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The human ability to establish cooperation even itarge groups of genetically unrelated
strangers depends upon the enforcement of cooperati norms. Third party punishment
is one important factor to explain high levels of goperation among humans whereas
there seems to be no evidence that other animal spes use this mechanism for
promoting cooperation. We study the effectivenesd third party punishment to increase
children’s cooperative behavior in a large scale @peration game. Based on an
experiment with 1,120 children, aged seven to elaveyears, we find that the threat of
third party punishment more than doubles cooperation rates, despite the fact that
children are rarely willing to execute costly puniesment. We can show that the higher
cooperation levels with third party punishment aredriven by two components. First,
cooperation is a rational (expected payoff-maximizig) response to incorrect beliefs
about the punishment behavior of third parties. Seand, cooperation is a conditionally
cooperative reaction to correct beliefs that third party punishment will increase a
partner’s level of cooperation.
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Significance statement

Cooperation among humans depends strongly upomwithiegness of others to take costly
action in order to enforce the social norm to coaf®e Such enforcement behavior is often
coined third-party punishment. Here we show thewtltparty punishment is already effective
as means to increase cooperation in children. Mhogortantly, we can identify why this is
the case. First, children expect (mistakenly) tigedties to punish quite often and therefore
become more cooperative. Second, however, the rpesef third parties lets children
become (rightfully) more optimistic about the cogimn levels of the interaction partner in a
simple prisoner's dilemma game. As a reaction taemaptimistic expectations, children
cooperate more themselves. The experiment has toeewith about 1,100 children aged

seven to eleven years.
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Human cooperation rates among genetically unrelstieshgers in large groups are unusually
high and exceed cooperation among all other anispacies by far (1,2). Already in
childhood, humans begin to conform to cooperato@ad norms (3). This raises the question
how such social norms are enforced, because nofancement may explain why humans
cooperate more than other animals. While in repge#atéeractions reciprocity (4,5) may
account for the higher cooperation rates — givext, thnlike chimpanzees, humans become
reciprocal already in early childhood (6) — in n@peated (i.e., one-shot) settings a different
mechanism must be at work (7). In fact, a growirmglyb of literature suggests that the
punishment of defectors is key to trigger and snstaoperation in such contexts (7-11).

Punishment can take on the form of second partysphorent, where those who are the
victims of defection can punish norm-violators @£18), or third party punishment, where
unaffected bystanders can execute sanctions agamsh-violators, even though the
bystanders are not materially affected by a norotation (8,19-29). While both humans and
other animals use second party sanctioning to pr@mmoperation (30,31), it is interesting to
note that humans also engage in third party puresiinm order to increase cooperation rates.
In contrast, it is unclear whether aggression agaionspecifics among non-human animals
ever aims to punish non-cooperators or whether batlavior can even be called third-party
punishment at all.(*) Some recent evidence everwshibat chimpanzees do not engage in
third party punishment (36). Thus, the deliberataighment of defectors by third parties is a
likely candidate to explain higher cooperation sate@ humans. In this paper, we study the
ontogeny of cooperation and third party punishmeéating childhood, focusing on the
guestions whether third parties increase coopera#tes already in children and, if they do,
for which reasons. So far, the experimental litahas documented positive effects of third
party punishment on human cooperation exclusivetyaflult (typically student) populations
(26-29). Since cooperation norms become interrdlimeich earlier, already in childhood
(3,37), we consider it as important to study hownm@&nforcement works in childhood. In
their recent paper on the ontogeny of cooperateteabior (unrelated to norm enforcement
through punishment), House et al. (3) conclude thatire research should examine
“institutions that influence cooperative behaviordahow their acquisition and application
shapes children’s behavior across development’14s90). We work in this direction by
studying the effects of punishment institutionsttoe cooperative behavior of children.

We are particularly interested in whether childbexrtome more cooperative when a third
party (of the same age) may punish them. If sofrwéo disentangle the reasons for such a

behavioral response by examining whether childrecolme more cooperative because they
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are afraid of getting punished, or because theg&xihe partner in the cooperation game to
cooperate in the presence of a third party, in tvleEse third party punishment works through
the channel of conditional cooperation (38-40).d$ing the behavior of children, as players
in a cooperation game or as third parties, allowteninining whether norm enforcement

through third party punishment works already atoang age where many norms are only
beginning to become internalized (3,41). This iaifticular interest as potential third party
intervention is important among peers in schoot (fstance, punishment threats of peers
towards free-riders in cooperative learning envinents in order to foster student’s

commitment; 42), but it is unclear to date wheihshifts expectations about others’ behavior
or whether the third party punishment itself proesatorm enforcement.

The experiment was run in the city of Meran/Italyth more than 1,100 primary school
children, aged seven to eleven years. We chose thge cohorts because (i) important
behavioral and economically relevant traits evalleing this period of life (43), (ii) peer
interactions in primary school classes preparedotl for their adult roles, teaching each
other values and attitudes such as cooperatiod3%4and (iii) middle childhood (starting
from around age 6) may be when children begin tdaran to cooperative social norms (3).
A necessary prerequisite for strategic interactigperiments to provide reliable results is that
participants can understand them and, in our deBses developed the ability to take another
person’s perspective. In contrast to non-human gaeslike chimpanzees who “do not have a
full-blown human-like theory of mind” (46, p. 15@)oth conditions are entirely met in
humans in the age cohorts considered in this p&hd6-49). The participating children
represent 86% of all primary school children indgstwo to five in this city with its 38,000
inhabitants.

Following previous literature on adults (26), wed leur subjects play a one-shot,
simultaneous prisoner’s dilemma game as a bas@aeeFig. 1 for an illustration of the game
and Methods as well as Supplementary Informatidn,f@ details). Mutual cooperation
yields the Pareto-efficient outcome of [4,4]. Howevboth players have a dominant strategy
to defect, leading to the inefficient Nash-equiliion of [2,2].

554 children played this two-player game in a aartteatment (CTR) without any third
party. Matching was random and anonymous and parge always formed from the same
age cohort. After having played the game once lfetdre being informed about the choice of
their partner in the PD), these children were adkedct as third parties for another set of

children. Children did not know about this addiabtask before completing play in the PD.
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A different set of 566 children was assigned thiedtparty punishment treatment (TPP).
Children in TPP were randomly and anonymously pla(eeithin their age cohort) and then
played the PD once. Each child in a pair of TPP asssgned one child from CTR as the third
party, and children in TPP were aware of this eforaking decisions. Of course, they were
not informed about the third party’s decision befohoosing to cooperate or defect. The third
party (the child in CTR) had to decide whetherreeist a token to punish the assigned child
(in TPP) in case this child would defect in the Bi). As a consequence of punishment, the
child in TPP lost all gains from the PD-experimérnt had defected. If the child in TPP had
cooperated, or if the third party had not investedoken, then the third party kept the token
which could be exchanged into a reward (%).

After having made their own decisions, we askeddotm about their beliefs. Both in
CTR and in TPP they were asked whether they exgelstepartner in their pair to cooperate.
In TPP they were additionally asked whether theypeeted the third party to punish
defection. Correct guesses were rewarded with okent By asking children in TPP both
about the expected punishment and the expecteceatam of their partner, we can check
whether they cooperate in order to avoid punishnoertecause they expect the partner to

cooperate as well.

Results

Fig. 2 shows cooperation rates across the fourcaperts for players in CTR and in TPP.
Overall, we find that 58% of players cooperatehi@ bne-shot PD in TPP, while only 25% do
so in CTR (P= 0.000 overall and in each age group separatéhgsts). This means that the
presence of a third party with an opportunity tonigh defectors more than doubles
cooperation rates. Looking at cooperation ratessscage cohorts, we find no significant age
effects within any treatment (P = 0.339 in CTR &hd 0.552 in TPP, Cuzick’s Wilcoxon-
type test for trend).

Fig. 3 illustrates players’ beliefs about theirtpar’s likelihood of cooperation. We find
that beliefs significantly differ across treatmerid% of subjects in TPP, but only 51% in
CTR belief that their partner will cooperate (P0across all age groupg-test). This
means that subjects anticipate that the presendleirdf parties will have an impact on the
partner’s willingness to cooperate. In TPP, infallr age cohorts the expected likelihood of
cooperation matches the actual rate of cooperdtioly closely. Comparing the dark grey
bars across Fig. 2 and Fig. 3 does not yield saamt differences in any age cohort (P = 0.16
for 7/8 years; P = 0.16 for 8/9 years; P = 0.09 90 years; P = 0.42 for 10/11 years;
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McNemar's tests). However, in CTR all four age athare too optimistic, because expected
cooperation rates are always significantly hightremtactual cooperation rates (see the light
grey bars in Fig. 2 and Fig. 3; P < 0.01 in eachochp McNemar's tests). This latter result
suggests an intention to free-ride on the (expéaedtributions of partners, which implies a
willingness to accept advantageous inequality (B0,Bs soon as a third party is present (in
TPP), however, expectations and actual behavioh wéspect to cooperation get well
calibrated. This effect can explain why (potentidhird party punishment increases
cooperation rates if subjects are conditional coatpes (38-40). For someone who conditions
the level of cooperation on the interaction parmevillingness to cooperate, third party
punishment shifts the expectations upwards, andehgiggers more cooperation, even in the
absence of actual punishment. In fact, Fig. S3lisi®ws that the average expectations of
conditional cooperators (that is, subjects whodeetbabout the cooperative behavior of the
partner is aligned with their own decision) arengfigantly higher in TPP than in CTR (P =
0.000 in each cohorj/-tests).

Fig. 4 juxtaposes actual and expected punishmésd.rt turns out that third parties use
the punishment option very rarely, overall in lekan 10% of cases (8). Players in TPP
expect third parties to punish in 51% of casesmrage, however. The difference is highly
significant throughout (P = 0.000 in each age cohdrtests), indicating a strong mismatch
between beliefs and actual punishment behavionmNa mismatch, albeit of smaller size,
has been found in previous studies of third patgighment when subjects share a pie very
unevenly in a simple allocation task (26). Henbe, mismatch is not an artefact of our design
or subject pool (). Moreover, the fact that onlgraall fraction of primary school children
incurs costs in order to punish defectors is coastsvith the finding that children’s behavior
is typically closer to payoff-maximization than ddiehavior (53; see also the evidence of
payoff-maximizing behavior of chimpanzees; 55).

It is interesting to note that, givesctual punishment behavior, players in TPP have
higher expected payoffs from defection than frorapmration in all age cohorts, meaning that
it would be a payoff-maximizing strategy to defedence, if only actual punishment was
important, it should not have any effect on coopenarates (contrary to what we see in Fig.
2). However, giverexpectedpunishment rates, cooperation yields higher exaeghayoffs
than defection for all cohorts, except for the std@vhere cooperation and defection have
practically the same expected payoff; see Tabn&)i

Hence, cooperation in TPP is driven by two comptmdrirst, it is a rational (expected

payoff-maximizing) response to incorrect beliefsoatbthe punishment behavior of third
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parties. Second, it becomes more likely as a com@ily cooperative reaction to an increase
in the expected cooperation rate of a subject'snpar The latter increase, in turn, is due to
the presence of third parties (|]).

From a societal point of view, TPP is more effitighan CTR. Given the actual
cooperation rate of 24.6%, the expected payoff piager is 2.49 tokens in CTR. Taking into
account the 8% chance of losing all earnings thiopgnishment, and considering the
cooperation rate of 58% in TPP, a player in TPs®an average 3.01 tokens. Subtracting
from this the average costs of 0.03 tokens forthiel party through punishing (8% of the
42% of defectors get punished by third parties,ciwitiosts them 1 token), yields a net surplus
of 2.98 tokens, which is 20% higher than in CTR.

Discussion

Third party punishment increases cooperation ajreadong children, aged seven to eleven
years. Across these age cohorts, we have foundgmificant differences in reactions to
potential punishment. Most noteworthy, third pgstynishment works through two channels,
one of which relies on a misalignment of actual argected punishment behavior. Subjects
expect to get punished for defection much morenatt@n third parties are actually willing to
incur the costs of punishment. Yet, the expectatbnpunishment suffices to increase
cooperation rates. This misalignment between a&ndl expected punishment may, in fact,
explain why field data suggest that third party csmming is hardly observed whereas
cooperation rates are found to be substantial etsime time (56). The second channel
through which third parties increase cooperatidasr#s their effect on expected cooperation
rates of other players. The presence of third gamrith a punishment option is expected to
make othersmore cooperative, which in turn triggeye/n cooperation as a consequence of
conditional cooperation. In fact, while the prevade of conditional cooperation has been
shown for adults (38,39), our study can be intdgateas showing that already children are
conditional cooperators. Moreover, our study eshbs a link between conditional
cooperation and the cooperation-enhancing effetttiad party punishment.

Among the avenues for future research we see tragyhtforward extensions of our
work. First, it would be interesting to see whethidrd party reward is equally efficient in
increasing cooperation as is third party punishmentwhether positive and negative
incentives work differently (57). Second, it woub@ a worthwhile project to study even
younger children than we did in this paper. We aersit an intriguing question whether at a

very early age (potential) third party punishmerduld be executed on the one hand, and
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would be effective to increase cooperation on theerohand. Third, studying how the
presence of third party observers who cannot puatifetts cooperation in children would be
interesting. As we measure the joint effect of obsgon and punishment on cooperation
rates, disentangling both channels contributesh¢ouinderstanding whether the presence of
third parties, the possibility of punishment, oe timteraction of both promotes cooperation

among humans.

Methods

We conducted our experiment in all fourteen elermmgnschools in Meran (South Tyrol,
Italy) in November 2012. Meran is the second largeg in the province of South Tyrol, with
about 38,000 inhabitants, of which roughly 50% #edian speaking and 50% German
speaking. Our experiment was part of a larger rebgaroject which investigated economic
decision making of elementary school children.tily, elementary school comprises grades
1to5.

Before starting the project we obtained approvaimfithe Internal Review Board of the
University of Innsbruck, the South Tyrolean Statea®l of Education, and from the
headmasters as well as informed consent from thenfsaof the involved children to run a
series of six experimental sessions in the acadegmacs 2011/12 and 2012/13. We got
permission from 86% of parents of all elementatyost children in Meran. The permissions
were either granted implicitly or explicitly. Eadthool district separately decided whether
the parents had to sign a consent form in ordgivi® their child the permission to participate
(opt-in) or whether participation was implicit atitte parents had to sign in order to prohibit
participation (opt-out). One out of five school tdigts decided to implement the explicit
participation consent form, the others implementsel implicit participation. In all cases,
parents received a letter explaining the generglgee of the two-year research project prior
to the start of the experiments. Participation athe experimental session was, of course,
voluntary for children, but all except a singleldiionsented to participate.

The experiment on cooperation and punishment wasséitond experiment conducted
with the children in the second year of the studythat year we worked with children in
grades 2 to 5 (while we had grades 1 to 5 in tis fiear). In total, we had 1,141 children
participating in this experiment.

Each child was fetched individually from the clagsn and brought to a separate room
where an experimenter explained the experimenttege to the child. In this room, there

were four to eight experimenters running the expent with four to eight children at the
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same time, visually separated from one anotheratiirents were randomized within each
experimenter and experimenters had to memorizengttrictions of the game and explain the
game orally (in the mother-tongue of the child)thwdetailed visual support (see SI for
experimental instructions). The duration of theexkpent was approximately 20 minutes and
it was conducted with pen and paper. Following ¢femeral procedure when conducting
experiments with children (43,58), children hadd¢peat the rules of the game in their own
words after the explanation by the experimenter.case of mistakes, the experimenter
repeated the respective passages, and asked tkhet@whiepeat the rules once more. 21
children did not manage to correctly repeat theguin particular the consequences of each
combination of actions. Given our one-on-one exgiam technique, this is a reasonable rate
(43), leaving us with 1,120 children with full undeanding for the analysis (see Tab. S1). Of
course, the 21 children without correct understagdivere allowed to participate in the
experiment until the end. Including their choicemwd not change any of our results.

A subiject either participated in treatment CTR &PT Both experimental treatments had
two stages. This was not known to children at tegirming of the experiment. Only at the
end of the first stage (after having made all densand after having answered our questions
on expectations) they were informed about the staiage and its rules. Children were
informed about the outcome of the two stages otttperiment only three months later when
they received the presents (**).

In each stage, a child was anonymously matched avitither child from the same age
cohort (i.e., grade) and language group, but fromdifferent school. This was common
knowledge. The baseline game in the experimentamase-shot prisoner’s dilemma (shown
in Fig. 1). In this game, one child and its partwere endowed with two tokens each, which
could be either kept or passed on to the othereplay the latter case, the tokens were
doubled. This game was played in the first stagieeaitment CTR where no external observer
was present, hence the game was played withoutdaghrty who could punish defection.
The prisoner’s dilemma game without third party vedso played in theecondstage of
treatment TPP. This second stage in TPP servedvithia-subjects control whether subjects
who had experienced third party punishment in stagewould change their behavior when
third party punishment was removed. The change agasxpected, with cooperation rates
dropping significantly in the absence of third ggtinishment, and the data are shown in Fig.
S1 and Fig. S2 in Sl. In the paper we do not refh@tsecond stage of treatment TPP.

In the first stage of treatment TPP the prisondifsmma game was extended to a third-

party punishment experiment: each player in theoper’'s dilemma of this stage was paired
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with an exclusive third-party observer. This wasubject in stage 2 of CTR. The observer
was not affected by the play of the children in treatm@&®P, but was endowed with one
token. This token could either be kept by the cimidgtage 2 of CTR or could be spent to
destroy the whole payoff of the paired player inPTiP this player chose defection. Since
children in the role of an observer had played gaeme themselves before (in stage 1 of
CTR), they were familiar with the rules of the gaara could easily condition their decision
on the paired player’s choice to cooperate or defetcourse, the observers (in CTR) were
not informed about the actual choice of the obskpayer (in TPP) before making their
decision on how to spend the token, meaning thatim@emented a so-called strategy
method (52). The decision of the observer was anpjlemented in case of defection. Thus,
we did not allow for spiteful punishment (61), besa we are primarily interested in the
enforcement of a cooperation norm and not whethigdren are willing to punish cooperative
acts. All involved participants were exactly infardhabout the punishment mechanism. It is
also noteworthy that the observed players knew tthgit partner in the prisoner’s dilemma
also faced a punishment threat in case of defecti@cause the partner had also one
(different) child assigned as an observer with ppootunity to punish defection. At the very
end of the session children completed a post-exerial questionnaire on demographic data
(on siblings, gender and age). Total earnings e dkperiment were determined by actual
decisions and also by the stated expectations. |3ther were also incentivized. Subjects
earned an extra token per correct guess.

As incentives, we used sweets (lollipops, smallcdhates, candies), fruits (bananas,
apples, oranges) and other small presents (stickalt®ons, pencils, wristbands). Children
could exchange the tokens earned in the experimemitems of their choice in a so-called
“experiment-store”. The cost of each item rangednfone to three tokens.

As control variables, we measured the 1Q and thiengof altruism and intertemporal
preferences of our participants one to six montefre the experiment on third party
punishment. IQ was elicited with a shortened versibRaven'’s test. Altruism was elicited in
a dictator game. Subjects were endowed with 6 ®kerd we let them decide anonymously
how many tokens to keep for themselves (and ex&hahgm into presents in the
“experiment-store”) or to donate to one of the j[moe’s largest charities, “Menschen in Not:
Kinderarmut durch Kinderreichtum”, respectively “@mita che ha bisogno: famiglia
numerosa = famiglia povera?”, an initiative to sogppunderprivileged children in South
Tyrol. This charity is run by the well-known Castaiocese Bolzano-Bressanone. For each

token allocated to the charity we donated 50 Euent€ to the charity. Intertemporal
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preferences were measured with the use of a cHmiteEach child had to make three
decisions in which to choose either 2 tokens atetie of the experiment or a larger number
of tokens with a delay of 4 weeks. The delayed flayas either 3 tokens, 4 tokens, or 5
tokens. From these choices, we can identify vepaitient children (who always choose the 2
tokens immediately) and check whether they behdfferently from more patient children.
We have data for 977 children who participatechm third party punishment experiment and
in both the altruism experiment and the interterapohoice task, and these children are the

basis for the regressions shown in Tab. S3 in SI.
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Footnotes

* Several studies report behavior which resembles]{party punishment in non-human
animals (32-35). It is likely, however, that suathhvior is motivated by selfishness and
yields cooperation only as a by-product (36).

T While both altruistic and spiteful punishment.ithe punishment of defectors and
cooperators, is usually permitted in experimentshvadults (26) we restricted our
participants’ action space to altruistic punishméecause we are primarily interested in
the enforcement of a social norm to cooperate atdmmether children are willing to
punish cooperative acts.

¥ We chose this binary punishment technology ireord assure comprehension. While
adults who act as third parties in such games sually asked to choose the number of
tokens to be invested into punishment (26,29), eat khe design as simple as possible
and thus only allowed for a binary decision.

8 One possible reason for the low incidence of ghument rates could be the use of the
strategy method to decide upon punishment. Thirdigza had to make decisions
conditional on the player in the PD game choosiefgction. This may leave the third
party in an emotionally “cold” state, while choogipunishment after having seen the
player defect in the PD game may create an emalydiet” state and then trigger more
punishment. A recent survey comparing the strategthod with the latter type of direct-
response method has failed to find a systematiawbetal impact of the strategy method,
however (52). In their study on third-party-punighmhwith adults, Fehr and Fischbacher
(26) also use the strategy method for eliciting dieisions of third-party observers and
find between 21% and 50% punishment rates (depgndm the decision of the
interaction partner in the PD). Our somewhat smallenishment rates are compatible
with the finding that children’s behavior is typllgacloser to payoff-maximization
(which predicts no punishment) than adult beha(ba).

1 One might also argue that the mismatch betwekefda@bout the behavior of third parties
and actual punishment rates is due to the diffcaftchildren playing the PD game to
put themselves into the role of the third party dalle her perspective. However,
psychological studies on the development of Thebiylind (47,54) show that normally
developing children are able to differentiate thieeds view from their own one by the
age of four to six years, and then take the pets@scof other persons into account.

[| In SI we show support for this with a regresgfimnTab. S3) in which the likelihood to
cooperate is the dependent variable. Expectingptmtner to cooperate increases a
subject’s likelihood of cooperation by 42 percesetapints (P = 0.000), and expecting
the third party to punish defection raises theliii@d of cooperation by 38 percentage
points (P = 0.000). A Wald-test shows that bothtdesc are equally strong and not
significantly different from each other. In thiggression, we also control for age, gender,

IQ and other covariates. Of the latter, only a#ttigi giving in an experiment on voluntary
donations to a charity turns out to be signific@md positive, as expected).

** As the total earnings of each child were depenideot only on own choices, but also on
the decision of the partner in the experiment (Wwtas from another school), it was not
possible to calculate the final earnings of thédcbh immediately at the end of a session.
Thus the tokens earned in the experiment were ldaioder at our next visit, three
months after this experiment took place. Given @elayed payment procedure and the
high discount rates among children (59,60) we ckéclwhether impatient children
behaved differently from more patient ones, becaluséormer might have perceived the
incentives in the experiment as less valuable thanatter. To tackle this important issue
(suggested by a referee) we compared the choieeBRP and CTR) of very impatient
children with their more patient peers (we measupadience in an independent
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experiment on intertemporal preferences conduatechenth before the experiment for
the present paper was conducted). Table S3 indV¥ssthat children who are categorized
as more impatient do not behave differently inRiegame.
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Figure 1: In the prisoner’s dilemma, players can either evafe (C) or defect (D). While
mutual cooperation yields the socially optimal aume of 4 tokens per player, each subject
has an incentive to defect as a dominant strafegfection of both players is the Nash
equilibrium of the game, yielding a payoff of 2 fach player. The first (second) number in

each cell indicates player 1's (player 2’s) payoff.

Player 2
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~ D60 (2.2

Figure 2: Average cooperation rates by age and treatmerfflin CTR and N=566 in
TPP). Error bars, mean £ SEM.
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Figure 3: Average expectation of cooperative behavior ofpner by age and treatment
(N=554 in CTR and N=566 in TPP). Error bars, me&8EM.
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Figure 4: Average actual punishment rates of third parti@ER; N=554) and expected rates

of punishment by players in TPP (N=566) by ageoHars, mean + SEM.
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Supplementary tables and figures

Table S1: Number of participants by age and gender with thenler of
children not understanding the game in brackets.

Gender
Age (in years) Female Male
718 years 126 (5) 139 (9)
8/9 years 121 (1) 164 (2)
9/10 years 131 (2) 153 (1)
10/11 years 133 (0) 153 (1)
ALL (N=1,141) 511 (8) 609 (13)

In total, 21 children (10 in CTR and 11 in TPP) &vexcluded from the analysis because they
did not understand the experiment.

Table S2: A comparison of expected payoffs in TPP, givendbglbout expected behavior and
given actual behavior of the opponents.

Age (in Observer’s

years) probability to punish to cooperate (C)

Partner’s probability Expected payoff Expected payoft

(given behavior§ (given beliefsy

(P)

Behavior Beliefs Behavior Beliefs Coop. Defect @oo Defect
7/8 yrs. 7.5% 53.8% 60.6% 67.4%  2.42 4.09 270 2.17
8/9 yrs. 9.1% 53.5% 57.0% 64.1%  2.28 3.89 256 2.12
9/10yrs.  7.3% 52.4% 57.8% 65.3%  2.31 4.00 261 2.20
10/11yrs. 7.8% 44.8% 56.6% 60.7%  2.26 3.93 243 244

*Calculation of expected payoff

... for cooperation: C*4

... for defection: (1-P)*C*6 + (1-P)*(1-C)*2
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Table S3:Clustered probit regression on cooperation

Cooperation Cooperation

in CTR in TPP
Age in years 0.011 0.001
(0.015) (0.020)
Female (=1) -0.036 0.077
(0.037) (0.052)
German school (=1) 0.035 0.055
(0.035) (0.050)
Belief partner (1=cooperatioh) 0.320*** 0.416***
(0.035) (0.065)
Relative |G -0.061 0.015
(0.103) (0.127)
Number of siblings 0.001 0.007
(0.020) (0.023)
Altruism® 0.083*** 0.065%**
(0.015) (0.020)
Impatient (=1) -0.051 -0.027
(0.043) (0.058)
Belief observer (1=punishment) 0.379***
(0.076)
Belief partner*Belief observer 0.114
(0.106)
# Observations 489 488

Notes. *** ** * denote significance at the 1%, 5%0% level, robust standard errors in parentheses.

Clustered on class level.

* The 1Q was measured with Raven’s Coloured Proiyesgatrices. Consistent with the

mean values of the norming sample of the RavenleuCed Progressive Matrices, the share

of correctly solved matrices in our subject poareases with age. Therefore, we measured

the IQ relative to the respective age group in otdevoid confounding age- and IQ-effects.

& Number of tokens donated to a charity (0-6) inralependent experiment. We include this

variable as a proxy for social intelligence whismeeded in social interactions (Kaukiainen
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et al. (1) find that social intelligence is sigodntly related to empathy).
* Patience was measured in an independent expenmittn® binary choice problems. If a
child decided in all three choice problems not ttvor the higher payoff, the child was

classified as being impatient.

Reference:

62. Kaukiainen A et al. (1999) The relationships betveecial intelligence, empathy, and
three types of aggressioggressive Behavidt5: 81-89.
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Figure S1: Average cooperation rates by age and stage in $Rge 1 with third party
punishment (reported in the paper); Stage 2 witktwed party punishment (not reported in
the paper, N=566). Error bars, mean + SEM.
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Overall, 20% cooperate in stage 2 of TPP withoutighment, compared to 58% with punishment in sfage
(P=0.000 overall and in each cohort; McNemar etest). The cooperation rate in stage 2 is not Bagmitly

different from the rate in CTR (compare Fig. 2; ®®overall and in each cohoyf;tests).

Figure S2: Average expectation of cooperative behavior ofpaener by age and stage in
TPP. Stage 1 with third party punishment (repomteithe paper); Stage 2 without third party

punishment (not reported in paper, N=566). Errasbaean + SEM.
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In the second stage of TPP (without punishmentiicdm have significantly and much lower expectatiabout

their partner’s likelihood to cooperate (P < 0.0A&il age cohorts; Mc-Nemar test).
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Figure S3: Average expectations of conditional cooperatorsatols the cooperative behavior
of their partners by age in CTR (N=369) and TPP4NB). Subjects are classified as
conditional cooperators if their beliefs about fagtner’s choice are aligned with their own

decision.
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Experimental instructions (translated from German/Italian)

Note: Italic font is used for the instructions @ texperimenter.

Assign child to treatment 1 or treatment 2 accogdio the randomization-list.

Today | prepared a game for you. In this game yauearn tokens. You can buy presents in
our shop with these tokens. Bigger presents cose riian smaller ones. The presents are

different from last time.

Treatment CTR

In this game you can earn these white tokehsW tokens Could you please repeat the rules
for the tokens?Child must repeat that it can select presents wWithtokens and that bigger
presents are more costly than smaller presents

There are two meeples: a yellow and a white meggbee meeples on table; the yellow
meeple must be placed directly in front of thedhi¥ou are the yellow meepl@dint at
yellow meeple The white meeple is a child which we will seleemddomly. This child attends
the x. grade of a German (Italian) school here aran just like you, but it attends a different
school @dapt explanation to grade and school-language;celavhite meeple on school-
card). This child can be a boy or a girl, but you ddkrtow whom exactly you are playing
with. This is a secret. Your partner doesn’t knather who you are. Could you please repeat
this part? Child must repeat all the information of this paragh. If it misses some parts, ask
explicitly)

Stage 1: Prisoner’s Dilemma without punishment

The game works like this:

(place decision-sheet “COOP” in front of the childt the beginning you and your partner
receive 2 tokens eacbhléce tokens in front of yellow and white megpBoth of you must
decide whether to send ZERO or BOTH tokens to #menpr. It is important to note that |
have tokens as welsliow tokens If you send your tokens to your partner, | vaitld 2 more
tokens for your partneskfiow physically: shove the subject’s tokens towéslpartner and
double the tokens upon arrival; restore originastdibution after illustration. If your partner
decides to send you his/her tokens, | will doublen as well ghow physically You must
decide between sending ZERO and sending BOTH tokenghis sheetppint at the
respective box on the decision she®bur partner has the same options as you: helahe
either send you ZERO or BOTH tokens. Let's go tiglosome examples now'{e child

must handle tokens in the examples
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) What happens if you tick this box hepoint at box with ZERO tokenand your
partner sends you ZERO tokens®ngwer:. no tokens will be sent and the
experimenter does not add any tokRefssd how many tokens will you earn in this
case? Answer: 3 And how many tokens will your partner ear@&hgwer: 3

1)) What happens if you tick this box hemoint at box with BOTH tokehand your
partner sends you BOTH of his tokengthgwer: the child and its partner send
both tokens to one another and the experimentebldsueach transactignAnd
how many tokens will you earn in this cas&nhgwer: 4 And how many tokens
will your partner earn?Answer: 4

1) What happens if you tick this box hepoint at box with ZERO tokenand your
partner sends you BOTH of his tokengPgwer: the child does not send tokens to
partner, but the partner sends his/her tokens te thild. The experimenter
doubles the transaction from the partner to thdd)hAnd how many tokens will
you earn in this case?riswer: § And how many tokens will your partner earn?
(Answer: 0

IV)  What happens if you tick this box hepoint at box with BOTH tokehand your
partner sends you ZERO of his tokengPgwer: the child sends both tokens to
partner, but the partner sends no tokens to thklchihe experimenter doubles the
transaction from the child to the partnehnd how many tokens will you earn in
this case?Answer: ) And how many tokens will your partner ear&nhgwer: §

Do you already know how many tokens your partnerdseyou? Answer: No.)Exactly.
Likewise, your partner does not know how many tekgau sent him when he decides on
how many tokens to send you. Could you please tdp@ma the game worksZhild must
exhaustively repeat the rules of the game. If #ses some parts, ask expligitly

We don’t know yet the exact number of tokens yoll @arn in this game. You receive the
tokens which you keep and those which your pageads you. Since we don’t know yet how
many tokens your partner will send you, you wiltewe the tokens from this part not today
but only when we visit you next time. It is veryportant that your decision in this game is
secret: the other children will never know how mawkens you sent.

Please take your decision now. Take as much timgmaseed. In the meantime | will turn
around so that | don’t disturb you. Just call meswlyou are doneHand over the pen to the
child so that it can decide. Turn around and waitikthe child signals that it has finishéd.
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Thank you for your decision. You ticked this bgoint at the respective bpxCould you
please explain what that mear@h{ld must explain what the [possible] consequerufess
decision arg?

| still have another question for you. What do ybunk decides your partner? If your guess is
correct (meaning that your partner really does wjmat think), you will receive one extra
token. If your guess is not correct, you don’t eannadditional token. What do you think, will
your partner send you ZERO or BOTH of his/her takéRegister answer of the child in
compute)? Thank you for your decision. This game is ovewn(Put away the material of
this stage

Stage 2: Punishment Decision

(Place two white meeples in front of the child and prange tokens on the tablelere |
prepared a second game for you. In this game yowbaerve the play of two other children
in a game which works just like the one we playetbte. These children attend the x. grade
of a German (ltalian) school here in Meran juse Iyou, but they attend a different school
(adapt explanation to grade and school-languagecelahite meeples on school-cardd/e
selected these children randomly and both are rinéddren, i.e. none of them is your partner
from before. You are the observer of one of thdsklien (oint to the left meeple from the
subject’s point of viejv You do not know yet how this child decides imstgame, but there
are two possibilities: This shegll@ce explanation sheet 1 in front of the chgtiows the first
option the child has. Can you tell me how many tekéhis child would send to its partner
(Answer: (. On this sheetplace explanation sheet 2 in front of the claltd to the right of
explanation sheet)lyou see the second option the child has. Cantgtbume how many
tokens this child would send to its partn&ngwer: 3. As an observer you have the option to
deduct tokens from the child if it does not sengl tibkens to its partnepd@int at explanation
sheet 1. Deducting tokens from the child works like tijdace orange-token-card (left) and
deduction card (right) in front of the ch)}fdYou can either pick the card with the orange
token point at orange-token-card)r the deduction-carg¢int at the deduction caydIf you
pick the card with the orange tokgro{nt at orange-token-cajdthis token is yours and with
this token you can select a present which costsént when we visit you next time. In this
case, the child you observe can keep all its takéngou pick the deduction-card instead
(point at deduction-cang you don’t receive the orange token but we waldldct all the tokens
from the child which you observe. In this casesthokens are lost and nobody gets them.
This means that the child receives zero tokensiéengame. If the child chooses to send the

tokens to its partnepfint at explanation shee) ou will receive the orange token and we
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will not deduct the tokens from the child no mattdrich card you picked. This means that
you can only deduct points from a child who doeissend its tokens.

It is important that the child knows at the timedefciding that you might deduct its tokens if
it does not send them. The partner of the child gbserve foint at right meeplehas an
observer on its own and this observer can dedectdkens of the partner if he/she does not
send the tokens. In the game you played before dyohad the possibility to deduct your
tokens. Could you please repeat how the game wdfEisild must exhaustively repeat the
rules of the game. If it misses some parts, askicgkp. It is very important that your
decision in this game is secret: the other kid$ melver know which card you picked. The
other children really exist and you can really d#dhbe tokens of a child which sends nothing
by picking the deduction-card.

Now you may choose between the two cards. Please ke card which you want to pick on
the table as it is so that | can see its pictucktam the other card upside down. If you pick
the card with the orange token, just flip the deunccard demonstrate In this case you will
receive the token in any case and we don’'t dechectdkens from the child in any case. In
contrast, if you pick the deduction card, flip tterd with the orange tokeddgmonstrate In
that case you will not receive the orange token waedwill deduct the child’s tokens if it
doesn’t send it. If it sends its tokens, you wateive the orange token and we don’t deduct
any token from that child. Please take your denisiow. Take as much time as you need. In
the meantime | will turn around so that | don’ttdr® you. Just call me when you are done.
(Hand over the pen to the kid so that it can decid&rn around and wait until the child
signals that it has finished. Then register ansafethe child in the computgr

Thank you for your decision. You picked this capaifit at the respective carxdCould you
please explain what that mear@h{ld must explain what the [possible] consequerafess

decision arg.

Treatment TPP

In this game you can earn these white tokehsW tokens Could you please repeat the rules
for the tokens?Child must repeat that it can select presents withtokens and that bigger
presents are more costly than smaller pregents

There are two meeples: a yellow and a white meggbee meeples on table; the yellow
meeple must be placed directly in front of thedhi¥ou are the yellow meepl@dint at
yellow meeple The white meeple is a child which we will seleesddomly. This child attends

the x. grade of a German (Italian) school here aravi just like you, but it attends a different
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school @dapt explanation to grade and school-language;celavhite meeple on school-
card). This child can be a boy or a girl, but you ddkrtow whom exactly you are playing
with. This is a secret. Your partner doesn’t knather who you are. Could you please repeat
this part? Child must repeat all the information of this paragh. If it misses some parts, ask
explicitly)
Stage 1: Prisoner’s Dilemma with punishment
The game works like this:
(place decision-sheet “COOP_PUN” in front of theldh At the beginning you and your
partner receive 2 tokens eagdtace tokens in front of yellow and white megpBoth of you
must decide whether to send ZERO or BOTH tokerkd@artner. It is important to note that
| have tokens as welsllow tokens If you send your tokens to your partner, | vaild 2 more
tokens for your partnesfiow physically: shove the subject’s tokens tow#sdpartner and
double the tokens upon arrival; restore originastdibution after illustration. If your partner
decides to send you his/her tokens, | will doublem as well ghow physically You must
decide between sending ZERO and sending BOTH tokenghis sheetppint at the
respective box on the decision she&bur partner has the same options as you: ha/ahe
either send you ZERO or BOTH tokens. Let's go tiglosome examples now'{e child
must handle tokens in the examples
) What happens if you tick this box hepoint at box with ZERO tokenand your
partner sends you ZERO tokens®ngwer: no tokens will be sent and the
experimenter does not add any toRef\ssd how many tokens will you earn in this
case? Answer: 3 And how many tokens will your partner eardhgwer: 2
1)) What happens if you tick this box hemoint at box with BOTH tokehand your
partner sends you BOTH of his tokengthgwer: the child and its partner send
both tokens to one another and the experimentebldsueach transactignAnd
how many tokens will you earn in this cas&hgwer: 4 And how many tokens
will your partner earn?Answer: 4
[1) What happens if you tick this box hepoint at box with ZERO tokenand your
partner sends you BOTH of his tokenghgwer: the child does not send tokens to
partner, but the partner sends his/her tokens te thild. The experimenter
doubles the transaction from the partner to thdd)hAnd how many tokens will
you earn in this case?riswer: § And how many tokens will your partner earn?

(Answer: 0
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IV)  What happens if you tick this box hepoint at box with BOTH tokehand your
partner sends you ZERO of his tokenghgwer: the child sends both tokens to
partner, but the partner sends no tokens to thilclihe experimenter doubles the
transaction from the child to the partneind how many tokens will you earn in
this case?Answer: ) And how many tokens will your partner ear&nhgwer: §

Do you already know how many tokens your partnerdseyou? Answer: No.)Exactly.
Likewise, your partner does not know how many tekgau sent him when he decides on
how many tokens to send you. Could you please tdpma the game worksZhild must
exhaustively repeat the rules of the game. If #ses some parts, ask expligitly

| still have to explain you something very impottabhere is yet another meeplagce black
meeple next to the yellow megpdmd this meeple is your observer in the games Thild
attends the x. grade of a German (ltalian) scheot Iin Meran just like you, but it attends a
different school #dapt explanation to grade and school-languagecelavhite meeples on
school-cards We selected this child randomly and this is & rehild, i.e. it is not your
partner but another child. Your observer can seatwbu do in this game and he/she can
deduct your tokens. This works as follows:

If you tick this box herepoint at box with ZERO tokengour observer can deduct all your
tokens. The deduction works as follows: Your obeemust choose between the card with
the orange tokersfiow orange-token cay&nd the deduction cardiow deduction-cajd If
he/she goes for the orange tokehdve orange-token-card in front of the black m&eplen
he/she can use this token to buy a present intoyy #r him/herself and you keep all your
tokens. If however, he/she picks the deduction-¢ahbve deduction-card in front of the
black meeplg he/she does not receive the orange token anaifv@educt ALL your tokens.

In this case, your tokens will be lost and nobodisghem. That is, you won’t earn any tokens
in this game. However, your observer can only deglaar tokens if you don’t send any to
your partner. If you tick this box here (which meathat you send both tokens to your
partner), your observer can’t deduct tokens from god he/she receives the orange token for
him/herself. In this game your partngro(nt at the white meepldas a separate observer
which chooses between the orange-token- and thectled-card. Could you please repeat
how the game worksZhild must exhaustively repeat the rules of the gdirt misses some
parts, ask explicitly What happens to the deducted token&fsyer: they are lost and
nobody gets them

We don’t know yet the exact number of tokens yoll @arn in this game. You receive the

tokens which you keep and those which your parserds you. If you don’t send your
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tokens, your observer might deduct all your toke3iace we don’t know yet how the other
children decide you will receive the tokens fronstpart not today but only when we visit
you next time. It is very important that your dearsin this game is secret: the other children
will never know how many tokens you sent.

Please take your decision now. Take as much timgmaseed. In the meantime | will turn
around so that | don’t disturb you. Just call meeswlyou are doneHand over the pen to the
child so that it can decide. Turn around and waitikthe child signals that it has finishéd.
Thank you for your decision. You ticked this bgoint at the respective bpxCould you
please explain what that mear@h{ld must explain what the [possible] consequerafess
decision arg?

| still have two more questions for you. What da ybink will your partner do? If your guess
is correct (meaning that the other child reallysladat you think), you will receive one extra
token. If your guess is not correct, you don’t eanradditional token. What do you think your
partner will do? Remember that your partner haskeaerver who can deduct his/her tokens if
he/she doesn’'t send you the tokens. Do you thiak ybur partner will send you ZERO or
BOTH of his/her tokens?Rgister answer of the child in compQteFhank you for your
decision.

Case 1: Subject did not send its tokefasd what do you think your observer will do? If you
guess is correct (meaning that your observer refilys what you think), you will get one
extra token. If your guess is not correct, you tl@arn an additional token. What do you
think your observer will doZRegister answer of the kid in computer

Case 2: Subject sent its tokergid what do you think your observer would do if ydidn’t
send your tokens? If your guess is correct (meathiagyour observer really does what you
think), you will get one extra token. If your guassiot correct, you don’t earn an additional
token. What do you think your observer would d@@dister answer of the kid in computer
Thank you for your decision. This game is over n{f@ut away the decision sheet, the black
meeple, the cards of the observer and the whitengpk

Stage 1: Prisoner’s Dilemma without punishment

Here | prepared a second game for you. You cantbase yellow tokens in this ganmshow
tokens. It is important that you can’t sum tokens off@iént colors. Apart from that, the same
rules for the tokens apply.

There are two meeples: a yellow and a white meéfide. are the yellow meepledint at
yellow meeple The white meeple is again a child which we gefandomly. This child

attends the x. grade of a German (ltalian) scheot In Meran just like you, but it attends a
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different school §dapt explanation to grade and school-languagecelavhite meeple on
school-card. This child can be a boy or a girl, but you dokrtow whom exactly you are
playing with. This is a secret. Your partner doegmow either who you are. It is important
that this partner is a new child and not your partor observer from the game we played
before. Could you please repeat this pa@hill must repeat all the information of this
paragraph. If it misses some parts, ask explicithhis game works exactly the same as the
one we played before. The only difference is tlat glon’'t have an observer now and thus,
nobody can deduct your points if you decide noséad them. Your partnepdint at the
white meeplehas no observer either. Could you please repeatthewgame works?Child
must exhaustively repeat the rules of the gamenagttion the differences to the first stage. If
it misses some parts, ask expligitly

We don’t know yet the exact number of tokens yoll @arn in this game. You receive the
tokens which you keep and those which your padeads you. Since we don’t know yet how
many tokens your partner sends you, you will ree¢he tokens from this part not today but
only when we visit you next time. It is very impant that your decision in this game is
secret: the other children will never know how mawkens you sent.

Please take your decision now. Take as much timgmaseed. In the meantime | will turn
around so that | don’t disturb you. Just call meswlyou are doneHand over the pen to the
child so that it can decide. Turn around and waitikthe child signals that it has finishéd.
Thank you for your decision. You ticked this bgoint at the respective bpxCould you
please explain what that mear@h{ld must explain what the [possible] consequerafess
decision ar¢?

| still have another question for you. What do ybink will your partner do? If your guess is
correct (meaning that your partner really does wjmat think), you will receive one extra
token. If your guess is not correct, you don’t eanradditional token. What do you think, will
your partner send you ZERO or BOTH of his/her takéRegister answer of the child in
compute)? Thank you for your decision. This game is ovewn(Put away the material of

this stage
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Sample Decision Sheet

|_ 00

OO

K.:
Punkte:

Code:

Klasse:

—



