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a b s t r a c t

Communication is a powerful tool for promoting cooperation in
adults and is considered one of the most important solutions to
social dilemmas. One feature that makes communication particu-
larly useful in cooperative contexts is that it allows people to adver-
tise their intentions to partners. Some work suggests that adults
cooperate more after making nonbinding commitments to cooper-
ate (i.e., commitments they do not need to uphold) than when they
are not allowed to communicate their intentions to their partners.
However, we know little about whether nonbinding commitments
play a similar role in children. We addressed this gap by testing 6-
to 9-year-old children in a simultaneous version of the iterated pris-
oner’s dilemma game. In the communication condition, children
could communicate their intended decision prior to their actual
choice, whereas in the silent condition, they could not communi-
cate. Overall, children in the communication condition were no
more likely to cooperate than children in the silent condition.
However, in the communication condition, but not in the silent con-
dition, children’s behavior was contingent on their previous deci-
sion; they were more likely to cooperate or defect when they had
previously cooperated or defected, respectively. In addition, they
rarely reversed their intended decisions in the game. Our findings
suggest that, although nonbinding commitment does not promote
children’s cooperation in general, it may encourage children to stick
to their chosen strategy, perhaps for the sake of appearing consis-
tent. More broadly, these results contribute to our emerging under-
standing of the ways in which children solve social dilemmas.
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Introduction

Cooperation—a behavior that provides benefits to others and that is selected because of these ben-
efits (West, Griffin, & Gardner, 2007)—can lead to positive outcomes, yet is often at odds with self-
interest. Given this tension, each individual must decide whether to invest in cooperative endeavors
or to save one’s investments and enjoy the spoils of what others have contributed. Should I donate to
National Public Radio or simply continue to enjoy its programming? Should I respect fishing quotas or
catch as many fish as I am able? These situations, referred to as social dilemmas (Dawes, 1980; Hardin,
1968; Messick et al., 1983; Ostrom, 1990, 2001), characterize many of the problems facing human
society today (Van Lange & Joireman, 2008). Thus, studying how to promote cooperation in the face
of social dilemmas is essential not only because we can gain a better understanding of human psychol-
ogy and behavior but also because we can leverage these insights to help tackle large-scale, real-world
social dilemmas.

One classic instance of a social dilemma, which we adopted in the current study, is the prisoner’s
dilemma game (Axelrod & Hamilton, 1981; Flood, Dresher, & Tucker, 1950/2010). In a one-shot sce-
nario, when two players choose to cooperate, they maximize their combined payoff. Yet, each player
has an incentive to defect because defection yields higher personal rewards regardless of what the
partner does. In a repeated scenario, however, a variety of strategies can promote cooperation, includ-
ing tit-for-tat, in which each player copies the opponent’s last move (Rand & Nowak, 2013).

Communication has been heralded as one of the most important solutions to social dilemmas
(Balliet, 2010; Sally, 1995). Indeed, there exists a large literature on the general role of communication
in influencing adult cooperation. However, we know much less about the extent to which communi-
cation promotes cooperation in children and, thus, how fundamental communication is to solving
cooperative problems. To address this gap, we tested whether allowing children to make a nonbinding
commitment—operationalized here as a nonbinding declaration of intended decision (Dawes,
McTavish, & Shaklee, 1977)—would influence rates of cooperation compared with a condition in which
communicating intentions was not possible. To this end, we designed a child-friendly version of the
classic prisoner’s dilemma game with a nonbinding commitment component that was based on work
with adults (Dawes et al., 1977). Before describing our approach in detail, we first review literature on
the role of communication in social dilemmas in adults and then review what we know about how
children solve social dilemmas via communication.

Communication and social dilemmas in adults

In an early study, Deutsch (1958) investigated the effect of motivational orientation and commu-
nication on cooperation in a two-player prisoner’s dilemma game. The motivational orientations were
created by verbal instructions to the participants that were framed as cooperative (motivation toward
mutual benefits), individualistic (motivation toward self-interests), or competitive (motivation toward
self-interests and doing better than the partner). There were four communication conditions: commu-
nication (participants were allowed to communicate freely via written notes prior to making their
decisions simultaneously and in secret), no communication (participants were not allowed to commu-
nicate), non-simultaneous (one participant made his or her decisions prior to the other participant
without communication), and reversibility (this was the same as the no-communication condition
except that after participants made their decisions and decisions were announced, participants were
allowed to change their decisions as many times as they wanted within 30 sec). Participants cooper-
ated more in the communication condition than in the no-communication condition. Surprisingly,
however, levels of cooperation in the reversibility condition were comparable to those in the commu-
nication condition, indicating that knowing the partner’s intentions and having the opportunity to
swap decisions was sufficient to promote cooperation. This suggested that communication in the form
of a nonbinding commitment—that is, one that could be reversed without penalty—was sufficient to
explain the increase in cooperation in the communication condition.
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Building on Deutsch’s (1958) early findings, Dawes et al. (1977) suggested three non-mutually
exclusive levels at which communication in social dilemmasmay be effective: (a) humanization,where
the opportunity to communicate allows participants to get to know each other and be concerned
about each other’s welfare; (b) discussion, where relevant information raised through discussion
allows participants to appeal to or persuade others to mutually cooperate; and (c) commitment,where
participants’ statement of their own intended decisions allows them to show their good intentions to
others.

To begin to distinguish among these alternatives, Dawes et al. (1977) tested cooperation across four
communication conditions: relevant communication (participants could talk about the game for 10 min
prior to making a decision), communication plus vote (participants could talk about the game and make
a nonbinding verbal commitment to cooperate or defect), irrelevant communication (participants could
talk but were instructed to discuss an irrelevant topic), and no communication. Participants cooperated
more in the relevant-communication and communication-plus-vote conditions than in the no-
communication and irrelevant-communication conditions, indicating that humanization alone is
not a viable explanation for the effects of communication. Surprisingly, participants were not more
cooperative in the communication-plus-vote condition (73%) than in the relevant-communication
condition (72%) despite the fact that all participants committed to cooperate. Although the
Dawes et al.’s (1977) study showed that communication affects cooperation, we cannot make
inferences from their work about the effects of commitments per se because their study did not
include a condition that isolated the effects of commitment.

In a review of the literature on communication and cooperation in social dilemmas, Balliet (2010)
added to Dawes et al.’s (1977) model, emphasizing three ways in which face-to-face communication
can enhance cooperation. First, the dynamism and fluidity of face-to-face communication allows part-
ners to address issues more accurately and effectively; that is, both partners can engage in sequential
discussion until they successfully address any issues and find solutions to the cooperative problem.
Second, social cues such as seeing or hearing each other, engaging in eye gaze, and touching one
another can serve as honest signals of others’ commitment to cooperate, which in turn increases coop-
eration. Third, cooperation can be promoted via solicitations or commitment to cooperate. This aspect
of communication is particularly relevant to our study because it requires an understanding of others’
expectations, an ability that emerges during childhood (Rakoczy & Schmidt, 2013).

Together, adult work to date has emphasized the key roles of discussion and commitment in pro-
moting cooperation in social dilemmas. However, we know much less about the extent to which these
factors affect cooperative decisions in children. In the next section, we review the developmental lit-
erature on communication in social dilemmas, with an emphasis on the role of nonbinding commit-
ment in children’s decision making.

Communication and social dilemmas in children

What research exists on the role of communication in social dilemmas in children has focused prin-
cipally on the potential importance of discussion. Several studies have shown that children cooperate
more when they are given the opportunity to communicate face-to-face with a real partner. For
instance, a recent study by Grueneisen and Tomasello (2017) used a child-friendly version of another
social dilemma, the snowdrift game, to investigate whether children can converge on a mutually ben-
eficial outcome. Whereas defection always generates a higher payoff than cooperation in the pris-
oner’s dilemma game regardless of the partner’s strategy, the optimal strategy in the snowdrift
game is a mix of cooperation and defection. In the game, each paired participant controlled an auto-
mated toy train carrying marbles that was moving toward the other train. To avoid a crash, at least one
of the trains needed to ‘‘swerve,” which came with a cost because some marbles were lost on the way.
Therefore, the ‘‘group optimal” solution was for only one participant to swerve and the other to go
straight. Importantly, children could see one another and communicate freely with each other at all
times (although a barrier prevented them from physically interfering with each other’s choices). In
the game, children learned to coordinate their efforts by adopting a turn-taking strategy based on
explicit joint agreements, which guaranteed a fair distribution of the rewards. In addition, children’s
proficiency in creating rules followed a developmental trend, with older children more often than
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younger children creating decision rules that followed a principle of impartiality based on arbitrary
criteria (e.g., ‘‘the blue train always goes straight”; Grueneisen & Tomasello, 2019). Other studies have
similarly reported effects of face-to-face interactions and free talk on children’s cooperation in social
dilemmas (Duguid, Wyman, Bullinger, Herfurth-Majstorovic, & Tomasello, 2014; Koomen &
Herrmann, 2018; Sánchez-Amaro, Duguid, Call, & Tomasello, 2017, 2019).

Of course, communication need not be verbal to work efficiently. For example, Matsumoto, Haan,
Yabrove, Theodorou, and Carney (1986) found overall increased levels of cooperation in a version of
the iterated prisoner’s dilemma game after children expressed an emotion of happiness as compared
with absent or negative feedback in the game. As with adults, even minimal nonverbal cues, such as
mutual eye contact or smiles, can signal commitment and promote children’s cooperation in other
social dilemmas (e.g., the stag hunt game; Siposova, Tomasello, & Carpenter, 2018; Wyman,
Rakoczy, & Tomasello, 2013).

Although there is plenty of evidence showing that verbal and nonverbal communication can help to
increase cooperation in both adults and children, work on the role of commitment specifically has
begun only recently. Most of this work has centered on the importance of promises in maintaining
prosocial interactions in children. Nonbinding commitments, as we have operationalized them above,
are conceptually related to ‘‘promises” in the developmental literature, with a major difference being
that the latter are normatively binding (Kanngiesser, Köymen, & Tomasello, 2017). Children as young
as 3 years already understand the normative implications and obligations associated with promises
(Kanngiesser et al., 2017). In addition, they collaborate more when they can make joint commitments
(Gräfenhain, Behne, Carpenter, & Tomasello, 2009; Kachel, Svetlova, & Tomasello, 2018; Kachel &
Tomasello, 2019). Around 5 years of age, promises—in the form of verbal commitments to not
cheat—help children to resist the temptation to cheat (e.g., by peeking in a card game; Heyman, Fu,
Lin, Qian, & Lee, 2015). From 5 or 6 years of age, children show selective trust in others using
promise-keeping and helping behaviors to guide their decisions (Isella, Kanngiesser, & Tomasello,
2018). Promises play a key role in truth telling throughout development; for example, when they
are asked to promise to tell the truth, 3- to 11-year-olds are more likely to tell the truth (Lyon,
Malloy, Quas, & Talwar, 2008; Talwar, Lee, Bala, & Lindsay, 2002, 2004) and 8- to 16-year-olds are
more likely to be honest about their own transgressions (Evans & Lee, 2010).

Although we know a lot about how promises and other forms of binding commitments influence
behavior in children, research on the role of nonbinding commitment has only recently begun. In a
recent study, Kachel and Tomasello (2019) tested the role of implicit and explicit joint commitments
in 3- and 5-year-olds. Pairs of children played a collaborative game in the form of a pulling task in
which participants needed to pull a rope connected to a block that moved and pushed rewards toward
openings from which they could be retrieved. There were three conditions: a no-commitment condi-
tion (parallel play in which each player controlled a separate block), an implicit-commitment condition
(both children controlled the same block), and an explicit-commitment condition (both children con-
trolled the same block and formed an explicit commitment to pull together). Unlike the no-
commitment condition, the two commitment conditions required both players to cooperate by pulling
on the rope to retrieve the rewards. Importantly, children could choose to defect at any time by opting
out of the game and opening a chamber that contained a ‘‘bribe” reward. Overall, children cooperated
more in the explicit-commitment condition. However, there was a developmental trend, with older
children cooperating more in both commitment conditions than in the no-commitment condition
and younger children cooperating more in the explicit-commitment condition than in the no-
commitment condition, with cooperation in the implicit-commitment condition falling in between.
Together, these findings suggest that from 5 years of age, children already show a strong sense of com-
mitment, whether it is explicit or implicit.

Together, work on the roles of both verbal and nonverbal communication on cooperation has high-
lighted similarities in the ways in which adults and children solve social dilemmas, suggesting that
solutions to cooperative problems via communication may be deeply anchored in development.
Despite this, one aspect of communication that has not received much attention in the social dilemma
literature is the role of nonbinding commitment in children’s cooperative behavior. This is an impor-
tant question because we know that young children already have an emerging understanding of com-
mitments and use this understanding to guide their decisions in social contexts. However, we do not
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know whether they are able to apply this understanding to situations of conflicting interests. Explor-
ing this question will shed new light on how children begin to solve social dilemmas.

The current study

In a preregistered study, we investigated whether nonbinding commitments promote children’s
cooperation in a social dilemma. Specifically, we tested whether children would cooperate more in
an adapted version of the iterated prisoner’s dilemma game when they had the opportunity to make
a nonbinding commitment—that is, when they could communicate their intention to cooperate or
defect—compared with when they were not allowed to communicate their intended decision. We
hypothesized that giving participants the opportunity to communicate their intended decisions prior
to making actual decisions would reduce uncertainty about what they would do in the game. In cases
where partners committed to cooperation—even knowing that they could reverse their decision with
no penalty—we expected an increase in mutually cooperative outcomes.

In our iterated prisoner’s dilemma game, 6- to 9-year-old children could communicate face-to-face
with a real partner. The partner was an adult confederate who always verbally committed to cooper-
ation and followed through on the commitment (communication condition) or simply always cooper-
ated (silent condition). An unconditionally cooperative confederate partner is a relatively novel aspect
of our task given that previous work had partners play a tit-for-tat strategy (i.e., play what the partic-
ipant played in the previous trial; Downs & Smith, 2004; Li, Zhu, & Gummerum, 2014; Sally & Hill,
2006). However, we reasoned that having the partner always cooperate would boost levels of cooper-
ation across conditions while helping to simplify the task for children. In addition, it would allow us to
examine cooperation over trials, specifically asking whether children are more likely to cooperate
across conditions when their partner has been consistently cooperative. Supporting this reasoning,
a recent study revealed that children are more likely to cooperate when the partner had cooperated
in the previous round and were more likely to defect when they had cooperated and the partner
had defected (Blake, Rand, Tingley, & Warneken, 2015).

We used a manual version of the intuitive, child-friendly version of the prisoner’s dilemma game
designed by Blake et al. (2015). We predicted that children would cooperate more in the communica-
tion condition relative to the silent condition. In addition, we expected older children to cooperate
more than younger children in the game regardless of condition. Finally, because children interacted
repeatedly with the same partner (who always cooperated), we examined whether their probability of
cooperation varied across repeated rounds and whether the relationship between trial number and
cooperation differed by condition.

Method

Participants

We tested 165 6- to 9-year-old children (83 girls) in a laboratory and in public spaces (parks and
museums) in the Boston area. Children were divided into two age groups: 6- and 7-year-olds (n = 85,
44 girls; Mage = 83.65 months, SD = 7.14, range = 72–95) and 8- and 9-year-olds (n = 80, 39 girls;
Mage = 106.98 months, SD = 6.65, range = 96–120) (see Table S1 in the online supplementary material
for a sample breakdown), including 1 male participant whose birthday was on the testing day (turned
10 years old). In addition, we tested 11 children who were excluded due to the participant’s desire to
stop the study prior to starting or completion (n = 3), direct parental intervention (n = 1), experimenter
error (n = 1), or the participant being outside of our age range (n = 1, 5-year-old), because a parent
relayed to us that the child was not typically developing (n = 4), or because we found out that the par-
ent was not the legal guardian only after study completion (n = 1). Our preregistered plan was to stop
data collection once we reached our goal of 20 children per condition and age group for a total of 160
participants. Our aim was to be roughly balanced with regard to participant gender within condition
and age categories. Note that our cell sizes are inexact due to opportunistic testing and exclusions and
because we invited any interested child in our age range to participate in our study once we were set
up on a given testing day.
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Design

We used a between-participants design in which children were assigned to one of two conditions:
communication or silent (see details on each condition in ‘‘General procedure” section). Within condi-
tion, children and the confederate adult partner (male) made six decisions in which they chose to
cooperate or defect in a prisoner’s dilemma game. The partner always cooperated in the game, and
decisions were made simultaneously.

Apparatus

The prisoner’s dilemma game apparatus consisted of two similar, but independent, parallel tilting
trays (one for each player) with different colored sides (we used a combination of blue–yellow and
red–green; see Fig. 1A; see also Fig. S1 in the supplementary material; for other studies using this
apparatus, see Dunham & Schulz, 2017, and Prétôt, Gonzalez, & McAuliffe, 2020). On each tray, we
placed small rewards (dried beans) that could be traded for a prize at the end of the game. The number

Fig. 1. The prisoner’s dilemma game apparatus consists of two independent trays that operate in a seesaw-like fashion and
deliver rewards to the players. Prior to each decision, both trays are positioned in their neutral flat position (A). Both players
make decisions using color tokens that match the side of the tray they want to choose. For instance, the child participant (seated
on the right) can choose the blue side (i.e., defect, which delivers one reward to the participant; B, D) or the yellow side (i.e.,
cooperate, which delivers three rewards to the partner; C), whereas the confederate adult partner (seated on the left) can decide
whether to choose the red side (i.e., defect; B) or the green side (i.e., cooperate; C, D). Decisions are made privately behind
barriers before being revealed to both players by the experimenter. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)

6 L. Prétôt, K. McAuliffe / Journal of Experimental Child Psychology 200 (2020) 104947



of rewards on each tray matched the classical prisoner’s dilemma game payoff matrix (Fig. 2) such that
defecting led to the highest individual payoff in any given trial, but mutual cooperation led to the
highest combined payoff. The trays worked in a seesaw-like fashion and could be tilted toward or
away from the participant by pushing or pulling the tray to deliver rewards to the players or to a hid-
den compartment (Fig. 1A), in which case the rewards were removed from play. Prior to playing the
game, each player received a pair of choice tokens that matched the colors of their trays. To make a
decision, they would pick up one of the two tokens and place it in a small compartment of the appa-
ratus located in front of them (Fig. S1). All decisions were made privately behind an opaque barrier so
that players could not see each other’s choice before the experimenter revealed them publicly (i.e., in
front of both players).

On any given trial of the prisoner’s dilemma game, the participant and the partner had two options:
They could either choose to pull the tray toward themselves and receive one reward (which consti-
tuted a defect decision) or choose to push the tray toward the partner and deliver three rewards to
the partner (which constituted a cooperate decision). Thus, there were three possible scenarios in
the game. First, if both players defected, the trays tilted toward themselves, resulting in one reward
delivered to each player (defect–defect; Fig. 1B) and the other six rewards falling into the hidden com-
partments and being removed from play. Second, if both players cooperated, each tray tilted toward
each other, resulting in three rewards delivered to each player (highest combined payoff; cooperate–
cooperate; Fig. 1C) and the other two rewards falling into the hidden compartments. Third, if one
player cooperated and the other player defected, the cooperator’s tray tilted toward the defector
and the defector’s tray also tilted toward the defector, resulting in four rewards delivered to the defec-
tor (highest individual payoff), no reward delivered to the cooperator (lowest individual payoff;
defect–cooperate; Fig. 1D), and the other four rewards falling into the hidden compartments.

General procedure

Overview
After receiving parental consent for all participants and written assent for participants 8 years and

older, each participant was brought to a testing area that consisted of a table and the prisoner’s
dilemma game apparatus. The experimenter asked both the participant and the partner to sit face-
to-face at the table, with the experimenter sitting in the middle at an equal distance from each player.
Once seated, the participant was asked for verbal assent. The testing procedure consisted of six
phases: (1) trading comprehension check, (2) token comprehension check, (3) barrier comprehension
check, (4) talk comprehension check, (5) prisoner’s dilemma game main trials, and (6) debrief ques-
tions. Note that Phases 1–3 were identical between conditions, whereas Phases 4–6 differed between
conditions. The entire experimental script is available in the supplementary material.

Fig. 2. In the prisoner’s dilemma game, if either Player 1 or Player 2 cooperates while the other player defects, the defector
receives four rewards (highest individual payoff) and the cooperator receives none (lowest individual payoff). If both players
cooperate, each player receives three rewards (highest combined payoff). If both players defect, each player receives one
reward.
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Trading comprehension check
First, the experimenter told the players that they would be playing a game in which they would

earn beans that could be exchanged for a prize at the end. To ensure that the participant understood
how trading the beans worked, the experimenter gave the participant four beans that could be traded
for either a large sticker or four small stickers (the order of presentation was counterbalanced across
participants). After trading the beans for the sticker(s), the participant was asked to rate three new
prizes that were used as incentives for the prisoner’s dilemma game: a pencil, a slinky, and a stuffed
animal. Specifically, the experimenter presented the three prizes and asked the participant which was
their favorite and which was their least favorite. The experimenter then asked the partner—the adult
confederate—the same questions in the same order. The partner’s ratings always matched those of the
participant. We did this to ensure that the prizes were perceived as equally valuable to both parties.
After establishing prize ranks, the experimenter displayed the prizes on a prize board in ranked order
(see Fig. S2 in the supplementary material) and explained that the different prizes lined up with how
many beans each player would need to receive each prize. Specifically, if either player got ‘‘a bunch” of
beans, that player would receive their favorite prize; if either player got a ‘‘medium” number of beans,
that player would receive their second favorite prize; and if either player got a ‘‘small” number of
beans, that player would receive their least favorite prize. Because prize value was calibrated to each
participant, we ensured that each participant was incentivized to collect as many beans as possible.

At the end of the demonstration, participants were asked two comprehension questions to ensure
that they understood how trading beans worked. Each question was asked and answered separately;
children were asked (a) what they would do with their beans at the end of the game and (b) what their
partner would do with his beans at the end of the game. If children answered a question incorrectly,
they were given further explanation and/or demonstration and then were asked again. The majority of
children answered the two questions correctly either spontaneously or with further explanation and/
or demonstration (Question 1: 98%; Question 2: 99%). A minority of children answered the questions
incorrectly after the third attempt (Question 1: 2%; Question 2: 1%). In these cases, the experimenter
restated the correct answer before moving on with the task.

Token comprehension check
Following the trading comprehension phase, each child was taught how to use the prisoner’s

dilemma game apparatus (Fig. 1). All demonstrations were first directed at the participant and then
at the confederate adult partner. Tray assignment was counterbalanced across participants such that
approximately half of the participants controlled the blue–yellow tray (and the partner controlled the
red–green tray), whereas the other half controlled the red–green tray (and the partner controlled the
blue–yellow tray).

The experimenter first placed one bean on each side of the trays in their neutral flat position
(Fig. 1A), starting with the participant’s tray (side opposite to the participant first), for a total of four
beans. The experimenter then demonstrated the choices available in the game by showing the partic-
ipant how choosing a particular tray (defined by its color) would affect the delivery of the resources to
the partners differently. The experimenter always stated the participant’s choices first, starting with
the side of the tray nearest the participant. For example, if the participant was in charge of the tray
with the blue and yellow sides, the participant could choose either the blue side (i.e., defect, where
it delivers one reward to the participant; Fig. 1B and 1D) or the yellow side (i.e., cooperate, where
it delivers three rewards to the partner; Fig. 1C), whereas the partner, who would be in charge of
the tray with the red and green sides, could choose either the red side (i.e., defect; Fig. 1B) or the green
side (i.e., cooperate; Fig. 1C and 1D).

Children were then introduced to the choice tokens they would use to make decisions in the game.
The participant and the partner received two color tokens each (combination of blue–yellow and red–
green tokens, which were matched to tray color and thus similarly counterbalanced across
participants; Fig. 1A and Fig. S1), starting with the partner, and were told that they would use them
to indicate which side of their tray they wanted to choose. For example, if the partner was in charge
of the tray with the red and green sides, he could choose either the red token to pick the red side or the
green token to pick the green side, whereas the participant, who would be in charge of the tray with
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the blue and yellow sides, could choose either the blue token to pick the blue side or the yellow token
to pick the yellow side.

Following these explanations, participants were asked four comprehension questions to ensure
that they understood the contingencies of the apparatus and how to make decisions using the tokens.
Each question was asked and answered separately. The experimenter first placed one bean on each
side of the trays and asked children (1) which color token they would need to choose andwhere would
they need to put it so that they would get one bean in their box and their partner would get none (par-
ticipant’s defect option) and (2) which color token would the partner need to choose and where would
the partner need to put it so that the partner would get one bean in his box and the child participant
would get none (partner’s defect option). Following Question 2, the experimenter again placed one
bean on each side of the trays and asked (3) which color tokens would children and their partner need
to choose so that they would get two beans in their box and the partner would get none (defect–co-
operate option). Following Question 3, the experimenter placed another bean on each side of the trays
for a final time and asked (4) which color tokens would they and the partner need to choose so that
their partner would get two beans in their box and they would get none (cooperate–defect option). If
children answered a question incorrectly, they were given further explanation and/or demonstration
and then were asked again. The majority of children answered all four questions correctly either spon-
taneously or with further explanation or demonstration (Question 1: 99%; Question 2: 99%; Question
3: 90%; Question 4: 97%). A minority of children still answered the questions incorrectly after the third
attempt (Question 1: 1%; Question 2: 1%; Question 3: 10%; Question 4: 3%). In these cases, the exper-
imenter explained the correct answer before moving on with the task.

Barrier and talk comprehension checks
Before beginning the game, the experimenter told the participant that there were two rules in the

game. The first rule was that both players would be making decisions behind barriers so that neither
player could see what token the other player chose (Fig. 1 and Fig. S1). To ensure that the players
understood this, the experimenter would start by asking the participant, and then the partner, to
secretly put one of their tokens, ‘‘for fun,” in the small token compartment in front of them. The par-
ticipant was then asked whether they could see what color token the partner had chosen. Next, the
partner was asked whether he could see what color token the participant had chosen. If children
answered the question incorrectly, they were given further explanation and/or demonstration and
then were asked again. All children answered the question correctly either spontaneously or with fur-
ther explanation and/or demonstration.

The second rule differed between the two conditions. In the communication condition the players
were allowed to tell each other which color token they would choose in the game, whereas in the
silent condition, participants were not allowed to talk during the game. Children in the communica-
tion condition were then given practice trials using another set of tokens (combination of white–black
tokens). For these trials, the participant and the partner were asked to put their finger on one of their
two tokens and, after the experimenter counted to three, to say out loud the color of their token at the
same time. This practice was administered up to three times or until they practiced correctly. The
majority of children responded correctly either spontaneously or with further explanation (99%).
One child still answered the question incorrectly after the third attempt (1%). In this case, the exper-
imenter made sure to tell the child the correct answer before moving on with the task. The experi-
menter then told participants that they would now play for real and reminded them that they
could make any decision they wanted in the game.

Prisoner’s dilemma game
Participants were presented with six test trials, all of which started with the experimenter placing

beans on the trays according to the prisoner’s dilemma game payoff structure (Fig. 2). Trials differed
between the two conditions. In the communication condition, participants and their partner were first
asked to put their finger on the token they thought they were going to choose in the game and, after
the experimenter counted to three, to say out loud the color of their token at the same time. Players
were then asked to make a final decision. The experimenter stated each player’s intended and final
decisions, along with the outcome, prior to enacting the final decisions simultaneously. Both stated
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and final choices of participants were reported. In the silent condition, however, participants and their
partner were only asked to make one decision in private. Therefore, unlike the silent condition, the
communication condition gave participants the opportunity to change their decision if they so desired.
Prior to each final decision in both conditions, the players were reminded that they could make any
decision they wanted. Following a decision, the experimenter displayed the selected tokens within
view of the players and enacted their final choice. Players were allowed to keep their beans and trade
them in for a prize at the end of the game. The confederate adult partner played the cooperative option
at all times, and participants were never informed about the number of trials they would play in the
game.

Debrief questions
At the end of the procedure, the experimenter asked children a series of postexperimental ques-

tions to gain insight intowhy they made the decisions they made. Participants in both conditions were
asked why they cooperated or defected (where applicable). In addition, children who reversed their
decision in the communication condition were asked why they said they would cooperate or defect
(where applicable) and actually defected or cooperated (where applicable).

Data coding and analysis

Preregistered analysis plan
The study was preregistered (access link: http://aspredicted.org/blind.php?x=du9cb7). With con-

sent, sessions were videotaped. Our main variable of interest was whether children cooperated or
defected (binary response: cooperate = 1, defect = 0) in the prisoner’s dilemma game across conditions,
age groups, and gender. Children’s decisions were live coded by the experimenter and later recoded by
an independent video coder. Videos were available for 142 of 165 participants (86%). To assess relia-
bility, we compared the codes of our measure of interest between the live codes and the video codes.
The results of the inter-rater analysis revealed a high level of agreement (kappa = .995). Disagreements
between live and video coding were resolved by rewatching the video.

In line with our preregistration, we asked whether children cooperated more with a partner in the
prisoner’s dilemma game when they could communicate their intended decision prior to their actual
choice than when they were not allowed to communicate. Frequency of cooperation relative to defec-
tion was our main variable of interest. We compared cooperation across conditions, age groups, and
gender. We also examined cooperation over time and asked whether behavior was contingent on pre-
vious behavior. Note that we originally intended to code social referencing such as looking toward the
partner, experimenter, or audience (who was watching and how many people were watching) and
unintentional cueing. However, our session videos did not allow us to code for these behaviors
because we selected a camera angle that allowed us to code for participants’ choices while keeping
a full view of the testing area.

All statistical analyses were conducted with R statistical software (Version 3.5.1; R Core Team,
2018). Decision data were analyzed using generalized linear mixed models (GLMMs) with a binary
response term (Bolker et al., 2009). Mixed models were run using the package lme4 (Bates, Mächler,
Bolker, & Walker, 2014). In all models, participant identity (ID) was fit as a random effect (intercepts)
to control for repeated measures. Our modeling procedure was as follows. We first created a full
model, which included our predictor variables of interest: condition (silent or communication), age
group (6- and 7-year-olds or 8- and 9-year-olds), gender (female or male), and trial number (1–6).
Because results from our full model were similar regardless of whether age was entered as a categor-
ical variable or a continuous variable (see Table S2 in the supplementary material), we opted to use
age categories for our analyses and figures for ease of presentation. We compared our full model with
a null model, which included only our random effect term (participant ID), and found that the full
model was better than the null model, which included only participant ID as random intercepts (like-
lihood ratio test (LRT), v2(4) = 10.301, p = .036; Table 1). Second, we created a model that included
condition, trial number (2–6), previous choice (cooperate = 1, defect = 0), and our interaction of inter-
est (Condition � Previous Choice). Data and code are available in the supplementary material.
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Exploratory analyses
We conducted two exploratory analyses in addition to those we preregistered. First, we examined

children’s stated and final decisions in the communication condition to see whether any type of deci-
sion strategy emerged. There were two possible strategies. First, participants could state that they
would cooperate or defect and then actually cooperate or defect, respectively, in the game (i.e., they
could uphold their commitment and stick to their intended decision). Alternatively, participants could
state that they would cooperate or defect and then actually defect or cooperate, respectively, in the
game (i.e., they could renege on their commitment and reverse their decision). Children’s stated deci-
sions were live coded by the experimenter and later recoded by an independent video coder. Videos of
stated decisions were available for 70 of 83 participants (84%). To assess reliability, we compared the
codes of our measure of interest between the live codes and the video codes. The results of the inter-
rater analysis revealed a high level of agreement (kappa = .989). Disagreements between live and
video coding were resolved by rewatching the video. We used an exact binomial test/sign test to
examine participants’ stated and final decisions in the communication condition to see whether they
stuck to or reversed their decision in the game.

Second, we examined participants’ responses to the debrief questions. Because participants rarely
reversed their decision (see details in Results; see also Fig. S3 in the supplementary material), we only
analyzed responses to why they cooperated or defected in the game. For each question, children’s
open-ended justifications were coded into three conceptual categories. Each justification was included
in at least one category using a binary system (‘‘yes” or ‘‘no”). The categories were not mutually exclu-
sive, and a single participant’s response could be included in multiple categories (for a similar
approach, see Ahl, Duong, & Dunham, 2019, and Prétôt et al., 2020). Transcriptions were made from
video recordings first. If the video recording was not available or was inaudible or incomplete, tran-
scriptions were made from the experimenter’s live coding sheet (cooperate question: 35%; defect
question: 36%).

Responses could fall into three categories: (a) joint transfer (references to transfer of resources
between self and other, ‘‘we,” successful cooperation, reciprocity, or both partner actions led to
outcome; e.g., ‘‘So both of us could get three,” ‘‘So we would get an equal amount”), (b) individual
transfer (references to transfer of resources to self or other, give to other, or share; e.g., ‘‘Because I
wanted to get a few beans,” ‘‘So he would get some”), (c) other (range of answers without a clear
category, including ‘‘I don’t know” and no answer; e.g., ‘‘Because I wanted to,” ‘‘I just wanted to

Table 1
Estimates (and standard errors) of fixed effects in mixed models predicting participants’ prisoner’s dilemma game cooperative
behavior.

Cooperation Previous choice

Null Full Full

(Intercept) �1.03 (0.16)*** �1.32 (0.37)*** �0.09 (0.47)
Condition: communication �0.28 (0.33) �1.09 (0.55)*

Age group: 8 and 9 years 0.00 (0.33)
Gender: male �0.21 (0.33)
Trial 0.15 (0.05)** 0.03 (0.07)
Previous choice: cooperate �2.50 (0.39)***

Condition: communication � cooperate 1.34 (0.50)**

Akaike information criterion 1128.98 1126.68 917.03
Bayesian information criterion 1138.78 1156.07 945.32
Log likelihood �562.49 �557.34 �452.52
Number of trials 990 990 825
Number of participants 165 165 165
Variance: participant ID (intercept) 2.90 3.02 8.10

Note. Cooperate = 1; defect = 0. Age group was fit as a categorical predictor. Baselines for factors were as follows: age group = 6-
and 7-year-olds, condition = silent, gender = female, previous choice = defect. The table also shows goodness-of-fit statistics.
* p < .05. ** p < .01. *** p < .001.
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switch it around”). The coding of open-ended responses was conducted by two coders who were
blind to condition.

All three categories applied to the analysis of the cooperate question. However, because there was
no instance of joint transfer for the defect question, we analyzed only individual transfer and other for
the defect question. The results of the inter-rater analyses for our categories of interest (joint and indi-
vidual transfer) revealed a medium to high level of agreement for the cooperate question
(kappa � .792) and a high level of agreement for the defect question (kappa = .900). We resolved
all disagreements for both cooperate and defect questions by consensus. We used a Fisher’s exact test
to examine children’s responses to the debrief questions, with a comparison between their mention of
individual transfer and joint transfer across conditions and age group.

Finally, we conducted two supplementary analyses. First, we ran our full GLMM, which modeled
cooperation as a function of condition, age group, and gender using a Bayesian framework (see
Table S3 and Fig. S4 in the supplementary material). We also ran a sensitivity analysis based on this
same model, which showed that we had approximately 80% to detect a positive effect condition of size
.85 (log odds; see Fig. S5).

Results

General analysis

As Fig. 3 shows, children were more likely to defect than cooperate in the prisoner’s dilemma game
(see intercept terms in Table 1). In the communication condition, children cooperated in 160 of 498
trials in total (32%); older children (8- and 9-year-olds) cooperated in 82 of 246 trials (33%), whereas
younger children (6- and 7-year-olds) cooperated in 78 of 252 trials (31%). Girls cooperated in 87 of
252 trials (35%), whereas boys cooperated in 73 of 246 trials (30%). When examining Trial 1 only,
21 of 83 children cooperated (25%).

In the silent condition, children cooperated in 176 of 492 trials in total (36%); older children coop-
erated in 78 of 234 trials (33%), whereas younger children cooperated in 98 of 258 trials (38%). Both
girls and boys cooperated in 88 of 246 trials (36%). When examining Trial 1 only, 12 of 82 children
cooperated (15%).

Are children more likely to cooperate after they communicate?

Contrary to our predictions, children’s choices in the prisoner’s dilemma game were predicted by
neither condition [LRT, v2(1) = 0.725, p = .395; Fig. 3A], nor age group [LRT, v2(1) = 0.000, p = .993], nor
gender [LRT, v2(1) = 0.400, p = .527]. However, trial number predicted children’s behavior; children
were increasingly likely to cooperate over the six trials [LRT, v2(1) = 9.136, p = .003; Fig. 3B].

Is behavior contingent on children’s previous behavior?

Whenwe examined whether the probability of cooperation in previous trials predicted cooperation
in subsequent trials, we found an interaction between condition and previous behavior [LRT,
v2(1) = 7.039, p = .008; Table 1]. As Fig. 4 shows, in the communication condition, but not in the silent
condition, children were more likely to cooperate in the prisoner’s dilemma game when they had
cooperated in a previous trial and were more likely to defect when they had defected previously
(for a breakdown of the data by age group, see Fig. S6 in the supplementary material).

Do children’s stated decisions influence final decisions?

When examining stated and final decisions in the communication condition, we found that chil-
dren followed their stated decision more often than they reversed their decision (two-tailed exact
binomial/sign test, p < .001; Fig. S3A); 58 of 83 participants (70%) followed their stated decision, for
a total of 438 of 498 trials total (88%), whereas 25 of 83 participants (30%) reversed their decision,
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Fig. 3. Proportions of trials in which children cooperated across silent and communication conditions in all six trials shown by
age group (A) and over trials shown by trial number and age group (B). Error bars show confidence intervals.
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for a total of 60 of 498 trials total (12%). When examining Trial 1 only, 8 of 83 participants reversed
their decision (10%). Together, these results suggest that children were relatively honest about their
intentions and were consistent about it throughout the game.

When examining stated and final decisions for only those participants who reversed their deci-
sions, we found no difference between age groups (two-tailed exact binomial/sign test, p = .699;
Fig. S3B); 6- and 7-year-old children reversed their decision in 32 of 60 trials (53%), with 20 of 32 trials
in which they said they would cooperate but chose to defect (63%), whereas 8- and 9-year-old children
reversed their decision in 28 of 60 trials (47%), with 16 of 28 trials in which they said they would
cooperate but chose to defect (57%).

Further analyses of the different strategies children used revealed that children were no more likely
to state that they would cooperate and then defected in the game than to state that they would defect
and then cooperated (two-tailed exact binomial/sign test, p = .155; Fig. S3C); children stated that they
would cooperate but defected in the game in 36 of 60 trials (60%), whereas children stated they would
defect but cooperated in 24 of 60 trials (40%).

Do children make decisions based on group or individual benefits?

Children’s responses to debrief questions revealed that they referred to individual transfer more
often than joint transfer when asked both the cooperate question (30% vs. 17%; Fisher’s exact test,
p = .039; see Table S4 in the supplementary material) and the defect question (67% vs. 0%; Fisher’s
exact test, p < .001). When examining responses across conditions and age groups, we found that older
children mentioned individual transfer significantly more in the defect question, and marginally more
in the cooperate question, than younger children (defect question, Fisher’s exact test, p = .026; coop-
erate question, p = .064; Table S4). No other comparisons were significantly different.

Fig. 4. Proportions of trials in which children cooperated after they had cooperated or defected in the previous trial across the
communication and silent conditions. Proportions are shown per trial number. Error bars show confidence intervals.
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Discussion

Our study revealed two main findings. First, unlike adults in similar circumstances, children were
not more cooperative when they could make a nonbinding commitment than when they did not have
the opportunity to communicate. Second, children’s decisions to cooperate were contingent on their
previous behavior, and this relationship varied by condition; in the communication condition, but
not in the silent condition, children were more likely to stick to their past behavior by cooperating
if they had cooperated and by defecting if they had defected. In addition, children generally followed
their stated decisions even though they could have reversed decisions with impunity.

Previous work on social dilemmas with adults has emphasized the importance of communication
via discussion and commitment in promoting cooperation. Although communication, broadly defined,
is known to play a similar role in children, research on the potential role of nonbinding commitment
(i.e., a declaration of intended decision) in promoting children’s cooperation in social dilemmas has
only begun recently (Kachel & Tomasello, 2019). The goal of the current study was to capture this
by designing a child-adapted version of the classic adult prisoner’s dilemma game. Contrary to our
predictions, we found no evidence that communication improved cooperation in children. This is an
interesting finding in light of more recent adult findings that show the cooperation-enhancing effect
of commitment in social dilemmas (reviewed in Kerr & Kaufman-Gilliland, 1994). In fact, commitment
is so strong in adults that some have argued that it is as effective as if commitments are enforced
(Radlow & Weidner, 1966). Our finding suggests that nonbinding commitments might not be as pow-
erful in children as they are in adults.

It is surprising that children were not more likely to cooperate when they could verbally commit
given recent results showing that children as young as 5 years not only understand the implications
and obligations of commitments and adhere to them but also become more cooperative when they
make commitments (regardless of whether those are explicit or implicit; Kachel & Tomasello,
2019). In addition, we know that children in the age range of our study are already concerned about
their reputations (Engelmann, Herrmann, & Tomasello, 2016). Therefore, it is unlikely that our partic-
ipants, who were older than in previous studies, failed to cooperate more in the game because they did
not have an understanding of nonbinding commitment or did not care about their reputations.
Instead, it may be that nonbinding commitment does not occur as spontaneously and frequently in
children as it does in adults.

Another main finding of our study is that behavior was contingent on children’s previous behavior
in the communication condition but not in the silent condition. Specifically, children who had coop-
erated before were more likely to cooperate in the future, whereas those who had defected before
were more likely to defect in the future. This result aligns nicely with previous work showing that
10- and 11-year-old children use conditional strategies when playing a computerized version of the
prisoner’s dilemma game (Blake et al., 2015). In this study, children were more likely to cooperate
when their partner had cooperated in the previous trial than when they had defected. In other words,
mutual cooperation in the past promoted mutual cooperation in the future. In our study, we found
somewhat similar results in that children were more likely to cooperate after mutual cooperation,
but only when they could communicate, suggesting that there was something about making their
intention public that reinforced their own behavior in the game. This further indicates that children
do not want to appear hypocritical (in either direction), which aligns with our result that they rarely
reversed their decisions in the game. Together, our results support previous findings showing that
children may learn about their own preferences from observing their past behavior (Bem, 1967)
and that they are more likely to be generous in the future when they can perceive themselves as gen-
erous partners (Chernyak & Kushnir, 2013). Alternatively, and non-mutually exclusive to our previous
point, children may simply continue to cooperate or defect because they want to stay self-consistent
in front of the experimenter, their partner, and/or other audience members (Eisenberg, Cialdini,
McCreath, & Shell, 1987).

The finding that children rarely reversed their decisions in the communication condition is inter-
esting and worth exploring further. Children mostly defected in the game and were honest about their
intentions to do so. Specifically, similar numbers of children committed to defect (77%) or cooperate
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(23%) as defected (75%) or cooperated (25%), respectively, in the game. This is interesting in light of the
results from Dawes et al.’s (1977) study showing that adults typically commit to cooperate (100%), yet
they are much less likely to end up cooperating in the game (73%). These results suggest that children
are more honest than adults under similar conditions, lending support to our claim that children were
consistent in their responses to avoid appearing hypocritical. Of course, an alternative explanation is
that children were being more ‘‘honest” because they were incapable of deceiving their partner. How-
ever, we believe that this is unlikely given existing evidence that children begin to tell lies at a very
young age (Evans & Lee, 2013; for a review, see Lee, 2013). Therefore, we believe that children in
our study could have deceived their partner if they wanted to do so. This is an area that would benefit
from future empirical exploration.

Previous research has shown that when children can communicate freely, they often inform others
about their intentions (e.g., via joint agreements), which in turn promotes cooperation. In this regard,
our findings are somewhat puzzling. Why did we not find any direct effect of communication on coop-
erative behavior in our study? After all, we initially hypothesized that giving participants the oppor-
tunity to communicate their intended decision prior to making a decision would increase cooperation
by reducing uncertainty about the outcome of the game while increasing trust toward the partner. We
propose two non-mutually exclusive explanations for why there was no effect of nonbinding commit-
ment in our study: the presence of an adult partner and the fact that the partner always cooperated in
the game. Note that we chose to have the partner cooperate on each trial because our primary goal
was to maximize the likelihood that participants would find the highest combined payoff in the game.
Supporting this, previous work on the prisoner’s dilemma game and other social dilemmas has shown
that children are more likely to cooperate if the partner cooperates (i.e., they use conditional cooper-
ation strategies; Blake et al., 2015; Hermes et al., 2019). Nevertheless, these two explanations are
worth exploring.

Regarding the first possibility, the presence of an adult partner may have influenced children’s
behavior in two non-mutually exclusive ways. First, playing with an adult may have increased chil-
dren’s motivation to cooperate. Supporting this hypothesis, previous findings have shown that chil-
dren not only give priority to adult authority over peer authority (Laupa & Turiel, 1986) but also
engage in selective learning from adult models over peer models (especially in the context of games;
Rakoczy, Hamann, Warneken, & Tomasello, 2010). Therefore, it is reasonable to assume that children
would cooperate more when paired with an adult partner. Second, if children perceived the adult part-
ner as someone who was genuinely cooperative and who had good intentions, perhaps they believed
that the partner wanted to help them get their favorite toy, thereby reinforcing their decision to defect
in the game in order to reach this goal. However, because the rates of cooperation in our study (up to
36%) are situated within the range of those found in previous studies on children and the iterated pris-
oner’s dilemma game, most of which did not involve adult partners (Blake et al., 2015; Cárdenas,
Dreber, von Essen, & Ranehill, 2014; Fan, 2000; Matsumoto et al., 1986), it seems unlikely that either
explanation can account for children’s behavior in our task.

Regarding the fact that the confederate partner always cooperated in the game, children may
have learned over time and thus anticipated that the partner would always cooperate. If they
picked up on this pattern, having the opportunity to communicate or not becomes irrelevant to
motivate children’s decisions in the game. In other words, the partner’s unconditional cooperation
may have attenuated the effect of nonbinding commitment on cooperation. Alternatively, it is pos-
sible that by making the partner unconditionally cooperative, we unintentionally created a situa-
tion in which children understood that they could take advantage of the partner’s cooperation
for their own benefit; that is, they had the insight that defection was the best strategy in the face
of unconditional cooperation. In this case, the temptation to defect may have been too high for
children to prefer cooperation. However, we believe that this explanation is unlikely to account
fully for our findings for two reasons. First, if children wanted to take advantage of the situation,
we would see higher rates of defection over time, which we did not observe (Fig. 3B). Second, if
nonbinding commitment had an effect that was obscured by the partner’s unconditional coopera-
tion, we would expect higher rates of cooperation in Trial 1 compared with subsequent trials
specifically in the communication condition. However, in an exploration of these trial effects, we
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did not see this pattern of results. Specifically, when examining the percentage of cooperation
across trials, children cooperated on 25% of first trials (21 of 83 trials) and on 33% of subsequent
trials (139 of 415 trials). Thus, it does not seem as though children were more likely to cooperate
on their first trial prior to experiencing the partner’s unconditional cooperation.

Finally, our results should be viewed in light of the possibility that some aspects of our procedure
could explain the absence of an effect of verbal nonbinding commitment on cooperation. First, and
most importantly, unlike more classic studies on communication in social dilemmas (e.g., Dawes
et al., 1977; Grueneisen & Tomasello, 2017), discussion in our study was discouraged. Thus, it remains
possible that giving children the opportunity for unrestricted discussion would have promoted coop-
eration in the game. Of course, the latter would not have tested the specific aspect of communication—
nonbinding commitments—that we wished to explore. However, future work should certainly seek to
better understand the different kinds of communication that may influence children’s cooperation in
this context.

Second, we note that, despite our effort to design a child-friendly version of the prisoner’s dilemma
game, this paradigm still remains a relatively complex cooperative scenario. In particular, the pris-
oner’s dilemma game differs from other social dilemmas (e.g., stag hunt game, snowdrift game) in that
the risks associated with playing the cooperative option in the game make it more difficult to achieve
mutual cooperation (if one partner cooperates and the other defects, the defector gets everything and
the cooperator gets nothing). Therefore, it is possible that our weak effect of commitment on cooper-
ation was due to the children’s primary preference for defection in the game (regardless of whether
they could verbally commit or not). Thus, we encourage future work to extend our study using differ-
ent social dilemma paradigms.

Third, unlike most work on the effects of communication with adults, we employed a confederate
partner as opposed to studying spontaneous behavior from two participant players. Therefore, it
would be interesting to investigate whether replacing the confederate with a real partner—a peer
(e.g., Kachel & Tomasello, 2019) or otherwise—would change our pattern of results. In addition, to
our knowledge, no study so far has ever compared whether—and, if so, how—playingwith an adult ver-
sus peer partner influences children’s cooperative behavior in social dilemmas. Thus, we view this as a
fruitful avenue for future work.

In conclusion, our findings suggest that nonbinding commitments are more limited in their effects
on cooperation in children than in adults. Our results contribute to the large body of work that has
explored the positive effect of nonbinding commitment on cooperation in adults and the growing lit-
erature on the effect of communication on children’s cooperative decisions in social dilemmas. The
current findings add to the developmental literature in important ways, suggesting that some aspects
of communication might not work as well in children as in adults, paving the way for future work in
this area. More broadly, these results contribute to our emerging understanding of the ways in which
children begin to solve social dilemmas.
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