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Abstract

We investigated how the type of resource, food (wafer) or non-food (sticker), age and sex influence cooperation in children.
251 children were tested in a public goods game during eight rounds in two experimental conditions: wafer or sticker condition.
Wafers were all of the same kind but stickers were varied. The results indicated that 1) older children donated more stickers
than younger children, but they did not differ in relation to wafer donations; and 2) sticker donations remained high along
the rounds, while wafer donations decreased. We propose that different strategies may be adopted according to the quality,
particularly to the diversity of the resource used, and the cost of cooperation may be overcome when it is more advantageous
to wait for a future reward.

Keywords: behavioral economics; kind of reward; behavioral sciences; evolutionary psychology; game theory; cooperation.

Resumo

Adesivos versus wafers: O valor do recurso em um jogo de bens ptblicos com criangas. Investigamos como o tipo de recurso,
alimentar (wafer) ou ndo-alimentar (adesivo), a idade e o sexo influenciam a cooperacdo em criancas. Foram testadas 251
criancas em um jogo de bens publicos durante oito rodadas, em duas condicdes experimentais: condicbes wafer ou adesivo. Os
wafers eram todos iguais, mas os adesivos eram variados. Os resultados indicaram que 1) as criancas mais velhas doaram mais
adesivos do que as criancas mais jovens, mas elas nao diferiram em relacdo as doacdes de wafers; e 2) as doacoes de adesivos
mantiveram-se elevadas ao longo das rodadas, enquanto as doacdes de wafers diminuiram. Propomos que diferentes estratégias
podem ser adotadas de acordo com a qualidade, particularmente quanto a diversidade do recurso utilizado, e o custo de cooperar
pode ser superado quando é mais vantajoso esperar por uma recompensa.

Palavras-chave: comportamento econdmico; tipo de recompensa; psicologia evolucionista; teoria dos jogos; cooperacao.

Resumen

Pegatinas versus obleas: El valor del recurso en un juego de bienes ptiblicos con nifnos. Investigamos como el tipo de recurso,
alimentar (oblea) o no alimentar (pegatina), la edad y el género influyen en la cooperacién de los nifios. 251 nifios fueron inves-
tigados en ocho partidos de un juego de bienes publicos, en dos condiciones experimentales: oblea o pegatina. Las obleas eran
todasiguales, pero las pegatinas eran variadas. Los resultados indicaron que 1) los niflos mayores donaron mas pegatinas que los
ninos mas pequerios, pero no difieren con respecto a las donaciones de obleas; y 2) las donaciones de pegatinas se mantuvieron
altas durante las rondas, mientras que las donaciones de obleas disminuyeron. Proponemos que diferentes estrategias pueden
ser adoptadas de acuerdo con la calidad, particularmente con respecto a la diversidad de los recursos utilizados, y el costo de la
cooperacioén puede ser superado cuando es mas ventajoso esperar por una recompensa futura mejor.

Palabras clave: comportamiento econémico; tipo de recompensa; la psicologia evolutiva; la teoria de los juegos; cooperacion.
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The value of resource in a public goods game

Social dilemmas may arise when an individual
attempts to maximize his gains by using a resource
without contributing to keep it, but if everyone does the
same the resources will be extinguished and everyone
will be adversely affected (Alencar & Yamamoto, 2008;
Kollock, 1998; Ostrom, 2001). A way to investigate social
dilemmas is through economic games, including the
public goods game. This game allows the experimenter to
simulate a situation where a group invests in a particular
resource from which everyone can benefit, even those
individuals who do not contribute to the provision
of good (Kollock, 1998), which enables the study of
cooperation in sizable groups. The term cooperation
is used in the economic games literature to indicate a
contribution to a partner or a public fund (Kimmerli,
Burton-Chellew, Ross-Gillespie, & West, 2010; Lotz, 2014;
Rand, Arbesman, & Christakis, 2011), and will be used
in this paper to refer to that kind of behavior. The term
generous will also be used, particularly when referring
to sharing.

Cooperation in humans is manifested in early
stages of development (Schmidt & Sommerville, 2011;
Vogt, Efferson, Berger, & Fehr, 2015). However, the
literature shows conflicting results about the influence
of age. Harbaugh and Krause (2000) investigated the
behavior of children with different ages in a public
goods game, suggesting that older children are initially
more generous than the younger ones, but they quickly
learn to cheat along the interactions. House, Henrich,
Brosnan and Silk (2012) tested the behavior of children
between 3 and 8 years old in a face-to-face task. In the
test, a child shared the resource (food) between herself
and another child. The results showed that children
younger than 6 years old were more generous than
older ones, but that prosocial behavior increased with
age after this period. Zarbatany, Hartmann and Gelfand
(1985) also have investigated the behavior of children
from six to 10 years. Their results suggest that older
children were more generous than younger ones only
under the experimenter surveillance. Blake, McAuliffe
and Warneken, (2014) suggested that young children
understand the principles of fairness, but do not follow
them and will only do so when they start to worry about
their reputation, when 8 years and older. Otherwise,
older children’s behavior did not differ from the behavior
of the younger ones.

The literature on sex differences also reports mixed
results (Eisenberg, Fabes, & Spinrad, 2006). This may be
related to the girls’ willingness to be more generous
when making decisions about allocation of resources
than boys. For instance, in an ultimatum game, using
monetary resource, sex differences were not apparent
in children younger than seven years old, but appeared
in ten-year-old children. With increasing age, children
become less generous but girls tend to keep their
cooperative behavior. This interaction between sex and
age could reflect an awareness of gender roles (Leman,
Keller, Takezawa, & Gummerum, 2009). However, many
other studies did not find any sex differences in children
(for a review see Eisenberg et al., 2006).

Another variable that influences cooperation is
the kind of resource involved. Adults, for instance, show
more tolerance for delays when rewarded with money
compared to food. This is probably related to the fact that
money can be stored, be converted into other reward
currencies and taken on large values (Rosati, Stevens,
Hare, & Hauser, 2007). Sharing food, on the other hand,
depends on who are the partners - relatives, friends,
and strangers - and on the expectation of future positive
interaction (Markovits et al., 2003). Moreover, food is
perishable and more difficult to store.

Stickers (Benenson, Pascoe, & Radmore, 2007;
Blake & Rand, 2010; Gummerum, Hanoch, Keller,
Parsons, & Hummel, 2010; Lucas, Wagner, & Chow,
2008), food (Brownell, Svetlova, & Nichols, 2009; Fehr
& Fischbacher, 2003; House et al., 2012; Markovits,
Benenson, & Kramer, 2003), and money (Gummerum,
Keller, Takezawa, & Mata, 2008; Harbaugh, Krause,
& Liday, 2003; Leman et al., 2009) have been used to
investigate cooperative behavior in children, in a variety
of experimental designs. However, to our knowledge only
one study have recently compared the effect of different
kind of resources on cooperation in 3-year-old children
and have found no differences (Warneken, Lohse, Melis,
& Tomasello, 2010).

The purpose of the present study was to investigate
how the kind of resource influences children’s cooperation
in a public goods game, and how it is modulated by sex,
age and number of sessions. Typically, children and adult
donationsin a public goods game decrease steadily after
a few rounds, independent of the age and sex of the
subject and the kind of resource used (Alencar, Siqueira,
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& Yamamoto, 2008; Burton-Chellew, Nax, & West, 2015;
Harbaugh et al., 2003; Torsvik, Molander, Tjgtta, &
Kobbeltvedt, 2011). This seems to indicate that human
behavior in public goods games is inclined to be payoff-
biased (Burton-Chellew et al., 2015), and that this is a
universal tendency that emerges early in childhood and
remains unchanged.

However, none of these studies investigated
cooperation among groups of children by comparing
access to different kinds of resources and accounting
for sex and age differences. Hence, we decided to
compare two kinds of resources, candies and stickers,
because these are the most common resources used
in the literature. Moreover, these two resources have
different characteristics: one is perishable and difficult
to accumulate, while the other may acquire a currency
value. Also, we aimed to avoid any developmental
differences in the understanding of currency value for
tokens or money (which is not allowed by the Brazilian
Ethics Committee), by choosing resources with intrinsic
value. Based on previous studies, we predicted that the
donations would decrease along the time, regardless
of the kind of resource, and that older children would
initially donate more stickers, but not candies than
the younger ones. Regarding the influence of sex, we
predicted no differences (Alencar et al., 2008; Burton-
Chellew et al., 2015; Harbaugh et al., 2003; Torsvik
et al.,, 2011). The better understanding of the processes
involved in cooperation in children is important in that
it may help to improve procedures to increase children’s
cooperation.

Method

Participants

Participants of these studies were 131 girls and
120 boys aged five to eleven years (MgmS = 8.48, SD =
1.37; Mboys = 8.43, SD = 1.35) enrolled in public schools
from [CITY AND COUNTRY OMITTED], which represent
low socioeconomic status individuals (Akkari, 2001).
Children were grouped by classroom (M =20.31 children
per classroom), which minimized age differences. The
children had at least two months of interaction within
the classroom, and no child previously attended a similar
game or experiment. Interaction between children of
different classrooms could occur in some of the schools,

but were not frequent. Prior to the beginning of the
study, the participants’ parents or legal guardians gave
their informed consent.

Procedure

The data from this study is part of a large
dataset on children’s cooperation from this laboratory.
The experiment was divided into two experimental
conditions, according to the type of resource, sticker
condition (non-food resource) and wafer condition
(food resource). Three groups were assigned to the
sticker condition (58 students) and 10 groups to the
wafer condition (193 students). Groups from the sticker
and wafer conditions were from different schools. The
participants played an iterated public goods game with
eight rounds, every other day, and one round per day.
The procedure in this study was the same used in Alencar
et al. (2008) but for the use of stickers as a resource and
the inclusion of groups with 12 or more participants only.

In each round of the experimental conditions,
each participant received an apparently depersonalized
envelope and three small wafers or stickers. They were
instructed to go behind a screen (wood panel), where
there was a box with an opening at the top, and to
donate as many items as they wished to their groups.
The amount of donated items was at the discretion of
the children, who could decide whether to donate zero,
one, two or three items. The donation should be done
by putting the items inside the envelope, sealing it and
depositing it inside the box. After all the children made
their donations, the envelopes were opened in front
of the group and discretely separated according to the
amount donated. The items donated were counted
and for each one, two more were added. All children
were previously informed that donations would also be
distributed to all participants at the end of each round,
regardless of how much each child had donated or
retained. The classmates did not have any information
about the amount donated by each participant in the
group, so donations were anonymous.

After explaining the rules of the game, the
experimenter asked about the children’s understanding
of the rules with the following questions: “Did you
understand the rules?” and “Will anybody know how
much you have donated?” If children did not give
the correct answers, showing that they had not yet
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understood the rules, the instructions were repeated
until the rules were understood and the questions
answered correctly. The teachers of each class were
instructed not to make evaluative comments or
suggestions and not to give any advice to children on
how to behave in the game.

All students were asked to bring a pencil case
or bag behind the panel in order to keep hidden any
items possibly held. They were instructed to maintain
the confidentiality of the values of their donations and
if they had retained some items, they should hide them
so that their colleagues could not see them.

The envelopes had a very small and encrypted
internal marking that allowed the recognition of the
child by the researchers without the child’s knowledge,
but maintaining the child’s anonymity, while making the
donations behind a screen. This marking allowed the
researchers to know how many items each child donated
in each round.

At the end of each round, the envelopes were
removed from the box and their contents verified and
counted in front of the children. Two more items were
added for each item donated. The total amount was
distributed equally among all participants. Thus, each
child would end each round with the retained amount
plus the amount they got from the distribution, being the
sum named private return (Alencar et al., 2008).

The wafers were small (7.5 g) and the children
received three of them, as well as the ones that were
added by the experimenter. The stickers were around
12 cm, with assorted designs. The stickers delivered
for donation consisted of letters of the alphabet and
children also received three of them. The stickers added
by the experimenters consisted of images attractive to
children, such as cartoon character figures and soccer
team symbols. We used different stickers to motivate
the children to donate. When asked in an after game
interview which stickers they liked most, children varied
their answer, indicating both images as well as letters
stickers, suggesting that both types of stickers were
attractive.

Statistical Analyses

Children were divided into two age groups:
(a) younger children, aged from five to seven years;
and (b) older children, aged eight to 11 years. We
applied Generalized Estimating Equations (GEE) using
unstructured correlation and maximum likelihood
estimation. We included the following subject variables

(random effects): individuals, classroom, and school. The
eight rounds were considered as within-subject variable;
this allowed us to monitor the effect of the previous
round on the following round in the same test group.
Although not every child was present in every round, it
does not affect the application of GEE, as this technique
allows participants with missing values to be included
in the analysis. This linear model was selected to verify
how private return in each round could be affected by:
(a) resource type main effect (wafer or stickers); (b)
sex main effect; (c) age group main effect; (d) resource
type and sex interaction effect; (e) resource type and
age group interaction effect; (f) resource type, sex and
age interaction effect; and (g) resource type and rounds
interaction effect. We applied a customized model in
which all interaction effects included resource type.
In order to avoid Type | error on main and interaction
effects, we apply Bonferroni correction setting the
significance level to p =.007 (.050/7). Estimated marginal
means and 95% confidence intervals were compared
pairwise by applying sequential Sidak for multiple tests.
We computed the minimal sample size by using
G*Power a priori power analysis, considering that this
is repeated measures, within-between interaction F
distribution model. In this power analysis, we chose
moderate effect size (f = 0.25), 5% significance level, 95%
power, eight groups (2 experimental conditions X 2 sexes
X 2 age groups) and eight repeated measures (sessions),
reaching a minimum sample size of 48 participants.

Results

The GEE showed that resource type significantly
influenced private return. The private return mean
on the sticker condition was significantly higher than
private return mean on the wafer condition. Main and
interaction effects are presented in Table 1. In the wafer
condition, private return means significantly decreased
over the rounds, while in the sticker condition they were
similar up to the eighth and final round. The resource
type and rounds interaction had an effect on private
return showing differences between experimental
conditions from the second round on (Figure 1). The type
of resource and age group interaction had no effect on
private return in the wafer condition. However, in the
sticker condition, we observed an interaction effect on
private return showing that older children had higher
means when compared to younger ones (Figure 2). No
resource type and sex interaction effect or resource type,
sex and age interaction effect were observed.
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Table 1. Main and Interaction Effects on Private Return.

Effect x* de Wald df Sig.
Sex 0.16 1 .685
Age 4.95 1 .026
Resource 46.87 1 <.001
Sex*Resource 6.04 1 .014
Age*Resource 10.28 1 .001
Sex*Age*Resource 2.18 2 .337
Session*Resource 695.31 14 <.001
Bonferroni correction p = .007
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Figure 1. Mean and S.E. Private Return by Condition (Sticker And Wafer)
at Each of Eight Rounds. *Statistical Difference Between Two Consecutive
Rounds (p < 0.05). *Statistical Significance Between The Two Conditions In
The Same Round (p < 0.05).

>

BC

(S, I - N ]
L L L L 1
—_

Mean Private Return
N
.

w
L

Sticker Wafer

Wafer ‘ Sticker

Younger Older

Figure 2. Mean Private Return According to Age and Kind of Resource
(Sticker And Wafer). Different Letters Mean Statistical Difference Between
Groups (p < 0.05).

Discussion

In the version of the public goods game adopted
in this study, all participants had initial access to the
same amount of resources (3 items) and each could

contribute with any amount from zero to three to
maintain the group’s resources. If all individuals donated
three items of the acquired resource, the private return
for each child would be equal to nine items, featuring
the maximum private return to the group. Trying to
maximize his/her earnings, regardless of the behavior of
other players, the individual could be tempted to cheat
by making his/her private return greater than that of
other participants. We consider that the decisions made
(to cooperate or to cheat) were not taken considering
the long term benefits. Children, apparently, considered
first their immediate benefits. Moreover, we have found
that children’s decisions differed according to their age
and kind of resource, but not sex. We discuss potential
explanations for these findings below.

The literature reports inconsistency on sexual
differences, suggesting that boys and girls show no
differences in cooperative tasks (Eisenberg et al., 2006).
Accordingly, we found no sex differences in private
return for the two conditions in our study. Leman et al.
(2009) suggested that these differences, when present
in adults, might reflect differences in gender roles. Our
subjects, however, were young children and they do not
have yet their gender roles well established, hence the
absence of sex differences, as observed in other studies
with children (Eisenberg et al., 2006).

We observed developmental differences in
cooperation according to the type of resource. The
younger children (5-7 years) maintained the same mean
private return in both conditions, unlike older children
(8-11 years), who had a larger mean private return in the
sticker condition when compared to the wafer condition.
This means that older children have cooperated more in
the former, donating a larger amount of their resources.
Hence, older children, probably, assigned different
values to the resources, so they retained more wafers
than stickers; whilst younger children retained as much
stickers as wafers. Therefore, for older children, the type
of resource can strongly affect their decision, depending
on the benefits provided by the resource.

We also found that there were no differences
between the private return in the first round in both
those conditions, when all subjects experienced the
game for the first time. From the second round on we
predicted that children would donate less for the public
good, regardless of the resource involved, because
they could talk to each other between one session and
another, and when this is allowed in a game, individuals
tend to donate less in the next session (Torsvik et al.,
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2011). However, over subsequent sessions it became
clear that different strategies were adopted by the older
children for each type of resource. From the second
round, more children from both age groups decided to
give less wafers, reducing the mean private return. Thus,
our interpretation is that older children understood that
the best strategy in the wafer condition was retention.
Conversely, in the sticker condition, their means did
not differ along the rounds. In this case, older children
understood that the best strategy was sharing.

According to the expected utility theory, from
Economics and adapted to the game theory by Von
Neumann and Morgenstern (1947), individuals’ decisions
are made to maximize their own benefits. For this to
occur in a non-zero sum game, as the public goods game,
the player must know what is the strategy of the other
individuals involved (Nash, 1951). The decision is also
influenced by the value of the resource involved to each
individual (Blake & Rand, 2010), which is subjective and
varies among players. The variability in resource values
is enhanced when the resource itself is diversified, as
the stickers in our experimental design.

Given that diversity, children could exchange
stickers among themselves after each round. Considering
that individuals are interested in increasing their personal
gains in the public goods game (Burton-Chellew et al.,
2015; Kummerli et al., 2010), we suggest that older
children aimed to increase their gains conditionally:
guantitatively, by retaining the greatest amount of
wafers; or qualitatively, by donating many stickers. Using
this latter strategy, children would increase the diversity
of their resources, because the stickers added to the
children’s donations were different from the ones they
received initially. Promoted by the individual interest
in the quality of new stickers, the higher donations of
children in the sticker condition had as a side effect a
high return to the group, creating a false perception that
children were more cooperative. However, according to
Burton-Chellew and West (2013), even when players are
informed how much their donations would benefit other
players, their decision was based on how much they
would benefit from it. Probably the same thing happened
in the sticker condition and players did not take their
decisions based in their prosocial preferences, but, as
said before, to increase their gains (Burton-Chellew
et al., 2015). In the sticker condition, the best strategy
to increase the gains was to donate more, which was
probably understood by the older children but not by the
younger ones (Burton-Chellew, Mouden & West, 2016).

Food, on the other hand, is perishable and the
ones we used were very attractive to children and did
not vary in quality; they were all, both received by the
children and those added to the public goods, of the
same kind. Exchanging wafer by wafer did not bring any
advantage, and the best strategy to optimize the benefits
when there is no information about the opponents’
strategy is retention, which decreases the group’s return.
The observed collapsing wafer donations curve along
rounds is expected when an iterated public goods game
is played (Fehr & Fischbacher, 2003), no matter what
resource is available. The maintenance of the sticker
condition curve in high levels could be attributed to its
monetary value. However, public goods game studies
with adults using money resulted in the same collapsing
curves (Andreoni, 1995; Burton-Chellew et al., 2015;
Kimmerli et al., 2010; Torsvik et al., 2011). We therefore
suggest that the key factor for the maintenance of the
donations was the diversity of the stickers made available
to the children, which has not been reported in other
studies. We believe that older children adopted different
strategies to optimize their benefits in both conditions;
and these strategies, quantitative and qualitative,
depend on the kind of resource used and, particularly,
on their diversity.

In conclusion, different strategies may be adopted
according to the quality and diversity of the resource
used and the cost of cooperation may be overcome when
it is more advantageous to wait for a future reward.
Older children are more willing to afford the costs of
cooperation because they can better understand the
benefits of cooperating as well as the consequences
of increasing their donations in these circumstances.
We cannot, however, be sure that characteristics of the
resources we used were predominant in the adoption
of the different strategies, because we did not reverse
the conditions (different kind of candies and same kind
of stickers) to test that assumption. Future investigation
could address that topic and, investigating whether food
rewards, if diversified, could lead to the use of the same
qualitative strategy. Further investigation isimportant as
procedures that favor these qualitative strategies may
promote cooperation in children and potentially also
in adults.
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