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Abstract
Young children spontaneously share resources with anonymous recipients, but little is

known about the specific circumstances that promote or hinder these prosocial tendencies.

Children (ages 3–11) received a small (12) or large (30) number of stickers, and were then

given the opportunity to share their windfall with either one or multiple anonymous recipients

(Dictator Game). Whether a child chose to share or not varied as a function of age, but was

uninfluenced by numerical context. Moreover, children’s giving was consistent with a pro-

portion-based account, such that children typically donated a similar proportion (but differ-

ent absolute number) of the resources given to them, regardless of whether they originally

received a small or large windfall. The proportion of resources donated, however, did vary

based on the number of recipients with whom they were allowed to share, such that on aver-

age, children shared more when there were more recipients available, particularly when

they had more resources, suggesting they take others into consideration when making pro-

social decisions. Finally, results indicated that a child’s gender also predicted sharing

behavior, with males generally sharing more resources than females. Together, findings

suggest that the numerical contexts under which children are asked to share, as well as the

quantity of resources that they have to share, may interact to promote (or hinder) altruistic

behaviors throughout childhood.

Introduction
Adults promote the social norm of sharing and consider altruism a positive cooperative behav-
ior (Nowak, 2006); however, only recently have investigations begun to explore whether infants
and young children feel and act similarly [1,2,3]. While evidence points to the existence of an
“early moral compass,” with children spontaneously sharing resources with anonymous recipi-
ents even when not expected to do so [1,4], little is known regarding the limits or conditions of
these altruistic tendencies (e.g., [5]). Studies using a variety of strategic and economic games
have shed light on the circumstances that foster or hinder altruistic behaviors (i.e., giving, shar-
ing) in adults, determining when a preference for equity occurs [6,7,8,9]. In the same vein, the
current study explores the circumstances contributing to the exhibition of altruistic behaviors
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in children by manipulating the availability of resources and the number of potential recipients
that a child encounters. In doing so, this investigation explores children’s decision-making
related to unsolicited resource distribution across development, as well as what contexts may
promote or hinder these prosocial tendencies.

Background
Much research on altruistic behavior has involved an anonymous first-person, economic para-
digm called the Dictator Game (“DG,” [10]). In the standard DG, one person (the dictator) is
given a set amount of resources (e.g., money) and then is asked to decide how much of the
resource to keep for him- or herself and how much to give away to an anonymous source (the
receiver). In this task, expectations of reciprocity (e.g., “If I am nice to this person, then they
will be nice back to me”) should not motivate the dictator’s decisions since the dictator and the
receiver are anonymous to one another. Economically speaking, the most rational decision
would be to not leave anything for the receiver. However, most adults do donate some of the
resource, giving approximately 20–30% to an anonymous recipient, with modal offers varying
from 0% to 50% [8,10].

Developmental investigations involving the DG have also revealed spontaneous sharing
behavior in children as early as preschool-age. In these tasks, children are provided stickers (a
resource) and then given the opportunity to give some to another child (an anonymous
receiver) visiting the next day. Again, the child’s decisions are made in private and the anony-
mous recipient is not present, so social pressures should have less impact on their behavior,
compared to if the recipient were present [11]. Overall, these studies reveal that even early in
development, children are willing to share portions of their resources with anonymous others,
even when not required to do so (e.g., [1,12]). Moreover, altruistic behaviors increase with age,
such that a child’s propensity to donate any of their stickers to the recipient increases from the
ages of 3–6 [1,12]. However, when children do donate, the number of stickers they donate does
not appear to vary across this same age range, with 3–6 year olds sharing approximately the
same amount, donating an average of 50% of non-preferred stickers but only 40% of higher-
valued stickers [1].

This dictator paradigm, however, provides an opportunity to explore how children think
about resource distribution. Although children will spontaneously share a portion of their
resources with anonymous individuals, it is not clear how they determine how much of the
resource to donate (or how much to keep). In the current study, we explored how sharing
behavior is impacted by variations in the number of available resources and in the number of
potential anonymous recipients in 3–11 year old children. In doing so, we were able to address
three open questions regarding children’s spontaneous sharing behavior: (1) How do children
decide how much of their windfall to distribute to others; that is, do they share in a propor-
tional manner? (2) How much do children take into account the other recipient(s) when decid-
ing how much to share; that is, in deciding how much to share, is the focus on how much is
being shared, or on how much is being kept? and (3) Do these tendencies change with age?

Deciding how much to share: proportion versus absolute number. Previous develop-
mental studies involving the dictator game have provided children with a limited, small num-
ber of resources (i.e., ten or fewer stickers; e.g., [1,4,12]). No studies to date have systematically
varied the number of available resources to determine how this factor may impact children’s
sharing behaviors. That is, do children give more if they have more to give? Generally speaking,
in previous studies when children do share, they donate 3 or 4 (30%-40%) of the 10 preferred
stickers allocated to them [1,13]. However, the significance of this number is unclear. Do chil-
dren share in terms of proportions, such that they purposely give slightly less than half of their
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stickers (or alternatively, keep more than half)? Or is their focus on the absolute amount of
stickers they donate, such that anonymous recipients are only deserving of 4 stickers, regardless
of the number of available resources?

One possibility is that children decide to share a set proportion of their resources (e.g., 40%),
such that the absolute number of resources shared increases proportionally with the total num-
ber of resources initially provided. Given a wealth of data indicating that children and adults
represent number approximately in a proportional manner, such that numerical discrimina-
tions are ratio-dependent (i.e., obeyWeber’s law; [14,15,16]), it would not be surprising if chil-
dren shared resources in a proportional manner. In fact, work with adults using the DG support
this account, revealing that adults are more likely to focus on proportion, not the absolute
amount, when the number of available resources increases. Whether initially given $5 versus
$10 [8] or $10 versus $100 [17,18] in a dictator game, the proportion of money adults shared
with the other recipient is the same. Consistent with this account, children from higher SES
environments have been found to share more in a DG setting than those from less affluent envi-
ronments [13], suggesting greater access to resources may lessen the perceived value of each
individual resource (sticker) in a proportional manner, resulting in children being more inclined
to part with them. SES levels have also been found to correlate with a myriad of other social fac-
tors, including the quality of parent-child relationships, levels of violence, familial stress levels,
parenting styles, and exposure to novel environments [19], all of which may also influence shar-
ing behaviors. Thus, it is unclear whether these findings have any bearing on the question of
how the number of available resources may influence sharing behaviors. Similarly, it has been
found that when confronted with an individual who has no resources, preschoolers will ask a
third party to help share resources with the indigent individual, but only if the child has fewer
resources than the third party, suggesting that they perceive individuals with greater wealth as
being more likely (and perhaps more responsible) to share their resources [20]. Thus, it may be
the case that children spontaneously give a greater number of their resources when given a
greater windfall of resources if their sharing behavior is dictated by proportional thinking.

On the other hand, developmental evidence suggests that young children may be more
inclined to focus their attention on absolute number, especially in the context of sharing. In one
study, 4–5 year-old children were asked to judge how nice two puppets were after each puppet
had shared some of their resources with the child [21,22]. When both puppets shared the same
proportion of their resources, but a different absolute number (Puppet A gave 2 of 4 resources,
whereas Puppet B gave 6 of 12 resources), children were more likely to rate the puppet that gave
the greater absolute amount (6 of 12) as being nicer. Moreover, when proportional giving was
pitted against absolute giving (such that the puppet that gave the greatest absolute amount also
gave a smaller proportion, i.e., Puppet A gave 3 of 4 whereas Puppet B gave 6 of 12), the children
still preferred the puppet that gave the greater absolute amount, pointing to an early preference
to focus on absolute number in prosocial contexts. The question then is whether this explicit
preference for individuals who share a greater absolute number translates into children’s own
sharing behaviors being dependent upon absolute number over proportionality. If so, then chil-
dren may donate the same number of resources, regardless of the size of their windfall.

Generosity vs. fairness. When making sharing decisions, what is the child’s primary con-
cern—is it a focus on how much of the resource they want to keep and how much they are will-
ing to part with (i.e., how generous they are) or, alternatively, are they concerned with
distributing resources in a fair manner? Put more explicitly, do children give more when there
are more potential recipients?

The fact that children spontaneously share any of their resources when placed in a dictator
game context indicates that they at least somewhat take into account the needs of others when
distributing resources. Moreover, work involving the Ultimatum Game, in which children are
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given the option to accept or reject offers in a public forum in which resources (candy) are dis-
tributed between themselves and a social partner (another child), suggests an increasing sensi-
tivity to fairness with age. Although children of all ages will typically reject offers in which they
receive fewer resources than the social partner, it is not until approximately age 8 that children
will similarly reject offers in which the child receivesmore resources than the social partner
[23], indicative of a developing sense of fairness. If so, then children’s sharing decisions may be
primarily based upon an overall preference towards equity amongst individuals, at least later in
development. If children make sharing decisions based on fairness, then children should share
a greater proportion of their resources when there are more recipients—that is, they should
take into account the needs of others when determining how much to share.

On the other hand, reports reveal that children typically share less than half of their
resources (~40%) in the standard DG [1,13], suggesting that they are less inclined to focus on
fairness amongst recipients when distributing resources. Furthermore, evidence suggests that
developmental trends towards a preference for equity (as found in e.g., [23]) may be driven by
an attempt to appear fair in the eyes of others, such that children still continue to act selfishly
when resource distribution decisions are made in private [5,12]. Thus, it may be the case that
when presented with the option to share resources in private, children may simply ignore the
number of recipients when making distribution decisions and instead egocentrically fixate on
how much of the resource they plan to keep for themselves (regardless of contextual circum-
stances). If children focused on their generosity when allocating resources (e.g., [12,24]), as
opposed to fairness, then they should donate the same amount of stickers, regardless of the
number of potential recipients.

In sum, if the basis for sharing decisions is on how much of the resource they are going to
keep/give away (i.e., how generous they are being), then children may not give any more of the
resource when there are more recipients. Alternatively, if fairness considerations form the
foundation for these decisions, then a greater proportion of resources should be shared when
there are more potential recipients. Lastly, whether developmental differences exist in the dom-
inance of these strategies (i.e., an early attention towards generosity, with a later emerging con-
sideration for fairness?) is an open question.

The present study
In the present study, 3- to 11-year-old children participated in an adapted version of the DG in
which each child received either 12 or 30 stickers (i.e., they were “poor” or “rich” in stickers)
and were given the opportunity to share with either one or two anonymous child recipients (all
conditions administered between-subjects). These numbers were chosen so as to include values
that were equally divisible by the total number of individuals involved (1 child + 1 or 2 recipi-
ents = 2 or 3 total individuals), while including one condition (12 stickers, 1 recipient) that
approximately mirrored the 10-sticker condition of standard DGs (e.g., [1]). By doing so, we
asked: Do the number of available resources and/or the number of potential recipients alter the
likelihood of a child donating and/or the amount they donate? The answer to this question will
speak to whether children’s giving is reflective of proportional or absolutist thinking about
resources, as well as whether prosocial behavior is guided by a focus on generosity or fairness.

Additionally, the present study expands on previous research in an important way. By
including a wide developmental age range, this study addresses how children’s prosocial shar-
ing, and preference for fairness among others, develops past the age of seven. Previous studies
have generally focused on children under the age of eight, thus it is unclear whether children’s
allocations become more (or less) generous to the receivers beyond this age, and at what point
they mimic those of adults.
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Methods

Ethics statement
The Boston College Institutional Review Board in the Office for Research Protections (IRB pro-
tocol number 10.064) approved the ethics of this study. Informed, written consent was
obtained from the parents or guardians of all of the children who participated in this study.
Children under the age of 7 provided verbal assent and children over the age of 7 provided
both verbal and written assent to take part in the research study.

Participants
Four hundred and one children ages 3–11 years participated in this study. Participants were
divided into four age groups: 3–4 year-olds (N = 111;M = 46.47 mos, SD = 7.1 mos; 61
females), 5–6 year-olds (N = 115;M = 69.0 mos, SD = 6.9 mos; 62 females), 7–8 year-olds
(N = 106;M = 94.6 mos, SD = 7.0 mos; 62 females), and 9–11 year-olds (N = 69;M = 120.5
mos, SD = 9.9 mos; 36 females). Initial analyses indicated that 9, 10, and 11 year olds did not
differ on any of our variables of interest (e.g., Proportion of children who donated: 9 yrs: 94.5%
donated, 10 yrs: 100% donated, 11 yrs: 91.7% donated; X2(2, N = 69) = 1.6, p = 0.446) thus the
oldest age group included a three-year age range in order to maximize the size of this sample,
allowing us to explore sharing behavior in an age group that has not been previously examined.
Seventeen additional children were excluded from the study for failure to place all of the stick-
ers in the available envelopes (N = 12), parental interference (N = 2), and not understanding/
not following the rules of the game (N = 3). Although children who were excluded due to the
last two factors varied unsystematically, the twelve children excluded for failing to place all of
the stickers in available envelopes were all from the youngest age group (3 yrs: N = 8, 4yrs:
N = 4). They did not vary consistently by condition, gender, or testing location (laboratory vs.
museum). Children were recruited via phone or mail from local birth records for a one-time
visit to our laboratory at Boston College in Chestnut Hill, MA, or from one of the two local
museums, the Museum of Science, Boston, or the Boston Children’s Museum.

Procedure
Children were pseudo-randomly assigned by age to one of four conditions in a 2 x 2 between-
subjects design manipulating the number of available resources (12 or 30 stickers) and the num-
ber of anonymous recipients (1 or 2 recipients). Prior to completing the study, each child was
asked to indicate which of four sticker types (sparkly heart, truck, smiley face, or star) was their
favorite. The child’s preferred sticker type was then used for the DG task (modeled off of [1]).

In the standard condition, “12–1” (N = 98), the experimenter placed 12 of the child’s pre-
ferred stickers in front of them on a tray. Participants were told that all of the stickers were
theirs to keep, but that another child would be visiting the next day and, if the participant
wanted to, they could leave some stickers to be given to the other child. Importantly, the partic-
ipant was told that this other child was just like them (i.e., same age and gender; [1]), thus mak-
ing it unlikely that the participant would question whether the receiver would also value the
sticker. Two envelopes were then placed on the tray on either side of the stickers, and the par-
ticipant was told that one of the envelopes was for their stickers (i.e., the stickers the participant
chose to keep), and the other envelope was for the stickers to be given to the other child (the
anonymous receiver), if they chosen to share some. The placement of the envelopes was
counter-balanced across participants. The experimenter verbally confirmed with the partici-
pant that they understood which envelope belonged to them and which would go to the
receiver. Then, a privacy box [1] was placed over the tray so that the participant could make
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their sharing decision in privacy, and to ensure that sharing behavior was not indicative of a
social signal to boost their reputation as a good person [5,25]. At the end of the game, partici-
pants were given the envelope containing the stickers they decided to keep, plus one additional
sticker to thank them for participating. The number of stickers left in the other envelope for
the receiver was recorded after the participant left the testing area and out of view of other
potential participants.

In the “12–2” condition, (N = 105), the experimental procedure was identical; however,
after being given 12 stickers, the participant was told that two anonymous children (of the
same age and gender as the child) would be visiting the next day and were thus given 3 enve-
lopes in which to distribute stickers (one for the participant and 2 for the recipients). To ensure
that the participant did not confuse the envelopes, the two recipient envelopes were of the
same color, but a different color from that of the participant’s envelope (e.g., two green enve-
lopes and one red) and the experimenter again verbally confirmed with the participant that
they understood which envelope belonged to them and which belonged to the children visiting
the next day. In the “30–1” condition, (N = 106), participants were initially given 30 stickers to
keep and/or distribute between themselves and one other recipient. Lastly, in the “30–2” condi-
tion, (N = 92), participants received 30 stickers to keep and/or distribute between themselves
and two other recipients (thus they were given 3 envelopes).

Results

Propensity to Donate
An overall chi-square analysis examining the number of children who chose to give any stick-
ers (“givers” = 1) versus those who chose not to give any stickers (“non-givers” = 0) revealed
that with age children were more likely to share than to not to share (X2(3, N = 401) = 21.8,
p<0.001; Fig 1). Further regression analyses confirmed that, although the probability of a child
deciding to share increased with their age (in years; Standardized Beta = 0.230, t(400) = 4.7,
p<0.001, 95% CI [0.048 to 0.117]), their decision was unaffected by both the number of
resources available to the child and the number of recipients (Number of resources: p>.7,
Number of recipients: p>.4; Proportion of givers:M12stickers = 0.833;M30stickers = 0.818;M1recipi-

ent = 0.809;M2recipients = 0.843). Similarly, gender did not significantly predict whether or not
children chose to donate (85% of females donated vs. 80% of males; p>0.2; Model: R2 = .059, F
(4, 396) = 6.2, p<0.001).

Donation Size
Initial analyses confirmed that the absolute number of resources shared differed significantly
as a function of the number of resources initially given to the child (F(1, 299) = 258.6, p<0.001,
n2p = 0.46), confirming that resource distribution decisions were not exclusively based upon a
focus on the absolute number of resources donated (or kept). Thus, all further analyses were
conducted on the proportion of resources shared to evaluate whether these decisions were pro-
portion-based. Additionally, all subsequent analyses include only those children who decided
to share any of their resources (“givers,” [1]).

A univariate ANOVA was conducted investigating the impact of the between-subjects fac-
tors of age (4: 3–4 years, 5–6 years, 7–8 years, 9–11 years), number of resources (2: 12 or 30
stickers), number of recipients (2: 1 or 2 anonymous recipients), and gender (2: female, male)
on the proportion of resources shared. Results reveal that, in contrast to previous findings from
studies with more limited age ranges [1], age significantly contributed to sharing behavior (F(3,
299) = 12.3, p< 0.001, Z2p = 0.110), such that children shared a greater proportion of their

Numerical Context Influences Children’s Sharing

PLOS ONE | DOI:10.1371/journal.pone.0138928 November 4, 2015 6 / 18



resources with age (Fig 1). In addition, the number of recipients significantly impacted chil-
dren’s giving (F(1, 299) = 9.66, p = 0.002, Z2p = 0.031), such that children shared a greater pro-

portion, on average, when presented with two recipients (M = 0.521) compared to when there
was only a single recipient (M = 0.443). Moreover, the number of resources provided to the
child did not singularly affect the proportion they shared (F(1, 299) = 0.125, p = 0.724, Z2p =

0.00), with children sharing a comparable proportion of resources when initially given 12 stick-
ers (M = 0.478) as when they were given 30 stickers (M = 0.485), suggestive of a proportion-
based strategy. This pattern did not vary as a function of age (age X number of resources inter-
action, p> 0.4) as might have been predicted by previous work on children’s views of others
sharing behaviors [21]. Follow-up analyses confirmed that the proportion of stickers shared in
the 12–1 and 30–1 conditions did not differ for any of the four age groups (all p’s>.18), nor did

Fig 1. Increased GivingWith Age. Children were more likely to donate resources to anonymous receivers
with age (top). Moreover, of those children who donated their resources, older children donated a greater
proportion of their resources on average than younger children (bottom). Error bars indicate standard error.

doi:10.1371/journal.pone.0138928.g001
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it differ for the 12–2 and 30–2 conditions in any age group (all p’s>.3, except 9–11 year olds p
= .023, NS with Bonferroni correction). In contrast, when identical analyses compared the abso-
lute number of stickers shared, significant differences were found between the 12–1 and 30–1
conditions and between the 12–2 and 30–2 conditions for each of the 4 age groups (all
p’s�0.001, all significant with Bonferroni correction). See Fig 2 and Table 1 for a breakdown of
giving per age and condition.

A marginal interaction between the number of resources and number of recipients (F(1,
299) = 2.87, p = 0.091, approaching, Z2p = 0.01) suggested that, although the number of initial

resources given to the child did not impact the proportion of resources donated, children were
slightly more sensitive to the number of recipients present when provided with a relative wealth
of resources (Fig 3). That is, although a similar pattern was found in both cases, when children
had relatively fewer stickers (12 stickers), their sharing behavior was less affected by the num-
ber of recipients (1 recipient:M = 0.461 vs. 2 recipients:M = 0.495; t(167) = 0.815, p = 0.416;
Cohen’s d = 0.185) than when given 30 stickers initially (1 recipient:M = 0.424 vs. 2 recipients:
M = 0.546; t(160) = 3.49, p = 0.001; Cohen’s d = 0.547).

Fig 2. The frequency of children who donated the indicated number of stickers per age group in the
12-sticker (left panel) and 30-sticker (right panel) conditions.

doi:10.1371/journal.pone.0138928.g002

Table 1. The mean proportion of resources shared (and standard error) in each of the four experimen-
tal conditions as a function of age group (means only include children who donated at least one
sticker).

12–1 30–1 12–2 30–2

3–4 years .422 (.045) .376 (.045) .377 (.044) .434 (.041)

5–6 years .405 (.030) .333 (.045) .491 (.040) .444 (.052)

7–8 years .506 (.061) .458 (.040) .551 (.043) .600 (.050)

9–11 years .510 (.053) .530 (.058) .563 (.041) .708 (.044)

doi:10.1371/journal.pone.0138928.t001
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Lastly, gender also impacted children’s donations. A main effect of gender (F(1, 299) = 6.67,
p = 0.01, Z2p = 0.022; Fig 4) indicated that males (M = 0.517) donated a higher proportion of

their resources than females (M = 0.453). A marginal interaction between age and gender (F(3,
299) = 2.53, p = 0.057, Z2p = 0.025) further indicated that it was the older children that drove

this effect, such that the two youngest age groups shared proportionally similarly across gender
(3–4 yrs:MFemales = 0.423 vs.MMales = 0.368, t(78) = 1.2, p>0.2, Cohen’s d = 0.27; 5–6 yrs:MFe-

males = 0.398 vs.MMales = 0.451, t(88) = 1.23, p>0.2, Cohen’s d = 0.26), whereas males in the old-
est two age groups shared proportionally more of their resources than females (7–8 yrs:
MFemales = 0.481 vs.MMales = 0.586, t(93) = 2.11, p = 0.037, Cohen’s d = 0.44; 9–11 yrs:MFemales

= 0.511 vs.MMales = 0.659, t(64) = 3.0, p = 0.004, Cohen’s d = 0.75).

Preference for equity amongst recipients
Additional analyses were conducted on data exclusively from the Two-Recipient conditions
(12–2 and 30–2) to determine whether children took fairness into account when distributing
resources across multiple recipients. That is, were children concerned with whether one anony-
mous recipient received more than another? To explore this question, a measure of equity pref-
erence was determined by computing the ratio of the number of stickers in the receiver’s

Fig 3. Sharing Across Conditions. Children donated a higher proportion of their stickers when there were multiple anonymous recipients, but only when
they initially received 30 stickers. Error bars indicate standard error.

doi:10.1371/journal.pone.0138928.g003
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envelope (i.e., the smaller envelope) containing the fewer stickers to the total number of stick-
ers donated, such that a score of 0.5 indicates a perfect preference for equity, while a score of 0
indicates a perfectly uneven distribution of resources amongst the recipients. Of note, this mea-
sure is independent of how many stickers the child decided to share versus keep. That is, a
child donating all of their stickers to the recipients could have the same preference for equity as
a child donating only half of their stickers, so long as the relative distribution across the recipi-
ents’ envelopes was comparable. Importantly, children who shared only a single sticker were
excluded from this analysis because it was impossible for them to distribute a single resource
equally amongst two recipients. For example, if a child donated 4 stickers to one recipient and
12 stickers to another recipient, the child’s equity preference would be computed at 4/(4+12) =
0.25. Using this measure, regression analyses entering number of resources (2: 12 or 30; coded
as: 1, 2), age group (4: 3–4 years, 5–6 years, 7–8 years, 9–11 years; coded as: 1, 2, 3, 4), and gen-
der (2: female, male; coded as: 1, 2, respectively) as predictors of equity preference scores
revealed that neither the number of available resources nor the participant’s gender influenced
children’s preferences for equity (Number of Resources: Standardized Beta = 0.01, t(160) =
0.128, p = 0.898, 95% CI [-0.047 to 0.054]; Gender: Standardized Beta = -0.049, t(160) = 0.651,
p = .516, 95% CI [-0.067 to 0.034]). The probability of equal sharing did increase as a function
of age group though (Standardized Beta = 0.336, t(160) = 4.50, p<0.001, 95% CI [0.030, 0.077];
Model R2 = .115; F(3, 160) = 6.9, p<0.001; Fig 5), such that older children were more likely dis-
tribute resources evenly across the envelopes for the two recipients than younger children.

Discussion
Results of this study shed light on how children share resources with anonymous recipients
when the number of resources and recipients varies. Importantly, results replicated a previous
findings revealing that children spontaneously engage in altruistic sharing when presented
with a windfall, even when not required to do so, with over 80% of children in the current
study choosing to share at least some of their stickers with (an) unknown recipient(s).

Fig 4. Distribution of Resources by Gender.While 3–6 year olds did not differ in the proportion of
resources they shared by gender, 7–11 year old males donated a significantly greater proportion of their
resources. Error bars indicate standard error.

doi:10.1371/journal.pone.0138928.g004
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Moreover, data reveal that age was positively correlated with the likelihood of sharing, consis-
tent with previous findings (e.g., [1]).

However, importantly, the current study extends previous work by exploring how the num-
ber of available resources and the number of potential recipients altered children’s giving. Our
results reveal that neither the number of stickers available to the child nor the number of
potential recipients impacted the likelihood of a child choosing to donate any of their stickers.
In contrast, for those children who did share, the proportion of resources that they shared did
vary as a function of the number of recipients (coupled with the number of stickers that they
initially received) and their age. Unsurprisingly, children did donate a greater absolute number
of resources when their initial windfall was greater, but the actual proportion of resources they
shared did not vary as a function of the number of available resources. Together, these findings
suggest that the decision whether to share may be more impervious to contextual circum-
stances than the decision of how much to share. Thus, whether a child chooses to share likely
reflects a stable individual trait requiring intrinsic motivation, whereas how much a child
shares may instead be extrinsically motivated by the circumstances.

Developmental Changes
Although previous studies did not find sharing behavior among donors to vary with age [1],
our data did reveal age-related differences (with a medium effect size), with older children
sharing a greater proportion of their resources than younger children. Importantly, in contrast
to previous studies, participants in our study extended into middle childhood, and it appears
that age-related differences in this measure did not emerge until sometime after age six, sug-
gesting that children’s sensitivity to the needs or wants of others may continue to mature or
change over childhood and with experience.

Other than increased giving, age-related differences were not observed in terms of the pat-
tern of sharing across conditions. That is, our analyses did not reveal any interactions involving
age and our variables of interest (number of resources or number of recipients), suggesting that

Fig 5. Preference for Equity Across Anonymous Receivers. In the multiple recipient conditions (12–2 and
30–2 combined), children becamemore sensitive to equity amongst the two anonymous receivers with age,
with older children more likely than younger children to evenly distribute donated resources amongst the two
envelopes. Error bars indicate standard error.

doi:10.1371/journal.pone.0138928.g005
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these variables affected sharing similarly across childhood. Follow-up analyses performed on
the data from each age group confirmed that the proportion of resources donated did not differ
as a function of the size of the initial windfall in either the 1-envelope or 2-envelope conditions
across our age groups. In contrast, comparable analyses revealed that the absolute number of
resources donated did differ in the 1-envelope and 2-envelope conditions across all age groups,
consistent with a proportion-based account.

However, additional analyses on resource distribution in the 2-recipient condition did
reveal developmental trends in the likelihood that resources were distributed evenly amongst
multiple recipients. Whereas older children were careful to ensure fairness in the distribution
of resources amongst anonymous donors—dividing donated stickers across multiple recipients
with an attention towards equity—younger children did not take into account equity amongst
recipients, randomly allocating stickers in the 2-recipient conditions.

If we assume that children first made the decision of how much of their resource they would
share (and how much they would keep for themselves) and then, after this, decided upon the
allocation of their donation to the two different envelopes, then this aspect of the study should
be considered a third-party sharing task. As such, these findings are in contrast to other studies
revealing that even infants (as young as 19 months of age; [26]) are sensitive to equal resource
distribution amongst two recipients in third-party tasks. However, it should be pointed out
that a number of design features made this task distinct from other third-party tasks, which
may have contributed to the different pattern of findings. For example, the complexity of the
task demands (a multi-step combination of a first-party task (distributing resources between
oneself and others) and third-party task (then distributing resources amongst two recipients),
coupled with the large number of resources distributed (12 or 30), may have been too cogni-
tively taxing for the young children, making them less likely to attend to equity amongst third
parties. Moreover, it is not clear whether (as assumed) children made their donation decisions
in sequence. That is, children may have simultaneously negotiated how much to keep for them-
selves along with how to allocate stickers across the two recipients, making the cognitive con-
straints of the first-party decisions impact their ability to make third-party decisions.
Furthermore, although the envelope for the participant’s resources differed in color from that
of the recipients, the envelopes for the two recipients were the same color, making it more diffi-
cult for children to keep track of which envelope they may have filled previously. Regardless of
the reason that the youngest children did not generally distribute stickers evenly amongst
recipients, even 3–4 year olds took others into account by donating more when there were
more recipients when their initial windfall was large (30 stickers), suggesting that young chil-
dren are sensitive to the needs of others inasmuch as it pertains to themselves—they give more
of their own resources when there are more individuals in need (but only when they have
enough of the resource to share), but they may not consider fairness in the distribution of these
resources among other individuals (when they are not part of the equation) until later in child-
hood (around 5–6 years of age).

Proportion versus Absolute Number
Analyses of how much children shared when either relatively poor or rich in stickers revealed
that children allocated resources in a fairly proportional manner, allocating a different absolute
number of resources, but a similar proportion, regardless of the number of initial resources
available. These findings were confirmed both at the group level, and when analyzing average
donations as a function of age group within the 1-envelope and 2-envelope conditions sepa-
rately. While it should be noted that non-significant findings can neither prove nor disprove a
proportion-based account of children’s sharing in our task, however significant results from
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analyses of the absolute number of stickers donated do rule out the possibility that children fix-
ated upon the absolute number of stickers when making their donation decisions. This finding
contrasts with previous work with preschoolers revealing an early preference for individuals
who share a greater absolute amount of resources, regardless of how many resources the indi-
vidual has [21]. Thus, findings imply dissociations between children’s explicit preferences in a
third-party sharing context (as measured in [21]) and their sharing behaviors within a first-
party context, mirroring reported differences between children’s explicit judgments of how
much someone should share versus how much they actually choose to share [12]. When pre-
sented with an explicit comparison, children’s preferences may appear somewhat immature,
focusing on absolute amount. In contrast, when children are placed in a circumstance in which
they must make the decision of how much of a resource to distribute, their behavior does not
appear to differ from that of adults [8,17,18], with behavior consistent with a reliance upon the
proportion of resource they are willing to allocate to others (consistent with the ratio-depen-
dence observed in their numerical representations; e.g., [14]).

Why is it that children did not give based upon absolute number despite judging others
based upon the absolute number of resources that they give [21,22]? One possibility may be that
the context in which sharing decisions were made in the current study promoted intuitive think-
ing about proportions by prompting children to think about the initial total quantity available
(i.e., the denominator in the ratio). It should be noted that we are not suggesting that children
made explicit proportion computations (e.g., 40% of 12 or 30) when deciding howmuch to
donate; instead, we argue that children’s proportional reasoning was intuitive, such that they
may have used a proportion-based heuristic (e.g., “slightly less than half”) to determine how
many stickers to donate. There is ample evidence to support the claim that the ability to intui-
tively process proportional information is present as early as infancy [27–33]. However, while
children reveal that while they are similarly capable of understanding proportional information,
when this information is presented in a discrete format (i.e., numerical), then children as old as
6-years of age show a greater reliance upon absolute number [34,35,36]. Importantly, propor-
tional reasoning requires consideration of a ratio of the total number of resources shared to the
total number of resources available. A greater focus on absolute number can reflect a disregard
for the denominator in this equation—an error that children have demonstrated time and time
again in proportional judgments tasks [34,36] and that even adults are prone to when dealing
with fractions [37,38]. When children are trained to attend to the denominator, however, their
judgments become much less reliant upon absolute number [35]. By distributing a windfall of
resources initially to participants, we may have made the total number available more salient to
the children, highlighting the denominator in the proportional equation, thereby making pro-
portional reasoning more intuitive for the children. Ng and colleagues [22] found that when
children are asked to judge the niceness of individuals sharing resources, children prefer others
who share a greater proportion of resources (over those who share a greater absolute number)
when the particular context promoted intuitive thinking about equity amongst participants.
Our data suggest that contexts that highlight the total number of available resources (i.e., the
denominator) may similarly engage proportional reasoning in young children. Future work
may explore whether similar strategies of highlighting the initial amount available may also
make proportional reasoning more intuitive in the case of mathematical instruction.

Generosity versus Fairness
Additionally, data reveal that children modified how much they donated based upon the num-
ber of potential recipients, donating more when there were more anonymous recipients.
Although the effect size was small, children shared approximately 40% of their preferred
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stickers when there was a single recipient [1,13], and shared significantly (though not propor-
tionally) more when there were two recipients (M = 48.9%). These findings are primarily con-
sistent with a fairness-based account of children’s sharing behavior; that is, children donated
more stickers when faced with multiple recipients in order to maximize equity amongst the
recipients. Thus, it is not the case that children were fixated on exactly how much of the
resource they wanted to keep for themselves and/or how much they were willing to give away,
but instead, children varied the size of their donations based upon the particular circumstances
presented to them in an effort to distribute resources (somewhat) fairly across recipients.

Notably, however, a marginal interaction highlighted the fact that this increased sharing with
more recipients was only significant in conditions in which children were initially given a large
windfall of resources (30 stickers). Although children who were given a relatively small windfall
(12-stickers) did donate more stickers when confronted with 2 potential recipients (compared
to 1-recipient), this difference was not statistically different. In contrast, children who had a rela-
tively large windfall (30 stickers) donated a statistically greater number of stickers when there
were more recipients. Thus, although overall children appeared concerned with fairness, it was
only when children were “sticker rich” that they were inclined to take into account the number
of potential recipients when deciding howmuch of their resource to distribute.

Importantly, although children generally showed a preference for equity, their distributions
were not exactly fair. Across all four conditions, children still shared less than an equal distribu-
tion between themselves and the recipient(s), allocating the greatest proportion of stickers for
themselves. For example, in the most generous 30–2 condition, children (on average) donated
more than half of their resources (~54%), to anonymous recipients. Even so, this generous dona-
tion still equated to a greater proportion of resources for themselves (~46%) with smaller
amounts for each of the two recipients (27%). Thus, even though children appeared sensitive to
the proportion of stickers to share and the number of potential recipients when sharing
resources, they still kept more for themselves than would be dictated by an equitable distribution.

Notably, however, the oldest participants (9–11 year olds) did not appear to fall into this
category. In contrast to younger participants, the oldest children were generally inclined to
share equally amongst all individuals involved in the dictator game, donating (on average) 50%
of their resources when there was one recipient, and 66% of their resources when there were
two recipients. While this pattern may have been (at least partially) driven by a decreased inter-
est in stickers at this later age, findings are also consistent with literature suggesting that a pref-
erence for equity may not emerge until middle childhood [12,23]. Although some studies have
reported equal sharing as early as 6 years of age [12], these studies have required children to
make their donations in view of the experimenter. Evidence suggests that children are highly
aware of the appearance of fairness [5,12,39,40], such that they attempt to appear fair as a sig-
nal of their impartiality to others. Thus, it is not surprising that we find a later emergence of
equal giving in our subjects when decisions were made in the context of a privacy box, which
made social signaling irrelevant. Thus, our data suggest that in the context of apparent privacy,
children continue to unequally distribute resources between themselves and anonymous
receivers well into middle childhood.

Gender Differences
Analyses also revealed an unexpected main effect of gender (and a marginal age X gender inter-
action) revealing that males (in particular, older males) donated more than females in our task.
It should be noted that the effect sizes of both of these effects were quite small, though.
Although not initially part of the research questions presented, these results contrast with pre-
vious findings of either no gender difference, or even a slight female bias in resource
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distribution settings (e.g., [13, 41,42,43]; for a review, also see: [44]). While it is unclear why we
found a (small but significant) male bias in resource distribution in our study, we speculate
that this may have been driven by (unintentional) differences in subjective value of the stickers
donated. Although participants were always given their preferred sticker (of four alternatives)
to distribute, it may be the case that males overall valued these stickers less than their female
counterparts, leading to a greater proportion of sharing. Although we chose an assortment of
sticker choices to be equally valued by boys and girls in our study, it is possible that boys found
our stickers to be less appealing than the girls did. Relatedly, since gender differences emerged
with age, it is also possible that older boys value stickers less than girls of the same age. Blake
and Rand [1] reported that low-value stickers were donated at a significantly higher rate than
high-value stickers. If it is the case that boys valued our sticker choices less (and/or that older
boys generally value stickers less than older girls), then this may account for why they donated
stickers at a higher rate than their female counterparts. More research is needed, however, to
determine whether the males did value the stickers less and/or whether similar higher rates of
donations are observed in male children in other prosocial games involving different resources
(e.g., candy). Moreover, the possibility that previously reported gender differences in altruistic
behavior (revealing that females donate at a higher rate than males) are driven (at least par-
tially) by differences in the subjective value of distributed resources should be considered.

Limitations
The present study contained several limitations that should be considered. First, the cross-sec-
tional design of this study leaves open questions relating more specifically to mathematical
understanding. Although the current study specifically sought to investigate whether children
think about resource distribution proportionally versus in an absolute manner, manipulating
the number of stickers initially given to the participant in a between-subject fashion limits the
claims that can be made about children’s proportional reasoning abilities. Second, while previ-
ous work has used stickers as a resource in DG contexts, it is unclear whether depreciating
value of this resource with child’s age and/or with greater number of resources may have
unduly influenced results. Future work should explore whether a similar pattern of results may
be obtained for a much more highly valued resource (e.g., candy). Third, although this particu-
lar design has been successfully used with children in the past, older participants may have
been less likely to believe the manipulations. For example, they may have been less likely to
believe that “another child, just like you, will be visiting here tomorrow” and/or less likely to
believe that their sharing decisions would be completely private (despite the privacy box). In
fact, according to Experimenter Notes, on at least a single occasion, a child volunteered at the
end of the study “There isn’t really another little girl coming here tomorrow, is there?” To ver-
ify that our findings with older children truly reflect prosocial tendencies in this age group,
converging lines of evidence derived from distinct paradigms should be obtained.

Conclusion
In conclusion, results extend the developmental timeline established in previous work with
children and suggest that older children mimic the prosocial behavior seen in adulthood, both
in terms of their propensity to share valued resources and their willingness to increase the
amount of resource they allocate to others based on either an increase in the number of recipi-
ents or an increase in the resources available. Together, results of the current study replicate
previous findings revealing that young children readily engage in altruistic sharing, and extend
this work to reveal that how much a child gives (but not whether the child gives or not) varies
depending upon the context (the number of available resources and the number of receivers).
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A breadth of research on prosocial tendencies across development suggests that different forms
of prosocial behavior may be derived from different mechanisms and ecological foundations
[45]. The evolution of resource distribution is particularly interesting, in light of the fact that
appearing impartial or fair (e.g., [24,39, 46,47] is not always a good strategy or outcome for the
individual making that decision. However, even young children who do not formally engage in
these practices (e.g., in school, with others) show a preference for fairness and equity, as well as
a preference for individuals who similarly value these behaviors (e.g., [40]). In the present
study, we demonstrate: (1) Children across development allocate resources consistent with a
proportional—rather than absolute—manner, as adults do; and (2) Children seem to consider
fairness, rather than their own generosity per se, when allocating resources.
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