Sessions 20 and 23-28 included only the
COMMS treatment. We conducted the experiment online using oTree version
5.6 (Chen et al., 2016). The 528 participants were recruited using hroot (Bock
et al., 2014) from two large German universities’ experimental economics par-
ticipant pools. Participants belonged to various faculties (thereof 116 economic
students). 340 participants were from one university and 188 from the other
university. In total, 17 and 7 sessions included students from either the first or
the second university, and 4 sessions included students from both universities.

Treatment Sessions Cohorts Participants Avg. Payout (€) Avg. Duration (Mins)
BASE 7 12 144 9.59 27.86

PUN 7 12 144 9.44 34.86
PUN&COMMS 7 12 144 13.25 59.14

COMMS 7 8 96 10.24 35.00

Total 28 44 528 10.67 39.21
Note: “Sessions” = experimental date and time (includes 1 or 2 cohorts), “Cohort” = inde-

pendent sequence of 12 participants divided into four generations. Average Payout includes a
show-up fee of €5.00. “Avg. Duration (Mins)” the time from logging in to loggin out of the
experiment (this includes the instructions)

Table A.1: Treatments

Each session consisted of three phases: First, participants received instruc-
tions (including quiz questions) upon logging in to the experiment. The instruc-
tions were identical for all participants. Second, participants were randomly as-
signed to a specific generation, and the experiment started. After making their
contribution decision in each period, each member saw a screen with his/her
contributions, the contributions of the two other members in their generation,
the sum of the periods’ contributions (all these for the current and past period),
and the total contribution up to this point.

Each period of the COMMS and PUN&COMMS treatments includes a ‘com-
munication phase’ where members of the current generation could communicate
via a chat window before making contribution decisions. They had 3 minutes
for communication in the initial two periods and 1.5 minutes in the final three.
Participants were not allowed to identify themselves in the chat (see e.g., Bochet
et al., 2006). After making the contribution decisions and learning about the
individual contribution decisions, each period of the PUN and PUN&COMMS
treatments includes a ‘punishment phase’ where members of the current gener-
ation could assign 0, 1, or at most 2 negative points to each of the two other
members in their generation after learning about the individual contribution
decisions. Each negative point costs 1 ECU to the punisher and reduces the
punishee’s payoff by 3 ECU. After the punishment decision, members of this
current generation received feedback on the total of punishment points received.

We had 28 dropouts (i.e., participants not finishing the experiment). In



compliance with ethics procedures, participants were informed that they could
leave the experiment at any time without giving any reason. As we conducted
the experiment online, some participants might have experienced technical dif-
ficulties and dropped out. Others may have been frustrated waiting and left.
In all but one case, the drop-outs were from generations that were not reached.
Thus, these dropouts do not affect the performance in the experiment. How-
ever, in one cohort of COMMS in Gen 3, one of the active participants dropped
out during the experiment. This particular cohort reached Gen 3, but because
of the dropout, it could not continue (we know that the cohort reached Gen 3
and could have reached Gen 4). As shown in Section D, this does not affect the
statistical analysis (as all other 7 cohorts in COMMS failed in Gen 1).
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Figure A.2: Age distribution of participants

After all participants in the session had made their decisions, they were
asked to complete a short post-experimental questionnaire that provided demo-
graphic data and information about their motivation and perceived difficulty of
the experiment. Out of 528 participants in the experiment, 33 did not fill in
the questionnaire (28 drop-outs and an additional 5 who had technical problems
with the questionnaire and contacted the experimenter). Regarding gender, of
the 495 participants who filled in the questionnaire, 55.35%, 43.23%, and 1.41%
self-identified their gender as female, male, and diverse, respectively. In par-
ticular, of the 495 participants, one indicated an age of “less than 17,” and
20 indicated an age of “larger than 34.” The remaining 474 participants self-
reported an average age of 25.44 years (std. dev = 3.44). For more details, see
the distribution in Figure A.2. As to the subject of study, out of the 495 ob-
servations, 23.43% reported studying economics/business. Finally, participants
indicated, on average, a difficulty level of 2.2 (“Easy”), with a standard devi-
ation of 0.92 (ranked on a scale from 1=Very Easy to 5=Very Difficult). The
average duration of one session was 39 minutes. The average payout was €10.67
per participant (minimum was €5.00 and maximum €25.00). We transferred



the earnings to the participants’ bank accounts within 2 days.

B Pairwise tests

In this section, we provide details on the pairwise tests reported in the article.

Table B.1: Occurrence of sustained generations in the different treatments

Observations  U-statistic
BASE vs. COMMS: 12 vs. 8 -0.106
BASE vs. PUN: 12 vs. 12 -1.299
BASE vs. PUN&COMMS: 12 vs. 12 =3.774***
COMMS vs. PUN: 8 vs. 12 -0.974
COMMS vs. PUN&COMMS: 8 vs. 12 -3.321**
PUN vs. PUN&COMMS: 12 vs. 12 —2.743**

Note: Two-sample Fligner-Policello robust rank order tests.

The dependent variable, Oc-

currence of sustained generations, ranges between 1-4, indicating the number of sustained
generations reached per cohort. *, ** and *** denote 10%, 5%, and 1% significance levels
(two-sided small-sample using Feltovich, 2005.)

Table B.2: Success rate in sustaining generations across all possible generations

Observations  x2(1)-statistic  P-value (two-sided)
BASE vs. COMMS: 36 vs. 24 0.2778 0.598
BASE vs. PUN: 36 vs. 36 4.5997** 0.032
BASE vs. PUN&COMMS: 36 vs. 36 32.9143*** 0.000
COMMS vs. PUN: 24 vs. 36 1.9804 0.159
COMMS vs. PUN&COMMS: 24 vs. 36 22.5000%** 0.000
PUN vs. PUN&COMMS: 36 vs. 36 16.06800*** 0.000

Note: Pairwise Chi-squared tests. In creating the dependent variable, Success rate in sus-
taining generations, We assume that any cohort has possible 3 generations. For example, if a
cohort reached Gen 4, the success is (1,1,1), whereas if a cohort failed in Gen 1, the data are
recorded as (0,0,0). Finally, *, ** and *** denote 10%, 5%, and 1% significance levels.

Table B.3: Total payoffs per cohort

Observations  U-statistic
BASE vs. COMMS: 12 vs. 8 -0.909
BASE vs. PUN: 12 vs. 12 0.534
BASE vs. PUN&COMMS: 12 vs. 12 —3.714***
COMMS vs. PUN: 8 vs. 12 0.991
COMMS vs. PUN&COMMS: 8 vs. 12 -2.796**
PUN vs. PUN&COMMS: 12 vs. 12 —4.466***

Note: Two-sample Fligner-Policello robust rank order tests. The dependent variable, Total
payoffs per cohort, is the total payoffs per cohort. *, ** and *** denote 10%, 5%, and 1%
significance levels (two-sided small-sample using Feltovich, 2005).



C Regressions and their tests

In this section, we provide details on the regressions and coeflicient tests reported

in the article.

Table C.1: Linear regressions: Individual contributions

Model 1 Model 2 Model 3 Model 4
Period 1: Gen 1 Period 1: All gen  All Periods: Gen 1 All Periods: All gen

COMMS -0.92 -0.05 -0.57 -0.28
(0.89) (0.74) (0.69) (0.56)

PUN 1.06 1.52%%* 1.44%% 1.55%**
(0.65) (0.55) (0.51) (0.42)

PUN&COMMS 172 176 197 1.97
(0.58) (0.48) (0.43) (0.37)

Constant 3.42%** 3.29%** 2,73 2.65%**
(0.48) (0.41) (0.38) (0.33)
Observations 132 234 132 234
R-squared 0.11 0.08 0.19 0.18

Pairwise comparisons of coefficients

BASE vs. COMMS

t-statistics =

t-statistics =

t-statistics =

t-statistics=

-1.03,p = 0.307 -0.06, p = 0.950 -0.82,p = 0.415 -0.50,p =0.619
BASE vs. PUN t-statistics = t-statistics = t-statistics = t-statistics =
1.62,p =0.108 2.78,p = 0.006 2.83,p = 0.005 3.69,p = 0.000
BASE vs. PUN&COMMS t-statistics = t-statistics = t-statistics = t-statistics =
2.95,p = 0.004 3.67,p = 0.000 4.56,p = 0.000 5.38,p = 0.000
COMMS vs. PUN F(1,128) =5.13,  F(1,230) =4.91, F(1,128) = 8.98, F(1,230) = 12.53,
p =0.0253 p =0.0277 p =0.0033 p = 0.0005
COMMS vs. PUN&COMMS  F(1,128) =10.31, F(1,230) =7.57,  F(1,128) =17.08, F(1,230) = 22.59,
p =0.0017 p = 0.0064 p =0.0001 p = 0.0000
PUN vs. PUN&COMMS F(1,128) =1.48, F(1,230) =0.32, F(1,128) =1.82, F(1,230) =1.92,
p =0.2256 p=0.5738 p=0.1799 p=0.1674

Note: The dependent variable is the contribution in the initial period (left two columns) or
averaged over the five periods (right two columns). Robust stand errors are given in paren-
theses. BASE is the default treatment. *, ** and *** denote 10%, 5%, and 1% significance
levels (p-values are two-sided).



Table C.2: Linear probability model regressions: Individual contributions of
5 ECU (focal point cooperation)

Model 1 Model 2 Model 3 Model 4
Period 1: Gen 1 Period 1: All gen All Periods: Gen 1 All Periods: All gen
COMMS -0.25"* -0.09 -0.05 0.03
(0.13) (0.12) (0.10) (0.09)
PUN -0.06 -0.06 -0.02 0.05
(0.12) (0.10) (0.07) (0.06)
PUN&COMMS 0.22* 0.21** 0.38*** 0.42%*
(0.12) (0.09) (0.08) (0.06)
Constant 0.50*** 0.49*** 0.337 0.32
(0.09) (0.08) (0.05) (0.05)
Observations 132 234 132 234
R-squared 0.10 0.07 0.21 0.22

Pairwise comparisons of coefficients

BASE vs. COMMS

t-statistics = t-statistics = t-statistics =

t-statistics =

-1.99,p =0.049 -0.82,p =0.415 -0.48,p =0.630 0.35,p = 0.729
BASE vs. PUN t-statistics = t-statistics = t-statistics = t-statistics =
-0.46,p = 0.646 -0.61,p =0.543 -0.22,p = 0.823 0.77,p = 0.440
BASE vs. PUN&COMMS t-statistics = t-statistics = t-statistics = t-statistics =
1.93,p = 0.056 2.33,p =0.021 4.62,p = 0.000 6.87,p = 0.000
COMMS vs. PUN F(1,128) = 2.40, F(1,230) =0.10, F(1,128) =0.10, F(1,230) = 0.05,
p =0.1239 p =0.7492 p =0.7486 p=0.8171
COMMS vs. PUN&COMMS — F(1,128) = 15.48, F(1,230) = 9.30, F(1,128) = 15.31, F(1,230) = 22.06,
p = 0.0001 p = 0.0026 p = 0.0001 p =0.0000
PUN vs. PUN&COMMS F(1,128) = 5.87, F(1,230) = 11.55, F(1,128) =23.17, F(1,230) = 39.25,
p =0.0168 p = 0.0008 p = 0.0000 p = 0.0000

Note: The dependent variable is the contribution of 5 ECU in the initial period (left two
columns) or averaged over the five periods (right two columns). Robust standard errors are
given in parentheses. BASE is the default treatment. *, ** and *** denote 10%, 5%, and 1%
significance levels (p-values are two-sided).

Table C.3: Logit model regressions: Individual contributions of 5 ECU (focal

point cooperation)

Model 1 Model 2 Model 3 Model 4
Period 1: Gen 1 Period 1: All gen All Periods: Gen 1 All Periods: All gen
COMM -1.099* -0.386 -1.157%* -0.490
(0.580) (0.466) (0.552) (0.478)
PUN -0.223 -0.243 0.135 0.045
(0.475) (0.393) (0.521) (0.424)
PUN&COMM 0.956* 0.887** 1.577F* 1.439%**
(0.501) (0.375) (0.706) (0.477)
Constant -0.000 -0.044 0.821** 0.795%*
(0.335) (0.299) (0.363) (0.323)
Observations 132 234 132 234
Pseudo R-squared 0.077 0.050 0.116 0.080
Pairwise comparisons of coefficients (Chi2 (1))
BASE vs. COMMS 3.59,p = 0.058 0.69,p = 0.0407 4.40,p = 0.036 1.05,p = 0.306
BASE vs. PUN 0.22,p = 0.638 0.38,p = 0.536 0.07,p = 0.796 0.01,p =0.916
BASE vs. PUN&COMMS 3.63,p =0.0567 5.59,p =0.018 4.99,p =0.025 9.09,p = 0.0026
COMMS vs. PUN 2.27,p=0.132 0.11,p = 0.744 5.35,p = 0.029 1.43,p=0.233

COMMS vs. PUN&COMMS
PUN vs. PUN&COMMS

11.61,p = 0.0007
5.49,p = 0.019

9.06,p = 0.0026
10.97, p = 0.0009

13.87,p = 0.0002
4.11,p = 0.0426

14.98, p = 0.0001
9.75,p = 0.0018

Note: The dependent variable is the contribution of 5 ECU in the initial period (left two
columns) or averaged over the five periods (right two columns). Robust standard errors are
given in parentheses. BASE is the default treatment. *, ** and *** denote 10%, 5%, and 1%
significance levels (p-values are two-sided).



Table C.4: Linear probability model regressions: Individual contributions of

0 ECU
Model 1 Model 2 Model 3 Model 4
Period 1: Gen 1 Period 1: All gen All Periods: Gen 1 All Periods: All gen
BASE -0.29** -0.12 -0.16 -0.10
(0.13) (0.11) (0.11) (0.10)
PUN -0.51"** -0.33** —-0.47** -0.37**
(0.12) (0.10) (0.11) (0.09)
PUN&COMMS —-0.60*** —-0.38*** —0.53*** —-0.46***
(0.11) (0.09) (0.10) (0.08)
Constant 0.62*** 0.45%** 0.64*** 0.58***
(0.10) (0.09) (0.10) (0.08)
Observations 132 234 132 234
R-squared 0.25 0.13 0.29 0.23

Pairwise comparisons of coefficients

COMMS vs. BASE
COMMS vs. PUN
COMMS vs.
PUN&COMMS

BASE vs. PUN

BASE vs. PUN&COMMS

PUN vs. PUN&COMMS

t-statistics =
-2.23,p =0.028
t-statistics =
-4.42,p = 0.000
t-statistics =
-5.59,p = 0.000
F(1,128) = 5.24,
p =0.0238
F(1,128) = 12.75,
p = 0.0005
F(1,128) =1.88
p=0.1729

t-statistics =
-1.06,p = 0.292
t-statistics =
-3.31,p = 0.001
t-statistics =
—4.05,p = 0.000
F(1,230) =
6.10,p = 0.0143
F(1,230) =
11.23,p = 0.0009
F(1,230) =
1.04,p = 0.3098

t-statistics =
-1.38,p=0.170
t-statistics =
-4.48,p = 0.000
t-statistics =
-5.12,p = 0.000
F(1,128) =
16.02,p = 0.0001
F(1,128) =
24.16,p = 0.0000
F(1,128) =
0.80,p = 0.3722

t-statistics =
-1.04,p =0.300
t-statistics =
—-4.26,p = 0.000
t-statistics =
-5.63,p = 0.000
F(1,230) =
14.48,=0.0002
F(1,230) =
30.95,=0.0000
F(1,230) =
4.04,p = 0.0455

Note: The dependent variable is the contribution in the initial period (left two columns)
or averaged over the five periods (right two columns). Robust standard errors are given in

parentheses.

COMMS is the default treatment.

significance levels (p-values are two-sided).

* %% and *** denote 10%, 5%, and 1%

Table C.5: Logit model regressions: Individual contributions of 0 ECU

Model 1 Model 2 Model 3 Model 4
Period 1: Gen 1  Period 1: All gen All Periods: Gen 1 ~ All Periods: All gen
BASE -1.204** -0.511 0.534 0.420
(0.552) (0.472) (0.618) (0.523)
PUN -2.590%** -1.746%** -1.580%** -1.121%*
(0.680) (0.516) (0.574) (0.457)
PUN&COMM -4.066*** -2.326%** -2.140%** -2.404%**
(1.103) (0.527) (0.604) (0.469)
Constant 0.511 -0.182 0.887** 0.833**
(0.423) (0.350) (0.451) (0.380)
Observations 132 234 132 234
Pseudo R-squared 0.235 0.125 0.189 0.189

Pairwise comparisons of coefficients (Chi2 (1))

COMMS vs. BASE
COMMS vs. PUN

COMMS vs. PUN&COMMS
BASE vs. PUN

BASE vs. PUN&COMMS
PUN vs. PUN&COMMS

4.75,p = 0.0293
14.51,p = 0.0001
13.60, p = 0.0002
4.69,p = 0.0303
7.05,p = 0.0079
1.65,p = 0.1989

1.17,p = 0.2796

11.43,p = 0.0007
19.47,p = 0.0000

6.24,p = 0.0125
12.89,p = 0.003
1.13,p = 0.2883

0.75,p = 0.3875
7.59,p = 0.0059
12.54,p = 0.0004
14.68,p = 0.0001
20.99,p = 0.000
1.09,p = 0.2970

0.65,p =0.4218
6.00,p =0.0143
26.28,p = 0.000
12.22,p = 0.0005
38.91,p = 0.000
11.69, p = 0.0006

Note: The dependent variable is the contribution in the initial period (left two columns)
or averaged over the five periods (right two columns). Robust standard errors are given in

parentheses.

COMMS is the default treatment.

significance levels (p-values are two-sided).

* %% and *** denote 10%, 5%, and 1%



Why are participants punished?

Table C.6: Linear probability model regressions: Punishment received

Model 1 Model 2 Model 3

PUN&COMMS —-0.12**  —0.27***  -0.22%*
0.02)  (0.06)  (0.06)
Deviation from the others’ average contribution 0.03*** 0.05*** 0.04***

0.01)  (0.01)  (0.01)
- ~0.06***  -0.06***
(0.01)  (0.01)

PUN&COMMS x Deviation from the others’ average contribution

Average others’ contribution -0.01*  -0.03*** 0.01
(0.01) (0.01) (0.02)
PUN&COMMS x Average others’ contribution - 0.04*** 0.04*
(0.01) (0.02)
Contribute at least 15 in the period - - -0.21***
(0.06)
PUN&COMMS x Contribute at least 15 in the period - - -0.03
(0.09)
Constant 0.23*** 0.31%** 0.23***
(0.05) (0.06) (0.06)
Period FE Yes Yes Yes
Generation FE Yes Yes Yes
Observations 780 780 780
R-squared 0.12 0.16 0.20

Pairwise tests

Model 2:

Deviation from others’ average contribution + PUN&COMMS x Deviation from others’ = 0

F(1, 768) = 0.08, p=0.7710

Average others’ contribution + PUN&COMMS x Average others’ contribution

F(1, 768) = 1.67, p=0.1972

Model 3:

Deviation from others’ average contribution + PUN&COMMS x Deviation from others’ = 0

F(1, 766) = 2.53, p=0.1123

Average others’ contribution + PUN&COMMS x Average others’ contribution

F(1, 766) = 13.66***, P= 0.0002

Contribute at least 15 in the period + PUN&COMMS x Contribute at least 15 in the period

F(1, 766) = 13.35%**, p=0.0003
Note: The dependent variable is the punishment received. Robust standard errors are given
in parentheses. COMMS is the default treatment. *, ** and *** denote 10%, 5%, and 1%

significance levels (p-values are two-sided).

Using a linear probability model in Table C.6, we find that participants were
punished significantly less in PUN&COMMS than in PUN (17% of decisions
were punished in PUN, whereas only 5% in PUN&COMMS). Our results remain
similar using a random effect panel model instead (shown in Table C.7).> The
higher the average other members’ contribution, the higher the punishment in
PUN&COMMS but not in PUN. Finally, there is significantly less punishment
in both treatments in periods with generations contributing 15 ECU or more
(i.e., the focal contribution for cooperation). These latter three results are
robust with respect to the estimation method (attained in both Tables C.6 and
C.7). In PUN, only 24% of all members contribute exactly as many ECU as the
average of the other two members compared to 78% in PUN&COMMS. Thus, it

3Note that the coeffient of PUN&COMMS turns insignificant in Model 3 of Table C.7,
but that may be because, in almost all periods of this treatment, members of a generation
contribute 15 or more.



appears that PUN&COMMS attains high levels of sustained generations without
executing much punishment.

Table C.7: Random-effects panel data linear probability model regressions:
Punishment received

Model 1 Model 2 Model 3

PUN & COMS -0.12** -0.21* -0.18
(0.06)  (0.12) (0.12)
Deviation from the others’ average contribution 0.02%** 0.04*** 0.03***
(0.00)  (0.00) (0.00)
PUN&COMMS x Deviation from the others’ average - —-0.04*** -0.05***
contribution
(0.01) (0.01)
Average others’ contribution -0.01***  -0.02* 0.01
(0.00)  (0.01) (0.02)
PUN&COMMS x Average other’s contribution 0.02 0.03**
(0.02) (0.01)
Contribute at least 15 in the period —0.15%**
(0.05)
PUN&COMMS x Contribute at least 15 in the period -0.03
(0.02)
Constant 0.23*** 0.28*** 0.22**
(0.06) (0.08) (0.09)
Period FE YES YES YES
Generation FE YES YES YES
Observations 780 780 780
R-squared 0.12 0.15 0.21

Pairwise tests

Model 2:

Deviation from others’ average contribution + PUN&COMMS x Deviation from others’ = 0

Chi-squared(1) =0.05 , p=0.8266

Average others’ contribution + PUN&COMMS x Average others’ contribution

Chi-squared(1) =0.01 , p=0.9116

Model 3:

Deviation from others’ average contribution + PUN&COMMS x Deviation from others’” = 0

Chi-squared(1) =1.15 , p=0.2833

Average others’ contribution + PUN&COMMS x Average others’ contribution

Chi-squared(1) =7.45%** | p=0.0064

Contribute at least 15 in the period + PUN&COMMS x Contribute at least 15 in the period

Chi-squared(1) = 6.59**, p=0.0102
Note: The dependent variable is the punishment received. Robust standard errors are given
in parentheses. COMMS is the default treatment. *, ** and *** denote 10%, 5%, and 1%
significance levels. p-values are two-sided.
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D Robustness analysis regarding the lost obser-
vation

In COMMS, there was one cohort that reached Gen 3, but at this point, a mem-
ber of this generation left the experiment. Thus, we had to stop the experiment
at Gen 3 without knowing what would have happened if the participant had
stayed. In a sense, leaving the experiment may be interpreted as a form of free
riding, so it may be reasonable to assume that the cohort reached Gen 3. In the
following, we study whether this assumption affects the results.

10 BASE

PUN
B PUN+COMMS

N

Gen1 Gen2 Gen3 Gend

°
>

Sustained Generations
°

9

Note: In BASE, 12 cohorts started in Gen 1, and 3, 0, and 0 cohorts continued to Gen 2,
Gen 3, and Gen 4. In PUN, 12 cohorts started in Gen 1, and 6, 3, and 1 cohorts continued
to Gen 2, Gen 3, and Gen 4. In PUN&COMMS, 12 cohorts started in Gen 1, and 10, 9, and
8 continued to Gen 2, Gen 3, and Gen 4. In COMMS, 8 cohorts started in Gen 1, and 2 and
1 cohorts reached Gen 2 and 3. Then, one participant in Gen 3 dropped off the experiment,
and we had to end the experiment for this cohort while the cohort could have reached Gen 4.
This is marked in the figure.

Figure D.1: Sustained generations across treatments considering the lost ob-
servation in COMMS

When inspecting the sequence of maximal generations reached, Table D.1 shows
that when considering the lost observation in the COMMS treatment, the aver-
age maximal generation slightly increases from 1.375 to 1.5.

Table D.1: Descriptive statistics: Occurrence of sustained generations

Average Median SD Min Max  Observations

BASE 1.25 1 0.45 1 2 12
PUN 1.833 1.5 1.03 1 4 12
PUN&COMMS 3.25 4 1.22 1 4 12
COMMS 1.375 1 0.74 1 3 8

COMMS* 1.5 1 1.07 1 4 8

Note: Occurrence of sustained generations is a variable ranges between 1-4, indicating the
number of sustained generations. COMMS does not consider that the particular cohort

reached Gen 4, while COMMS* considers it.
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Note that the addition of one successful generation in one COMMS cohort (due
to the dropout) does not change the results of the robust rank order tests or the
Chi-squared tests. Still, there are significant differences at less than 1% level
between PUN&COMMS and any of the other treatments (see Tables D.2 and
D.3).

Table D.2: Occurrence of sustained generations in the different treatments,
based on Table B.1

Observations U - statistic

BASE vs. COMMS: 12 vs. 8 -0.106
BASE vs. COMMS*: 12 vs. 8 -0.106
BASE vs. PUN: 12 vs. 12 -1.299*
BASE vs. PUN&COMMS: 12 vs. 12 =3.774***
COMMS vs. PUN: 8 vs. 12 -0.974
COMMS vs. PUN&COMMS: 8 vs. 12 -3.321***
COMMS* vs. PUN: 8 vs. 12 —-0.828
COMMS* vs. PUN&COMMS: 8 vs. 12 —2.585%*
PUN vs. PUN&COMMS: 12 vs. 12 —2.743%*

Note: Two-sample Fligner-Policello robust rank order test. The dependent variable, Oc-
currence of sustained generations, ranges between 1-4, indicating the number of sustained
generations. *, ** and *** denote 10%, 5%, and 1% significance levels. Two-sided small-
sample using (Feltovich, 2005). COMMS does not consider that the particular cohort reached

Gen 4, while COMMS* considers it.

Table D.3: Success rate in sustaining generations across all possible genera-
tions, based on Table B.2

Observations  x2(1)-statistic  P-value (two-sided)

BASE vs. COMMS: 36 vs. 24 0.2778 0.598
BASE vs. COMMS*: 36 vs. 24 0.9704 0.325
BASE vs. PUN: 36 vs. 36 4.5997** 0.032
BASE vs. PUN&COMMS: 36 vs. 36 32.9143*** 0.000
COMMS vs. PUN: 24 vs. 36 1.9804 0.159
COMMS vs. PUN&COMMS: 24 vs. 36 22.5000%** 0.000
COMMS* vs. PUN: 24 vs. 36 0.9938 0.319
COMMS* vs. PUN&COMMS: 24 vs. 36 19.6218*** 0.000
PUN vs. PUN&COMMS: 36 vs. 36 16.0680*** 0.000

Note: Pairwise Chi-squared tests. In creating the dependent variable, Success rate in sus-
taining generations, We assume that any cohort has 3 generations. For example, if a cohort
reached Gen 4, the success is (1,1,1), whereas if a cohort failed in Gen 1, the data are recorded
as (0,0,0). Finally, *, ** and *** denote 10%, 5%, and 1% significance levels(two sided).

COMMS does not consider that the particular cohort reached Gen 4, while COMMS* con-
siders it.

E Bootstrap simulations

Because our experiment requires an independent cohort of 12 participants, we
have a limited number of cohorts (12 in BASE, PUN, and PUN&COMMS and

12



8 in COMMS). The number of realizations (affected by the random assignment
of participants into generations) is small compared to all possible combinations.
Assigning participants to generations and placing them at a specific position
of the generational sequence can further impact the number of sustained gen-
erations. Therefore, to test the robustness of our main result, we conducted a
bootstrap simulation similar to Hauser et al. (2014) and Lohse and Waichman
(2020). We simulated 10,000 randomly generated generational sequences for
each treatment (in total, 40,000). In each cohort, we randomly sample (with
replacement) a series of participants’ contribution decisions for each genera-
tion, calculate the total amount contributed to the group account, and observe
whether the generation was sustained. In particular, our procedure works as
follows (for each treatment):

1. For the first generation, we consider only participants of Gen 1 in the
respective treatment. We randomly sample (with replacement) three of
their contribution decisions in the first period. Based on the contribution
decisions, we calculate the total amount contributed to the group account
by multiplying the sum of the three contribution decisions by 5 (due to
the 5 periods) and observe whether the sum is above the threshold.

2. For the second and third generations, we consider all generations in the
respective treatment. We randomly sample (with replacement) three of
their contribution decisions in the first period. Based on the contribution
decisions, we calculate the total amount contributed to the group account
by multiplying the sum of the three contribution decisions by 5 (due to
the 5 periods) and learn whether the sum is above the threshold.

3. Finally, we determine the point at which the generational sequence would
break down (if any) and start again at step 1.

Using this procedure, we simulated 10,000 cohorts of 4 generations. For
BASE, COMMS, and PUN, the simulated mean value of sustained generations
is very close to the results of our experiment (BASE: 1.4 in the simulation vs.
1.3 in the experiment, COMMS: 1.3 vs.1.4, and PUN: 1.8 vs. 1.8). Even though,
PUN&COMMS still reaches considerably higher sustained generations than the
other treatments, the mean of the simulation is considerably lower than the
mean in our experiment (2.6 vs. 3.3).
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Figure E.1: Simulation result

A reason for the low performance of the simulation in PUNSS&COMMS is
that while the simulation approach may be particularly useful for BASE and
PUN, it is not the case for communication. In COMMS and PUN&COMMS,
there is a communication phase before the first period, and thus, randomly
sampling 3 participants from different generations will likely not reflect the effect
of communication, which allows all three members of the generation to draw
inferences on generation composition (whether to cooperate or to defect fully).
Indeed, in COMMS and PUN&COMMS, first-period members coordinated well
to contribute 25 each (when they wanted to reach the threshold) or 0 (when they
did not want to reach the threshold). Another limitation of the simulation for
our game is that we can only use the first-period (i.e., independent) contribution
decisions for our simulation. If most cooperation or coordination happens at
later periods, it would not be reflected in the simulation. Yet, the simulation
results in Figure E.1 demonstrate that first-period contributions provide a rather
good prediction of success.

F Analysis of communication

We analyzed the chat messages to learn how communication was used with and
without punishment. Four annotators received annotation guidelines (see Sec-
tion F.2) to evaluate the content of the chat messages. The annotators received
one log file for each generation with all chat messages written in all five periods
(see an example below). For each logfile, they answered two questions about
whether there was a suggestion “to cooperate,” “not to cooperate,” or “no sug-
gestion,” and three questions regarding punishment (only for PUN&COMMS).
In 71% of all cases, all four annotators came to the same conclusion. In 26% of
the cases, three annotators came to the same conclusion. In this case, we applied
a majority rule (i.e., we selected the interpretation of the three annotators). Fi-
nally, in 3% of the cases, only two annotators came to the same conclusion. We
marked those chats as “unspecified.”

14



F.1 Results of the communication analysis

n= 11 n= 31

Initial Suggestion - COMMS Initial Suggestion - COMMS&PUN
Unspecific Unspecific

6%

No Cooperation
%

No Cooperation
36%

Cooperation
36%

No Cooperation
% Cooperation
87%

Note: The top panel answers question 1: What was the initial suggestion in the chat? (“Initial
Suggestion”). The bottom panel answers question 2: What was the final suggestion at the
end of the chat? (“Final Suggestion”).

Figure F.1: Communication analysis

The annotators’ conclusions about the content of the chat messages are as
follows: In PUN&COMMS, the first suggestion in the chat was more often to
cooperate than in COMMS. This could indicate that in the presence of punish-
ment, payoff-maximizing participants are more hesitant to reveal their type early
in the chat. In COMMS, the annotators recognized that some payoff-maximizing
participants used the chat to reveal their strategy. Without punishment, par-
ticipants who want to cooperate do not have any leverage against them (and in
fact should not cooperate if they believe that the threshold is not met), lead-
ing to an increase in uncooperative messages throughout the chat (see the final
suggestions in the bottom panel of Figure F.1). Contrary, the annotators did
not find a change in the generation’s intent to cooperate in PUN&COMMS.
This might be because payoff-maximizing participants were more hesitant to
influence the discussions (as they might have feared being punished).

Next, in PUN&COMMS, the annotators found only very few occasions (6%)
in which participants explicitly threatened other participants with punishment.
Instead, on many more occasions (19%), participants agreed not to punish each
other if they stuck to what the decision makers agreed on. In PUN&COMMS,
the participants rather used the chat to agree on the focal point of cooperation
(5 ECU per participant per period). It seems that the presence of punishment
leads to more cooperative behavior as communication makes the presence of
participants who may punish sufficiently prominent to force payoff-maximizing
participants into cooperation.
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F.2 Annotation guidelines

The following guidelines were given to the annotators:

Guidelines

Your task is to read through the chat messages and answer a few questions for
every group. The answer to each question might not always be clear, and even
with the same annotation guideline, annotators can come to different answers.
To counterbalance these inconsistencies, the chat messages are annotated by 4
annotators. After the annotation process, in case of disagreement, we use the
majority opinion to determine the outcome.

The experiment

A cohort of 12 participants is divided into four generations (labeled as Gen
1, Gen 2, Gen 3, and Gen 4). Each generation consists of three participants.
Members of Gen 1 always actively participate. However, the members of sub-
sequent generations only participate depending on the decisions of the previous
generations. For each participating generation, there are five decision periods.
For each decision period, each participant receives an endowment of 10 Ex-
perimental Currency Units (i.e., in the total of five periods, each member makes
decisions regarding an overall amount of 50 ECU). In each decision period, each
participant decides how much of the 10 ECU to keep and how many ECU to
assign to a group account. The amount that a participant keeps will be paid to
this participant at the end of the experiment. The ECU in the group account
will be added up. After each period, each group member will be able to see
how many ECU the two other group members have assigned individually to the
group account, as well as the sum of the amounts assigned to this account. If
after the five decision periods, the sum assigned to the group account by the
three group members is 75 ECU or more, the experiment continues, and the
next group starts. If the sum is less than 75 ECU, the experiment ends. In
this case, all participants of the next groups (please note that we use the terms
group and generation interchangeably) do not earn money from the experiment.
In particular, if Gen 1 assigned a total of at least 75 ECU to the group
account, then the experiment continues to Gen 2. If Gen 2 assigned at least
75 ECU to the group account, then the experiment continues to Gen 3. If
Gen 3 assigned at least 75 ECU to the group account, then the experiment
continues to Gen 4. Finally, if the experiment reaches Gen 4, each member of
Gen 4 earns 25 ECU, and the experiment ends. If it does not reach Gen 4,
the members will earn nothing from the experiment. In each decision period,
after finding out how much the other members of the generation have assigned
to the group account, participants have the possibility to penalize members of
their generation. They can assign to each of the generation members 0, 1, or
at most 2 negative points. Each negative point costs 1 ECU. Each negative
point that they assign is multiplied by three and reduces the remaining ECU
of the penalized member (i.e., the group member who received the negative
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points). E.g., if a participant assigns one negative point, the remaining ECU
of the penalized member is reduced by 3 ECU. Before each decision period,
the participants had the opportunity to communicate via chat messages which
represents the basis of this analysis.

The chat messages
You receive a folder with 14 excel spreadsheets. Please note:
e Each spreadsheet represents one session.

e Each session can contain up to two cohorts.

e Each cohort consists of up to four generations/groups. If a generation fails
to reach the threshold, the subsequent generations are not included.

e Each generation/group consists of three participants playing five periods.

You can find all messages of one generation in one sheet within the spreadsheet,
please see an example in Figure F.2. Please note that some participants did not
use the chat. Therefore, their ID might not appear in the respective column
(“nickname”). In each sheet, you find a set of questions (not all of them cover
questions on punishment; see Figure F.3). Please use the dropdowns to answer
them. Please make sure you answered all questions on all (!) sheets.
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Figure F.2: Example of one generation’s chat

Questions

Session  Gruppe Generation
Bitte beantworten Sie die folgenden Fragen: aylinwa3 2 63
1. Was war der erste Vorschlag im Chat?
2. Was war der aktuelle Vorschlag am Ende des Chats?
3. Wurde iber die Negativpunkte im Allgemeinen gesprochen?
Bitte beantworten Sie die folgenden Fragen nur, wenn sie Frage 3 mit "Ja" beantwortet haben.

3a Gab es innerhalb der Diskussion eine Drohung Negativpunkte zu verteilen?
3b Gab es innerhalb der Diskussion eine Vereinbarung keine Negativpunkte zu verteilen?

Figure F.3: Questions
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Question 1 (“What was the initial suggestion in the chat?”): You can choose
between “To cooperate,” “Not to cooperate,” and “Undefined.” Please only con-
sider the very first suggestion of any of the participants. Please see an example
in Figure F.4. We define cooperation as the will to reach the threshold of 75
ECU.

Figure F.4: Example for Questions 1 and 2

Question 2 (“What was the final suggestion in the chat?”): You can choose
between “To cooperate,” “Not to cooperate,” and “Undefined.” Please only
consider the very last suggestion of any of the participants. Please see an ex-
ample in Figure F.4. We define cooperation as the will to reach the threshold
of 75 ECU.

Bite beantwortenSie die folgenden Fragen:
3. Wurde dber de Negathpunite im Allgemeinen gesprochen? 0

3 Nein

Kommt aufs Gleiche hinaus )
8108 keine Negativpunkte e e
‘dann gebe ich nvSchste 0 und danach 5

g
Te
Te
Te
Te
Te
Te
Teilnehmer§__Easyl

Figure F.5: Example for Questions 3, 3a, and 3b

Question 3 (“Did the participants discuss the negative points in general?”), 3a
(“Did at least one participant threaten others to punish them?”), 3b (“Did at
least one participant suggest not to punish each other?”): Please note that the
questions are not relevant for all sessions; i.e., you will find sheets without those
questions. If you answer question 3 with no, you can leave questions 3a and 3b
blank. Please see an example in Figure F.5.

Please do not hesitate to reach out to stenzel@economics.uni-kiel.de in case of
any questions. Thank you very much!
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G Translated instructions (computer screens)

This section includes the translated instructions for the PUN&COMMS treat-
ment. The PUN (COMMS) treatment instructions are identical, excluding the
COMMS (PUN) parts. The baseline instructions are identical, excluding both
parts for COMMS and PUN. Each subsection represents a single screen pre-
sented to the participants.

‘Welcome

Dear participants,

Thank you for participating in our experiment. The experiment is expected to
last 60 minutes. The experiment is carried out in strict compliance with the
code of conduct for economic experiments of the University of Kiel. This means,
among other things, that all information is provided to you truthfully. You can
end the experiment at any time without giving a reason. Your data will be
treated as strictly confidential and will be processed and published anonymously
by the researchers involved. In the following, for reasons of better readability,
only the female form will be used, although this explicitly refers to people of
any gender.

All participants receive the same instructions. Please read the instructions care-
fully.

Please mute your microphone. If you have any questions, write to us using the
private chat feature in Zoom.

Each participant receives €5.00 as a participation fee, regardless of the course
of the experiment. Depending on your decisions and the decisions of the other
participants during the experiment, you can earn more money.

During the experiment we use Experimental Currency Units (ECU) instead of
euro as currency. The amount you get for the decision tasks is calculated and
displayed in ECU. At the end of the experiment, the total amount will be con-
verted into euro and (in addition to the €5.00 participation fee) transferred to
your specified bank account within 2-3 days after the experiment. At the end
of the experiment, we will ask you for your account information.

The exchange rate between ECU and euro is 2.50 : 1. This means, for every
2.50 ECU you earn, you receive €1.00.

Group Assignment and Experiment Procedure

In this experiment, every 12 participants will be randomly and anonymously
divided into four groups, each group consists of three participants. The four
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groups will be labeled during the experiment as Group 1 (with members 1, 2,
and 3), Group 2 (with members 4, 5, and 6), Group 3 (with members 7, 8, and
9), and Group 4 (with members 10, 11, and 12). A random mechanism will
determine if you will be assigned to Group 1, 2, 3, or 4. Once the computer
program starts, you will see on your computer screen if you are assigned to
Group 1, 2, 3, or 4.

In this experiment, members of Group 1 always actively participate (i.e., tak-
ing decisions). However, the members of subsequent groups only participate
depending on the decisions of the previous groups. lL.e., Group 2’s participation
depends on the decisions of Group 1, and similarly, Group 3’s participation de-
pends on the decisions of Group 1 and Group 2. Finally, Group 4’s participation
depends on the decisions of Group 1, Group 2, and Group 3.

The Order of Decisions

For each group, there are five decision rounds. You take two decisions per round.
All members of the group simultaneously make their decisions. For each deci-
sion round, each participant receives an endowment of 10 ECU (i.e., in the total
of five rounds, each member makes decisions regarding an overall amount of 50
ECU).

Before each decision round, the 3 group members can chat with each other via
a chat window on your computer screen. In the first two rounds, you have 3
minutes, and in the rounds 3-5, you have 1.5 minutes per round to communi-
cate. You can only talk with the two other members of your group. You are
not allowed to identify yourself or other group members in this chat.

In each decision round, each participant decides how much of the 10 ECU to
keep and how much ECU to assign to a group account. The amount that a
participant keeps will be paid to this participant at the end of the experiment.
The ECU in the group account will be added up.

After each round, each group member will be able to see how many ECU the
two other group members have assigned individually to the group account, as
well as the sum of the amounts assigned to this account.

If after the five decision rounds, the sum assigned to the group account by the
three group members is 75 ECU or more, the experiment continues, and the
next group starts. If the sum is less than 75 ECU, the experiment ends. In this
case, all participants of the next groups do not earn money from the experiment.

In particular, if Group 1 assigned a total of at least 75 ECU to the group ac-
count, then the experiment continues to Group 2. If Group 2 assigned at least
75 ECU to the group account, then the experiment continues to Group 3. If
Group 3 assigned at least 75 ECU to the group account, then the experiment

21



continues to Group 3. Finally, if the experiment reaches Group 4, each member
of Group 4 earns 25 ECU, and the experiment ends. If it does not reach Group
4, the members will earn nothing from the experiment.

Note that besides the earnings from the experiment that depend on your deci-
sions and the decisions of previous groups, every participant is entitled to €5.00
as a participation fee, irrespective of the course of the experiment.

Negative Points

After being informed in each round of decisions how much the two other par-
ticipants in your group have sent to the group account, you make the second
decision. You can attribute negative points to the two other participants in your
group. You can assign to each of your group members 0, 1, or at most 2 negative
points. Each negative point that you assign costs 1 ECU. Each negative point
that you assign is multiplied by three and reduces the remaining ECU of the
penalized member. You have three possibilities:

e You assign 0 negative points (no costs for you and the remaining ECU of
the penalized member is reduced by 0 ECU).

e You assign 1 negative point (costs you 1 ECU and the remaining ECU of
the penalized member is reduced by 3 ECU).

e You assign 2 negative points (costs you 2 ECU and the remaining ECU of
the penalized member is reduced by 6 ECU).

After your decision, you can see how many negative points you assigned and
how many negative points you have received. All decisions are anonymous:
You cannot find out which participant has assigned negative points to you, and
others cannot find out to which participant you have assigned negative points.

Earning per Round and Total Earning

In case the previous group contributed enough ECUs to the group account, your
group was reached, and you took decisions; then, your payoff for each round will
be as follows:

e Endowment for this round (10 ECU),

e minus the assigned amount to the group account,
e minus assigned negative points,

e minus received negative points times 3.

Please note that your payoff for one round can be negative. Your payoff is
summed up for the five decision rounds. In cases where your summed payoff is
negative, it will be set to 0 (and in any case, you will earn the participation fee
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of €5.00). In case your group was not reached, and you did not take decisions:
You will not earn money from the experiment. However, you, as everybody else,
are entitled to the €5.00 participation fee.

Test Questions

Please consider the following cases and answer the questions. At the end of the
page, you will also find a summary of the instructions.

Case 1: After the five decision rounds, Participant 1 in Group 1 assigned a
total of 30 ECU to the group account. Moreover, after the five decision rounds,
the total amount in the group account of Group 1 is 75 ECU.

e What is the total payoff for Participant 1 (in ECU): [20 ECU]
e Does the experiment continue to Group 27 [yes|

Case 2: After the five decision rounds, Participant 1 in Group 1 assigned a
total of 20 ECU to the group account. Moreover, after the five decision rounds,
the total amount in the group account of Group 1 is 70 ECU.

e What is the total payoff for Participant 1 (in ECU): [30 ECU]
e Does the experiment continue to Group 27 [no]

e What is the total payoff for members in Group 2 (in ECU): [0 ECU]

Case 3: Participant 2 in Group 2 assigned 0 negative points to Participant 1
and 2 negative points to Participant 3.

e By how many ECU is the payoff of Participant 2 (the sender) reduced?
2]
e By how many ECU is the payoff of Participant 1 reduced? [0]

e By how many ECU is the payoff of Participant 3 reduced? [6]
The experiment will start once you press “continue.”

Group Assignment

You are Participant [x] and are assigned to Group [y]. {For participants in
Groups 2, 3, and 4:} Group 1 will start. Please wait until they make their
decisions. This can take up to 15 minutes.
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Chat

Remaining time: [Time]

You are Participant [x] in Group [y]. This is Round [z] of 5. You can now chat
with your other 2 group members for 3 minutes / 1.5 minutes. You can leave
the chat already earlier. You are not allowed to identify yourself or other group
members in this chat. In the next round, you can chat with your other 2 group
members again. If you want to leave the chat earlier, please click “next.” Please
note that you cannot return to the chat in this round.

Group Account

You are Participant [x] in Group [y]. This is Round [z] of 5.

For this task, you and two additional group members have received an endow-
ment of 10 ECU. On this screen, you can decide how many (0-10) of your ECU
you want to assign to the group account. All ECU that would be assigned to
this group account will be added up. If after five rounds the sum is equal or
larger to 75 ECU, the next group will start to play. If the sum accumulated in
the group account after 5 rounds is less than 75 ECU, the experiment will end,

and the next group will not make decisions (and will not receive an additional
endowment).

Please state how many ECU you want to send to the group account: [...]

Contributions to the Group Account

You are Participant [x] in Group [y]. This is Round [z] of 5. Here, you are
informed about the decisions of the participants in your group.
This Round:

e Your contribution: ...

e Participant [1]: ...

e Participant [2]: ...
Up to this round:

e Your contribution: ...

e Participant [1]: ...

e Participant [2]: ...

You and the other members of your group contributed [¥ ¢;] ECU in total up
to this point. {In the last round:} There are more than 75 ECU in the group
account and, therefore, the next group starts. / There are not more than 75
ECU in the group account and, as a consequence, the experiment ends.
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Negative Points

You are Participant [x] in Group [y]. This is Round [z] of 5. On this screen, you
can take a decision if you want to assign negative points to another member. A
negative point costs you 1 ECU and reduces the earnings of the other participant
by 3 ECU. You can assign between 0 and 2 negative points to each participant
in each round.

Round Payoff

You are Participant [x] in Group [y]. This is Round [z] of 5.
e Your endowment: ...
e Your assignment to the group account: ...
e Your assigned negative points: ...
e Negative points received: ...

¢ Your round payoff: ...

Total Payoff

You are Participant [x] in Group [y]. This is Round [z] of 5. Your payoffs per
round:

e Round 1: ...
e Round 2: ...
e Round 3: ...
e Round 4: ...
Round 5: ...

Total: ...
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