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One Sentence Summary: Extrinsic motivation increases donations for forests among children 32 

and adolescents in the United States, China, and the Democratic Republic of the Congo.  33 

 34 

Abstract: Forests are essential common-pool resources. Understanding school-aged children and 35 

adolescents’ motivations to conserve forests is critical for improving conservation education. In 36 

two experiments with school age children and adolescents (age range: 6-16; N=1088), we 37 

demonstrate that extrinsic, rather than intrinsic motivations lead to successful cooperation in 38 

common-pool goods games to maintain a forest. We investigate participants from three 39 

nationalities (China, D. R. Congo and U.S.) and find certainty of losing individual payoffs 40 

significantly boosts successful cooperative conservation efforts across cultures. Within the U.S. 41 

sample, we find two other types of extrinsic incentive, priming discussions of the value of forests 42 

and delay of payoffs as punishment also encourage the success of cooperative conservation. 43 

Conservation simulations, like those used here, may allow educators to encourage forest 44 

protection by allowing groups to experience successful cooperation and the extrinsic incentives 45 

needed to motivate forest conservation. Future research will be needed to test if these types of 46 

simulations have long term positive impact on participant’s attitudes and behavior toward forest 47 

conservation.   48 
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Introduction 49 

Forests are vital to human and planetary health. They are common-pool goods that 50 

require both local and international cooperation to maintain (Van Vugt, 2009). Educating the 51 

public to support forest health through personal behavior and policy remains a top priority for 52 

governments and conservationists. School aged children and adolescents have long been 53 

regarded as a critical audience for this type of education. Positive exposure to wildlife and forests 54 

in zoos and parks has commonly been hypothesized to translate into pro-environmental behavior 55 

in adulthood (Bowie et al., 2020; Zhang et al., 2019). However, it remains unclear what type of 56 

educational experiences might encourage pro-conservation behavior toward forests across 57 

diverse populations (Saylan & Blumstein, 2011).  58 

The Biophilia Hypothesis (BH) suggests humans evolved intrinsic motivation to care for 59 

the natural world (Kellert, 1995; Wilson, 1984). It predicts that universally across cultures our 60 

selfish need to interact with life motivates humans to protect natural areas (Kahn, 1997). Early 61 

exposure to nature should nurture this intrinsic motivation and result in increased expression 62 

while extrinsic rewards may dampen it (Ariely et al., 2009; Warneken & Tomasello, 2008).  63 

In contrast, the Anthrophilia Hypothesis (AH) posits that humans evolved intrinsic 64 

motivation for prosocial behavior (i.e. beneficial but potentially selfishly motivated social acts as 65 

opposed to antisocial interactions; Eisenberg et al., 1983) toward kin ingroup members and 66 

strangers, but not more abstract social categories like future-others or forests (Chapais, 2001; 67 

Hill & Hurtado, 2017; Moore, 2009; Silk, 2002, 2006; Silk & House, 2011; Singer, 1981; 68 

Warneken et al., 2007). Any prosociality toward abstract social categories is an accidental by-69 

product and emergent property of plasticity in our evolved motivation to help other humans. The 70 

AH predicts that cross-cultural variability in pro-conservation behaviors toward forests is in large 71 
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part shaped by ecological and economic uncertainty (Boyd et al., 2010; Eom et al., 2016; 72 

Frankenhuis et al., 2016; Henrich et al., 2005; Spence et al., 2012; Van der Linden, 2015). 73 

Experiences that incorporate extrinsic rewards and teach the link between material gain, 74 

reputation enhancement or punishment and forest conservation are likely needed during 75 

childhood or adolescence to internalize the value of these shared resources (Ryan & Deci, 2000, 76 

2020).  77 

School age children and young adolescents provide a strong test of these hypotheses. 78 

They are old enough to understand the concept of a common-pool good (children as young as six 79 

behave strategically in similar public goods games; (Engelmann et al., 2018; Hermes et al., 2020; 80 

Keil et al., 2017; Koomen & Herrmann, 2018; Vogelsang et al., 2014; Yang et al., 2018) but 81 

their motivations are not yet fully shaped by adult participation in economic markets. However, 82 

little, if any, experimental work has examined the willingness of juveniles, especially children, to 83 

help abstract, nonhuman entities like forests (Flanagan & Gallay, 2014; Koomen & Herrmann, 84 

2018).  85 

Adult motivation for conservation has been tested experimentally using a collective-risk 86 

common-pool goods game (Milinski et al., 2008). In this game, the entire group is threatened 87 

with losing their endowment unless individual donations exceed a threshold needed to maintain a 88 

common-pool good. In Western populations the certainty of personal loss, reputation, and the 89 

immediacy of the benefit the good delivers largely determine group success (Hauser et al., 2014; 90 

Jacquet et al., 2013; Milinski et al., 2008). What is needed to better understand the origin of these 91 

preferences is a version of this paradigm designed for cross-cultural use with children. 92 

Previous research has shown that cognitive preferences relating to certain decision 93 

making are shaped by considerations of resources within environments (Ellis, Figueredo, 94 
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Brumbach, & Schlomer, 2009; Bateson et al., 2014). Frankenhuis et al. (2016) identified two 95 

ecological factors that influenced decision-making: harshness, defined as the rates of mortality 96 

and morbidity caused by factors an individual cannot control, and unpredictability, defined as the 97 

change in mean variation in harshness over time. This framework provides a potential 98 

explanation for populational differences in decisions about resource distribution. Populations in 99 

highly uncertain environments tend to be more vigilant, more risk prone, and steeper temporal 100 

discounters than those in less uncertain environments (Ellis et al., 2009; Salali & Migliano, 2015; 101 

Mittal & Griskevicius, 2014).  102 

Here we used the paradigm developed by Milinski et al (2008) to test children’s 103 

cooperative motivations.  School aged children and adolescents decided what portion of an 104 

endowment they wished to contribute to maintaining the conservation of a local forest. In two 105 

experiments, we varied the type and amount of motivation for donating and assessed 106 

participants’ donation patterns to test the BH and the AH and to examine how children might be 107 

introduced to the concept of sustainability through cooperative forest management simulations.  108 

 109 

Experiment 1  110 

In experiment 1, we tested how risk of losing one’s own rewards influenced motivation 111 

for pro-environmental behavior towards a forest in school aged participants from three different 112 

countries, the United States, the People’s Republic of China, and the Democratic Republic of the 113 

Congo. Children and adolescents from the three countries provide a powerful test of our 114 

hypotheses because these countries vary on country-wide levels of forest coverage, the types of 115 

forest exposure children receive and resource uncertainty. Based on the percentage of land area 116 

covered by forest, DRC provides, on average, the highest potential for forest exposure (56.5%), 117 
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followed by United States (33.9%) and China (22%; The World Bank Open Data, 2018). While 118 

exposure to forest will still vary greatly within countries this data still helps to understand how 119 

dominant forests are in the ecology, economy and culture of each country. Early positive 120 

exposure to forests can also be determined by educational system. Children in the U.S. often 121 

participate in some form of environmental education (e.g., passive education through park visits 122 

with environmental programs or active camp or school classes) while this type of experience is 123 

comparatively rare in China and DRC. Based on country-level statistics of life expectancy, 124 

health outcomes, and GPD per capita (WHO’s Global Health Observatory, 2019). DRC is 125 

comparatively more resource uncertain, and the U.S. is comparatively less resource uncertain, 126 

with China in between.  127 

The BH predicts cooperation will be strongest in response to the level of nature exposure 128 

and will only be reduced by extrinsic motivators. Children from the U.S. or DRC should be most 129 

likely to be intrinsically motivated to cooperate to protect forests. The AH predicts cooperation 130 

will be strongest in response to high extrinsic rewards or punishments regardless of forest 131 

exposure or education and will vary cross culturally depending on the level of uncertainty 132 

characterizing a group’s environment.  133 

Methods 134 

Participants 135 

 Participants aged six to sixteen (N=570) from the U.S., China, and DRC took part in this 136 

experiment. We decided the sample size basing on the number of children and adolescents we 137 

had access to in each testing location. Participants from the U.S. (N = 198; 81 females, 117 138 

males; Age range: 6 to 11; Mean age ± SD: 8.04±1.57) were recruited from a summer camp at 139 

Zoo Atlanta in the suburban area of Atlanta, Georgia. Each camp was week-long, and children 140 
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and adolescents between ages four and fifteen from across the Atlanta area could participate in 141 

the camp. The participants were mostly public-school attendees from middle income families in 142 

the Metro-Atlanta area that is demographically diverse. However, in the context of the camp it 143 

was not viewed as appropriate to collect information on individual participant’s race or 144 

socioeconomic status. All participants took part in activities at camp that included viewing zoo 145 

animals, attending behind the scenes tours and demonstrations by zookeepers and educators, and 146 

making nature related art projects. Participants were tested during the camp session at Zoo 147 

Atlanta in a space known as the “tree house”. It is an approximately 10 x 10 m room situated 148 

above one of the small primate exhibits. Chinese participants (N = 216; 108 females, 108 males; 149 

Age range: 6 to 14; Mean age ± SD: 9.60±1.84) were recruited from a primary school in a suburb 150 

of Beijing. All participants included in the study were from a local primary school that served 151 

low to middle-income populations. Participants were tested in a classroom. Congolese 152 

participants (N = 156; 89 females, 66 males, 1 did not report gender; Age range: 6 to 16; Mean 153 

age ± SD: 11.75 ± 2.20) were children and adolescents from local schools in and around 154 

Kinshasa, the capital city of the DRC. Two of the schools served more rural, low-income 155 

populations on the outskirts of Kinshasa, while the other two schools served more mid-income 156 

families in downtown Kinshasa. Children were tested at their school in a quiet room or outdoor 157 

area or in the education center at Lola ya Bonobo sanctuary. The mean age of the DRC 158 

participants was older than the other countries largely due to more variation in chronological age 159 

within each grade.  160 

Data from an additional 96 participants was excluded from the analysis. Subjects were 161 

tested in groups (see below) and in sixteen groups testing was interfered with by instructions 162 
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from a teacher or conversations between participants (groups excluded: U.S.: N=3; China: N = 4; 163 

DRC: N = 9). One group was excluded from the DRC sample due to lack of age information. 164 

Test 165 

We used a between subject design for both experiments. Six age matched peers played 166 

together and received tokens after an orientation from an experimenter (see Appendix S1 for the 167 

scripts). Groups consisted of participants from the same country and same camp or classroom. 168 

Participants learned the goal of the game was for their group to meet a donation threshold 169 

required to keep a forest healthy. They were informed that they would anonymously decide to 170 

keep the tokens they received until the end and they would be allowed to exchange the tokens for 171 

prizes (i.e. toys or candies) or contribute any portion to local forest conservation. They were told 172 

they would have a set number of trials to reach the goal. The experimenter added tokens to a 173 

Connect Four® board(s) after each trial within a round to display the cumulative number of 174 

tokens given over the course of the trials (Fig S1). The board allowed participants of all ages to 175 

visually understand how close they were to reaching the threshold. 176 

After being oriented, each child from each country was asked the same set of questions to 177 

confirm they understood the task, then they were given two warm-up trials to practice the 178 

donation procedure before the test phase (see Appendix S1). Each group was then assigned to 179 

one of three motivation conditions with age and sex being balanced across conditions (see Table 180 

S1 for the distribution of groups across conditions). The three conditions only differed in the risk 181 

of forfeiting their earnings if the group failed to meet the donation threshold needed to care for 182 

the forest (Fig 1A; see scripts in Appendix S1):  183 

Loss Condition – Failure to meet the donation threshold results in all participants losing 184 

all their tokens earned in the game. 185 
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Risk Condition – Failure to meet the donation threshold results in a coin toss giving 186 

participants a 50% chance of keeping or losing the tokens earned in the game.  187 

Control Condition – Participants keep the tokens they earn in the game regardless of 188 

whether their group meets the donation threshold.  189 

Before starting the game, participants received 24 tokens, learned the risk to their 190 

earnings if their group failed to meet the donation threshold, and were told they had six trials to 191 

succeed. They could donate 0, 2 or 4 tokens per trial and the donation threshold was 72 tokens 192 

per round (requiring 2 Connect Four® boards to display). Success required an average donation 193 

of at least 2 tokens per trial per child (6 participants * 2 tokens * 6 trials). For each trial, each 194 

participant marked on a pre-printed answer sheet whether they wanted to give 0, 2 or 4 tokens to 195 

the Forest Bank. After each trial, the experimenter took each paper from all six individuals, 196 

marked on the data collection sheet how many tokens each individual contributed. The 197 

experimenter ensured all individuals handed a paper each trial and ensured the anonymity. 198 

Data analysis  199 

We analyzed the donation pattern at both group level and individual level analysis to 200 

align with different inferential goals. We used binomial generalized linear regression model for 201 

group success to meet the donation threshold where we account for condition, country, and grade 202 

level (see full result in Table S4). In the group level analyses which investigated the effects of 203 

countries’ resource uncertainty on group donation pattern, we treated the group total number of 204 

tokens as the response variable. Because participants only chose to donate 0, 2, or 4 tokens each 205 

trial, the donations were not continuous and we used Poisson regression models with country, 206 

grade level, and condition treated as covariates (see full result in Table S5). We further analyzed 207 

individual donation patterns using a mixed effects Poisson regression model with fixed effects 208 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2021. ; https://doi.org/10.1101/2021.10.26.466023doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.26.466023
http://creativecommons.org/licenses/by-nd/4.0/


 10

for age, sex, country, threshold completion, and accumulated tokens per trial (see full result in 209 

Table S6). We include random effects for individual and group to account for potential 210 

correlation between donations given by the same individual, as well as the same group. We also 211 

calculated the donation pattern by age in each country from results of this model. In all the 212 

analyses, the Loss and Risk conditions were contrasted with the Control. Participants from the 213 

U.S. and the DRC were contrasted with participants from China. For all results, we include z-214 

statistics, p-values, and 95% confidence intervals on the effect size, which is log odd for the 215 

logistic models. 216 

Results and discussion 217 

As AH predicted, results across conditions signaled that extrinsic motivation led to the 218 

highest success rate meeting the threshold (Loss condition z = 3.63, p < .001, 95%CI [1.40 4.46]; 219 

Risk condition: z = 2.61, p = .009, 95%CI [0.44, 2.87]; Fig 2). 90.63% and 74.19% succeeded in 220 

Loss and Risk extrinsic conditions, respectively, while only 43.75% of groups succeeded in the 221 

Control condition. Countries’ resource uncertainty was also linked to success rates. Compared to 222 

the Chinese sample, groups from the DRC were less successful in meeting the threshold (z = -223 

2.34, p = .019, 95% CI [-2.99, -0.30]). However, no significant difference was found between 224 

groups from China and the U.S. 225 

Analyses on group donation revealed similar patterns (Fig 3). Groups across all three 226 

countries gave more in the Loss (z = 13.72, p<.001, 95% CI [0.34, 0.46]) and the Risk condition 227 

(z = 8.57, p<.001, 95% CI [0.20, 0.32]) than they gave in the Control condition. Comparisons 228 

between countries were partially consistent with resource uncertainty driving lower donations. 229 

Groups from DRC donated significantly less compared to the Chinese sample (z = -7.63, p<.001, 230 
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95% CI [-0.39, -0.17]), but groups in the U.S. also gave less than Chinese groups (z = -4.73, 231 

p<.001, 95% CI [-0.18, -0.07]).  232 

The individual level analysis assessed individual donations levels once the threshold was 233 

met and again found little evidence for intrinsic conservation motives, especially in the U.S. and 234 

DRC samples. Results detected that across conditions, individual donations dropped significantly 235 

in trials after the donation threshold was met by participants from the U.S. (z = -5.74, p<.001, 236 

95% CI [-1.34, -0.62]) and the DRC (z = -2.12, p = .034, 95% CI [-0.83, -0.12]), but not in 237 

China. It is noteworthy that participants from the U.S. were attending a conservation camp and 238 

the DRC is the most forested country, but only participants from China continued to donate to 239 

aid the forest once the donation threshold was met and their own rewards were secured. It is 240 

possible that the relative scarcity of forests in China has increased conservation awareness (Li, 241 

2004). Awareness campaigns may have altered the perception of forest value. Donations made 242 

by the Chinese participants, after the group threshold was met, are also likely an expression of 243 

collectivist cultural norms (Wagner 1995) or are due to a higher sensitivity to experimenter 244 

demand effects (Kagitcibasi, 1997).  245 

The individual level analysis also demonstrated that participants growing up in the more 246 

resource certain countries showed increased donation with age, while this same relationship was 247 

not observed in the more resource uncertain environment. In the U.S., older participants gave 248 

more tokens than younger ones (z = 4.85, p<.0001, 95% CI [0.26, 0.65]), However, the Chinese 249 

and Congolese children and adolescents did not show increasing donations with age, even though 250 

we sampled a larger age range in China and DRC.  251 

 252 

Experiment 2 253 
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In Experiment 1, children and adolescents across cultures cooperated when motivated by 254 

risk to their own selfish rewards. Experiment 2 tests if we can design an age-appropriate game 255 

for children that simulates sustainable forest management using extrinsic motivators to 256 

encourage cooperation. Sustainability is often introduced through stories or individual 257 

responsibility (e.g., recycling, avoiding straws, turning lights off, etc.) but is less often 258 

introduced through activities that require cooperation, assessment of cost-benefit tradeoffs and 259 

opportunity costs associated with failed cooperation. Here we further tested the Biophilia and 260 

Anthrophilia hypotheses by having participants play a game in which they experience the types 261 

of decisions that are involved in collective action needed to maintain a common-pool resource 262 

sustainably.  263 

As in Experiment 1, children are given tokens, but here it is emphasized that this 264 

endowment is a direct product of a nearby forest. In the main sustainability condition participants 265 

can enhance the productivity of the forest and increase their endowment each round if they 266 

cooperate to meet a threshold of donations required to maintain the health of the forest. If the 267 

group fails to meet the threshold, the forest becomes less productive and they experience a delay 268 

between rounds in receiving their endowment as the forest recovers more slowly from lack of 269 

care. Another group of participants experience a delay condition that was highly similar to the 270 

sustainability condition except no sustainability framing was given and successful cooperation 271 

did not increase productivity. Participants in the two experimental conditions were compared to a 272 

paired control group. No incentives were provided to these control groups other than their 273 

intrinsic motivation to cooperate (see Fig 1B and 1C for illustration of design). 274 
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The BH predicts that children will succeed in the controls based on intrinsic motivation 275 

alone (and may be reduced by extrinsic motivators), while the AH predicts cooperation will 276 

increase as extrinsic motivators increase the payoff of cooperation.  277 

Methods  278 

Participants 279 

A nai�ve group of children (N=516; 264 females, 252 males; Mean age ± SD: 280 

8.07±1.90) from the same week-long summer camp at Zoo Atlanta participated in this 281 

experiment. All participants took part in camp activities described in Experiment 1. This sample 282 

was chosen to directly test intrinsic levels of cooperation in participants taking part in an 283 

experiential environmental education program (i.e., in the control conditions) versus participants 284 

who in addition to camp activities also directly experienced extrinsic incentives for forest 285 

conservation (i.e., in the Sustainability and Delay condition). All testing took place in the same 286 

location as in Experiment 1.  287 

Test 288 

Participants were distributed into age-matched groups using the same methods as in 289 

Experiment 1. Each group was assigned to one of four conditions with age and gender being 290 

matched (see the distribution of individuals and groups across conditions in Table S2 and S3; see 291 

scripts for each condition in Appendix S2 and S3).  292 

 Sustainability condition – Right before participants (N=216) began the game, they 293 

participated in an instructor-led discussion. children were instructed to think about nearby forests 294 

and responded to six standardized questions which were designed to lead children to think about 295 

the value of forests and loss of everyday items they used as consequences of losing forests. It 296 

was then explained that in the game their donations would be used to help keep a forest healthy. 297 
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During the discussion they were told 1) the tokens they receive represent money made from 298 

selling lumber from the forest they were to manage 2) meeting the donation threshold (filling the 299 

collection bank with 36 tokens) increased the forest productivity while failing reduced it and 3) 300 

success translated into 24 tokens for everyone in the next round while failure reduced the 301 

productivity of the forest to 8 tokens per player and required a 90 second waiting period between 302 

rounds while the forest recovered on its own (Fig 1B). 303 

Sustainability Control– participants (N=144) did not discuss forest conservation with an 304 

instructor and were told they received the same 12 token endowment after each round regardless 305 

of whether the group met the threshold. There was never a delay between rounds.  306 

Delay condition – participants (N=78) did not discuss forest conservation with an 307 

instructor and were told failure to meet the donation threshold and fill the collection bank would 308 

result in a 90 second delay before the next round. Unlike the sustainability condition, they were 309 

told they would receive the same 12 token endowment regardless of success or failure at meeting 310 

the threshold (Fig 1C).  311 

Delay Control – children (N=78) did not discuss forest conservation and were told they 312 

received the same 12 token endowment after each round regardless of whether the group met the 313 

threshold. There was never a delay between rounds.  314 

In this experiment, there were three trials per round, with 3 rounds total. Children could 315 

donate 0, 2 or 4 tokens per trial, and the donation threshold was 36 tokens per round. The 316 

procedure of each trial is same to Experiment 1.  317 

Data analysis 318 

Like Experiment 1, we analyzed the group success pattern using Binomial generalized 319 

linear regression models and calculated the contrasts between conditions from the results (Table 320 
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S7). We analyzed individual donation patterns using a mixed effects Poisson regression model 321 

with fixed effects for condition, age and gender, and accumulated tokens per trial (see full results 322 

in Table S8). We calculated individual donation patterns by age from the results. In a separate 323 

Poisson regression model, we analyzed individual donation after completing the threshold and 324 

compared the patterns across conditions (Table S9). 325 

Results and discussion 326 

The results support the AH with both the sustainability and delay groups having higher 327 

success rates in meeting the threshold than the control conditions (Fig. 4). Groups in the 328 

Sustainability condition were far more likely to reach the donation threshold than groups in the 329 

Sustainability Control (z = 5.58, p<.001, 95% CI [2.42, 5.00]). Similarly, groups in the Delay 330 

condition succeeded in reaching the donation threshold more than those in the Delay Control 331 

condition (z = 2.44, p = .015, 95% CI [0.16, 2.56]). The Sustainability Condition yielded higher 332 

success rates than the Delay condition (z = 3.08, p = .002, 95% CI [0.76, 3.41]), while the 333 

controls did not differ from each other significantly. 334 

The individual analysis revealed the same pattern of results. Participants in the 335 

Sustainability Condition gave more tokens than those in Sustainability Control condition (z = 336 

7.47, p<.001, 95% CI [0.40, 0.68]) and individuals in the Delay Condition gave more tokens than 337 

those in Delay Control condition (z =4.28, p<.001, 95% CI [0.23, 0.64]). There was also a trend 338 

that participants in the Sustainability condition donated more than the Delay condition (z = 1.71, 339 

p = .088, 95% CI [-0.02, 0.31]). We did not find significant difference between the two control 340 

groups. 341 

After the group donation met the threshold, participants in the Sustainability condition 342 

still donated more than the Sustainability Control condition (t = 3.57, p < .001, 95% CI [0.16, 343 
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1.42]). Similarly, participants in the Delay condition donated more than the Delay Control 344 

condition after meeting the threshold (t = 4.46, p < .001, 95% CI [-0.01, 1.06]). We did not see 345 

difference between the Sustainability and Control conditions, or difference between the two 346 

controls after the threshold was met. Age did not affect individual donation in the he 347 

Sustainability or Delay Condition. However, in the control conditions, older children donated 348 

significantly more than younger children (Sustainability Control: z = 2.21, p = .002, 95% CI 349 

[1.07, 1.23]; Delay Control: z =4.13, p = .002, 95% CI [1.00, 1.10]). 350 

 351 

General discussion 352 

Overall, results of our experiments support the predictions of the Anthrophilia 353 

Hypothesis. Across all three countries, children were most likely to successfully cooperate to 354 

support forest conservation when extrinsic motivation was highest. Even children attending an 355 

environmental camp in the U.S. were unlikely to meet the donation threshold without rewards or 356 

punishment. Cultural differences and differences in population level resource certainty likely 357 

also shape donation preferences. In the second experiment, we demonstrated that even minimal 358 

extrinsic motivation boosted cooperation--just the threat of minor time delay between rounds 359 

significantly increased success in reaching the threshold in children of all ages. We also found 360 

that simulating the costs and benefits of sustainable forest management led to the highest levels 361 

of cooperation observed. Children were most successful at working together when they 362 

personally experienced loss or gain as a result of their collective decisions around responsibly 363 

managing the forest that produced their endowment.   364 

There was limited evidence in support of the Biophilia Hypothesis. Intrinsic motives 365 

were not strong enough to consistently drive cooperation across nationality or condition. Only a 366 
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minority of groups succeeded when there was no personal consequence associated with group 367 

success or failure. When failure resulted in loss of reward, children in the US and DRC curtailed 368 

donations as soon as their own selfish rewards were secured. This suggests children understood 369 

how to maximize their individual payoff, but they were only motivated to give minimally when 370 

the common-pool good conflicted with their own interest. The exception to this pattern was the 371 

Chinese children who donated even after the threshold was met. It may be they understood the 372 

rules of the donation games differently. However, all of the children that participated from each 373 

country were required to pass the same comprehension check to assure they all understood the 374 

game. It seems more likely that the Chinese children’s collectivist cultural background 375 

encouraged generosity here (Ma et al., 2015). Meanwhile, the perception of forest scarcity, a 376 

potential form of resource uncertainty, might have motivated Chinese children higher donations.  377 

Together, these findings suggest that in addition to observing and learning about wildlife 378 

and wild places, children benefit from experiencing the decision-making process required to 379 

protect common-pool goods like a forest. Future research can better characterize the psychology 380 

underlying and developmental trajectory of this form of prosocial behavior directed at nonsocial 381 

agent. Infants develop different forms of prosocial helping, sharing and comforting that rely on 382 

different types of social cognition and first appear at different time points (Dunfield, 2014). 383 

Similarly, the type of donation behavior seen here may rely on a specific set of social cognitive 384 

skills. Identifying the associated cognition and understanding its development could help target 385 

the time when playing these types of games might have the greatest impact on children. Further, 386 

cross-cultural research is also badly needed, especially with children from developing countries 387 

with more resource uncertainty or different cultural norms than those tested here. For example, 388 

future research will need to replicate the Sustainability condition from Experiment 2 with 389 

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 29, 2021. ; https://doi.org/10.1101/2021.10.26.466023doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.26.466023
http://creativecommons.org/licenses/by-nd/4.0/


 18

participants who are not in a conservation related camp and are instead from a range of countries 390 

and non-WEIRD cultures. While the results from Experiment 1 suggest a range of children will 391 

respond similarly to the extrinsic motivators used in the sustainability condition of Experiment 2, 392 

this prediction needs to be tested. It will also be important to test if participation in sustainability 393 

simulations translate to participants showing pro-conservation decisions beyond the experimental 394 

context (e.g., are participants in these simulations more willing to advocate for conservation 395 

initiatives or change their own behavior in real life?). With such knowledge, a powerful new tool 396 

will become available to be included in conservation education curriculum. Vital common-pool 397 

goods – including forests – will experience enhanced protection. Both people and wild places 398 

will benefit.  399 

 400 

 401 

 402 
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 523 

 524 

Figure 1. A) Outcomes for conditions in Experiment 1. Group Success indicates if the group 525 

collectively gives enough to the collection bank to meet the conservation goal (72 tokens). 526 

Reward indicates that individuals in the group can exchange their remaining tokens for rewards. 527 

B) Differential outcomes for the Sustainability and Control Conditions in Experiment 2. C) The 528 

Delay and Control study in Experiment 2. Success in a round for B and C required the group to 529 

collectively donate minimum of 36 tokens.  530 

 531 
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 536 

 537 

Figure 2. The rate that group donation met the threshold (72 tokens) by condition and country in 538 

Experiment 1.  539 
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 540 

Figure 3. Average group donations by condition and country in Experiment 1. Error bars 541 

represent standard deviations. The horizontal dashed line represents the number of tokens (72) 542 

needed to reach the conservation threshold.  543 
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 548 

Figure 4. The success rate that group donation met the threshold (36 tokens) by condition in 549 

Experiment 2.  550 
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