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1. Introduction

Cooperation is key to the success of many crucial human challenges. Among the mechanisms
that promote and support cooperation, three have been identified as fundamental: direct
reciprocity, indirect reciprocity, and third-party punishment (see, e.g., Trivers, 1971, Axelrod
and Hamilton, 1981; Nowak and Sigmund, 1998, 2005; Fehr and Fischbacher, 2004). Previous
studies have studied single mechanisms and their influence on cooperation in isolation, and
mostly studied these mechanisms with adult subjects. Yet, understanding the relative
importance of mechanisms that promote cooperation can be crucial in tailoring interventions to
increase cooperative behavior, and this can be particularly effective if such interventions are
implemented at a young age.

In this study, we examine the relative effects of these three fundamental mechanisms of
cooperation at a very young age. To this end, we design and conduct a novel lab-in-the-field
experiment with 929 children, aged 3 to 6 years. This allows examining whether and which of
these mechanisms develops its potential to increase cooperation in young children, at which
age this development occurs, and whether and how cognitive and non-cognitive skills, as well
as socioeconomic determinants and parenting style, moderate the effects of these different
mechanisms.

We then put the results from our study into perspective by complementing it with i) a
novel meta-analysis (covering 105 publications) that estimates the treatment effects of direct
and indirect reciprocity, and of punishment on cooperation of adults, and ii) a literature survey
on related studies with older children. Together with our main experiment, this allows us to
identify systematic patterns of cooperative behavior from early childhood into adult age.

We focus on three fundamental mechanisms behind cooperation. The first one, direct
reciprocity, refers to the ability to engage in mutually beneficial interactions with the same
partner by reacting cooperatively to a partner’s cooperation and less cooperatively to defection
(Axelrod and Hamilton, 1981). Direct reciprocity has been shown to yield higher cooperation
rates than in one-shot situations or repeated interactions where subjects never meet anybody
twice (e.g., Keser and van Winden, 2000; Clark and Sefton, 2001; Brandts and Rivas, 2009;
Duffy and Ochs, 2009). The second mechanism, indirect reciprocity, promotes cooperation
through the spread of reputational information, even if someone has not interacted with a
particular partner in the past. By being cooperative towards others, one gains a positive
reputation that is observable by future interaction partners. Compared to situations without any
information about a subject’s past behavior, and thus no reputational information, indirect
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al., 2005; Seinen and Schram, 2006). Previous research has claimed that direct and indirect
reciprocity are particularly effective in small groups (Boyd et al., 2003; Boyd and Richerson,
2009). This is because direct and indirect reciprocity require either experiencing repeated
interactions with the same partner or knowing an interaction partner’s past behavior, which may
be challenging in larger groups. Therefore, the gene-culture coevolution approach (Boyd et al.,
2003; Boyd and Richerson, 2009) has proposed that the two reciprocity mechanisms do not
suffice to sustain cooperation, but that a third mechanism, altruistic third-party punishment, is
needed. In this case, an unaffected bystander may punish (at own costs) other subjects who
defect in the cooperation game, while the bystander is not directly affected by the level of
cooperation. Third-party punishment has typically been found to raise cooperation (see, e.g.,
Fehr and Fischbacher, 2004; Carpenter and Matthews, 2012; Leibbrandt and Lopez-Perez,
2012).

We present an experiment with 3- to 6-years old children who play a repeated prisoner’s
dilemma game. We compare a control condition with treatments that allow assessing the effects
of direct and indirect reciprocity, and third-party punishment. Pursuing our research question
specifically with young children helps us understand how and under which conditions
cooperation can be expected to develop and flourish. Since early childhood is formative for
children’s skills and behavior and their lifetime outcomes (Heckman, 2006; Fehr et al., 2008;
Almas et al., 2010; Heckman et al., 2013; Berger et al., 2020; Cappelen et al., 2020; Garcia et
al., 2020; Kosse et al., 2020), understanding how cooperation evolves in young children may
help identify sources of economic efficiency in groups or society in general, and may inform
practitioners regarding which mechanisms and institutions to target in order to facilitate
cooperation. Indeed, there has been a push for research on how different institutions shape
children’s cooperative behavior across the development (House et al., 2013). Finally, promoting
cooperative behavior may also have long-term beneficial consequences on the individual level,
since recent work has shown that cooperative behavior — as an important aspect of prosociality
— is linked to labor market success (Kosse and Tincani, 2020).

There has been little research on children’s willingness to cooperate in strategic games
in general. This dearth of evidence is slightly surprising since research on the formation of
economic behavior at an early age has gained strong momentum and lots of attention in recent
years (see Sutter et al., 2019, and List et al., 2023, for surveys). For instance, Cappelen et al.
(2020) and Kosse et al. (2020) have reported how educational interventions and mentoring
programs, respectively, can promote prosociality in disadvantaged children (in simple sharing

tasks). Almas et al. (2010) have studied the development of meritocratic principles in allocation



tasks performed by adolescents. Fehr et al. (2008, 2013) and Bauer et al. (2014) have examined
fairness concerns and the importance of egalitarian allocations for children. Contrary to this
evidence on non-strategic sharing and allocation tasks, strategic interaction games like the
prisoner’s dilemma have rarely been studied with young children. To date, studies investigating
social dilemmas primarily involve older children, i.e., school-age children above the age of 6
(e.g., Harbaugh et al., 2000; Peters et al., 2004; Lergetporer et al., 2014; Blake et al., 2015;
Hermes et al., 2020), are often focused on one-shot interactions (e.g., Sutter and Untertrifaller,
2020), which makes it impossible to study whether (direct or indirect) reciprocity can improve
cooperation, or do not have a control treatment to compare the relative effects of the mechanism
they employ (Vogelsang et al., 2014).

Our experimental design enables us to investigate the comparative effects of direct and
indirect reciprocity, as well as third-party punishment, and to reveal potential moderating
effects of a child’s and the parents’ characteristics. While the socioeconomic status (SES) of
parents has been shown to be strongly related to children’s risk and time preferences and
prosociality in non-interactive tasks (Dohmen et al., 2012; Bauer et al., 2014; Falk et al., 2021),
we can examine its relation to behavior in a strategic game, and investigate how it interacts with
the institutional environment. We can similarly test the relevance of parental warmth which has
been found to be related to non-strategic prosociality (Falk et al., 2021). Finally, we can
investigate the importance of several traits which might be decisive for the development of
cooperative behavior: children’s cognitive abilities (which may help to navigate strategic
interactions; Proto et al., 2019), theory of mind (which may facilitate understanding a partner’s
or a third party’s intentions and thus make cooperation easier; Briine and Briine-Cohrs, 2006;
Fe et al., 2022), and the ability to delay gratification (which may help to resist the temptation
of defection in a cooperation game; Kolle and Wenner, 2023).

In our experiment with more than 900 children, aged 3 to 6, we find a very strong effect
of third-party punishment on cooperation rates. On average, and across all rounds, 68% of
children cooperate when third-party punishment is possible. This is more than double the rate
in all other conditions, where cooperation rates are in the range of 24% to 29%. Already the
mere presence of third parties increases children’s cooperation rates in the first round, i.e.,
before any punishment could have taken place. Experiencing actual punishment has a further
effect by turning past defectors with a high probability into future cooperators.

In comparison to a control condition (with perfect stranger matching and without any
information on a partner’s previous behavior), the treatments that allow for direct or indirect

reciprocity do not improve overall cooperation rates. This does not imply, however, that



children do not behave reciprocally in these treatments. In fact, we show that they do engage in
reciprocating the past behavior of others, thus providing the first evidence that conditional
cooperation (Fischbacher et al., 2001) exists already at age 3. Yet, given a low base rate of
cooperation in the first round, reciprocity keeps the cooperation rates at a low level, since
children typically respond to a partner’s past defection with own defection. However, those
pairs of children who start with mutual cooperation are significantly more likely to cooperate
later on as well.

The age of children has a moderate relation to cooperation, yet it interacts with the
institutional environment. Older children increase their cooperation in the third-party
punishment treatment, but they tend to decrease it in the other treatments. We see a similar
relationship for children’s cognitive abilities. Children with higher abilities increase their
cooperation more in the third-party punishment treatment than in the control treatment.
Children’s theory of mind and patience are most of the time unrelated to cooperation rates. The
same holds true for parental warmth. Yet, the education of parents matters. Children of better-
educated parents cooperate more often in the third-party punishment treatment in comparison
to the control treatment. Together, our results suggest that age, cognitive abilities, and
socioeconomic background are relevant factors for children’s decision-making in strategic
cooperation games, but they also interact with the institutional environment. Finally, we show
that all our experimental results are highly robust to a variety of potential concerns — to more
or less stringent comprehension inclusion criteria, to potential selection effects concerning
passing the comprehension checks and the survey response among parents, and to different
ways of calculating children’s reputation.

The key finding of our experiment is that punishment clearly outperforms direct and
indirect reciprocity in the young age group of 3- to 6-year olds. This finding on the relative
effects of punishment, direct and indirect reciprocity raises the question whether similar relative
effects prevail also after early childhood. No study has ever compared those three pillars of
cooperation in a unified framework, yet it is possible to estimate effect sizes from a meta-
analysis about existing studies that compare a single pillar to a control condition. We conclude
our paper by complementing our experimental results with: i) such a novel meta-analysis on
studies with adult subjects using 105 publications and 264 distinct effect sizes, and ii) a
literature survey on related studies with older children and adolescents. This allows us to bridge
the gap from childhood to adulthood and embed our results into the larger picture about which
pillars promote cooperation. Based on our meta-analysis, we observe for adults that the

introduction of all three mechanisms — punishment, direct reciprocity, and indirect reciprocity



— induces a positive effect on cooperation. Yet, in line with our findings for children,
punishment shows the largest effect. This suggests that the reason why we observe a strong
effect of third-party punishment, but no effect of reciprocity in young children, is not solely due
to reciprocity mechanisms developing later, but they are also weaker in their effect on behavior,
even once they are fully developed. Moreover, we find that punishment always causes a large
effect on behavior, regardless if we look at 3-6 year-old children in our experiment, 6-11 year-
old children in a related study, or the meta-analysis with adults. In contrast, by comparing the
related literature, we reveal suggestive evidence that reciprocity mechanisms start supporting
cooperative behavior roughly in the period within primary school age (6-10 years of age), and
the effects always remain small to moderate, both when looking at related studies with older
children, or at the meta-analysis with adult subjects. In summation, our experimental study, the
literature survey on related studies with older children, and the meta-analysis with adults,
together show that the main pillar to support high levels of cooperation — punishment — works
from very early on in life, while the reciprocity pillars become more effective slightly later and
do not catch up with punishment even in adulthood.

The rest of the paper is structured as follows. We will present our experimental design
and procedure in Section 2. The experimental results are shown in Section 3. Our meta-analysis

is reported in Section 4, and Section 5 discusses and concludes the paper.

2. Experimental design and procedures

2.1 Subject pool and procedures

We recruited 19 public kindergartens in Tyrol, Austria, and ran our study in spring 2019.
We informed the children’s parents about running a research project for two consecutive days.
We received parental consent for 1,231 children, which represents 88% of all children in these
kindergartens. Participation of children was voluntary. Since the project ran for two days, not
all children could participate on both days, mainly due to illnesses or families taking a day off
from kindergarten. For these reasons, 168 children were absent on the second day (when the
cooperation game was played). We also had 86 children with very poor language skills (mostly
due to German being their second language), which led to insurmountable comprehension
difficulties.! The cooperation game was computerized and run on tablets (see below for details).

We had a technical error that made the data of 29 children unusable. 19 children dropped out

! We identified the children who had insurmountable language difficulties on day one (with the assistance of
kindergarten teachers and while playing with them the tasks on day one), and on day two these children only
played non-interactive trial rounds and hence were not paired with other children.



during the study. In total, this leaves us with 929 children who played and finished the
cooperation game. Among them, we had an equal distribution of gender (50% female). Austrian
kindergartens have three age cohorts (3/4-year-olds, 4/5-year-olds, and 5/6-year-olds).> Table
1 summarizes the number of children in each age cohort, overall and separately for each
treatment introduced below. Our pre-registered sample size of 180 subjects per treatment was

chosen to be able to detect small-to-medium treatment effects.’

Table 1 about here

The experiment took place in separate rooms of each kindergarten, keeping children in
a familiar and natural environment where they regularly spend their weekdays. To ensure the
anonymity of decisions and to adhere to data-protection regulations, children were assigned a
unique code, stuck onto a child’s shirt by the kindergarten teachers. Research assistants (RAs)
— who had been trained extensively — were only familiar with the first name of a child and
removed the sticker after completion of the experiment.

The experimental instructions used only vocabulary that was familiar to children. We
presented the cooperation game in a game-like, animated manner on tablets with touchscreens.
The graphic design and animations were developed in cooperation with a professional company

(see https://uxkids.com), which specializes in digital products for young children and their user

experience. In addition to the animated, child-oriented interface, we used headphones with
prerecorded texts. Using tablets with a child-friendly interface and supporting the interface with
automated texts over headphones provides a very large degree of standardization in the
experimental procedures. In addition to these technical tools, before the game started, the
experiment was first explained in a one-to-one setting of one well-trained RA and one child,
which allowed us to keep the explanation standardized while at the same time adjusting the
explanation to each child’s comprehension speed. When going through the instructions,

children had to answer follow-up questions to make sure they paid attention and could follow

% The age cohort a child belongs to is determined by his or her birthday, with the cutoff on 31 August. Therefore,
our youngest cohort included children who turned 4 sometime between 1 September 2018 and 31 August 2019.

3 Our core goal in determining the sample size was to detect small-to-medium treatment effects for reciprocity and
third-party punishment (¥ = 0.15). Cramer’s V' is a standardized measure of effect sizes for binary data and it can
be considered as the strength of association between two variables (Mai and Zhang, 2016). A prior power analysis
to detect a between-subjects effect at statistical power (1-f) = 0.80 and o = 0.05 indicated a required sample size
of 180 subjects per treatment (Mai and Zhang, 2016). This is a very conservative power estimation since each of
these 180 subjects per treatment will decide on cooperation or defection for 5 times. In fact, we gathered more
than 4,000 cooperation decisions across our four treatments.



the instructions. If children were unable to answer a question correctly, the RA explained the
corresponding paragraph of the instructions again before moving on.

As incentives, children could earn tokens that could be exchanged for small presents.
Each token was worth one present. We used a large variety of presents (e.g., balloons, toys,
candy) that also differed between day 1 and day 2 in order to avoid satiation. The approach
allowed each child to find presents they valued.

2.2 Measuring cognitive abilities, theory of mind, and patience as potential prerequisites
for cooperation (Day 1)

On day 1, we measured cognitive abilities, theory of mind, and patience (see the
instructions in the Appendix).* To measure cognitive abilities, we used 12 puzzles of Raven’s
Colored Progressive Matrices, designed for implementation with young children. The matrices
provide an estimate of fluid intelligence. We printed and presented them as a booklet, so that
children could progress at their own speed. Children were instructed to find the missing puzzle
piece from a set of 6 multiple-choice answers by marking the correct picture. The puzzles were
ordered by increasing difficulty. The RA and the child solved the first puzzle together to make
sure the child had understood the task. The remaining 11 puzzles were solved by the child
independently without receiving any feedback on performance. On average, children gave
correct answers in 6.96 out of 11 cases, with meaningful variation in correct answers across
children (standard deviation 1.48). We report a balance table concerning cognitive abilities (as
well as other characteristics and background variables) across treatments in Table Al in the
Appendix. As would be expected in light of children’s cognitive development, we observe that
cognitive abilities increase with the age cohort (Pearson correlation coefficient » = 0.39; p <
0.01). Each child received 1 token for this task, irrespective of performance.

To measure theory of mind, we used the standard change-of-location task, which is an
established and validated measure for eliciting theory of mind in young children (Wimmer and
Perner, 1983; Cowell et al., 2015). The RA reenacted a story of two dolls (matched to the gender
of the child — called either “Sarah and Anna” or “Stefan and Adam”, reflecting common
Austrian names). Together, the two dolls hide a ball in location 1. Then Anna (Adam) leaves
and Sarah (Stefan) takes the ball and hides it in location 2. Anna (Adam) returns and the child

is asked where Anna (Adam) will look for the ball. A child is classified as possessing theory of

4 We deliberately began with non-interactive tasks on day 1 (rather than with the cooperation game), because they
are simpler to understand for children of this age, which helped them to get engaged in our project. Moreover, day
1 was intended to build up trust in children when working with us, in particular that they experienced that we
followed up on what we said and that they could exchange the earned tokens into presents.



mind if he/she is able to answer this question correctly.’ This was the case for 72.8% of children.
This overall fraction hides a clear age pattern. Of the 3/4-year-olds, 56% of children solve the
task correctly, and this fraction increases to 71% for 4/5-year-olds, and 82% for 5/6-year olds
(Pearson correlation coefficient » = 0.22; p < 0.01), revealing a familiar pattern of increasing
theory of mind in the kindergarten years. Each child received 1 token for participation in this
task, irrespective of performance.

To measure patience, we gave children 2 tokens. They could exchange them for presents
on the same day or could save one or two tokens. Saving meant that a token was doubled for
the next day. In other words, children could choose between (i) 2 tokens today and 0 tokens
tomorrow, (ii) 1 token today and 2 tokens tomorrow, or (iii) 0 tokens today and 4 tokens
tomorrow. The number of tokens saved for the next day serves as our measure of patience. The
average across all children was 0.92 tokens (out of 2 tokens) saved for the next day (standard
deviation 0.85; see Table Al in the Appendix). We observe no correlation between patience

and age cohort (Pearson correlation coefficient » = 0.04; p =0.21).

2.3 The cooperation game (Day 2)

On day 2, children played a prisoner’s dilemma (PD) game for 5 rounds. In each round,
children had to make a single choice — either keep 1 token for themselves (defect) or give 2
tokens to their partner (cooperate). We present the game in such binary choices to keep the
game simple and appealing to children, while at the same time preserving the key payoff
properties of a PD game. We report the stage-game payoff matrix in Table 2. Keeping the 1
token maximizes a child’s earning in a given round, which makes this the dominant strategy
under standard assumptions, yet mutual cooperation would lead to a Pareto improvement,
yielding 2 tokens for both players. Under standard assumptions and by applying backward
induction, a player should defect in all rounds.

The payoff parameters and the number of rounds were chosen to give sufficient room
for all treatments to increase cooperation,® while still maintaining the payoff simplicity and an

acceptable duration of the study for our very young subjects. In particular, the average session

3 After this question, we also asked where the toy really was and where the dolls had hidden the toy in the
beginning. 94.4% of children could answer these two questions correctly.

%In particular, when looking at finitely repeated PD games, Embrey et al. (2018) establish that the key parameters
which matter for establishing cooperation in direct reciprocity settings are the stage-game payoff and the horizon
of the game. When the game is standardized, the payoff parameters can be captured through the one-shot gain
from defection and the one-shot loss from being defected on. Looking at previous studies, they find that the two
payoff variables range from 0.44 to 4, and 0.78 to 4, respectively, with lower numbers being more supportive of
cooperation. In our PD game, these parameters are 1 and 1, respectively. Moreover, Embrey et al. (2018) report
that the number of rounds ranges from 2 to 10 in the surveyed studies, while we use 5 rounds. This means that our
parameterization provides an environment that can be expected to foster cooperation.



lasted around 30 minutes, which is leaning towards the maximum length of how long young
children are able to focus on such a task. We did not elicit beliefs about the other child’s decision
in the PD game. Kindergarten teachers recommended against it because running a repeated
game and asking for beliefs after each round would have likely exceeded the children’s attention
span and mental capacity. The lack of eliciting beliefs in our study also seems justified for the
following reasons. First, it has been shown that adult behavior does not differ between situations
where either no beliefs are elicited or asking for beliefs is unincentivized; when beliefs are
incentivized, the pattern of behavior still remains the same (compared to the other two
conditions), but cooperation rates increase slightly (Géchter and Renner, 2010). Second, it is
also known that asking for beliefs in repeated PD games yields a very high correlation between
a partner’s behavior in the previous round and a subject’s belief about the partner’s cooperation
in the current round, thus limiting the (independent) informational value of elicited beliefs

(Gichter et al., 2017).7

Table 2 about here

The options — of cooperation or defection — were indicated on the tablet screen as a
closed hand (keeping the one token) or an open hand (handing over the two tokens to the
partner), as can be seen in Panel A of Figure A1 in the Appendix. Players were always illustrated
by an avatar, with each avatar having a different color and representing one other (but unknown)
child in the room.

In each session, we randomly matched children into groups of 6, and (except for a few
cases where it was logistically not feasible) all children within a group were: (i) within the same
age cohort (young, middle, or old)®, (ii) from at least two different classrooms, and including
both boys and girls, and (iii) had no siblings within the groups. An experimental session was
randomly assigned to one of the following treatments, ensuring balanced age across treatments
(see Table 1):

1. Control (CTR): Each child was matched with a different child in each round by
implementing a perfect stranger matching so that none of the six children per session

interacted with any other child more than once. The partner’s avatar at the top of the

7 From a methodological point of view, Costa-Gomes and Weizsicker (2008) provide evidence that beliefs and
behavior (in normal-form games) often do not match, which also limits the informational value from elicited beliefs
considerably.

8 Note that this is an established standard in the literature. While one could also match children across age cohorts,
this is not a research question we pursue.



screen changed in each round to highlight the change of the partner. A child received no
information on the current partner’s behavior in the past rounds.

2. Indirect Reciprocity (IR): Each child was matched with a different child in each round
as in CTR. Yet, before the round started, a child learned the behavior of the current
partner in each of all previous rounds (from the second round onwards). This was
illustrated like in area A1 of Figure A1, and the current partner’s previous behavior was
also communicated via headphones. The child was also aware that the current partner
was informed of the child’s own behavior in each of the previous rounds.

3. Direct Reciprocity (DR): Here, a child was matched with the same partner for all five
rounds (with the partner’s avatar also staying the same in all rounds). Like in IR, the
child was reminded of the partner’s behavior in each of the previous rounds through
visual representation and an audio message. Moreover, a child was informed that the
partner was reminded of the child’s own behavior in each of the previous rounds.

4. Third-Party Punishment (TPP): As in CTR, children were matched with a different child
in each round by implementing a perfect stranger matching. Children received no
information about their current partner’s past actions. Here, a third, anonymous,
character was introduced, as illustrated in area A2 of Figure A1l. This character had one
token available to either keep it or throw it into a box (but then lose it). Throwing the
token in the box was only possible if at least one of the children defected. This
represented third-party punishment, and it resulted in the loss of all tokens that a
defecting child earned in that round (this rule applied both when a single child defected,
but also when both children defected, in which case both children lost all tokens). This
was accompanied by an animation where the tokens of a defecting child visually broke
in half and vanished without entering the child’s wallet. Hence, the stage-game payoff
also depended on the punisher, and in case of punishment, it was always zero for a child
who defected. Note that children playing the PD game were informed that third parties
could keep their token or throw it into the red box, the latter meaning that defecting
children lost their earnings. Since third-party punishment was costly, selfish third parties
should not implement punishment.

We decided to restrict punishment to only defection, in line with Lergetporer et al.
(2014), for several reasons. First, it represents what young children experience in this
stage of their life, meaning that they are hardly ever exposed to punishment when
cooperating. Second, studies with adults reveal that cooperative behavior, in contrast to

defection, is rarely punished (Fehr and Géchter, 2002, Fehr and Fischbacher, 2004,
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Herrmann et al., 2008), implying that such punishment is generally neither taught nor
encouraged through the upbringing. Third, allowing for children of such delicate age to
punish cooperation (and cooperation to be punished) would have raised ethical
concerns, as it might have taught children to be less cooperative in the future.

The decisions of third parties were collected at the end of previously run sessions of the
other treatments. A subset of children who had finished playing in the CTR, DR, or IR
treatment were asked to make one final decision. This was a surprise, meaning that these
children did not know about this final decision when they played the PD game
themselves. The RA explained that the child would receive one additional token which
he/she could either keep or throw into a box. The screen then showed two new avatars
playing the PD as previously experienced by the child (so the child knew exactly the
rules of the game). He/she was made aware that these were two children playing the
same game he/she had just played, and that they were from a different kindergarten.
Then, the RA explained that throwing the token into the box meant losing it, but also
that defecting children in the PD lost their tokens from the respective round. After two
trials, the child was asked to make the actual decision. These decisions were collected,
and we randomly assigned them to pairs of children playing in the TPP game, where
one decision was matched to one round (see Appendix A.1.5 for more details). This also
means that each pair of children had a different third party in each round. They were
aware of this, and they saw the third-party avatar change each round which highlighted
this aspect. This was a deliberate design choice in order to avoid repeated interaction of
children with the same third party. Only in this way we can avoid any learning effects,
such when, for example, players in the cooperation game adapt their behavior when they
experience that the third party with whom they would be matched repeatedly would

never exert any punishment.

The cooperation game was run as follows: Six children were accompanied by six RAs

to a separate room where one of the RAs in the room asked the children to form a circle.

Children were then shown the first screen of the program installed on the tablet. It showed six

different avatars, and the RA explained that each child in the room would be represented by an

avatar in the game. Moreover, the children were aware that they would play with all the other

children (or one other child in treatment DR) from the circle, but that the true identity would

remain disguised as an avatar.
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Explaining this while being in a circle provided a natural learning experience with which
all children were familiar. The instructions stressed (i) the matching mechanism, (ii) the fact
that children would play anonymously with other children in the game, and (7ii) that all children
were participating in the same game. After this part, each of the six RAs introduced him- or
herself to one child, and each pair sat down at a certain spot within the room (illustrated in Panel
B of Figure A1). The spots were sufficiently distanced between the pairs and were additionally
separated by partitions to minimize distractions. Each RA continued with the instructions of the
game by explaining each screen and action. Children navigated the buttons throughout the
instructions to familiarize themselves with the tablet. The positioning (left or right) of the two
main decision buttons — cooperate and defect — was randomized across subjects. To make sure
that children paid attention and could follow the instructions, RAs asked them follow-up
questions to repeat parts of the instructions in their own words or answer questions for certain
scenarios.

Before starting the game, children played four pre-specified trial rounds with four
different animal avatars (or one animal avatar in treatment DR) as practice partner(s). During
these trial rounds, children received audio messages through headphones, which instructed
them on the action they should take (either keep one token or give two tokens to their partner).
After each round, the program stopped and children physically had to allocate the tokens earned
in that round to their own wallet and the wallet of a fictitious partner. The payoff scenarios
consisted of (i) defect-defect in trial round 1, (ii) cooperate-defect in trial round 2, (iii) defect-
cooperate in trial round 3, and (7v) cooperate-cooperate in trial round 4. In treatment TPP, four
different monkey avatars served as third parties across the four trial rounds. They punished
defection in 2 out of 4 rounds. The tokens earned in the trial rounds were exchanged for small
stickers to mimic the exchange of tokens into (more valuable) presents after the real game.

Trial rounds had multiple purposes. First, they served as a key element in learning the
game. Second, children experienced all scenarios and tried out all buttons of the game, deterring
them from taking an action out of sheer curiosity about the associated animation. Third, and
most importantly, the trial rounds served as a check for comprehension of the game. If the
children allocated all tokens in trial rounds 3 and 4 correctly, we classified this as a successful
comprehension check, i.e., as successfully passing the control questions. Note that if children
did not correctly distribute tokens in the first two trial rounds, the RA corrected them and
explained why their allocation was not correct. If children failed to distribute tokens correctly
in trial rounds 3 or 4, they were asked to repeat the token allocations to their own and their

fictitious partner’s wallet once more and to explain their reasoning. Incorrect allocations were
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then classified as failing the comprehension check. In that case, they continued with the game
but were excluded from the main analyses. Subjects who passed the comprehension check form
our main sample for the analyses. Altogether 814 children (88%) passed it successfully. While
this constitutes a very large fraction of our participants, it nevertheless raises the question of
potential selection effects. Hence, we additionally engage in several robustness checks where
we (i) correct for selection concerning passing the control questions by reweighting our dataset,
and (7i) employ a less stringent comprehension criteria by removing any exclusion criteria based
on comprehension. Moreover, to ensure that our comprehension checks were not too lenient,
(iii) we employ a more stringent comprehension criterion in which we utilize children’s answers
to an RA’s follow-up questions to build a stricter variable of comprehension. We repeat our
entire analysis for each of these three approaches and find that the results presented in the next
section remain robust. We report the results of these checks in Appendix A.1.

Overall, our highly standardized approach with a child-friendly and animated computer
interface on tablets, the automated messages over headphones, and the well-trained
experimental helpers (who had two weeks of training before going to the field) ensures that
children understood the experiment very well and that they kept their attention span.
Experimental instructions, a video sequence of the animated implementation of the game for
all treatments and a translated transcription of the (German) audio instructions is available on

https://ost.io/y7h4v/?view_only=f4627bf3{fe347e085f48144b19451e5.

When designing our experiment, we pre-registered several hypotheses on the Open

Science Framework (https://osf.io/th25y/?view_only=6ff7¢93a9b4c481d963dael7cec3e9d9).

We hypothesized positive effects of IR, DR, and TPP on cooperation rates, in comparison to
CTR. We also hypothesized that cognitive abilities, theory of mind, and patience will be
positively related to cooperation. With respect to age, we expected either a stable or increasing
level of cooperation, but not a decreasing one. Moreover, we expected that age will either
positively interact with the three treatment conditions (such that treatment effects become larger
with age) or that we will observe no interaction effects, but not that we will observe negative
interaction effects. While we indicated to also collect information from parents, we did not pre-

register any hypotheses about the influence of parental background on children’s cooperation.

2.4 Parental questionnaire
We complement our experimental data of children with a survey among their parents.
At the end of day 1, each child received a printed questionnaire to take home to his/her parents.

The questionnaire (fully reprinted in the Appendix) already contained a child’s anonymous
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code, so that the parents’ answers could be matched to the child’s decision, while all answers
remained anonymous. The questionnaire included items on sociodemographics, most
importantly the highest parental educational level for each parent, and a question on parenting
style by asking about parental warmth (degree of agreement on a scale from 1 to 5 with the
statements “I show my child with words and gestures that I like him/her” and “I praise my
child.”; see Falk et al., 2021). Out of our main sample, 80% of parents returned the questionnaire
with completed information on educational attainment and parental warmth.” We construct the
socioeconomic status variable as the highest educational attainment between the two parents.
Here, we follow the European Qualifications Framework and assign values from 1 to 8, with 1
being the lowest educational level (compulsory schooling) and 8 the highest (PhD). The average
highest parental education across our main sample is coded as 5.66 (which is roughly the level
of a Bachelor’s degree; standard deviation 1.54; see Table Al in the Appendix). To calculate
the variable of parental warmth, we sum up the two answers on the parenting style questions,
yielding an average of 9.64 (standard deviation 0.74). Note that this variable predominantly

captures the mother’s parental warmth, as mothers answered the questionnaire in 93% of cases.

3. Results

3.1 Cooperation across treatments

Figure 1 presents the average cooperation rates across all five rounds. For CTR, IR, and
DR, we note very similar rates, ranging from 24% in IR to 29% in CTR, suggesting that the
possibility of reputation formation in IR and DR is not sufficient to increase cooperation rates
in the aggregate. This is in stark contrast to the effects of third-party punishment. In TPP, the
overall average cooperation rate of 68% is more than double the rate of any other treatment.
We compare the cooperation rates across treatments in the regressions shown in Table 3.
Column 1 is the most basic regression where we regress a subject’s cooperation decision on
three treatment dummies, taking CTR as the omitted category. Column 2 applies kindergarten
fixed effects, and columns 3 and 4 add additional control variables. Across all columns, it stands
out that cooperation rates in TPP are estimated to be about 40 percentage points higher than in
CTR. For IR and DR, we mainly see insignificant coefficients in comparison to CTR, and the

coefficients are significantly smaller than in TPP.

7 As 80% of parents returned the questionnaire, we additionally implemented a robustness check where we
reweight our dataset to correct for observed imbalances regarding who returned the questionnaire. Our results
remain robust in this check.
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Figure 1 and Table 3 about here

Result 1: In comparison to CTR, third-party punishment (TPP) increases cooperation rates
significantly (by more than doubling them). This is in line with our expectations. The two
treatments with an opportunity for reputation building (DR and IR) fail to yield cooperation

rates above the level in CTR, which we did not expect.

3.2 Cooperation across rounds

Figure 2 breaks down cooperation rates by round and treatment. Again, we see that CTR,
IR, and DR lie in a narrow range, while cooperation rates in TPP are much higher in every
single round. We first focus on the very first round, which is stripped from any experience from
previous rounds. For TPP, round 1 cooperation rates indicate whether the mere existence of the
punishment threat — before ever experiencing actual punishment — helps to increase
cooperation. This is obviously the case, given a cooperation rate of 64% in the first round in
TPP. Similarly, for IR and DR, round 1 data tell us whether the introduction of the reputation-
building opportunity — without yet observing any signal about a partner’s reputation — is
sufficient to affect children’s behavior. This is not the case, as Figure 2 shows, since cooperation
rates in the first round are practically identical in CTR, IR, and DR (ranging from 21% to 23%).
In Table A2 in the Appendix, we show a regression that uses only first-round data, confirming
that TPP, but not DR or IR, increases cooperation rates significantly. This means that changes
in the information structure (in DR and IR) are not sufficient to change the cooperation rates,
but changes in the game (by adding a third party in TPP) are (despite the fact that under standard

assumptions behavior should not differ between these different conditions).

Figure 2 and Table 4 about here

Next, we look more closely at the dynamics of cooperation across rounds. Figure 2
reveals a slightly decreasing trend for CTR, IR, and DR, and a modest upward trend for TPP.
Table 4 shows that these trends are significantly negative for CTR and IR (see columns 1-4)
and positive for TPP (columns 7-8). In columns 9 and 10 of Table 4, we can examine how the
development of cooperation across rounds (which is generally negative, see the main effect of
the variable Round) interacts with the three treatment conditions. To calculate the interaction
effects in non-linear models, however, one needs to be careful, as calculating only the marginal

effect of the interaction term can yield the wrong magnitude, sign, and significance level (Ai
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and Norton, 2003). Hence, to calculate the interaction effects in our non-linear models, we apply
the methodology of Norton et al. (2004), which corrects for the issue using cross-partial
derivatives and calculating the interaction effect and the significance level at each observation.
Following this approach, we inspect the interaction effect and the significance level across all
observations, and we summarize the findings in the notes to the tables.'”

The results in columns 9 and 10 of Table 4 reveal that the difference in cooperation rates
between IR and CTR does not change across rounds. The DR treatment effect reveals a small
and significant increase across rounds (at the 10% level in column 9); however, this is not robust
to including control variables (in column 10). Turning to TPP, we observe that, with each
increasing round, the treatment effect of TPP is significantly increasing by 3.3% (or 3.5%, with
controls), on average. Taken together, this means that TPP is successful in reversing the

decreasing pattern of cooperation in CTR.

Result 2: Looking at behavior in the first round, we observe that the anticipation of potential
punishment increases cooperation rates strongly, while the anticipation of a reputation-
building opportunity — both in DR and IR — has no significant effect in comparison to CTR.
Across rounds, cooperation rates are generally slightly downward-trending. Yet, this decline is

reversed successfully in TPP, where cooperation rates increase with repetition.

3.3 Sources for the dynamics of cooperation: reaction to punishment and a partner’s
reputation

The development of cooperation across rounds differs between DR and IR on the one
hand, and TPP on the other hand. In order to understand these differences in dynamics better,
we continue by examining how children react to third-party punishment or a partner’s
reputation.

From the observation that cooperation rates are not higher in DR and IR than in CTR,
one could conclude that the possibility of reputation building and the information about a
partner’s past behavior in DR and IR do not have any effect on children’s behavior. However,
such a conclusion would be wrong. To show this, we first calculate the image score of a child
(Nowak and Sigmund, 1998). This score sums up the actions of all previous rounds in the
following way: cooperation increases the score by 1 point, whereas defection reduces it by 1
point. Thus, the image score represents a measure of one’s reputation as being more or less

cooperative. We use the image score as the main measure for analyzing the reaction to the

10 Note, however, that our reported results are also robust to using a linear probability model.
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partner’s reputation, yet we also show the robustness of our findings using a different measure

in Appendix A.1.4.

Figure 3 and Table 5 about here

In Figure 3, we show the predictions of a regression model where we regress a child’s
likelihood to cooperate on the current partner’s image score, separately for IR (left panel) and
DR (right panel). The regression estimates are presented in Table 5. We observe a very clear
pattern. A child’s likelihood to cooperate is significantly positively related to the current
partner’s image score. This holds true for all specifications in DR, and in 3 out of 4
specifications in IR. Comparing the coefficients across the two treatments, we observe that the
slope of the relation is slightly steeper in DR (with estimated coefficients around 5% in Table
5) than in IR (with estimated coefficients between 1.7% and 3.8%), but this difference is not
significant most of the time.

Interestingly, controlling for a partner’s behavior from the last round only is not
significant in DR (columns 7 and 8 of Table 5), nor does adding it affect the size of the partner’s
image score coefficient. This finding suggests that children do indeed care about the entire
history of their partner, and not just about how a partner acted in the round before.!!

Taken together, these results provide the first evidence that the reputation mechanism
already affects the behavior of 3- to 6-year-olds by generating patterns of conditional
cooperation. Table A3 in the Appendix provides additional support for this finding. It shows
that pairs of children who cooperate in round 1 have significantly higher cooperation rates in
subsequent rounds than pairs of children who start with defection. This holds at the 5% level in
DR and at the 10% level in IR. Not surprisingly, it does not apply to CTR, where information
about a partner’s past behavior is missing.

Next, we investigate the dynamic pattern caused by the punishment tool in TPP. In
Figure 4, we show the average cooperation rate in round t for subjects who defected in round
t — 1, where t € {2,3,4,5}. The left bar represents those defectors who did not get punished
by the third party in round t — 1, while the right bar represents those who experienced
punishment. We see a clear difference between the two groups. While only 34.9% of

unpunished defectors switch to cooperation in the next round, 60.7% of them do so if they got

' As a kind of placebo test, we can show that neither a partner’s image score (over all previous rounds) nor a
partner’s last round behavior have any significant effect on cooperation rates in the control treatment (CTR) (p >
0.2 in all regressions). This was to be expected since subjects are not informed about their partner’s previous
behavior in CTR.
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punished. The observed difference is statistically significant and it is robust to controls (see
Table A4 in the Appendix). Thus, the overall evidence indicates that the punishment
mechanism not only functions through the anticipation of potential punishment (see Result 2),

but also through the execution of punishment itself.

Figure 4 about here

Result 3: Although DR and IR do not increase average cooperation rates, 3- to 6-year-old
children do already condition their behavior systematically on the reputation of their partners.
The more cooperative a child’s partner has been in previous rounds, the higher the probability
that a child will cooperate, indicating conditional cooperation already at this young age. In
TPP, experiencing punishment increases the probability of cooperation in the next round, thus

improving the chances that defectors turn into cooperators.

Before proceeding with further analyses of the determinants of cooperation, we briefly
address the behavior of third parties. Overall, we see a relatively high rate of punishment of
defection (note that each third party made only one punishment decision). In fact, 55% of
children in the punisher’s role decided to punish defectors (at their own cost of losing 1 token).
Recall that the role of the third party was played by children who had played the PD game
themselves before in one of the treatments CTR, DR, or IR. We can show that there is a
significantly positive raw correlation between the likelihood to punish defection as a third
party and the number of times a child cooperated in the PD game (Pearson’s » = 0.12; p =
0.045). Similarly, we find that experiencing more cooperative behavior from one’s partner(s)
across the 5 rounds is correlated with a higher likelihood to punish defection (Pearson’s » =

0.14; p =0.026).

3.4 Payoffs across treatments

After having examined how our treatments affect cooperation rates, we ask the question
whether cooperation is profitable on an individual basis. To this end, we first regress a child’s
round payoff on cooperation, as done in Table 6. For CTR, IR, and DR, we see that defection
predicts higher profits. This is not very surprising, since defection strictly dominates
cooperation in terms of payoffs. Yet, in TPP, the relation changes. There we observe that
cooperation is significantly more profitable than defection, and given these relations, children

clearly earn much more when switching from defection to cooperation in TPP than in CTR (see
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column 5 in Table 6). While purely money-maximizing third parties would not want to spend
their token on punishing defectors, the relatively high frequency of punishment of 55% makes

defection unattractive and unprofitable in TPP.

Table 6 about here

Result 4: With the exception of TPP, children who cooperate earn fewer tokens than children
who defect. In TPP, this relationship is reversed, because the relatively high likelihood of

punishment makes defection less profitable.

3.5 Determinants of cooperation

The role of age. After analyzing cooperation rates across treatments, we now investigate how
children’s characteristics relate to cooperation. We start by analyzing the role of age in the
regressions in Table 7. In columns 1 to 8, we look at the four different treatments. In CTR, IR,
and DR, age (in months) is negatively related to the likelihood of cooperation (contrary to our
expectations), although the coefficients are not always significant. In TPP, age is positively and
significantly related to cooperation, showing that older children cooperate more than younger
children.

In columns 9 and 10 of Table 7, we look in more detail at the interaction effects of age
with our treatments. For DR, we note a significant positive interaction in column 9, which
suggests that older children have an easier time realizing that cooperation can pay off when
direct reciprocity is possible; however, this finding is not robust to adding control variables (in
column 10). In TPP, this interaction is much more pronounced and statistically robust,

indicating that as children get older they are more likely to cooperate in TPP than in CTR.

Table 7, Table 8, and Table 9 about here

The role of cognitive abilities, time preferences, and theory of mind. Next, we examine the
relation between children’s traits elicited on day 1 — cognitive abilities, theory of mind, and
patience — and cooperation on day 2. We expected positive effects in our pre-registration.
Across columns 1 to 8 in Table 8, we note that higher cognitive abilities let children cooperate
less in our control condition CTR, and more in the TPP treatment, although none of these effects

are robust to controls. For theory of mind, we find a weakly significant positive effect on
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cooperation in TPP; yet, this effect also vanishes with the addition of further controls. Finally,
we observe that patience is positively related to cooperation in TPP.

When we look at interaction effects of cognitive abilities, theory of mind, and patience

with our treatment conditions (in columns 9 and 10), we observe that for all three of our
treatments — IR, DR, and TPP — higher cognitive abilities imply a significantly higher difference
in cooperation between the respective treatment and CTR (in column 9). The interaction effects
remain significant in DR and TPP when adding further controls (in column 10). A one-standard-
deviation increase in cognitive abilities is estimated to increase the difference in cooperation
rates between CTR and DR by 5.3%, and between CTR and TPP by even 8.8% (column 10).
Turning to patience, we observe no significant interaction effects between patience and any of
our treatments. Concerning theory of mind, only TPP shows indications of positively interacting
with theory of mind, although the interaction effect lacks robustness.
Socio-economic status of parents and parental warmth. Finally, we look at how the family
environment of a child is related to cooperative behavior. Table 9 presents regression results
for how a child’s cooperation relates to parental warmth and parents’ socioeconomic status
(SES; as measured by their highest level of education). From columns 1 to 8, which consider
each treatment separately, we note that parental warmth is hardly ever significantly related to
cooperation rates. For SES, we see a clearly positive effect on the cooperation rates in TPP, but
a negative one in the other treatments, although the latter is typically not significant.

In columns 9 and 10, we look again at the interaction of our treatments with the variables
on which we focus here. We observe that parental warmth does not interact with any of the
treatments. In contrast, we find evidence that SES interacts with TPP. In particular, a one-step
increase in the highest education level of parents (e.g., from high-school certificate to a
Bachelor’s degree) is associated with a 6.8% higher cooperation rate in TPP in comparison to
CTR (column 10). These results also hold when we take into account potential selection issues

regarding obtaining the SES and parental warmth variables from parents (See Appendix A.1.2.)

Result 5: Cooperation decreases with age in IR, while it increases with age in TPP. Moreover,
the TPP treatment effect is increasing with age. Children with higher cognitive abilities have
significantly higher cooperation rates when exposed to DR and TPP (in comparison to CTR).
More patient children cooperate more in TPP. Theory of mind hardly ever matters. Children
from families with higher education are more likely to cooperate in TPP. Parental warmth does

not play a noticeable role in our sample.
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4. Putting our findings into perspective beyond childhood — Insights
from a meta-analysis

Our results reveal that punishment strongly increases cooperation in 3-6 year-old
children, however no such effect is observed when a reciprocity mechanism is introduced.
While it is known that reciprocity is effective in adults, it is unknown for the adult age whether
punishment still has a relatively larger effect on cooperation, compared to direct and indirect
reciprocity. In this section, we address this question, because it can help uncover whether the
patterns we found for young children persist later on as well. Additionally, there is a second
question regarding the developmental stage in life when reciprocity mechanisms become
effective in fostering cooperation. Our experiment has not found an effect in the aggregate,
while for adults it seems that reciprocity can increase cooperation rates, yielding the speculation
that older childhood and adolescence might be candidate periods for when reciprocity starts to
be effective.

To answer our questions, we take two steps. First, we conduct a large meta-analysis
about whether punishment, direct and indirect reciprocity affect cooperation behavior in adults.
Second, to better understand the transition from childhood to adulthood, and how this interacts
with the effectiveness of the different pillars, we conduct an additional literature survey where

we focus on cooperation studies with older children and adolescents.

4.1 Search for studies, inclusion criteria, and coding of cooperation for the meta-analysis
on adult behavior

Studies for the meta-analysis were selected from all the records included in the
Cooperation Databank (CoDa; Spadaro et al., 2022). CoDa contains an archive of all studies on
human cooperation reported in published articles, working papers, dissertations, theses, and
book chapters written in English, Japanese, and Chinese until 2017.

To be included in our meta-analysis, a study had to meet the following criteria: (i) the
study employed either a PD game or a public-goods game, (ii) participants were adults, (iii) no
deception was used in the study, and (iv) the study manipulated (at least) one of the three
mechanisms of our interest. Regarding (iv), we incorporate studies which correspond to broad
definitions of our three mechanisms of interest. In particular, the goal of our meta-analysis is
not to narrow down on studies that use identical design choices as in our experiment with
children, but to get a comprehensive and generalizable overview of how punishment and

reciprocity mechanisms affect cooperative behavior based on the findings of the existing
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literature. Thus, we take full advantage of the large and comprehensive dataset of studies
recorded in CoDa.

To study the effects of punishment on cooperation, we include all studies which, in
various designs, introduce a punishment mechanism (in terms of the possibility of imposing
negative payoffs on a specific participant after the regular round of play) and compare it to
behavior when no such mechanism exists.”? To study the effects of indirect reciprocity on
cooperation, we include all studies which manipulate indirect reciprocity in one of the following
ways: (i) manipulating subjects’ anonymity in front of others that are not paired with the subject
in the game, (ii) introducing the possibility to select partners based on reputation or identifiable
information, or (7ij) introducing the possibility to gossip. To study the effects of direct
reciprocity on cooperation, we analogously include all studies which, in various designs,
manipulate direct reciprocity mechanisms in one of the following ways: (i) manipulating the
extent of one’s interaction with the partner (e.g., interacting before the game), (i) manipulating
the extent of one’s anonymity towards the partner(s), and (iii) manipulating the visibility of
one’s contribution towards the partner(s).

Altogether, this results in 105 studies with 264 distinct effect sizes, i.e., 264 distinct
comparisons between a treatment where a mechanism of our interest is present and a treatment
without it. Out of those, 187 effect sizes refer to the punishment mechanism, 19 effect sizes to
the indirect reciprocity mechanism, and 58 effect sizes to the direct reciprocity mechanism.

The outcome variable we analyze is the effect size in cooperation between a control
treatment and a treatment where the particular mechanism was introduced. We capture this with
Cohen’s d, which is a standardized measure of the difference in the outcome variable between
two groups. It is calculated by (X; — X3)/Spooteq> Where Xjand X, are the means of the two
treatments, and Sp010q their pooled standard deviation. If the measurement of cooperation is

binary, we calculate Cohen’s d by using the approach of Chinn (2000). In particular, we convert

p1n1(1—p2)n;
p2n2(1-p1)ny

LN(odds ratio)

the odds ratio TV

to Cohen’s d using the following formula: , where p;

captures the cooperation proportion of treatment i, and n; the sample size.

4.2 Results of the meta-analysis
For each mechanism — punishment, direct reciprocity, and indirect reciprocity — we

meta-analyze the mean differences in cooperative behavior between the treatment where the

12 Here we do not distinguish between second-party punishment (where players in the game can punish each other)
and third-party punishment (where only external third parties can punish the players in the game). See Leibbrandt
and Lopez-Pérez (2012) for a comparison of both types of punishment.
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mechanism is introduced and the corresponding control treatment. To take into account that
more effect-sizes can come from a single study, we run a multilevel meta-analysis with study
as a random intercept. We first meta-analyze the 187 treatment effects of the punishment
mechanism. Our results reveal a Cohen’s d of 0.62, i.e., a treatment effect of 0.62 standard
deviations. The effect is significantly different from 0 (p<0.01), with a confidence interval of
[0.48, 0.75]. We report forest plots showing the estimates of each individual effect size and the
overall effect size in Figures A2 to A5 in the Appendix. Next we look at the meta-analysis of
58 treatment effects of the direct reciprocity mechanism. We observe a Cohen’s d of 0.40, i.e.,
a treatment effect of 0.40 standard deviations. The finding is again significantly different from
0 (p<0.01), with a confidence interval of [0.19, 0.61]. We report forest plots of the individual
effect sizes in Figures A6 and A7. Finally, we look at the meta-analysis of the 19 treatment
effects of the indirect reciprocity mechanism. We observe a Cohen’s d of 0.18. The finding is
significantly different from 0 (p<0.01), with a confidence interval of [0.03, 0.33]. We report a
forest plot of the individual effect sizes in Figure AS.

Taken together, the results indicate that when looking at the 105 studies used in our
meta-analysis, all three mechanisms cause a positive effect on the level of cooperation.
However, we observe a very clear ordering where the punishment mechanism causes the largest
effect (d = 0.62), followed by direct (d = 0.40) and indirect reciprocity (d = 0.18). This finding
indicates that reciprocity mechanisms are not as strong in affecting cooperative behavior as
punishment, which is therefore largely in line with the findings from our experiment with
children. In our experiment, we observe that the TPP treatment causes a large positive effect:
Cohen’s d = 0.99. In contrast, the two reciprocity treatments cause no significant shift in
behavior (and in terms of size, the effects are negligible or small: Cohen’s d = -0,06 for DR and
-0.19 for IR). The findings further suggest that the stark difference in effects we observe
between our punishment treatment and the reciprocity treatments cannot be explained solely by
reciprocity mechanisms developing later in life, as the gap in the punishment and reciprocity
mechanisms does not fully close with age. Instead, it appears that the reciprocity mechanisms
affect cooperative behavior to a lesser extent, even after they do develop. In the next subsection
we therefore deal with the question when reciprocity mechanisms become effective in raising

cooperation, but first we summarize the insights from our meta-analysis.

Result 6: Our meta-analysis shows for adult subjects that all three mechanisms — direct and
indirect reciprocity and punishment — cause a significant and positive effect on cooperative

behavior. Punishment causes the largest effect, which is followed in size by direct reciprocity,
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and then indirect reciprocity. We see from our experiment with 3-6 year-olds that punishment
has the largest effect on cooperation, suggesting that this pillar is strongest across age and that

the relative advantage of punishment for cooperation develops very early on.

4.3 Searching for the age when reciprocity mechanisms start improving cooperation

To gain a better understanding of the ontogeny regarding the effects of our three mechanisms
of cooperation, we next turn our focus to related studies with children and adolecents. As argued
before, the age of the children in our experiment is very young, which pushes the boundaries
regarding age in current studies on cooperation. Looking at related studies that run experiments
with older children can then inform us about the behavioral patterns when it comes to the gap
between very young children (our main experiment) and adulthood (the meta-analysis). This
allows us to study whether the effect of punishment on cooperation is always as strong as we
observe it in our experiment and in our meta-analysis. Further, we can search for the period in
life when reciprocity mechanisms become effective. Given that they are positive in adulthood,
but ineffective in 3-6 year olds, it seems reasonable to expect reciprocity mechanisms to become
effective in the age period in between young childhood and adult age.

To this end, we search the literature for studies that investigate cooperation and
introduce one of the mechanisms of our interest. We focus on studies that (i) use either a PD or
a public goods game, (ii) have underage participants playing with other underage participants,
and (iii) use no deception. We find five studies matching these criteria.'

First we focus on the punishment mechanism. In a well-powered study, Lergetporer et
al. (2014) investigate the cooperative behavior of 7-11 year old children using a PD game. They
compare a treatment without any punishment to one that has third-party punishment. They
observe that the existence of punishers significantly increases cooperative behavior. The
Cohen’s d of this change in behavior is 0.80, which constitutes a large effect. This observation
fits nicely to the findings from our main experiment with very young children (d=0.99) as well
as our meta-analysis for adults (d=0.62), suggesting that a punishment mechanism consistently
causes a large positive effect on cooperative behavior, whether it is with 3-6 year-olds, 7-11
year-olds, or adults.

Next, we turn to the reciprocity mechanisms. We find altogether four studies that fit our
criteria. In one study, the authors exogenously introduce a direct reciprocity mechanism and

compare it to a control treatment (Blake et al., 2015). The authors show that 10-11 year-olds

13 Where appropriate, effect sizes were calculated with information reported in the respective papers, or if some
information was missing, we contacted the authors.
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increase cooperative behavior when they are always paired with the same partner in contrast to
switching partners in a PD game. They observe an effect size of 0.31 (Cohen’s d). This size is
smaller than the one punishment causes with similarly aged children (0.80) in Lergetporer at al.
(2014), and is close to what we find for the direct reciprocity mechanism in our meta-analysis
with adults (d = 0.40). Given that we had not found an effect of reciprocity for 3-6 year olds,
but Blake et al. (2015) found one for 10-11 year olds (at least for direct reciprocity), both studies
together suggest that it might be the age range between 6 and 10 where reciprocity mechanisms
start improving cooperation levels.

Three other studies we identify do not have a comparison between a control treatment
and a treatment with reciprocity, yet they are still informative when compared to our
experiment. Harbaugh and Krause (2000), Vogelsang et al. (2014), and Hermes et al. (2020) all
conduct public goods games with repetition and with fixed groups (thus, with direct reciprocity
mechanisms involved). As there is no comparison group, we cannot calculate any effect size,
yet we can look at the proportion of cooperation in these studies. Vogelsang et al. (2014) find
that 5-6 year-olds cooperate in 24% of cases, which is very close to 28% that we observe in our
DR treatment. Hermes et al. (2020) let children choose how many out of 5 coins they want to
contribute to the public good, and find that 6-year old children on average contribute 38% of
their endowment. Then moving to older children and adolescents, Harbaugh and Krause (2000)
find that 6-14 year old children on average contribute between 42% and 64% (depending on the
round), thus showing an increasing trend in the level of cooperation in comparison to studies
with younger children. These observations are also in line with the conjecture that reciprocity

mechanisms roughly start to improve cooperative behavior within primary school age.

Result 7: Taking together the results of our experiment, our meta-analysis, and the survey about
studies with children and adolescents, we find that introducing a punishment mechanism always
causes a large effect on behavior, whether it is with children or with adults. Reciprocity
mechanisms (at least those of direct reciprocity) have been found to increase cooperation levels
around age 10, suggesting that they develop their effectiveness around primary school age (6-

10 years of age).

5. Conclusion

The ability of humans to cooperate with genetically unrelated strangers is remarkable.
From an economic perspective, it allows for increasing the efficiency, and thus the welfare,

created in human interactions in both small and large groups. While it is obvious that
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cooperation is necessary to meet crucial human challenges, they will be met more easily the
better we understand the roots of human cooperation, i.e., when cooperation emerges and under
which conditions it can be expected to flourish. For these reasons, we studied cooperation of
more than 900 children, aged 3 to 6 years. Based on earlier insights that childhood is the most
formative period for a human being’s skills and behavior (Heckman, 2006; Fehr et al., 2008,
2013; Almaés et al., 2010; Bauer et al., 2014; Alan and Ertac, 2018; Sutter et al., 2019; Berger
et al., 2020; Brocas and Carillo, 2020, 2021; Cappelen et al., 2020; Castillo et al., 2020; Hermes
et al., 2020; Kosse et al., 2020; Alan et al., 2021; List et al., 2023), our goal was to improve our
understanding of when cooperation evolves in young children and what the institutional as well
as personal, respectively parental, prerequisites are for this.

In our experiment, we designed a unified framework to examine which of three
fundamental pillars of human cooperation — direct and indirect reciprocity, as well as third-
party punishment — emerges earliest and is most effective in increasing cooperation in a
repeated PD game. These three pillars have never been compared to each other in a unified
framework with respect to their potential to increase cooperation in comparison to a baseline
condition, neither with adults nor with children. While each of them has been shown separately
to affect cooperation (e.g., Axelrod and Hamilton, 1981; Fehr and Fischbacher, 2004; Bolton
et al., 2005), the lack of a unified setting has made it difficult to compare their relative effects.
The relative comparison of these mechanisms is particularly relevant in early developmental
phases, as it can inform researchers about the developmental trajectory of each mechanism, and
practitioners interested in shaping cooperative tendencies in young children.

We found that cooperation rates are modest (around one quarter) in a control condition
and in the two treatments that allow for reputation building by informing children about their
partner’s past behavior (which makes indirect and direct reciprocity possible). Compared to the
control condition, reciprocity does not increase cooperation rates. Yet, this implies by no means
that children as young as the age of 3 would not be able to apply reciprocal strategies. On the
contrary, we are the first to observe a pattern of conditional cooperation (Fischbacher et al.,
2001) already at this young age, because we provide clear evidence that children react
systematically, and positively, to a partner’s past history of cooperative behavior. The
likelihood of children to cooperate increases when they meet a partner who has been more
cooperative in the past, either with them or with other (anonymous) children. Given the modest
level of cooperation at the beginning of the repeated interaction, however, such reciprocal
strategies are not capable of lifting cooperation rates beyond what we observe in the control

condition.
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Cooperation levels are only increasing in this young age group when a third party that
is unaffected by the outcome of the PD game enters the stage. With potential third-party
punishment, cooperation rates skyrocket, one could say, by almost tripling in comparison to the
other conditions. This effect prevails from the very first round onward, even before any
punishment could have been applied. This means that children are able to anticipate that in the
presence of a third party it is better to cooperate rather than to defect; and in fact cooperation
pays off monetarily in the third-party punishment condition (only). Yet, executing (costly)
punishment also serves a purpose by making it more likely for former defectors to turn into
cooperators. Thus, both the third party’s existence as well as his/her actions matter for the
higher cooperation rates in this condition.

These findings provide valuable insights for practitioners and policy makers that aim to
promote cooperation among future generations. To increase cooperation, our results would
support interventions that target children’s willingness to object to selfish actions — an altruistic
type of behavior children are undoubtedly familiar with (Gummerum and Chu, 2014; Mcauliffe
et al., 2015; Basi¢ et al., 2020). Given the substantial effect on cooperation we observe in our
study, such interventions, if successful, might have a remarkable potential for increasing the
levels of cooperation. Our study does not offer the same support for targeting the mechanisms
of reciprocity at that young age. As we show that children do reciprocate others yet fail to
increase cooperation early on, it remains a question whether initial cooperation can be supported
in some way so that it can be sustained through reciprocity. One potential way of tackling this
could be an integration of both punishment and reciprocity mechanisms, where the early threat
of punishment would elevate cooperation levels such that reciprocity mechanisms could sustain
it in future encouters. We leave this question open for future studies.

In addition to studying and comparing the effects of direct and indirect reciprocity and
of third-party punishment, we also look at how children’s individual characteristics and their
parents’ background may affect cooperation rates. We found that the positive effects of third-
party punishment on cooperation become even stronger with increasing age and also with
increasing cognitive abilities. Presumably, children with higher cognitive abilities and older
children might be better at understanding how to navigate in complex strategic environments
and what to anticipate from third parties. Moreover, we find a similar relation of cooperation
rates to parents’ socioeconomic status. Children of better-educated parents, when exposed to
the third-party punishment condition, react with a stronger increase in cooperation.

Importantly, we complemented our main experimental study with a literature survey on

related studies with older children, and a large meta-analysis covering 105 distinct studies on
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how punishment and reciprocity mechanisms affect cooperative behavior in adults. This helps
in understanding whether our findings with young children also prevail in older age groups. We
observe that the introduction of a punishment mechanism always causes a large positive effect
on cooperative behavior, regardless if it is done with very young children, older children, or
adults. The meta-analysis also reveals that reciprocity mechanisms cause an increase in
cooperative behavior in adults. While we had seen patterns of conditional cooperation in 3-6
year olds in our study, both direct and indirect reciprocity had not increased cooperation rates
in the aggregate in comparison to a control group. Screening the literature for children who are
older than 6 years, but who have not reached adult age, we found suggestive evidence that
reciprocity mechanisms start being supportive of cooperation around primary school age.

Our meta-analysis reveals a weaker effect of reciprocity mechanisms in comparison to
punishment in adults. This mirrors the observation we see also with our young children, namely
that punishment is more effective than reciprocity in promoting cooperation. It further suggests
that the reason why we observe this finding with young children is not only because the effect
of reciprocity mechanisms develop later than the punishment mechanism, but even when they
do develop, they are weaker in the extent to which they affect behavior. So, the mechanisms
which are at the roots of cooperation develop early in life, and their relative effectiveness seems

to prevail into adulthood.
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Figures and tables

Figure 1. Average cooperation rate across treatments

1_

Average cooperation rate

The figure shows average cooperation rates across all rounds for each treatment. Error bars indicate 95% CI.
Treatment abbreviations: CTR (Control), IR (Indirect reciprocity), DR (Direct reciprocity), and TPP (Third-party
punishment).

Figure 2. Average cooperation rate across rounds and treatments
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The figure shows average cooperation rates for each round and treatment.
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Figure 3. Predicted cooperation rate conditional on the partner’s image
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The figure shows the predicted probability of cooperation in IR and DR, conditional on the current partner’s image
score. The image score is calculated as the sum of a subject’s actions in previous rounds, where cooperation
increases the score by one, and defection decreases it by one. Shaded areas indicate 95% CI.

Figure 4. Average cooperation rate in round t of subjects who defected in

round t — 1, conditional on punishment in round ¢ — 1
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The figure shows the average cooperation rate in TPP in round t for subjects who defected in round t — 1,
conditional on punishment in round t — 1 (left bar: no punishment; right bar: punishment), where t € {2, 3,4, 5}.
Error bars indicate 95% CI.
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Table 1. Distribution of subjects per age cohort and treatment

All 3/4 years old 4/5 years old 5/6 years old
Overall 929 (814) 224 (171) 323 (282) 382 (361)
CTR 241 (202) 54 (36) 87 (74) 100 (92)
IR 236 (216) 58 (51) 81 (73) 97 (92)
DR 249 (222) 55 (41) 92 (82) 102 (99)
TPP 203 (174) 57 (43) 63 (53) 83 (78)

The table shows the number of children participating in the study across treatments (CTR, IR, DR, TPP; see below)
and age cohorts. In brackets we show the number of children who passed the control questions. The latter set
constitutes the basis for our analysis.

Table 2. Stage-game payoff matrix

Cooperate Defect
Cooperate 2,2 0,3
Defect 3,0 1,1

The table represents the payoff matrix for the PD stage-game (payoff matrix within one round).
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Table 3. Probit regression estimates of main treatment effects

Dependent variable: Cooperation (= 1)

1 2 3) “)
IR -0.046%* -0.041 -0.047%* -0.046
(0.025) (0.028) (0.027) (0.030)
DR -0.006 -0.002 -0.006 -0.024
(0.027) (0.028) (0.028) (0.029)
TPP 0.393%** 0.405%** 0.410%** 0.421%**
(0.040) (0.040) (0.040) (0.039)
Round -0.009** -0.008*
(0.004) (0.005)
Age? -0.001 -0.000
(0.001) (0.001)
Girl (=1) 0.011 0.001
(0.018) (0.020)
Number of siblings 0.004 -0.004
(0.011) (0.012)
Cognitive abilities -0.001 0.002
(standardized) (0.011) (0.011)
Patience 0.016 0.022%*
(0.010) (0.011)
Theory of mind (= 1) 0.026 0.034
(0.022) (0.024)
SES of parents 0.001
(0.007)
Parental warmth 0.008
(0.016)
Kindergarten FE No Yes Yes Yes
p-value: IR = DR 0.124 0.172 0.146 0.459
p-value: IR = TPP <0.001 <0.001 <0.001 <0.001
p-value: DR = TPP <0.001 <0.001 <0.001 <0.001
Observations 4,062 4,062 4,007 3,217

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable and treatment dummy variables as the main independent variables. The reported coefficients
represent average marginal effects. The omitted treatment category is the CTR treatment. Additional variables
include the round, age (i.e., number of months), gender dummy variable (girl = 1), number of siblings, standardized
cognitive abilities, patience (from 0 to 2; numbers represent the number of tokens saved for the next day), theory
of mind dummy variable (= 1), SES as the highest education level of parents (from 1 to 8; a higher number indicates
higher education), parents’ self-reported parental warmth, and kindergarten fixed effects. Clustered standard errors
at the session level in parentheses. *** p < (0.01. ** p <0.05. * p<0.1.

$ The observed age patterns stay the same when looking at the effect of age cohorts. In particular, we regress age
cohort dummy variables with the youngest age cohort (3-4 year-olds) as the omitted category, on cooperation. The
positive effect on cooperation in the TPP treatment becomes progressively larger with increasing age cohort, while
for the IR treatment, the negative age effect seems to be mostly driven by a pronounced decrease of cooperation
of the oldest age cohort (5-6 year-olds) in comparison to the middle and the youngest age cohort.
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Table 4. Probit regression estimates of the effects of repeated play on

cooperation

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments
Q) @) 3 “ (&) (6) (7 ®) ® (10)
Round -0.019*%*  -0.018*  -0.029*** -0.028%** 0.002 -0.002 0.015* 0.018* -0.018**  -0.018*
(0.008) (0.010) (0.009) (0.009) (0.007) (0.008) (0.008) (0.010) (0.008) (0.009)
Control No Yes No Yes No Yes No Yes No Yes
variables”
IR -0.011 -0.011
(0.041) (0.047)
DR -0.066*  -0.072%*
(0.036) (0.037)
TPP 0.284%**  (.307***
(0.049) (0.053)
IR X round -0.013 -0.011
(0.013) (0.013)
DR x round 0.020% 0.017
(0.011) (0.012)
TPP X round 0.033° 0.035°
(0.011) (0.014)
Observations 1,002 787 1,080 850 1,110 840 870 740 4,062 3,217

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable. Columns 1 to 8 use round as the main independent variable, while columns 9 and 10 use round,
treatment dummy variables, and their interaction terms. Reported coefficients represent average marginal effects.
The omitted treatment category in columns 9 and 10 is the CTR treatment. Clustered standard errors at the session
level in parentheses. The interaction coefficients in columns 9 and 10 represent average interaction effects and
their error terms in parentheses represent average standard errors, calculated using the methodology of Norton et
al. (2004). *** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include age as the number of months, gender dummy variable (girl = 1), number of siblings,
standardized cognitive abilities, patience, theory of mind dummy variable (= 1), SES as the highest education level
of parents, parents’ self-reported parental warmth, and kindergarten fixed effects.

Y DR x round interaction effect is positive and significant at the 10% level for all observations in column 9, while
it is not significant for any observation in column 10.

° TPP x round interaction effect is positive and significant at the 5% level for all observations, both in columns 9
and 10.
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Table 5: Probit regression estimates of the effects of the current partner’s

image score on a child’s cooperation

Dependent variable: Cooperation (= 1)

IR DR

(1) 2) ) (4) () (6) (7) ()

Partner’s image score

Round

Cooperation of partner
in previous round (= 1)

Subject’s image score

Subject’s cooperation in
previous round (=1)

Age

Girl (= 1)

Siblings

Std. cognitive abilities

Patience

Theory of mind (= 1)

SES

Parental warmth

Kindergarten FE

Observations

0.038***  (0.034***  0.021%* 0.017 0.059***  0.053***  (.052%%*  (.049***
(0.009) (0.009) (0.009) (0.011) (0.013) (0.013) (0.016) (0.018)
-0.037%**  -0.048*** 0.026 0.022

(0.012) (0.014) (0.016) (0.020)

-0.009 -0.012 -0.014 -0.025

(0.029) (0.038) (0.047) (0.055)

0.077***  0.065%** 0.091%**  (0.098***

(0.011) (0.012) (0.016) (0.018)
-0.189%**  (.184%*** -0.280%**  -0.311%**

(0.036) (0.041) (0.042) (0.053)

-0.003* -0.004** 0.001 0.003

(0.002) (0.002) (0.002) (0.002)

0.048%* 0.003 0.014 0.019

(0.029) (0.034) (0.030) (0.034)

0.015 0.020 0.013 -0.016

(0.015) (0.021) (0.022) (0.021)

-0.021 0.002 0.007 0.015

(0.015) (0.020) (0.018) (0.019)

0.001 -0.001 -0.013 -0.014

(0.018) (0.024) (0.014) (0.016)

0.042 0.060 0.032 0.047

(0.031) (0.040) (0.041) (0.040)

-0.007 -0.005

(0.013) (0.011)

0.019 -0.021

(0.031) (0.019)

No Yes Yes Yes No Yes Yes Yes
864 864 860 680 888 888 876 672

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable and the partner’s image score as the main independent variable. The sample consists of
subjects in IR (columns 1-4) and DR (columns 5-8). The coefficients represent average marginal effects.
Additional variables include the round, a dummy variable indicating whether a partner from the previous round
cooperated (= 1), a subject’s image score, a dummy variable indicating whether a subject cooperated in the
previous round (= 1), age as the number of months, a gender dummy variable (girl = 1), number of siblings,
standardized cognitive abilities, patience (from O to 2; numbers represent the number of tokens saved for next
day), a theory of mind dummy variable (= 1), SES as the highest education level of parents (from 1 to 8; higher
numbers indicate higher education), parents’ self-reported parental warmth, and kindergarten fixed effects.
Clustered standard errors at the session level in parentheses. *** p < 0.01. ** p <0.05. * p <0.1.
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Table 6: OLS regression estimates of the effects of cooperation on a
subject’s payoffs

Dependent variable: subject’s round payoff

CTR IR DR TPP All treatments
(1) ) A3) “ &)
Cooperation (= 1) -0.882%**  .(0.824%**  .(0.944%**  (.462%** -0.882%**
(0.068) (0.065) (0.108) (0.102) (0.067)
IR -0.094*
(0.049)
DR -0.012
(0.058)
TPP -0.617***
(0.088)
IR x cooperation 0.059
(0.093)
DR x cooperation -0.061
(0.1206)
TPP x cooperation 1.344%%*
(0.121)
Constant 1.577%**  1.483***  1.564*** (.960*** 1.577%**
(0.040) (0.029) (0.043) (0.079) (0.040)
Observations 1,002 1,080 1,110 870 4,062
R-squared 0.160 0.140 0.181 0.043 0.134

The table reports regression results from OLS models using a subject’s round payoff as the dependent variable.
Columns 1 to 4 use a dummy variable indicating whether the subject cooperated (= 1) as the main independent
variable, while column 5 uses the dummy variable indicating whether the subject cooperated, the treatment dummy
variables, and their interaction terms. The omitted treatment category in column 5 is the CTR treatment. Clustered
standard errors at the session level in parentheses. *** p <0.01. ** p <0.05. * p<0.1
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Table 7. Probit regression estimates of the effects of age on cooperation

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments

(1 2 3) “4) ) (6) O] ®) (©)) (10)

Age (in -0.006***  -0.002 -0.003*  -0.005** -0.001 -0.000 0.005* 0.007**  -0.006%**  -0.004**
months) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003) (0.003) (0.002) (0.002)
Control No Yes No Yes No Yes No Yes No Yes
variables”
IR -0.241 -0.132
(0.167) (0.193)
DR -0.342%* -0.284
(0.165) (0.187)
TPP -0.387* -0.284
(0.217) (0.210)
Age x IR 0.003 0.001
(0.002) (0.003)
Age x DR 0.005% 0.004
(0.002) (0.003)
Age x TPP 0.011° 0.010°

(0.003)  (0.003)

Observations 997 787 1,080 850 1,110 840 870 740 4,057 3,217

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable. Columns 1 to 8 use age (in months) as the main independent variable, while columns 9 and
10 use age (in months), treatment dummy variables, and their interaction terms. Reported coefficients represent
average marginal effects. The omitted treatment category in columns 9 and 10 is the CTR treatment. Clustered
standard errors at the session level in parentheses. The interaction coefficients in columns 9 and 10 represent
average interaction effects and their error terms in parentheses represent average standard errors, calculated using
the methodology of Norton et al. (2004). *** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include the round, gender dummy variable (girl = 1), number of siblings, standardized cognitive
abilities, patience, theory of mind dummy variable (= 1), SES as the highest education level of parents, parents’
self-reported parental warmth, and kindergarten fixed effects.

$ In column 9, the Age x DR interaction effect is positive and significant for all observations (predominantly at
the 5% level). In column 10, it is positive, but insignificant, for all observations.

° The Age x TPP interaction effect is positive and significant at the 1% level across all observations, both in
columns 9 and 10.
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Table 8. Probit regression estimates of the effects of cognitive abilities,

patience, and theory of mind (TOM) on cooperation
Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments
(1 2) A3) “) ®) (6) (7 () ©) (10)
Std. cognitive -0.061***  -0.031 -0.019 0.019 -0.004 0.018 0.047** -0.005  -0.060***  -0.044**
abilities (0.020) (0.021) (0.014) (0.020) (0.017) (0.018) (0.023) (0.029) (0.020) (0.021)
Patience 0.020 0.011 0.002 -0.003 -0.005 -0.002 0.049* 0.069%** 0.020 0.020
(0.017) (0.021) (0.016) (0.022) (0.015) (0.015) (0.029) (0.023) (0.017) (0.021)
Theory of mind -0.033 -0.020 0.003 0.012 0.025 0.007 0.100* -0.002 -0.032 -0.008
(GR)) (0.040) (0.047) (0.037) (0.044) (0.039) (0.045) (0.058) (0.045) (0.039) (0.046)
Control variables” No Yes No Yes No Yes No Yes No Yes
IR -0.045 -0.045
(0.068) (0.084)
DR -0.006 -0.020
(0.070) (0.081)
TPP 0.232%%* 0.252%*
(0.099) (0.109)
Std. cognitive 0.0438 0.042
abilities x IR (0.025) (0.028)
Std. cognitive 0.056° 0.053°
abilities x DR (0.026) (0.027)
Std. cognitive 0.113~ 0.088~
abilities x TPP (0.032) (0.035)
Patience x IR -0.019 -0.009
(0.024) (0.030)
Patience x DR -0.025 -0.022
(0.022) (0.026)
Patience x TPP 0.034 0.044
(0.036) (0.038)
TOM x IR 0.036 0.011
(0.055) (0.066)
TOM x DR 0.057 0.037
(0.055) (0.063)
TOM x TPP 0.142% 0.114
(0.075) (0.075)
Observations 982 787 1,075 850 1,100 840 860 740 4,017 3,217

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the dependent variable.
Columns 1 to 8 use standardized cognitive abilities, patience (from 0 to 2; number represents the number of tokens saved for next
day), and a theory of mind dummy variable (= 1) as the main independent variables, while columns 9 and 10 use the same three
variables, but also treatment dummy variables and their interaction terms. Reported coefficients represent average marginal effects.
The omitted treatment category in columns 9 and 10 is the CTR treatment. Clustered standard errors at the session level in
parentheses. The interaction coefficients in columns 9 and 10 represent average interaction effects and their reported error terms in
parentheses represent average standard errors, calculated using the methodology of Norton et al. (2004). *** p < 0.01. ** p<0.05. *
p<0.1.

# Control variables include age as the number of months, round, gender dummy variable (girl = 1), number of siblings, SES as the
highest education level of parents, parents’ self-reported parental warmth, and kindergarten fixed effects.

% Std. cognitive abilities x IR is positive for all observations, both in columns 9 and 10. For the majority of observations, the
interaction effect is significant at the 10% level in column 9 and insignificant (at any conventional level) in column 10.

° Std. cognitive abilities x DR is positive and significant for all observations, predominantly at the 5% level in column 9, and at the
5% and the 10% level in column 10.

~Std. cognitive abilities x TPP is positive and significant at the 5% level for all observations, both in columns 9 and 10.

*TOM x TPP is positive for all observations, both in columns 9 and 10. It is significant for the majority of observations
(predominantly at the 10% level) in column 9, and for the minority of observations (at the 10% level) in column 10.
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Table 9. Probit regression estimates of the effects of socioeconomic status
(SES) and parental warmth on cooperation

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments

(1) ) ) (4) ) (6) (7) () ) (10)

SES -0.025*%*  -0.018 -0.011 -0.014 -0.004 -0.010  0.053*** 0.046*** -0.024**  -0.019
(0.010)  (0.013) (0.011) (0.013) (0.011) (0.012) (0.019) (0.017) (0.010) (0.012)
Parental 0.010 -0.003 0.031 0.025 -0.016  -0.042**  0.053 0.045 0.010 0.016
warmth (0.026)  (0.028)  (0.030) (0.033) (0.014)  (0.020) (0.044) (0.041) (0.025) (0.027)
Control No Yes No Yes No Yes No Yes No Yes
variables”
IR -0.233 -0.171
(0.257)  (0.277)
DR 0.089 0.284
(0.245)  (0.232)
TPP -0.308 -0.202
(0.193)  (0.242)
IR x SES 0.017 0.010
(0.017)  (0.019)
DR x SES 0.017 0.009
(0.016)  (0.014)
TPP x SES 0.070% 0.068%
(0.042)  (0.031)
IR x parental 0.019 0.014
warmth (0.038)  (0.040)
DR x parental -0.025 -0.049
warmth (0.029)  (0.035)
TPP x 0.035 0.030
parental (0.045)  (0.050)
warmth
Observations 807 787 850 850 850 840 745 740 3,252 3,217

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the dependent variable.
Columns 1 to 8 use SES as the highest education level of parents (from 1 to 8; higher number indicates higher education) and
parents’ self-reported parental warmth as the main independent variables, while columns 9 and 10 use SES, parental warmth,
treatment dummy variables, and their interaction terms. Reported coefficients represent average marginal effects. The omitted
treatment category in columns 9 and 10 is the CTR treatment. Clustered standard errors at the session level in parentheses. The
interaction coefficients in columns 9 and 10 represent average interaction effects and their reported error terms in parentheses
represent average standard errors, calculated using the methodology of Norton et al. (2004). *** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include age as the number of months, round, a gender dummy variable (girl = 1), number of siblings,
standardized cognitive abilities, patience, theory of mind dummy variable (= 1), and kindergarten fixed effects.

$ Both in columns 9 and 10, the TPP X round interaction effect is positive for all observations, and it is significant at the 5% level
for all observations whose predicted probability of cooperation is more than 0.5. For observations whose predicted probability of
cooperation is less than 0.5, the interaction effect is not significant for the majority of observations in column 9, and significant
(predominantly at the 1% or the 5% level) for the majority in column 10.
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Online Appendix

A.1. Supporting information on robustness checks and additional
information on TPP procedures

A.1.1. Selection and control questions

Inverse probability weighting. A small fraction of children failed to pass the control questions (12%).
This opens a door to potential selection issues, as passing the control questions can depend on certain
characteristics of the child. To account for this, we first test which observable characteristics are
predictive of passing the control questions (see Table A5). We look at the effect of standardized
cognitive abilities, age, gender, the number of siblings, and also a proxy for a general willingness to
cooperate, captured by the total amount of cooperation across the 5 rounds. We find that older children
and those with higher cognitive abilities are more likely to succeed in correctly answering the questions.
We then construct individual weights as the inverse probabilities of passing the control questions, where
the probabilities result from a probit model of a binary indicator (showing whether the subject has passed
the control questions) as a function of standardized cognitive abilities and age. After obtaining the
weights, we then reweight our dataset with the constructed weights and repeat the entire analysis (see
Tables A6 to A14; see Kosse et al., 2020, Basic et al., 2020, and Falk et al, 2021, for a similar approach).
Our results stay robust to reweighting of the dataset.

Including children who failed the control questions. As an alternative approach to accounting for
potential selection due to passing control questions, we also rerun our entire analysis by also adding to
the sample those who failed the control questions. Thus, we repeat all regressions from Tables 3 to 9,
and A2 to A4, with 934 subjects altogether. Due to space considerations, we merely summarize here the
findings from this robustness check (the complete results are available on request). The robustness check
induces a certain level of noise in the data by design; hence, one might expect subtle changes in the
results. However, again we observe that our results remain highly robust overall. We notice a marginal
change when looking at the treatment effects. In the robustness check, the negative effect of the IR
treatment also remains significant when including controls. Also, when looking at the effect of age or
the effect of cognitive abilities on cooperation in CTR, both variables also remain a significant negative
predictor (at the 10% level) when we include control variables. Together, the inverse probability
weighting robustness check and the robustness check with subjects who failed the control questions
provide strong evidence that our findings do not suffer from selection issues due to passing the control
questions.

A.1.2. Selection, parents’ SES, and parental warmth

Inverse probability weighting. We elicited the education of parents and information on parental
warmth through a take-home survey. With this approach, we obtained information for SES (highest
educational level of parents) and parental warmth for 80% of our main sample.'* As this sample is not
randomly determined, there is a possibility that selection might affect our findings concerning SES and
parental warmth, in particular their relation to cooperation (see Table 9). To account for this concern,
we first test which observable characteristics are predictive of passing the control questions (see Table
A16). Here, we look at standardized cognitive abilities of the child, gender, age, number of siblings, a
proxy variable for general cooperativeness captured by the total amount of cooperation across the 5
rounds, and kindergarten fixed effects. We find that age and gender (at the 10% level), as well as
kindergarten fixed effects are significantly predictive of obtaining information on SES and parental
warmth. To account for these imbalances, we construct individual weights as the inverse probabilities
of obtaining information on both SES and parental warmth, where the probabilities result from a probit
model of a binary indicator (indicating whether both SES and parental warmth were obtained for a child)

4 Not obtaining information for the remaining 20% of parents is almost exclusively due to parents not completing
the survey at all. For those who did return a completed survey, only 2% did not provide an answer on questions
regarding education or parental warmth.
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as a function of gender, age, and kindergarten fixed effects. After constructing the weights, we reweight
our dataset and repeat the analysis for SES and parental warmth (see Table A17; see Kosse et al., 2020,
Basic et al., 2020, and Falk et al, 2021, for a similar approach). We find that our results concerning the
relation between SES, parental warmth, and cooperative behavior of children stay robust, suggesting
that selection concerning survey responses does not affect our findings.

A.1.3. Comprehension of the game

A key aspect of studies with very young children is ensuring that subjects understand the game. To
provide an additional robustness check and ensure that our results are not affected by comprehension
issues, we have checked what would happen to our results if we took a more conservative approach in
classifying who understood the game. To this end, we utilize an RA’s follow-up questions to build a
stricter comprehension criterion. Of the 814 children who passed our main comprehension checks, we
additionally exclude those who exhibited any difficulty in verbalizing with whom they were playing,
and explain the introduced mechanisms in the particular treatments, i.e., the meaning of icons on the
tablet screen representing the current partner’s previous round behavior in IR and DR, or the punisher’s
role, and the options in TPP. This set comprises the most important follow-up questions, which were
asked directly before the game began. We find that with this approach we would exclude another 134
subjects from our main sample, leaving us with 680 subjects altogether. We rerun our entire analysis
with this restricted sample (results are available upon request). Overall, our results stay highly robust
and consistent with our main analysis.

A.1.4. Varying the calculation of the image score

To assess one’s reputation for being cooperative in DR and IR treatments we rely on the image score as
proposed in Nowak and Sigmund (1998). An aspect one could be concerned about when using this score
is the fact that the image score can fail in certain cases when differentiating between those who only
showed cooperation so far but did not play many rounds, and those who played many rounds but had
played different actions. For example, a subject who cooperated once will have the same image score as
a subject who cooperated twice and defected once. To differentiate between such subjects, we employ
an alternative measure, namely the percentage of previous cooperation (e.g., for a subject who
cooperated twice and defected once, the measure would yield a value of 0.67, and for a subject who
cooperated in the first round, it would yield a value of 1 for that round). Our results remain highly similar
to our main analysis (Table A15 in the Appendix).

A.1.5. TPP procedures

To collect punishment decisions for the TPP treatment, at the end of sessions in the other treatments
CTR, IR, and DR, children were invited (as a surprise) to play a final task on an additional screen where
they acted as the observers of how two other children played the prisoner’s dilemma game (see Section
2.3). All children accepted the invitation and were then confronted with one of the two punishment
decision scenarios: they were either asked to make a decision on whether to punish defection (scenario
1) or were shown a setting of mutual cooperation where no punishment was possible (scenario 2;
Experimental instructions can be found on
https://osf.io/y7h4v/?view_only=f4627bf3ffe347¢085f48144b19451e5). Thus, the punisher always got
to keep the token in scenario 2. The collected punishment decisions were always matched to one of the
five rounds of children playing the PD game in a TPP session in a different kindergarten, where scenario
1 decision was used when at least 1 child within the pair defected, and scenario 2 when both children
cooperated. Punishment decisions for the initial TPP sessions were collected in prior sessions of CTR,
IR, and DR. We then recorded (and followed) the actual defection rate in TPP during the experiment to
estimate the number of punishment decisions (both scenario 1 and scenario 2) required for the remaining
sessions, and collected them accordingly. The punishment decisions were applied by a random draw in
the TPP treatment.

45



A.2. Supporting figure and tables

Figure Al. Interface of the game and the experimental setting

/

|\~

[ 4

Panel A shows the interface used to make decisions in the prisoner’s dilemma game. Decision-makers were
represented by the lower avatar and could either give 2 tokens to their partner (represented by the upper avatar) by
pressing the button with the open hand, or keep 1 token for themselves by pressing the button with the closed hand.
Panel Al was only shown in the direct (DR) and indirect reciprocity (IR) treatments and represents all of the
actions the partner chose in the previous round(s). Panel A2 was only shown in the third-party punishment (TPP)
treatment and shows the third-party punisher who could use one token to punish if at least one of the two players
defected. Panel B shows a graphic representation of our experimental setting in kindergartens. One session
consisted of six children making simultaneous decisions. Decisions were made on tablet computers, and children
listened to audio instructions during the trial rounds and all rounds of the actual game. Each child was accompanied
by one helper.
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Figure A2. Meta-analysis on the effect of punishment (part 1 of 4)

Study Estimate [95% Cl]
Barrett & Dannenberg (2016) p—a— 0.32 [-0.09, 0.72]
Barrett & Dannenberg (2016) e 0.64 [ 0.24, 1.04]
Bornstein & Weisel (2010a) =y 0.82[0.64, 1.01]
Bravo & Squazzoni (2013) | 0.81[0.30,1.32]
Caldwell (1976) P 1.01 [ 0.42, 1.60]
Campos-Vazquez & Mcjia (2016) —— 0.53[0.16,0.89]
Campos-Vazquez & Mejia (2016) —— 0.08 [-0.30, 0.46]
Cardenas (2011) : - 0.97[0.72,1.21]
Cardcnas (2011) = 0.73[0.51, 0.95]
Cardenas (2011) Cm 0.35[0.10,0.61]
Carpenter & Matthews (2009) f—a— 0.59[0.19, 0.99]
Carpenter & Matthews (2009) boom 0.21 [-0.14, 0.56]
Carpenter & Matthews (2009) e 0.58[0.24,0.91]
Carpenter & Matthews (2012) - 0.24 [-0.20, 0.68]
Carpenter & Matthews (2012) H—a— 0.30 [-0.14, 0.74]
Carpenter & Matthews (2012) —a— 0.54[0.10, 0.99]
Carpenter & Matthews (2012) e — 0.66 [ 0.21, 1.11]
Carpenter & Seki (2011) = -0.13 [-0.40, 0.14]
Casari & Luini (2009) N 0.50 [ 0.37,0.64]
Cason & Gangadharan (2015) |—-—| 0.27[0.03,0.51]
Cason & Gangadharan (2015) R 0.68 [0.23,1.13]
Cason & Gangadharan (2015) [ —— 0.23 [-0.17, 0.63]
Cason & Gangadharan (2015) e -0.40 [-0.80, 0.01]
Chen (2008) i 0.33 [-0.00, 0.66]
Chen (2008) =] 0.16 [-0.17, 0.49]
Chen (2008) —a— 0.55[0.20, 0.90]
Chen (2008) e 0.10 [-0.39, 0.59]
Chen (2008) F—a— 0.56 [ 0.06, 1.06]
Chen (2008) - 0.77[0.54, 0.99]
Chen et al. (2009) —a— -0.00 [-0.49, 0.49]
Chen et al. (2009) - 0.51[0.02,1.01]
Chen et al. (2009) }—-—{ 0.13 [-0.29, 0.56]
Chen ct al. (2009) I—— 0.53[0.10, 0.96]
Cherry & McEvoy (2013) s -0.15 [-0.95, 0.65]
Cherry & McEvoy (2013) 1.23 [-0.02, 2.49]
Cubitt ct al. (2011) —=— 0.30 [-0.01, 0.60]
Dekel et al. (2017) o -0.10 [-0.46, 0.26]
Dekel et al. (2017) S — -0.11 [-0.62, 0.40]
Dckel ctal. (2017) i | -0.18 [-1.06, 0.70]
Dekel et al. (2017) b -0.09 [-0.71, 0.54]
Dekel et al. (2017) R — -0.09 [-0.60, 0.41]
Dekel et al. (2017) b 0.25[-0.64, 1.13]
Dekel et al. (2017) - — -0.20 [-0.83, 0.42]
Dickinson et al. (2015) —m—] 0.94 [ 0.68, 1.20]
Dickinson et al. (2015) 2.04 [ 1.66,2.43]
Drouvelis & Grosskopf (2016) = 0.49[0.25,0.72]
Dugar (2013) b 2.57[1.81,3.33]
Overall RE Model R S 0.62 [ 0.48, 0.75]
. i T
-2 -1 0 1 2 3 4

The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how punishment affects
cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where a punishment mechanism is introduced. The figure is the first of four figures.
The overall RE model captures the estimation of Cohen’s d using all treatment effects (reported across the four
figures). 95% CI in brackets.
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Figure A3. Meta-analysis on the effect of punishment (part 2 of 4)

Study Estimate [95% Cl]
Dugar (2013) — 0.74[0.15, 1.32]
Dugar (2013) i —— 5.11[3.95, 6.28]
Engelmann & Nikiforakis (2015) —e— 1.81[1.29, 2.33]
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Grimalda et al. (2016) fm—i 0.28 [-0.11, 0.67]
Grimalda et al. (2016) f—m—] 0.32[-0.07, 0.71]
Giirerk ct al. (2006) — 3.17[2.52, 3.83]
Hilbig et al. (2012) ] 0.41[0.17, 0.66]
Hilbig et al. (2012) bof 0.48[0.37, 0.59]
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The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how punishment affects
cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where a punishment mechanism is introduced. The figure is the second of four figures.
The overall RE model captures the estimation of Cohen’s d using all treatment effects (reported across the four
figures). 95% CI in brackets.
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Figure A4. Meta-analysis on the effect of punishment (part 3 of 4)
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The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how punishment affects
cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where a punishment mechanism is introduced. The figure is the third of four figures.
The overall RE model captures the estimation of Cohen’s d using all treatment effects (reported across the four
figures). 95% CI in brackets.
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Figure AS. Meta-analysis on the effect of punishment (part 4 of 4)
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The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how punishment affects
cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where a punishment mechanism is introduced. The figure is the fourth of four figures.
The overall RE model captures the estimation of Cohen’s d using all treatment effects (reported across the four
figures). 95% CI in brackets.
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Figure A6. Meta-analysis on the effect of direct reciprocity (part 1 of 2)
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The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how direct reciprocity
affects cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where a direct reciprocity mechanism is introduced. The figure is the first of two figures.
The overall RE model captures the estimation of Cohen’s d using all treatment effects (reported across the two
figures). 95% CI in brackets.
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Figure A7. Meta-analysis on the effect of direct reciprocity (part 2 of 2)
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The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how direct reciprocity
affects cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where a direct reciprocity mechanism is introduced. The figure is the second of two
figures. The overall RE model captures the estimation of Cohen’s d using all treatment effects (reported across
the two figures). 95% CI in brackets.

Figure A8. Meta-analysis on the effect of indirect reciprocity
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The figure shows estimations of effect sizes (Cohen’s d) for studies that report findings on how indirect reciprocity
affects cooperative behavior. Each reported effect size represents one comparison within a study between a control
treatment and a treatment where an indirect reciprocity mechanism is introduced. The overall RE model captures
the estimation of Cohen’s d using all treatment effects. 95% CI in brackets.
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Table Al. Descriptive statistics across treatments

CTR IR DR TPP All subjects
(1) (2) (3) 4) (5
Girl (= 1) 0.490 0.486 0.455 0.523 0.486
(0.501) (0.501) (0.499) (0.501) (0.500)
Siblings 1.129 1.162 1.104 1.006 1.105
(0.775) (0.811) (0.770) (0.701) (0.769)
Age (in 65.95 65.46 65.65 64.87 65.51
months) (9.827) (9.892) (9.300) (10.31) (9.799)
Cognitive 7.010 6.851 7.045 6.920 6.958
abilities (1.476) (1.701) (1.755) (1.708) (1.664)
Theory of 0.715 0.749 0.741 0.701 0.728
mind (= 1) (0.453) (0.435) (0.439) (0.459) (0.445)
Patience 0.965 0.916 0914 0.866 0.917
(0.873) (0.827) (0.856) (0.844) (0.849)
SES 5.745 5.399 5.669 5.853 5.657
(1.505) (1.531) (1.541) (1.539) (1.535)
Parental 9.639 9.735 9.550 9.640 9.641
Warmth (0.671) (0.591) (0.994) (0.627) (0.743)
Observations 202 216 222 174 814

The table reports means and standard deviations (in brackets) of variables across the four treatments (columns 1
to 4) and for the entire sample (column 5). Variables include a gender dummy variable (girl = 1), the number of
siblings, age in months, cognitive abilities (as the number of correctly solved Raven Matrices), a dummy variable
indicating whether a subject possesses theory of mind (= 1), patience (from 0 to 2; number represents the number
of tokens saved for next day), SES as the highest education level of parents (from 1 to 8; higher number indicates
higher education), and self-reported parental warmth.

We conduct an F-test for non-binary variables (¥ for binary variables) to jointly test whether the reported values
in IR, DR, and TPP differ in comparison to CTR. For each of our 8 variables, we regress the variable on the three
treatment dummy variables with CTR as the omitted category. Out of 8 regressions, only the regression with
dependent variable SES exhibits a significant joint test at any conventional significance level (p = 0.045). The
significance seems to be driven by the IR treatment (removing the IR treatment from the joint test yields a joint-
test p-value of 0.556, while removing DR or TPP yields a significant result in both cases: p < 0.087 for both
comparisons).
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Table A2. Probit regression estimates of main treatment effects in the first round
Dependent variable: Cooperation (= 1)

(1) 2 (3) (4)
IR -0.020 -0.029 -0.035 -0.062
(0.042) (0.044) (0.043) (0.049)
DR -0.012 -0.020 -0.024 -0.057
(0.046) (0.043) (0.043) (0.046)
TPP 0.405%** 0.391%** 0.396%** 0.378%**
(0.056) (0.056) (0.056) (0.056)
Age -0.002 -0.001
(0.002) (0.002)
Girl (=1) -0.033 -0.041
(0.033) (0.035)
Siblings -0.002 -0.024
(0.019) (0.021)
Std. cognitive abilities 0.016 0.015
(0.017) (0.020)
Patience 0.035** 0.039**
(0.017) (0.019)
Theory of mind (= 1) 0.003 -0.009
(0.039) (0.043)
SES -0.009
(0.013)
Parental warmth -0.027
(0.023)
Kindergarten FE No Yes Yes Yes
Observations 814 814 803 645

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable and treatment dummy variables as the main independent variables. The sample includes only
behavior from the first round. The reported coefficients represent average marginal effects. The omitted treatment
category is the CTR treatment. Additional variables include age as the number of months, gender dummy variable
(girl = 1), number of siblings, standardized cognitive abilities, patience (from 0 to 2; number represents the number
of tokens saved for next day), theory of mind dummy variable (= 1), SES as the highest education level of parents
(from 1 to &; higher number indicates higher education), parents’ self-reported parental warmth, and kindergarten
fixed effects. Clustered standard errors at the session level in parentheses. *** p <0.01. ** p <0.05. * p <0.1.
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Table A3. Probit regression estimates of the effect of being in a cooperative pair in

round 1

Dependent variable: Cooperation (= 1)

CTR IR DR
€)) 2 3) 4) ®) (6)
Both players cooperated 0.104 0.128 0.153* 0.129* 0.215** 0.273%%*
inround 1 (=1) (0.069) (0.097) (0.082) (0.075) (0.087) (0.056)
Round -0.096%** -0.089%** -0.054***
(0.019) (0.014) (0.014)
Age -0.004 -0.003* 0.008***
(0.005) (0.002) (0.003)
Girl (= 1) 0.028 -0.035 0.075*
(0.056) (0.046) (0.044)
Siblings -0.003 0.016 -0.064*
(0.035) (0.029) (0.033)
Std. cognitive abilities -0.021 -0.037 0.016
(0.035) (0.035) (0.022)
Patience 0.025 -0.006 0.001
(0.034) (0.032) (0.021)
Theory of mind (= 1) -0.024 0.085%* 0.113**
(0.076) (0.050) (0.054)
SES -0.037** -0.003 0.004
(0.015) (0.019) (0.013)
Parental warmth 0.001 0.009 -0.012
(0.045) (0.042) (0.037)
Kindergarten FE No Yes No Yes No Yes
Observations 492 360 572 472 580 444

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable and dummy variable indicating the pair’s cooperative behavior in round one (1 if both the
subject and the partner in the first round cooperated in the first round, or 0 if both the subject and the partner in
the first round did not cooperate in the first round) as the main independent variable. The sample includes only
observations from the second to the fifth round from subjects where they, and their first-round partners, either both
cooperated in the first round or both defected in the first round. The reported coefficients represent average
marginal effects. Additional variables include the round, age as the number of months, gender dummy variable
(girl = 1), number of siblings, standardized cognitive abilities, patience (from 0 to 2; number represents the number
of tokens saved for next day), theory of mind dummy variable (= 1), SES as the highest education level of parents
(from 1 to &; higher number indicates higher education), parents’ self-reported parental warmth, and kindergarten
fixed effects. Clustered standard errors at the session level in parentheses. *** p <0.01. ** p <0.05. * p <0.1.
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Table A4. Probit regression estimates of the effect of experiencing punishment on

cooperation

Dependent variable: Cooperation (= 1)

(1 () 3) “4)
Experienced punishment in 0.249%** 0.289%** 0.310%** 0.333%**
previous round (= 1) (0.060) (0.063) (0.067) (0.069)
Round -0.005 0.009
(0.022) (0.023)
Age 0.005 0.006
(0.004) (0.005)
Girl = 1) -0.052 -0.035
(0.084) (0.086)
Siblings -0.070 -0.060
(0.071) (0.078)
Cooperation of partner in -0.152%* -0.139*
previous round (= 1) (0.063) (0.078)
Std. cognitive abilities 0.064 0.051
(0.039) (0.041)
Patience -0.042 -0.008
(0.052) (0.049)
Theory of mind (= 1) 0.042 -0.068
(0.112) (0.125)
SES 0.027
(0.033)
Parental warmth 0.000
(0.072)
Kindegarten FE No Yes Yes Yes
Observations 221 214 206 177

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable and a dummy variable indicating whether a subject was punished in the round before (= 1) as
the main independent variable. The sample consists only of subjects from TPP who kept their token (were selfish)
in the previous round. The reported coefficients represent average marginal effects. Additional variables include
the round, age as the number of months, gender dummy variable (girl = 1), number of siblings, dummy variable
indicating whether partner from the previous round cooperated, standardized cognitive abilities, patience (from 0
to 2; number represents the number of tokens saved for next day), theory of mind dummy variable (= 1), SES as
the highest education level of parents (from 1 to 8; higher number indicates higher education), parents’ self-
reported parental warmth, and kindergarten fixed effects. Clustered standard errors at the session level in
parentheses. *** p<0.01. ** p<0.05. * p<0.1.
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Table AS. Probit regression estimates of selection on observables concerning passing the

control questions

Dependent variable: Control

questions passed (= 1)

(1
Total amount of cooperation -0.002
(0.007)
Siblings 0.003
(0.013)
Girl (= 1) -0.024
(0.021)
Age 0.006%**
(0.001)
Std. cognitive abilities 0.027**
(0.011)
Observations 917

The table reports regression results from a probit model using a dummy variable indicating whether the SES
variable (highest educational level of the parents) and the parental warmth variable were obtained for the subject.
Independent variables include the subject’s total amount of cooperation in the repeated prisoner’s dilemma game,
number of siblings, gender dummy variable (girl= 1), age as the number of months, and standardized cognitive
abilities. The reported coefficients represent average marginal effects. Standard errors in parentheses. *** p<0.01.
** p<0.05. * p<0.1.
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Table A6. Probit regression estimates of main treatment effects using inverse probability

weighting

Dependent variable: Cooperation (= 1)

(1) () 3) “4)
IR -0.050* -0.045 -0.051* -0.050%*
(0.026) (0.028) (0.028) (0.030)
DR -0.012 -0.007 -0.011 -0.031
(0.028) (0.028) (0.028) (0.029)
TPP 0.381%** 0.394%** 0.399%** 0.410%**
(0.041) (0.040) (0.040) (0.040)
Round -0.009%** -0.008*
(0.004) (0.005)
Age -0.001 -0.000
(0.001) (0.001)
Girl = 1) 0.013 0.004
(0.018) (0.021)
Siblings 0.004 -0.003
(0.012) (0.013)
Std. cognitive abilities 0.000 0.005
(0.011) (0.012)
Patience 0.018%* 0.025%*
(0.010) (0.011)
Theory of mind (= 1) 0.025 0.033
(0.022) (0.025)
SES -0.001
(0.008)
Parental warmth 0.008
(0.016)
Kindergarten FE No Yes Yes Yes
Observations 4,062 4,062 4,007 3,217

The table reports regression results from probit models using inverse probability weighting. A dummy variable for
cooperation (= 1) is used as the dependent variable and treatment dummy variables are used as the main
independent variables. The reported coefficients represent (weighted) average marginal effects. Weights are
predicted as inverse probabilities of passing the control questions, taking into account age and standardized
cognitive abilities of the subject (see Appendix A.1.1 for more details on the construction of weights). The omitted
treatment category is the CTR treatment. Additional variables include the round, age as the number of months,
gender dummy variable (girl = 1), number of siblings, standardized cognitive abilities, patience (from 0 to 2;
number represents the number of tokens saved for next day), theory of mind dummy variable (= 1), SES as the
highest education level of parents (from 1 to 8; higher number indicates higher education), parents’ self-reported
parental warmth, and kindergarten fixed effects. Clustered standard errors at the session level in parentheses. ***

p <0.01. ** p<0.05. *p<0.1.
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Table A7. Probit regression estimates of main treatment effects in the first round using

inverse probability weighting

Dependent variable: Cooperation (= 1)

) 2 3 “
IR -0.031 -0.041 -0.047 -0.074
(0.043) (0.044) (0.043) (0.049)
DR -0.015 -0.023 -0.027 -0.060
(0.047) (0.044) (0.044) (0.047)
TPP 0.392%** 0.381%** 0.385%** 0.366%**
(0.056) (0.056) (0.055) (0.057)
Age -0.003 -0.001
(0.002) (0.002)
Girl (=1) -0.031 -0.038
(0.033) (0.035)
Siblings -0.003 -0.025
(0.019) (0.021)
Std. cognitive abilities 0.017 0.016
(0.017) (0.020)
Patience 0.037%* 0.042%*
(0.017) (0.019)
Theory of mind (= 1) 0.002 -0.012
(0.039) (0.043)
SES -0.010
(0.013)
Parental warmth -0.029
(0.023)
Kindergarten FE No Yes Yes Yes
Observations 814 814 803 645

The table reports regression results from probit models using inverse probability weighting. A dummy variable for
cooperation (= 1) is used as the dependent variable and treatment dummy variables are used as the main
independent variables. The sample includes only behavior from the first round. The reported coefficients represent
(weighted) average marginal effects. Weights are predicted as inverse probabilities of passing the control
questions, taking into account age and standardized cognitive abilities of the subject (see Appendix A.1.1 for more
details on the construction of weights). The omitted treatment category is the CTR treatment. Additional variables
include age as the number of months, gender dummy variable (girl = 1), number of siblings, standardized cognitive
abilities, patience (from 0 to 2; number represents the number of tokens saved for next day), theory of mind dummy
variable (= 1), SES as the highest education level of parents (from 1 to 8; higher number indicates higher
education), parents’ self-reported parental warmth, and kindergarten fixed effects. Clustered standard errors at the
session level in parentheses. *** p <0.01. ** p <0.05. * p <0.1.
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Table A8. Probit regression estimates of the effect of round on cooperation using inverse

probability weighting

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments
1 2 3) “) (%) (6) (7 (®) ©) (10)
Round -0.019**  -0.018*  -0.027*** -0.027*** 0.002 -0.003 0.015* 0.018* -0.019*%*  -0.018*
(0.008) (0.010) (0.009) (0.009) (0.008) (0.008) (0.008) (0.011) (0.008) (0.009)
Control No Yes No Yes No Yes No Yes No Yes
variables#
IR -0.022 -0.020
(0.041) (0.047)
DR -0.072*  -0.076**
(0.037) (0.038)
TPP 0.272%**  (.209***
(0.050) (0.054)
IR % round -0.009 -0.010
(0.012) (0.013)
DR X round 0.020% 0.015
(0.011) (0.013)
TPP x round 0.033° 0.035°
(0.012) (0.014)
Observations 1,002 787 1,080 850 1,110 840 870 740 4,062 3,217

The table reports regression results from probit models using inverse probability weighting. A dummy variable for
cooperation (= 1) is used as the dependent variable. Columns 1 to 8 use the round as the main independent variable,
while columns 9 and 10 use the round, treatment dummy variables, and their interaction terms. Reported
coefficients represent (weighted) average marginal effects. Weights are predicted inverse probabilities of passing
the control questions, taking into account age and standardized cognitive abilities of the subject (see Appendix
A.1.1 for more details on the construction of weights). The omitted treatment category in columns 9 and 10 is the
CTR treatment. The interaction coefficients in columns 9 and 10 represent average interaction effects and their
error terms in parentheses represent average standard errors, calculated using the methodology of Norton et al.
(2004). *** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include age as the number of months, gender dummy variable (girl = 1), number of siblings,
standardized cognitive abilities, patience, theory of mind dummy variable (= 1), SES as the highest education level
of parents, parents’ self-reported parental warmth, and kindergarten fixed effects.

$DR x round interaction effect is positive and significant at the 10% level for all observations in column 9, while
it is not significant for any observation in column 10.

° TPP x round interaction effect is positive and significant (at least) at the 5% level for all observations, both in
columns 9 and 10.
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Table A9. Probit regression estimates of the effect of the partner’s image score on

cooperation using inverse probability weighting

Dependent variable: Cooperation (= 1)

IR DR

(1) 2) ) (4) () (6) (7 (8)

Partner‘s image score 0.038***  (0.034***  0.021** 0.0168 0.059***  0.053***  (.052%**  0.050%**
(0.009) (0.009) (0.009) (0.011) (0.013) (0.013) (0.016) (0.017)

Round -0.037%%*  -0.049%%** 0.027%* 0.022
(0.012)  (0.014) (0.016)  (0.020)
Cooperation of partner -0.012 -0.016 -0.012 -0.022
in previous round (= 1) (0.028) (0.038) (0.048) (0.056)
Player’s image score 0.077***  0.063*** 0.092***  (.098***
(0.011) (0.012) (0.015) (0.018)
Subject’s cooperation in -0.182%**  (,177*** -0.284%*%*  _(.314%**
previous round (= 1) (0.036) (0.041) (0.042) (0.053)
Age -0.003*  -0.005%* 0.001 0.003
(0.002) (0.002) (0.002) (0.002)
Girl (= 1) 0.048 0.002 0.013 0.019
(0.030) (0.035) (0.030) (0.033)
Siblings 0.015 0.022 0.017 -0.016
(0.015) (0.021) (0.023) (0.020)
Std. cognitive abilities -0.020 0.003 0.009 0.018
(0.014)  (0.019) (0.018)  (0.018)
Patience 0.005 0.006 -0.016 -0.016
(0.019)  (0.025) (0.014)  (0.016)
Theory of mind (= 1) 0.042 0.056 0.029 0.046
(0.031)  (0.040) (0.041)  (0.039)
SES -0.009 -0.006
(0.013) (0.011)
Parental warmth 0.020 -0.020
(0.031) (0.019)
Kindergarten FE No Yes Yes Yes No Yes Yes Yes
Observations 864 864 860 680 888 888 876 672

The table reports regression results from probit models using inverse probability weighting. A dummy variable
for cooperation (= 1) is used as the dependent variable, and the partner’s image score is used as the main
independent variable. The sample consists of subjects in IR (columns 1 to 4) and DR (columns 5 to 8). Reported
coefficients represent (weighted) average marginal effects. Weights are predicted as inverse probabilities of
passing the control questions, taking into account age and standardized cognitive abilities of the subject (see
Appendix A.1.1 for more details on the construction of weights). Additional variables include the round, a dummy
variable indicating whether a partner from the previous round cooperated (= 1), a subject’s image score, a dummy
variable indicating whether a subject cooperated in the previous round (= 1), age as the number of months, a
gender dummy variable (girl = 1), number of siblings, standardized cognitive abilities, patience (from 0 to 2;
number represents the number of tokens saved for next day), a theory of mind dummy variable (= 1), SES as the
highest education level of parents (from 1 to 8; higher number indicates higher education), parents’ self-reported
parental warmth, and kindergarten fixed effects. Clustered standard errors at the session level in parentheses. ***
p<0.01. ** p<0.05. * p<0.1.

$ The effect of the partner’s image score in column 4 is not significant (p = 0.135), but it becomes significant
when imputing missing SES and parental warmth values from age, gender, standardized cognitive abilities, theory
of mind, number of siblings and patience, and repeating the regression (p = 0.025, AME = 0.021).
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Table A10. Probit regression estimates of the effect of experiencing punishment on

cooperation using inverse probability weighting

Dependent variable: Cooperation (= 1)

(1 () 3) “)
Experienced punishment in 0.252%** 0.292%** 0.322%** 0.346%**
previous round (= 1) (0.059) (0.062) (0.065) (0.068)
Round -0.004 0.010
(0.021) (0.023)
Age 0.004 0.005
(0.004) (0.005)
Girl (=1) -0.042 -0.025
(0.086) (0.088)
Siblings -0.075 -0.064
(0.072) (0.079)
Cooperation of partner in -0.158** -0.150**
previous round (= 1) (0.061) (0.075)
Std. cognitive abilities 0.063 0.052
(0.039) (0.042)
Patience -0.035 0.001
(0.052) (0.050)
Theory of mind (= 1) 0.055 -0.053
(0.110) (0.123)
SES 0.021
(0.033)
Parental warmth 0.002
(0.072)
Kindergarten FE No Yes Yes Yes
Observations 221 214 206 177

The table reports regression results from probit models using inverse probability weighting. A dummy variable for
cooperation (= 1) is used as the dependent variable, and a dummy variable indicating whether a subject was
punished in the round before (= 1) as the main independent variable. The sample consists only of subjects from
TPP who kept their token (were selfish) in the previous round. The reported coefficients represent (weighted)
average marginal effects. Weights are predicted as inverse probabilities of passing the control questions, taking
into account age and standardized cognitive abilities of the subject (see Appendix A.1.1 for more details on the
construction of weights). Additional variables include the round, age as the number of months, gender dummy
variable (girl = 1), number of siblings, dummy variable indicating whether partner from previous round cooperated,
standardized cognitive abilities, patience (from 0 to 2; number represents the number of tokens saved for next day),
theory of mind dummy variable (= 1), SES as the highest education level of parents (from 1 to 8; higher number
indicates higher education), parents’ self-reported parental warmth, and kindergarten fixed effects. Clustered
standard errors at the session level in parentheses. *** p<0.01. ** p<0.05. * p<0.1.
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Table A11. OLS regression estimates of the effect of cooperation on the subject’s round

payoff using inverse probability weighting

Dependent variable: subject’s round payoff

CTR IR DR TPP All treatments
(1) @) 3) @) )
Cooperation (= 1) -0.882***  _(0.819%** _0.938*** (.452%** -0.882%%**
(0.068) (0.064) (0.109) (0.098) (0.068)
IR -0.096*
(0.050)
DR -0.019
(0.060)
TPP -0.623%**
(0.087)
IR x cooperation 0.063
(0.093)
DR x cooperation -0.056
(0.128)
TPP x cooperation 1.334%%x*
(0.118)
Constant 1.582%**  1.486%**  1.563*** (.960*** 1.582%*%*
(0.041) (0.029) (0.044) (0.078) (0.041)
Observations 1,002 1,080 1,110 870 4,062
R-squared 0.160 0.139 0.179 0.041 0.132

The table reports regression results from OLS models using inverse probability weighting. A subject’s round
payoff is used as the dependent variable. Columns 1 to 4 use a dummy variable indicating whether the subject
cooperated (= 1) as the main independent variable, while column 5 uses the dummy variable indicating whether
the subject cooperated, the treatment dummy variables, and their interaction terms. The reported coefficients
represent weighted least squares estimates. Weights are predicted inverse probabilities of passing the control
questions, taking into account age and standardized cognitive abilities of the subject (see Appendix A.1.1 for more
details on the construction of weights). Clustered standard errors at the session level in parentheses. *** p < 0.01.
** p<0.05. *p<0.1
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Table A12. Probit regression estimates of the effect of age on cooperation using inverse

probability weighting

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments
)] 2 3) “4) (5) (6) (7 ® © (10)
Age (in -0.007%3%** -0.003 -0.003* -0.005%* -0.001 -0.000 0.006* 0.007**  -0.007***  -0.005%*
months) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003) (0.003) (0.002) (0.002)
Control No Yes No Yes No Yes No Yes No Yes
variables”
IR -0.277 -0.174
(0.171) (0.196)
DR -0.383** -0.342*
(0.167) (0.189)
TPP -0.428%** -0.323
(0.218) (0.212)
Age X IR 0.004 0.002
(0.003) (0.003)
Age x DR 0.0068 0.005%
(0.002) (0.003)
Age x TPP 0.012° 0.011°
(0.003) (0.003)
Observations 997 787 1,080 850 1,110 840 870 740 4,057 3,217

The table reports regression results from probit models using inverse probability weighting. A dummy variable for
cooperation (= 1) is used as the dependent variable. Columns 1 to 8 use age (in months) as the main independent
variable, while columns 9 and 10 use age (in months), treatment dummy variables, and their interaction terms. The
reported coefficients represent (weighted) average marginal effects. Weights are predicted as inverse probabilities
of passing the control questions, taking into account age and standardized cognitive abilities of the subject (see
Appendix A.1.1 for more details on the construction of weights). The omitted treatment category in columns 9 and
10 is the CTR treatment. Clustered standard errors at the session level in parentheses. The interaction coefficients
in columns 9 and 10 represent average interaction effects and their error terms in parentheses represent average
standard errors, calculated using the methodology of Norton et al. (2004). *** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include the round, gender dummy variable (girl = 1), number of siblings, standardized cognitive
abilities, patience, theory of mind dummy variable (= 1), SES as the highest education level of parents, parents’
self-reported parental warmth, and kindergarten fixed effects.

$In column 9, Age x DR interaction effect is positive and significant for all observations at the 5% level. In column
10, it is positive for all and significant at the 10% level for the majority of observations.

© Age x TPP interaction effect is positive and significant at the 1% level across all observations, both in columns
9 and 10.
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Table A13. Probit regression estimates of the effect of cognitive abilities, patience, and
theory of mind (TOM) on cooperation using inverse probability weighting

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments
(1 2) A3) “) ®) (6) (7 (®) ©) (10)
Std. cognitive -0.061%**  -0.031 -0.019 0.019 -0.004 0.018 0.047** -0.005  -0.060%**  -0.044**
abilities (0.020) (0.021) (0.014) (0.020) (0.017) (0.018) (0.023) (0.029) (0.020) (0.021)
Patience 0.020 0.011 0.002 -0.003 -0.005 -0.002 0.049* 0.069%** 0.020 0.020
(0.017) (0.021) (0.016) (0.022) (0.015) (0.015) (0.029) (0.023) (0.017) (0.021)
Theory of mind -0.033 -0.020 0.003 0.012 0.025 0.007 0.100* -0.002 -0.032 -0.008
=D (0.040) (0.047) (0.037) (0.044) (0.039) (0.045) (0.058) (0.045) (0.039) (0.046)
Control variables” No Yes No Yes No Yes No Yes No Yes
IR -0.064 -0.053
(0.054) (0.066)
DR -0.032 -0.043
(0.055) (0.064)
TPP 0.266***  (0.297***
(0.079) (0.084)
Std. cog. abilities 0.047% 0.047%
x IR (0.025) (0.028)
Std. cog. abilities 0.061° 0.058°
x DR (0.027) (0.027)
Std. cog. abilities 0.122~ 0.092~
x TPP (0.034) (0.035)
Patience x IR -0.018 -0.006
(0.024) (0.030)
Patience x DR -0.029 -0.027
(0.023) (0.026)
Patience x TPP 0.033 0.043
(0.036) (0.038)
TOM x IR 0.048 0.022
(0.056) (0.067)
TOM x DR 0.063 0.048
(0.056) (0.065)
TOM x TPP 0.1577 0.129%
(0.077) (0.077)
Observations 982 787 1,075 850 1,100 840 860 740 4,017 3,217

The table reports regression results from probit models using inverse probability weighting. A dummy variable for cooperation
(= 1) is used as the dependent variable. Columns 1 to 8 use standardized cognitive abilities, patience (from 0 to 2; number
represents the number of tokens saved for next day), and theory of mind dummy variable (= 1) as the main independent variables,
while columns 9 and 10 use the same three variables, but also treatment dummy variables and their interaction terms. Reported
coefficients represent (weighted) average marginal effects. Weights are predicted inverse probabilities of passing the control
questions, taking into account age and standardized cognitive abilities of the subject (see Appendix A.1.1 for more details on the
construction of weights). The omitted treatment category in columns 9 and 10 is the CTR treatment. Clustered standard errors
at the session level in parentheses. The interaction coefficients in columns 9 and 10 represent average interaction effects and
their reported error terms in parentheses represent average standard errors, calculated using the methodology of Norton et al.
(2004). *¥** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include age as the number of months, round, gender dummy variable (girls = 1), number of siblings, SES as
the highest education level of parents, parents’ self-reported parental warmth, and kindergarten fixed effects.

$ Std. cog. abilities x IR is positive for all observations and significant at the 10% level for the majority of observations, in both
columns 9 and 10.

° Std. cog. abilities X DR is positive and significant for all observations (mostly at the 5% level), both in columns 9 and 10.
~Std. cog. abilities x TPP is positive and significant (at least) at the 5% level for all observations, both in columns 9 and 10.
*TOM x TPP is positive for all and significant for most observations, predominantly at the 5% level in column 9, and at the 10%
level in column 10.
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Table A14. Probit regression estimates of the effect of SES and parental warmth on
cooperation using inverse probability weighting (correcting for selection in passing
control questions)

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments

(1 2) 3) 4) ) (6) (7) (8) ) (10)

SES -0.025*%*  -0.019 -0.012 -0.015 -0.005 -0.012  0.052*** (0.044** -0.024** -0.020*
(0.011)  (0.013) (0.012) (0.014) (0.011) (0.012) (0.019) (0.018) (0.010)  (0.012)

Parental 0.011 -0.002 0.033 0.026 -0.018  -0.043**  0.061 0.047 0.011 0.019
warmth (0.027)  (0.029)  (0.029) (0.033) (0.015)  (0.020) (0.045) (0.041) (0.026) (0.028)

Control No Yes No Yes No Yes No Yes No Yes

variables”

IR -0.229 -0.156
(0.244)  (0.277)

DR 0.106 0.297
(0.244)  (0.225)

TPP -0.323*  -0.213
(0.177)  (0.229)

IR x SES 0.017 0.010
(0.017)  (0.020)

DR x SES 0.016 0.009
(0.016)  (0.015)

TPP x SES 0.0628 0.067%
(0.047)  (0.037)

IR x parental 0.020 0.012
warmth (0.038)  (0.041)
DR x parental -0.028 -0.052
warmth (0.031)  (0.036)
TPP X paren- 0.041 0.032
tal warmth (0.047)  (0.050)
Observations 807 787 850 850 850 840 745 740 3,252 3,217

The table reports regression results from probit models using inverse probability weighting. A dummy variable for cooperation (=
1) is used as the dependent variable. Columns 1 to 8 use SES as the highest education level of parents (from 1 to 8§; higher number
indicates higher education) and parents’ self-reported parental warmth as the main independent variables, while columns 9 and 10
use SES, parental warmth, treatment dummy variables, and their interaction terms. Reported coefficients represent (weighted)
average marginal effects. Weights are predicted as inverse probabilities of passing the control questions, taking into account age
and standardized cognitive abilities of the subject (see Appendix A.1.1 for more details on the construction of weights). The
omitted treatment category in columns 9 and 10 is the CTR treatment. Clustered standard errors at the session level in parentheses.
The interaction coefficients in columns 9 and 10 represent average interaction effects and their reported error terms in parentheses
represent average standard errors, calculated using the methodology of Norton et al. (2004). *** p < 0.01. ** p<0.05. * p<0.1.

# Control variables include age as the number of months, round, a gender dummy variable (girl = 1), number of siblings,
standardized cognitive abilities, patience, theory of mind dummy variable (= 1), and kindergarten fixed effects.

$ Both in columns 9 and 10, TPP x round interaction effect is positive for all observations, and it is significant (at least) at the 5%
level for all observations whose predicted probability of cooperating is more than 0.5. For observations whose predicted probability
of cooperating is less than 0.5, the interaction effect is not significant for the large majority of observations in column 9, and
significant for approximately half of observations (with a significance level ranging from 1% to 10%) in column 10.
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Table A15: Probit regression estimates of the effects of the current partner’s image
score (cooperation percentage) on a child’s cooperation

Dependent variable: Cooperation (= 1)

IR DR

(1) 2) 3) 4) ) (6) O] ®)

Partner’s image score 0.120***  (0.108** 0.121***  0.106** 0.185***  0.164***  0.160** 0.126
(0.042) (0.043) (0.043) (0.050) (0.054) (0.054) (0.064) (0.077)

Round -0.080%**  -0.086*** -0.032%**  -0.041***
(0.012) (0.014) (0.012) (0.015)
Cooperation of partner -0.010 -0.015 0.017 0.020
in previous round (= 1) (0.030) (0.040) (0.051) (0.062)
Subject’s image score 0.299%**  (0.200*** 0.276***  (0.280%**
(0.077) (0.081) (0.073) (0.087)
Subject’s cooperation in -0.189%** -0.203*** -0.234%**  _(.254%**
previous round (=1) (0.051) (0.054) (0.053) (0.062)
Age -0.003* -0.005%* 0.001 0.002
(0.002) (0.002) (0.002) (0.002)
Girl (= 1) 0.049 0.004 0.012 0.020
(0.031) (0.036) (0.034) (0.039)
Siblings 0.017 0.022 0.012 -0.022
(0.016) (0.022) (0.025) (0.023)
Std. cognitive abilities -0.023 -0.001 0.009 0.021
(0.016) (0.021) (0.020) (0.021)
Patience 0.001 0.000 -0.015 -0.014
(0.020) (0.026) (0.015) (0.018)
Theory of mind (= 1) 0.049 0.069 0.036 0.051
(0.034) (0.043) (0.045) (0.043)
SES -0.007 -0.006
(0.014) (0.012)
Parental warmth 0.019 -0.028
(0.032) (0.022)
Kindergarten FE No Yes Yes Yes No Yes Yes Yes
Observations 864 864 860 680 888 888 876 672

The table reports regression results from probit models using a dummy variable for cooperation (= 1) as the
dependent variable and the partner’s image score (where the value is calculated as the proportion of previous
cooperation) as the main independent variable. The sample consists of subjects in IR (columns 1-4) and DR
(columns 5-8). The coefficients represent average marginal effects. Additional variables include the round, a
dummy variable indicating whether a partner from the previous round cooperated (= 1), a subject’s image score
(where the value is calculated as the proportion of previous cooperation), a dummy variable indicating whether a
subject cooperated in the previous round (= 1), age as the number of months, a gender dummy variable (girl = 1),
number of siblings, standardized cognitive abilities, patience (from 0 to 2; numbers represent the number of
tokens saved for next day), a theory of mind dummy variable (= 1), SES as the highest education level of parents
(from 1 to 8; higher numbers indicate higher education), parents’ self-reported parental warmth, and kindergarten
fixed effects. Clustered standard errors at the session level in parentheses. *** p < 0.01. ** p <0.05. * p<0.1.
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Table A16. Probit regression estimates of selection on observables concerning SES and

parental warmth

Dependent variable:
parental SES and parental
warmth variables obtained

=D
(1
Total amount of cooperation 0.009
(0.009)
Siblings -0.026
(0.017)
Girl (=1) 0.052*
(0.028)
Age -0.003*
(0.002)
Std. cognitive abilities 0.019
(0.016)
Kindergarten FE Yes
p-value: Kindergarten FE coefficients = 0 0.004
Observations 805

The table reports regression results from a probit model using a dummy variable indicating whether the SES
variable (highest educational level of the parents) and the parental warmth variable were obtained for the subject.
Independent variables include a subject’s total amount of cooperation over five rounds, number of siblings, gender
dummy variable (girl = 1), age as the number of months, standardized cognitive abilities, and kindergarten fixed
effects. The reported coefficients represent average marginal effects. Standard errors at the session level in
parentheses. *** p<0.01. ** p<0.05. * p<0.1.
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Table A17. Probit regression estimates of the effect of SES and parental warmth on
cooperation using inverse probability weighting (correcting for selection in obtaining
SES and parental warmth variables)

Dependent variable: Cooperation (= 1)

CTR IR DR TPP All treatments

(1) 2) 3) 4) ) (6) (7 ®) (€] (10)

SES -0.024**  -0.019 -0.012 -0.016 -0.005 -0.011  0.053*** 0.048*** -0.023** -0.019*
(0.010)  (0.012) (0.012) (0.014) (0.011) (0.012) (0.019) (0.017)  (0.010) (0.011)

Parental 0.009 -0.003 0.024 0.019 -0.015  -0.042**  0.052 0.046 0.009 0.015
warmth (0.027)  (0.028) (0.030) (0.033) (0.014) (0.021) (0.043) (0.040)  (0.026) (0.027)

Controls* No Yes No Yes No Yes No Yes No Yes
IR -0.192 -0.135
(0.280)  (0.286)

DR 0.084 0.292
(0.257)  (0.237)

TPP -0.298 -0.195
(0.199)  (0.238)

IR x SES 0.015 0.008
(0.018)  (0.019)

DR x SES 0.016 0.008
(0.016)  (0.014)

TPP x SES 0.069% 0.069%
(0.046)  (0.035)

IR x parental 0.014 0.010
warmth (0.039)  (0.040)
DR x parental -0.023 -0.047
warmth (0.030)  (0.036)
TPP x paren- 0.036 0.030
tal warmth (0.046)  (0.050)
Observations 807 787 850 850 850 840 745 740 3,252 3,217

The table reports regression results from probit models using inverse probability weighting. A dummy variable for cooperation
(= 1) is used as the dependent variable. Columns 1 to 8 use SES as the highest education level of parents (from 1 to 8; higher
number indicates higher education) and parents’ self-reported parental warmth as the main independent variables, while columns
9 and 10 use SES, parental warmth, treatment dummy variables, and their interaction terms. Reported coefficients represent
(weighted) average marginal effects. Weights are predicted as inverse probabilities of obtaining the SES and parental warmth
variables, taking into account age, gender, and kindergarten fixed effects (see Appendix A.1.2 for more details on the construction
of weights). The omitted treatment category in columns 9 and 10 is the CTR treatment. Clustered standard errors at the session
level in parentheses. The interaction coefficients in columns 9 and 10 represent average interaction effects and their reported
error terms in parentheses represent average standard errors, calculated using the methodology of Norton et al. (2004). *** p <
0.01. ** p<0.05. * p<0.1.

# Control variables include age as the number of months, round, gender dummy variable (girl = 1), number of siblings,
standardized cognitive abilities, patience, theory of mind dummy variable (= 1), and kindergarten fixed effects.

$ Both in columns 9 and 10, TPP x round interaction effect is positive for all observations, and it is significant at the 5% level
for all observations whose predicted probability of cooperating is more than 0.5. For observations whose predicted probability
of cooperating is less than 0.5, the interaction effect is not significant for the majority of observations in column 9, and significant
(predominantly at the 1% or the 5% level) for the majority in column 10.
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