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Abstract

Forests are essential common-pool resources. Understanding children’s and adolescents’
motivations for conservation is critical to improving conservation education. In 2 exper-
iments, we investigated 1086 school-aged children and adolescents (6—16 years old) from
the United States, China, and the Democratic Republic of Congo. Testing participants in
groups, we assessed their motivation for conservation based on collective-risk common-
pool goods games in which they were threatened with losing their endowment unless the
group donation exceeded a threshold needed to maintain the forest. Extrinsic motivations,
rather than intrinsic, tended to lead to successful cooperation to maintain a forest. Cer-
tainty of losing individual payoffs significantly boosted successful cooperative conserva-
tion efforts across cultures (success rates were 90.63% and 74.19% in the 2 risk-extrinsic
conditions, and 43.75% in the control condition). In U.S. participants, 2 extrinsic incen-
tives, priming discussions of the value of forests and delay of payoffs as punishment, also
increased success of cooperative conservation (success rates were 97.22% and 76.92% in
the 2 extrinsic-incentive conditions, and 29.19% and 30.77% in the 2 control conditions).
Conservation simulations, like those we used, may allow educators to encourage forest pro-
tection by leading groups to experience successful cooperation and the extrinsic incentives
needed to motivate forest conservation.
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Resumen

Los bosques son recursos esenciales de la reserva comun. Para mejorar la educacion para
la conservacion, es muy importante entender qué motiva a los nifios y adolescentes a con-
servar. Realizamos dos experimentos con 1086 nifios y adolescentes en edad escolar (6-16
afios) de China, la Reptblica Democratica del Congo y los Estados Unidos. Pata los exper-
imentos, juntamos a los participantes en grupos y valoramos sus motivos para conservar
con base en juegos de bienes comunes y riesgos colectivos, en los cuales se les amenaza con
la pérdida de su dotaciéon del bien a menos que la donacion grupal exceda el umbral nece-
sario para mantener al bosque. Las motivaciones extrinsecas, y no las intrinsecas, fueron las
que mas derivaron en una cooperacioén exitosa para mantener al bosque. La certidumbre
de perder los pagos individuales aument6 significativamente los esfuerzos cooperativos de
conservacion en las tres naciones (las tasas de éxito fueron de 90.63% y 74.19% en las dos
condiciones de riesgo extrinseco y de 43.75% en la condicién de control). En los partici-
pantes de los Estados Unidos, dos incentivos extrinsecos (las discusiones prioritarias sobre
el valor de los bosques y el rezago de los pagos como castigo) también incrementaron el
éxito de la conservacion cooperativa (las tasas de éxito fueron de 97.22% y 76.92% en las
dos condiciones de incentivos extrinsecos y de 29.19% y 30.77% en las dos condiciones de
control). Las simulaciones de conservacioén, como las que usamos, pueden permititle a los
educadores promover la proteccion de los bosques al llevar a los grupos a experimentar la
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cooperacion exitosa y los incentivos extrinsecos necesarios para motivar la conservacion
de los bosques.
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INTRODUCTION

Forests are vital to human and planetary health. They are
common-pool goods that require local and international coop-
eration to maintain (Van Vugt, 2009). Educating the pub-
lic to support forest conservation through personal behavior
and policy has been and remains a major focus of govern-
ments and conservationists (Adams & Plaugher, 2004; McBeath
et al,, 2014; Orr, 2004). Children and adolescents have long
been regarded as a critical audience for this type of educa-
tion (Davis, 1998; McBeath et al., 2014; Wilson, 1993). Pos-
itive exposure to wildlife and forests in zoos and parks has
commonly been hypothesized to translate into positive environ-
mental behavior in adulthood (Bowie et al., 2020; Zhang et al.,
2019). However, it remains unclear what type of educational
experiences might encourage proconservation behavior toward
forests across diverse populations (Saylan & Blumstein, 2011).

The biophilia hypothesis suggests humans evolved intrinsic
motivation to care for the natural world (Kellert, 1995; Wilson,
1984). It contends that universally across cultures, human selfish
need to interact with life motivates humans to protect natural
areas (Kahn, 1997). Early exposure to nature should nurture this
intrinsic motivation and result in increased expression, whereas
extrinsic rewards may dampen it (Ariely et al., 2009; Warneken
& Tomasello, 2008).

In contrast, the anthrophilia hypothesis posits that humans
evolved intrinsic motivation for prosocial behavior (i.e., benefi-
cial but potentially selfishly motivated social acts, as opposed
to antisocial interactions) (Eisenberg et al., 1983) toward kin
ingroup members and strangers, but not more abstract social
categories such as future generations or forests (e.g, Chapais,
2001; Hill & Hurtado, 2017; Warneken et al., 2007). Prosocial-
ity toward abstract social categories is a by-product and emer-
gent property of plasticity in humanity’s evolved motivation to
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help other humans. The anthrophilia hypothesis predicts that
cross-cultural variability in proconservation behaviors toward
forests is largely shaped by ecological and economic uncertainty
(e.g,, Boyd et al.,, 2010; Frankenhuis et al., 2016; Henrich et al.,
2005). Experiences that incorporate extrinsic rewards and teach
that there are links between material gain, reputation enhance-
ment, or punishment and forest conservation are likely needed
during childhood or adolescence to internalize the value of these
shared resources (Ryan & Deci, 2000, 2020).

School-aged children and adolescents provide a strong test of
these hypotheses. They are old enough to understand the con-
cept of a common-pool good (children as young as 6 behave
strategically in similar public goods games [e.g., Keil et al., 2017;
Koomen & Herrmann, 2018; Yang et al., 2018]), but their moti-
vations are not yet fully shaped by adult participation in eco-
nomic markets. However, few experiments have examined the
willingness of children or adolescents to help abstract, nonhu-
man entities, such as forests (Flanagan & Gallay, 2014; Koomen
& Herrmann, 2018).

Adult motivation for conservation has been tested exper-
imentally with a collective-risk common-pool goods game
(Milinski et al., 2008). In this game, the group is threatened with
losing their endowment unless individual donations exceed a
threshold needed to maintain a common-pool good. In West-
ern populations, the certainty of personal loss, reputational risk,
and immediacy of the benefit the good delivers largely deter-
mine group success (Hauser et al., 2014; Jacquet et al., 2013;
Milinski et al., 2008). What is needed to better understand the
origin of these effects is a version of this game designed for
cross-cultural use with children.

Cognitive preferences relating to certain decision-making are
shaped by considerations of resources in environments (Bate-
son et al, 2014; Ellis et al., 2009). Frankenhuis et al. (2016)
identified 2 ecological factors that influenced decision-making:
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harshness, defined as the rates of mortality and morbidity
caused by factors an individual cannot control, and unpre-
dictability, defined as the change in mean variation in harsh-
ness over time. This framework provides a potential explanation
for populational differences in decisions about resource distri-
bution. Populations in highly uncertain environments tend to
be more vigilant and more risk prone and have steeper tem-
poral discounters than those in less uncertain environments
(Ellis et al., 2009; Mittal & Griskevicius, 2014; Salali & Migliano,
2015).

We used the method developed by Milinski et al. (2008) to
test school-aged children’s and adolescents’ cooperative motiva-
tions. Participants decided what portion of an endowment they
wished to contribute to maintaining the conservation of a local
forest. In 2 experiments, we varied the type and amount of moti-
vation for donating and assessed participants’ donation patterns
to test the biophilia and anthrophilia hypothesis and to examine
how children might be introduced to the concept of sustainabil-
ity through cooperative forest management simulations.

METHODS
Experiment 1

We tested how risk of losing one’s rewards influenced motiva-
tion for proenvironmental behavior toward a forest in school-
aged participants from 3 different countries: United States,
People’s Republic of China, and Democratic Republic of the
Congo (DRC). We hypothesized that children and adolescents
from these countries provide a powerful test of our hypotheses
because the countties vary on country-wide levels of forest cov-
erage, types of forest exposure children receive, and resource
uncertainty. Based on the percentage of land area covered by
forest, DRC provides, on average, the highest potential for for-
est exposure (56.5%), followed by United States (33.9%) and
China (22%) (World Bank, 2018). Although exposure to forest
will vary greatly within countries, these data still help illuminate
how dominant forests are in the ecology, economy, and culture
of each country. Eatly positive exposure to forests can also be
influenced by educational system. Among the 3 countries, the
United States has the longest tradition of environmental edu-
cation, and children have been involved in environmental pro-
grams for decades (e.g., school classes, patk visits, camps [Catter
& Simons, 2010; Meredith et al., 2000; Stapp et al., 1970]). More
recently, China has followed suit (McBeath et al., 2014), whereas
this type of experience is comparatively rare in DRC, where
environmental education began to be integrated in school cut-
ticula in 2020 (Ngounou, 2020). Based on country-level statis-
tics of life expectancy, health outcomes, and gross domestic
product per capita (World Health Organization, 2019), DRC is
comparatively more resource uncertain, and the United States is
comparatively less resource uncertain; China is in between.

The biophilia hypothesis predicts cooperation will be
strongest in response to thean level of nature exposure and will
only be reduced by extrinsic motivators. Children in the United
States (longest tradition of environmental education) and DRC
(most forest) should be most likely to be intrinsically motivated

to cooperate to protect forests. The anthrophilia hypothesis
predicts cooperation will be strongest in response to high extrin-
sic rewards or punishments, regardless of forest exposure or
education and will vary cross-culturally depending on the level
of uncertainty characterizing a group’s environment. That is,
extrinsic incentive is predicted to have the largest effect in moti-
vating children from DRC to cooperate and contribute to forest
protection. The effect in China will be present but weaker. Chil-
dren from the United States with the lowest level of resource
uncertainty should be the least responsive to extrinsic incentive.

Participants (# = 570) were 6-16 years old. We decided on
this sample size based on number of children and adolescents
we had access to at each testing location.

Participants from the United States (# = 198; 81 females, 117
males; age range 6—11 years; mean age 8.04 years [SD 1.57]) were
recruited from a summer camp at Zoo Atlanta in the suburban
area of Atlanta, Georgia. Each camp was a week long, and 4-
to 14-year-olds from across the Atlanta area could participate
in the camp. Participants were mostly public-school attendees
from middle-income families from the metropolitan Atlanta
area, which is demographically diverse. However, in the context
of the camp, it was not viewed as appropriate to collect informa-
tion on individual participant’s race or socioeconomic status. All
participants took part in activities at camp that included viewing
zoo animals, attending behind the scenes tours and demonstra-
tions by zookeepers and educators, and making nature-related
art projects. Participants were tested during the camp session in
a space known as the Tree House, an approximately 10 X 10 m
room above one of the small primate exhibits.

Chinese participants (# = 216; 108 females, 108 males; age
range 6—14 years; mean age 9.60 years [SD 1.84]) were recruited
from a primary school in a suburb of Beijing. All participants
included were from a local primary school that served low- to
middle-income populations. Participants were tested in a class-
room.

Congolese participants (# = 156; 89 females, 66 males, 1 did
not report gender; age range 6—16 years; mean age 11.75 years
[SD 2.20]) were from local schools in and around Kinshasa,
the capital city of the DRC. Two of the schools served primar-
ily rural, low-income populations on the outskirts of Kinshasa,
whereas the other 2 schools served primarily middle-income
families from downtown Kinshasa. Children were tested at their
school in a quiet room or outdoor atea or in the education cen-
ter at Lola ya Bonobo sanctuary. The mean age of the DRC
participants was older than that for the other countries largely
due to more variation in chronological age in each grade.

Data from an additional 96 participants were excluded from
analyses based on a priori criteria (e.g, independent decision-
making was interfered or essential data were not captured).
Because subjects were tested in groups (see below), data for the
entire group were excluded when the predefined exclusion cri-
teria were met. Fifteen groups were excluded due to instruction
from a teacher or conversations between participants during the
experiments (3 from the United States; 4 from China; 8 from
DRC). One group was excluded from the DRC sample due to
lack of age information.

We used a between-subject design. Six age-matched peers
played together and received tokens after an orientation from
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and sustainability control, and (c) Experiment 2: delay condition and delay control. Success in a round for Experiment 2 required the group to collectively donate a

minimum of 36 tokens

an experimenter (scripts in Appendix S1). Groups consisted
of participants in the same classroom or camp group. Partic-
ipants learned the goal of the game was for their group to
meet a donation threshold required to keep a forest healthy.
They were informed that they would anonymously decide to
keep the tokens they received until the end and they would be
allowed to exchange the tokens for prizes (i.e., toys or candies)
or contribute any portion to local forest conservation. They
were told they would have a set number of trials to reach the
goal. The experimenter added tokens to Connect Four boards
(Hasbro, United States) after each trial in a round to display the
cumulative number of tokens given over the course of the tri-
als (Appendix S1). The board allowed participants of all ages to
visually understand how close they were to reaching the thresh-
old.

After being oriented, each child was asked the same set of
questions to confirm understanding of the task. Then pat-
ticipants were given 2 practice rounds before the test phase
(Appendix S11). Each group was then assigned to 1 of 3 moti-
vation conditions; age and sex were balanced across conditions
(distribution of groups across conditions in Appendix S2). The
3 conditions, loss, risk, and control, differed only in the risk of
forfeiting their earnings if the group failed to meet the dona-
tion threshold needed to cate for the forest (Figure 1a; scripts in
Appendix S11). In the loss condition, failure to meet the dona-
tion threshold resulted in all participants losing all their tokens
earned in the game. In the risk condition, failure to meet the

donation threshold resulted in a coin toss (50-50 chance of
keeping or losing tokens earned in the game). In the control
condition, participants kept the tokens they earned in the game
regardless of whether their group met the donation threshold.

Before starting the game, participants received 24 tokens,
learned the risk to their earnings if their group failed to meet the
donation threshold, and were told they had 6 trials to succeed.
They could donate 0, 2, or 4 tokens per trial and the donation
threshold was 72 tokens per round (requiring 2 Connect Four
boards to display). Success required an average donation of at
least 2 tokens per trial per child (6 participants X 2 tokens X 6
trials). For each trial, each participant marked on a preprinted
answer sheet whether they wanted to give 0, 2, or 4 tokens to the
Forest Bank. After each trial, the experimenter took the sheets
from all 6 individuals and recorded how many tokens each indi-
vidual contributed on a data-collection sheet. The experimenter
ensured all individuals handed in an answer sheet for each trial
and ensured anonymity.

We analyzed the donation pattern at both group level and
individual level to align with different inferential goals. We used
binomial generalized linear regression model for group success
to meet the donation threshold where we account for con-
dition, country, and grade level (full results in Appendix S5).
In the group analyses, which investigated the effects of coun-
try resource uncertainty on group donation pattern, we treated
the group total number of tokens as the response variable.
Because participants only chose to donate 0, 2, or 4 tokens each
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trial, the donations were not continuous; thus, we used Poisson
regression models with country, grade level, and condition as
covariates (full results in Appendix S6). We analyzed individ-
ual donation patterns with a mixed-effects Poisson regression
model with fixed effects for age, sex, country, threshold comple-
tion, and accumulated tokens per trial (full results in Appendix
S7). We included random effects for individual and group to
account for potential correlation between donations given by
the same individual or the same group. We also calculated the
donation pattern by age in each country from results of this
model. In all the analyses, the loss and risk conditions were
contrasted with the control. Participants from the United States
and DRC were contrasted with participants from China. For all
results, we included g-statistics, p-values, and 95% ClIs on the
effect size, which was log odd for the logistic models.

Experiment 2

We designed an age-appropriate game for children that simu-
lates sustainable forest management in which extrinsic motiva-
tors encourage cooperation. Sustainability is often introduced
through stories or individual responsibility (e.g., recycling, turn-
ing lights off, etc.) but is less often introduced through activi-
ties that require cooperation, assessment of cost—benefit trade-
offs, and opportunity costs associated with failed cooperation.
We tested the biophilia and anthrophilia hypotheses by hav-
ing participants play a game in which they experience the types
of decisions involved in collective action needed to maintain a
common-pool resource sustainably.

As in Experiment 1, children were given tokens, but it was
emphasized that this endowment was a direct product of a
nearby forest. In the main sustainability condition, participants
could enhance the productivity of the forest and increase their
endowment each round if they cooperated to meet a threshold
of donations required to maintain the health of the forest. If the
group failed to meet the threshold, the forest became less pro-
ductive and they experienced a delay between rounds in receiv-
ing their endowment as the forest recovered more slowly from
lack of care. Another group of participants experienced a delay
condition that was highly similar to the sustainability condition
except no sustainability framing was given and successful coop-
eration did not increase productivity. Participants in the 2 exper-
imental conditions were compared with a paired control group.
No incentives were provided to the control groups other than
their intrinsic motivation to cooperate (see Figure 1b,c for illus-
tration of design).

The biophilia hypothesis predicts children will succeed in
the controls based on intrinsic motivation alone (and may
be reduced by extrinsic motivators), wheteas the anthrophilia
hypothesis predicts cooperation will increase as extrinsic moti-
vators increase the payoff of cooperation.

A naive group of children (# = 516; 264 females, 252 males;
mean age 8.07 years [SD 1.90]) from the same week-long sum-
mer camp at Zoo Atlanta participated in the experiment. All
participants took part in camp activities described in Experi-
ment 1. This group was chosen to directly test intrinsic lev-

els of cooperation in participants taking part in an expeti-
ential environmental education program (i.e., in the control
conditions) versus participants who in addition to camp activi-
ties also directly experienced extrinsic incentives for forest con-
servation (i.e., in the sustainability and delay condition). All test-
ing took place in the same location as in Experiment 1.

Participants were distributed into age- and gender-matched
groups with the same methods as in Experiment 1; age and
gender were matched (see distribution of individuals and groups
across conditions in Appendices S3 and S4; scripts for each con-
dition in Appendices S12 and S$13). Each group was assigned to
1 of 4 conditions: sustainability condition, sustainability control,
delay condition, or delay control.

In the sustainability condition, right before participants
(n = 2106) began the game, participants were instructed to think
about nearby forests and responded to 6 standardized ques-
tions designed to lead them to think about the value of forests
and loss of everyday items they used as consequences of losing
forests. It was then explained that in the game their donations
would be used to help keep a forest healthy. During the discus-
sion, they were told the tokens they would receive represented
money made from selling lumber from the forest they were to
manage; meeting the donation threshold (filling the collection
bank with 36 tokens) increased forest productivity, whereas fail-
ing to meet the threshold reduced it; and success was 24 tokens
for everyone in the next round, whereas failure reduced pro-
ductivity of the forest to 8 tokens per player and required a 90-s
waiting period between rounds while the forest recovered on its
own (Figure 1b).

For the sustainability control, participants (z = 144) did not
discuss forest conservation with an instructor and were told
they received the same 12-token endowment after each round
regardless of whether the group met the threshold. There was
never a delay between rounds.

For the delay condition, participants (# = 78) did not discuss
forest conservation with an instructor and were told failure to
meet the donation threshold and fill the collection bank would
result in a 90-s delay before the next round. Unlike the sustain-
ability condition, they were told they would receive the same
12-token endowment regardless of success or failure at meeting
the threshold (Figure 1c).

For the delay control, participants (# = 78) did not discuss
forest conservation and were told they received the same 12-
token endowment after each round regardless of whether the
group met the threshold. There was never a delay between
rounds.

There were 3 trials per round and 3 rounds total. Children
could donate 0, 2, or 4 tokens per trial, and the donation thresh-
old was 36 tokens per round. The procedure for each trial was
the same as in Experiment 1.

As for Experiment 1, we analyzed the group success
pattern with binomial generalized linear regression mod-
els and calculated the contrasts between conditions from
the results (Appendix S8). We analyzed individual donation
patterns with a mixed effects Poisson regression model with
fixed effects for condition, age, gendet, and accumulated tokens
per trial (full results in Appendix S9). We calculated individual



o

BOWIE ET AL.

100

90

80

70

60

50

Success rate (%)

40

30

20

10

Loss

FIGURE 2

BUSA OcChina ODRC

Risk Control

The cooperation success rate that group donation met the threshold (72 tokens) by condition and country in Experiment 1 (i.e., a 6-round

common-goods game aiming to maintain a forest). Unless the group donation exceeds the threshold, participants are threatened with losing their endowment.
Conditions differ only in the risk of forfeiting their earnings if the group fails to meet the donation threshold needed to care for the forest (Figure 1)

donation patterns by age from the results. In a separate Pois-
son regression model, we analyzed individual donation after the
threshold was met and compared the patterns across conditions
(Appendix S10).

Ethics approval for all studies was granted by Duke Uni-
versity Campus Institutional Review Board protocol 2017-1004
(United States and DRC) and protocol 2017-1054 (China).

RESULTS
Experiment 1

As the anthrophilia hypothesis predicted, results across condi-
tions showed that extrinsic motivation led to the highest success
rate in meeting the threshold (loss condition = 3.63, p < 0.001,
95% CI: 1.40 to 4.40; risk condition g = 2.61, p = 0.009, 95%
CI: 0.44 to 2.87) (Figure 2). Among the groups, 90.63% and
74.19% succeeded in loss and risk extrinsic conditions, respec-
tively, and 43.75% of groups succeeded in the control condi-
tion. Countries’ resource uncertainty was linked to success rates.
Compared with the Chinese sample, groups from the DRC were
less successful in meeting the threshold (¢ = —2.34, p = 0.019,
95% CI: =299 to —0.30). However, no significant differ-
ence was found between groups from China and the United
States.

Groups across all 3 countries gave more in the loss (3= 13.72,
p < 0.001, 95% CI: 0.34 to 0.46) and the risk conditions
(3= 8.57, p < 0.001, 95% CI: 0.20 to 0.32) than in the control
condition (Figure 3). Comparisons among countries were par-
tially consistent with resource uncertainty driving lower dona-
tions. Groups from DRC donated significantly less compared
with the Chinese groups (3 = —7.63, p < 0.001, 95% CI: —0.39

to —0.17), but groups in the United States also gave less than
Chinese groups (z = —4.73, p < 0.001, 95% CI: —0.18 to —0.07).

Across conditions, individual donations dropped significantly
in trials after the donation threshold was met by participants
from the United States (3 = —5.74, p < 0.001, 95% CI: —1.34 to
—0.62) and the DRC (3 = —2.12, p = 0.034, 95% CI: —0.83 to
—0.12), but not in China.

Results of the individual-level analysis showed that in the
United States, older participants gave more tokens than younger
participants (3= 4.85, p < 0.0001, 95% CI: 0.26 to 0.65). How-
ever, the Chinese and Congolese children and adolescents did
not show increased donations as age increased, even though we
sampled a larger age range in China and DRC.

Experiment 2

The results of Experiment 2 supported the anthrophilia hypoth-
esis; both sustainability and delay groups had higher success
rates in meeting the threshold than the control groups. Specifi-
cally, the success rates were 97.22% and 76.92% in the sustain-
ability condition and the delay condition, respectively. In the
sustainability control and the delay control, the success rates
were 29.19% and 30.77%, respectively (Figure 4). Groups in
the sustainability condition were far more likely to reach the
donation threshold than groups in the sustainability control
(3=15.58, p < 0.001, 95% CI: 2.42 to 5.00). Similarly, groups in
the delay condition succeeded in reaching the donation thresh-
old more than those in the delay control condition (z = 2.44,
p = 0.015, 95% CI: 0.16 to 2.56). The sustainability condition
yielded higher success rates than the delay condition (3 = 3.08,
p =0.002, 95% CI: 0.76 to 3.41), whereas the controls did not
differ from each other significantly.
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Sustainability Control

Delay Delay Control

The cooperation success rate that group donations met the threshold (36 tokens) by condition in Experiment 2 (i.c., 2 3-round common-goods

game aiming to maintain a forest). In the sustainability condition and the control condition, unless the group donation exceeds the threshold, the forest has reduced
productivity and participants experience a delay between rounds. In the sustainability condition, participants can enhance the productivity of the forest and increase

their endowment each round if they cooperate to meet the threshold of donations required to maintain the forest. In the delay condition, the sustainability framing is
not given, and successful cooperation does not increase productivity. In the 2 control conditions, no extrinsic incentive was provided

The individual analysis revealed the same pattern of results.
Participants in the sustainability condition gave more tokens
than those in sustainability control condition (3 = 7.47,
» < 0.001, 95% CI: 0.40 to 0.68), and individuals in the delay
condition gave more tokens than those in delay control condi-
tion (3 = 4.28, p < 0.001, 95% CI: 0.23 to 0.64). There was also

a trend that participants in the sustainability condition donated
more than the delay condition (3 = 1.71, p = 0.088, 95% CI:
—0.02 to 0.31). We did not find a significant difference between
the 2 control groups.

After the group donation met the threshold, participants
in the sustainability condition still donated more than the
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sustainability control condition (# = 3.57, p < 0.001, 95%
CI: 0.16 to 1.42). Similarly, participants in the delay condition
donated more than the delay control condition after meeting
the threshold (# = 4.46, p < 0.001, 95% CI: —0.01 to 1.06). We
did not a see difference between the sustainability and control
conditions or between the 2 controls after the threshold was
met. Age did not affect individual donation in the sustainabil-
ity or delay condition. However, in the control conditions, older
children donated significantly more than younger children (sus-
tainability control: g = 2.21, p = 0.002, 95% CI: 1.07 to 1.23;
delay control: = 4.13, p = 0.002, 95% CI: 1.00 to 1.10).

DISCUSSION

Overall, results of our experiments supported the anthrophilia
hypothesis. In Experiment 1, across all 3 countries, children
were most likely to successfully cooperate to support forest
conservation when extrinsic motivation was highest. Once the
threshold was met, there was little evidence of intrinsic con-
servation motives. Even children attending an environmental
camp in the United States were unlikely to meet the donation
threshold without rewards or punishment. Cultural differences
and differences in population-level resource certainty likely
also shaped donation preferences. Participants from the more
resource-certain environment (United States) showed increased
donation as age increased. This same relationship was not
observed in the more resoutce-uncertain countries (China and
DRC). In Experiment 2, we found that even minimal extrinsic
motivation boosted cooperation—just the threat of minor time
delay between rounds significantly increased success in reach-
ing the threshold in children of all ages. We also found that
simulating the costs and benefits of sustainable forest manage-
ment led to the highest levels of cooperation observed. Chil-
dren were most successful at working together when they per-
sonally experienced loss or gain as a result of their collective
decisions around responsibly managing the forest that produced
their endowment.

There was limited evidence in support of the biophilia
hypothesis. Intrinsic motives were not strong enough to consis-
tently drive cooperation across nationality or condition. Only a
minority of groups succeeded when there was no personal con-
sequence associated with group success or failure. Participants
from the United States were attending a conservation camp, and
the DRC was the most forested country. However, when failure
resulted in loss of reward, children from these 2 countries cur-
tailed donations as soon as their selfish rewards were secured.
This suggests children understood how to maximize their indi-
vidual payoff, but they were only motivated to give minimally
when the common-pool good conflicted with their own intet-
est. The exception to this pattern was the Chinese children; they
donated even after the threshold was met. It may be they under-
stood the rules of the donation games differently. However, all
the children who participated from each country were required
to pass the same comprehension check to assure they all under-
stood the game. Chinese children’s generosity seems more likely
an expression of collectivist cultural norms (Ma et al., 2015;

Wagner, 1995) or due to a higher sensitivity to experimenter
demand effects (Kagitcibasi, 1997). It is also possible that the
relative scarcity of forest resources in China increased the per-
ceived value of forest and a readiness to participate in its protec-
tion (Zhang & Wen, 2008). Awareness campaigns may have also
played a role in altering the beliefs about personal responsibil-
ity and willingness to take conservative action (Wray-Lake et al.,
2010).

Together, these findings suggest that in addition to observ-
ing and learning about wildlife and wild places, children ben-
efit from experiencing the decision-making process required
to protect common-pool goods like a forest. Future research
can better characterize the psychology underlying and develop-
mental trajectory of this form of prosocial behavior directed at
nonsocial agents. Infants develop different forms of prosocial
helping, sharing, and comforting that rely on different types of
social cognition and first appear at different time points (Dun-
field, 2014). Similarly, the type of donation behavior seen here
may rely on a specific set of social cognitive skills. Identify-
ing the associated cognition and understanding its development
could help target the time when playing these types of games
might have the greatest impact on children. Further, because
conservation challenges are centered globally and behavioral
responses to interventions can be largely shaped by sociocul-
tural factors (Nielsen et al., 2021), cross-cultural reseatch is also
badly needed, especially with children from developing coun-
tries with more resource uncertainty or different cultural norms
than those tested here. For example, futute research should
replicate the sustainability condition from Experiment 2 with
participants who are not in a conservation-related camp and are
instead from countries that do not represent Western, educated,
industrialized, rich, and democratic cultures (Tam & Milfont,
2020). Although the results from Experiment 1 suggest a range
of children will respond similatly to the extrinsic motivators
used in the sustainability condition of Experiment 2, this predic-
tion needs to be tested. It will also be important to test whether
participation in sustainability simulations translates to partici-
pants making proconservation decisions beyond the experimen-
tal context. Are participants in these simulations more willing
to advocate for conservation initiatives or change their own
behavior in real life? With such knowledge, a new tool will
become available to be included in conservation education cut-
riculum. Vital common-pool goods—including forests—might
thus experience enhanced protection, and both people and wild
places would benefit.
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