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Abstract

Compared to other species, the extent of human cooperation is unparalleled. Such coopera-

tion is coordinated between community members via social norms. Developmental research

has demonstrated that very young children are sensitive to social norms, and that social

norms are internalized by middle childhood. Most research on social norm acquisition has

focused on norms that modulated intra-group cooperation. Yet around the world, multi-eth-

nic communities also cooperate, and this cooperation is often shaped by distinct inter-group

social norms. In the present study, we will investigate whether inter-ethnic and intra-ethnic

social norm acquisition follows the same, or distinct, developmental trajectories. Specifi-

cally, we will work with BaYaka foragers and Bandongo fisher-farmers who inhabit multi-eth-

nic villages in the Republic of the Congo. In these villages, inter-ethnic cooperation is

regulated by sharing norms. Through interviews with adult participants, we will provide the

first descriptive account of the timing and mechanism by which BaYaka and Bandongo learn

to share with out-group members. Children (5–17 years) and adults (17+ years) will also par-

ticipate in a modified Dictator Game to investigate the developmental trajectories of chil-

dren’s intra- and inter-ethnic sharing choices. Based on our ethnographic knowledge of the

participating communities, we predict that children’s intra-ethnic sharing choices in the Dic-

tator Game will match those of adults at an earlier age than their inter-ethnic sharing

choices. We will analyze our data using logistic Bayesian modelling.

Introduction

Cooperation is central to the success of our species [1, 2]. Humans cooperate across a range of

daily activities including subsistence [3], food sharing [4, 5], childcare [6, 7], and knowledge

transmission [8, 9]. Compared to other primates, human cooperation is unique in the extent
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to which it varies across communities [10, 11], and in that we cooperate with many unrelated

and even unknown individuals [12, 13]. Social norms, or “mutual agreements or commitments

about the way that individuals ought to behave in certain situations” [8], ensure that coopera-

tion is coordinated between community members [14–16]. In turn, ethnic markers such as

language, behaviours, and styles of dress help community members identify each other, hence

facilitating in-group cooperation [14, 17].

Most research into the development of social norms has focused on intra-group coopera-

tion. These studies have demonstrated that children are sensitive to social norms by the age of

three [18], that children internalize social norms by middle childhood [19], and that children

as young as three preferentially cooperate with in-group members [20]. Yet, around the world,

many individuals live in multi-ethnic communities characterized by inter-group cooperation

[21–24]. Inter-group cooperation may help communities manage risks associated with

resource shortfalls and provide access to nonlocally available resources [25–27]. In such com-

munities, individuals not only have social norms for cooperating with individuals within their

ethnic groups, but between them.

In the present paper, we aim to investigate the development of intra- and inter-ethnic social

norms in multi-ethnic villages inhabited by BaYaka foragers and Bandongo fisher-farmers in

the Republic of the Congo. These communities regularly engage in inter-ethnic cooperation

regulated by sharing norms. In this study, we will provide the first descriptive account of the

timing and mechanisms by which BaYaka and Bandongo learn to share with out-group mem-

bers via interviews with adult participants. We will also use a modified Dictator Game to inves-

tigate the developmental trajectories of children’s intra- and inter-ethnic sharing choices.

Considerable research has been done to develop experimental tasks measuring sharing across

a wide range of ages and cultures, providing a firm methodological footing for this experimen-

tal paradigm. In what follows, we summarize findings from previous studies on the develop-

ment of intra-group social norms and inter-group biases. We then describe the context in

which the present study will take place.

Developing social norms

Prosocial behaviour emerges in infancy [28] and increases in both frequency and sophistica-

tion between early childhood and adolescence [29]. Children as young as three rapidly infer

the presence of norms, protesting the incorrect usage of an object after having seen it used

‘correctly’ by an adult model only once [18]. By age five, children spontaneously generate their

own norms in novel collaborative games [30], and protest norm violations that would benefit

them in a competitive game [18]. German and American three- to five-year-old children show

a clear willingness to conform to the behaviour of others [31–33].

Societal variation in prosocial behaviour begins to increase around 7–10 years of age. For

example, studies have found increasing societal differences in both generosity in a binary Dic-

tator Game [19, 29, 34] and advantageous inequity in the Inequity Aversion Game [35]. Chil-

dren in middle childhood also modify their prosocial behaviour in response to normative

information. For example, 6- to 9-year-old German children were more likely to share in a

binary Dictator Game when their knowledge of local norms was primed (i.e. when they were

told they could “share like they think they ought to share”) relative to when their own prefer-

ences were primed (i.e. when they were told that they could “share as they wished”) [36]. This

suggests that these children held knowledge of a norm specifying that they “ought to share”.

Researchers have also found that 6- to 10-year-old German and British children’s prosocial

behaviour in the binary Dictator Game becomes increasingly influenced by norms as they age

[37, 38]. Taken together, these findings suggest that by middle childhood, children become
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increasingly sensitive to, and likely to conform to, community-specific norms. However, how

social learning contributes to variation in the timing of norm acquisition has been infrequently

explored.

Developing in-group preferences

Inter-group bias appears early in development. American five-year-olds show consistent pref-

erences for members of their own age group [39], gender [40, 41] and language group [42].

Sensitivity to group membership cues also shape children’s social learning. Buttelmann and

colleagues [43] showed that 14-month-old German children were more likely to imitate the

actions of speakers of their own language than speakers of a different language. In comparison,

when presented with an action performed by out-group members, 5-year-olds were more

likely to perform a contrasting action than the one observed [44].

Children are more likely to act cooperatively with in-group members [42, 45–47]. For

example, 2.5 year-old American children are more likely to share toys with native language

speakers [20]. Children from western cultural contexts are also more likely to help and share

with members of their own ethnic groups [46, 48–50]. Even arbitrary or transient in-groups

result in increased prosocial behaviour. American preschoolers preferentially allocate

resources to randomly classified in-group members marked by armband and sticker colors

[51]. Yet, norms may play an important role in regulating inter-group sharing. When equita-

ble, Swiss second-graders adhere to suggested in-group and out-group sharing norms [52].

Inter-group cooperation may be enhanced in communities where strong social norms regulate

inter-ethnic interactions [53].

Learning about social norms and group membership

Ethnographic research suggest that several social learning mechanisms contribute to children’s

growing awareness of community-specific social norms, including sharing norms [54, 55].

Parents play an active role in teaching children to share in early life. For example, when Kala-

hari San eight-month-olds give objects to others, parents actively encourage them [56]. In

early childhood, Indian Nayaka parents send children to distribute plates of food to other

households [57]. When children refuse to share, Central African Aka caregivers may withhold

food, gossip about them, hit them, or insult them [58]. In some Chinese schools, teachers

actively provide instruction related to fairness through disciplinary and motivational interven-

tions, peer comparisons, and moral comments [59]. Children also learn sharing norms in

child-only groups. For example, a Congolese BaYaka child may carefully dole out tiny portions

of food during play, sending these portions to other children in a manner emulating adult

sharing [60]. In peer groups, Israeli children participate in ritualized sharing of candy and

other treats [61]. While foraging, Tanzanian Hadza children share food with their peers, and

abstain from consuming food so that they can share them with their caregivers upon return to

camp [62, 63].

Social learning also plays an important role in children’s acquisition of beliefs about in- and

out-group membership and their attitudes towards them [64–67]. In terms of the acquisition

of stereotypical beliefs, a large body of research has shown that children are exposed to cultural

stereotypes in conversation with parents as well as through the broader culture [67]. In terms

of the acquisition of inter-group attitudes, a comprehensive meta-analysis of more than 45,000

parent-child dyads from predominantly western cultural contexts reported a moderate and

positive relationship between the attitudes of children and those of their parents [68]. Support-

ing this view, Skinner and colleagues [69] demonstrated that observing negative non-verbal

behaviour towards a stranger is sufficient to lead American children to hold a negative attitude
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towards that person and towards that person’s friends. Interactions between children may also

shape their out-group attitudes; Peruvian Matsigenka children adopted the norms of their

Mestizo neighbours through sustained inter-ethnic interactions, primarily at school [70].

However, we know of no ethnographic studies that have described how children learn inter-

ethnic social norms, despite their importance to inter-group cooperation.

Ethnographic setting

Our study will explore the development of intra- and inter-ethnic sharing norms among

BaYaka and Bandongo inhabiting two villages alongside the Motaba river in the Likouala

Department of the Republic of the Congo [71]. Bandongo are primarily fisher-farmers who

also participate in hunting and trapping [72]. BaYaka are foragers who primarily collect

honey, wild yams, mushroom, fish, wild game, and other forest products, supplemented by

cultigens from low-intensity gardens [73, 74]. BaYaka and Bandongo primarily use linguistic

(Yaka and Bondongo/Lingala) and behavioural ethnic markers to distinguish between their

communities. BaYaka view Bandongo as accumulators of wealth, hierarchical, and as claim-

ants of forest areas as their own [75]. Bandongo identify BaYaka based on their sociability, lack

of food reserves (reflecting their immediate-return economy), and their knowledge of the for-

est [75].

BaYaka intra-group sharing norms are organized around generalized reciprocity. Consis-

tent with their strong egalitarian ethos, having a resource is understood by BaYaka as having

an obligation to share it, and an expectation that others have the right to demand it [76]. Food

sharing norms are formalized into specific food taboos about how hunters allocate their kills,

based on seniority, gender, and specific roles during the hunt. Portions of cooked meals are

typically shared according to kinship, residential proximity, reciprocity, and need [77]. Sharing

of most resources is unconditional and failing to share is not only viewed as inviting social dis-

cord into the community, but also as angering the forest, thus threatening the future availabil-

ity of resources [78].

Among the many ethnic groups of farming and fishing peoples in the region, including

Bandongo, sharing norms reflect the cultural values of family communalism and status hierar-

chy [79]. Resource production and consumption typically occurs along the patriline. Sharing

within households is governed by gender and age. Resources are considered the private prop-

erty of the family. Within extended families, sharing is governed by norms of obligation to spe-

cific relatives (e.g., elders, in-laws). Between families, resources are exchanged via barter or

sale, and sharing is largely constrained to community-wide events, such as funerals and rites of

passage. Generally, people keep track of debts either formally or informally. Individuals or

families deemed as having much more than others are accused of using witchcraft. Such

threats help avoid disproportionate accumulation.

Sharing between BaYaka and Bandongo occurs in the context of economic exchange rela-

tionships, typically institutionalized through fictive kinship [80]. BaYaka men are often hired

as shotgun hunters for Bandongo. In these contexts, BaYaka receive the hunter’s portion of

meat, including the head, the tail, and the guts. They also receive a pre-agreed gift, such as a

headlamp or clothing [81]. BaYaka women routinely help build Bandongo houses, in exchange

for palm wine and a manioc dish called jabuka (Yaka) or pondu (Lingala). BaYaka women col-

lect caterpillars which they exchange for baby clothes and bassinets. Both BaYaka men and

women contribute to farming labour in exchange for cultigens such as manioc, plantains, and

corn. Finally, BaYaka and Bandongo inherit overlapping sections of the forest. Forest

resources are jointly managed through harvesting and sharing rules. It is important to note

that these sharing norms are not without contention. Conflicts can arise when one party
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considers resources to be unfairly shared, when debts have not been paid, or when an area of

the forest no longer produces sufficient resources. In such cases, institutions such as council

meetings and nganga healing ceremonies help mitigate potential inter-ethnic conflict [82].

BaYaka children begin to learn intra-ethnic sharing norms in infancy, and socialization of

sharing continues throughout childhood [83]. For example, children say their mothers taught

them to share by showing them how to allocate portions of the evening meal [58]. Women

then call upon children to distribute these plates to specific members of the community [83].

Sharing norms are also likely reinforced though the practice of demand sharing, which means

that anyone has a right to ask another for a portion of a resource, and they are obligated to

abide. Enforcement of sharing norms is indirect, and typically individual transgressions are

not specifically sanctioned. Rather, adults will refer to improper sharing as the cause of failures

to catch game on hunts, or they will denounce selfishness in a general way during public

speeches (mosambo) or through satirical reenactments of selfish or improper behavior

(moadjo) [82, 84]. While less is known about how Bandongo learn sharing norms, children,

especially girls, are involved in food preparation from early in life and have the same opportu-

nities BaYaka children do to observe their parents’ sharing practices. As noted above, accusa-

tions of witchcraft are one serious form of public norm enforcement that children would

witness.

How or when children learn inter-ethnic sharing norms is less understood. In early and

middle childhood, BaYaka and Bandongo children may accompany their parents and observe

while these participate in inter-ethnic labour or exchanges. However, it is not until early ado-

lescence that inter-ethnic sharing becomes common. Bandongo adolescents hire BaYaka peers

to go hunting to raise sufficient funds for the upcoming school year, often living in forest

camps together for extended periods of time. BaYaka and Bandongo adolescent girls accom-

pany their mothers to Bandongo fields. Bandongo pre-adolescent and adolescent children are

also sometimes sent to collect debts from BaYaka for their parents. Such experiences provide

extensive opportunities for adolescents to interact with out-group members, learn about each

other’s sharing norms, observe their parents barter and trade, and participate in exchanges

themselves. Explicit teaching of inter-ethnic sharing norms may occur duringmosambo and

moadjo among BaYaka, when adults counsel adolescents in how to behave, and reprimand

them when they have violated an inter-ethnic norm. Among the Bandongo, parents actively

counsel their children regarding inter-ethnic sharing norms (Kandza, personal communica-

tion). Both BaYaka and Bandongo children also participate in village council meetings, where

inter-ethnic norms are often discussed, and violations are resolved. The village crier (mopandji

sango), who walks through both BaYaka and Bandongo neighbourhood in the evening sharing

news of the day’s activities as well as any decisions taken by the village council, often reminds

community members to cooperate by respecting intra- and inter-ethnic sharing norms

(Kandza, personal communication).

The present study

As outlined, previous experimental research has demonstrated that children are sensitive to

social norms and group membership in early childhood. By middle childhood, children have

internalized community-specific social norms, leading to cross-cultural variation in behaviour.

Social learning research further suggests that children develop social norms and inter-group

attitudes from parents and other children via teaching, observation, and practice during play

and work activities. Here, we add to this body of research by investigating the social learning

and developmental trajectories of intra- and inter-ethnic sharing norms in a multi-ethnic com-

munity in the Republic of the Congo in which inter-ethnic cooperation is common.
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Specifically, we aim to describe how, when, where, and from whom BaYaka and Bandongo

learn inter-ethnic sharing norms via retrospective interviews with adults. We also aim to inves-

tigate how the development of adult-like intra- and inter-ethnic sharing norms are shaped by

social learning opportunities using a modified Dictator Game. Our ethnographic work has

demonstrated that BaYaka and Bandongo children learn intra-ethnic sharing norms in early

childhood, whereas learning inter-ethnic sharing norms may occur more intensively in adoles-

cence. We thus predict that children’s intra-ethnic sharing choices in the Dictator Game will

match those of adults at an earlier age than their inter-ethnic sharing choices.

Methods

Ethical approval

Ethical approval was obtained from Durham University Psychology ethics committee and

from the Max Planck Group ethics committee. In-country permission will be obtained from

the Institut de Recherche en Sciences Exactes et Naturelles and/or the Centre de Recherche en

Economie et Sciences Humaines. Consent will be obtained in accordance with local cultural

norms as established in previous field seasons. Specifically, community consent will be

obtained during village meetings hosted by the Bandongo and BaYaka leaders. During these

meetings, we will describe the goals of the study. We will emphasize that participation is not

mandatory, and that individuals can withdraw from the study at any time without penalty. We

will answer any questions the community may have. The community will decide by consensus

whether we are permitted to conduct research in the villages.

Following community consent, we will seek individual verbal consent from adults. Consent

scripts will be translated and back-translated into Lingala for Bandongo participants and Yaka

for BaYaka participants. We will reiterate the goals of the research, the research procedure, the

gifts received irrespective of participation, and that participants can withdraw at any time. We

will answer any questions and ask for parent and/or guardian consent for child participation,

where applicable.

Adult consent and child assent will be obtained again in the testing room immediately prior

to administrating the experiment using a translated and back-translated assent script. In addi-

tion to verbal assent, we will attend to children’s shyness or apparent discomfort. If, prior to

the start of the experiment, or at any point throughout it, a child verbally or non-verbally sig-

nals that they do not wish to participate, we will stop the experiment and move on to the next

participant.

Participants will receive culturally appropriate gifts commensurate with local sharing

norms and the time they will spend working with us. Gifts may be mosquito nets, clothing, or

schoolbooks, depending on community need and market availability. Upon completion of the

research, we will make a poster of our findings which will be explained during a village meet-

ing and given to each participating community.

Participants

Data will be collected in two multi-ethnic villages of approximately 400 BaYaka and Bandongo

inhabitants each with similar demographic profiles, subsistence strategies, access to markets,

and distances from urban centers [85]. In our previous experimental and ethnographic work

in these two villages, we have observed intra- and inter-ethnic sharing practices commensurate

with regional social norms.

We will recruit 30 children (5–16 years) and 20 adults (17+ years) from each ethnic group

in each village for a total of 200 participants. We aim for a sample evenly comprised of males

and females within each ethnic group and village, and across age groups (grouped by 2 years
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for children and 5 years for adults). To achieve this, we will develop a list of all consenting par-

ticipants divided by age group, sex, and ethnicity. We will then randomly invite participants

from the list to participate in the study. We will move down the list until 200 participants have

(1) participated in all relevant elements of the study, and (2) have passed all comprehension

checks embedded in the experiment (see below).

Our sample size is constrained to 200 individuals based on the population size of each vil-

lage, and accounting for attrition attributed to the high levels of mobility in these communities,

participant shyness which would preclude them from completing the experiment [85], and

exclusion due to performance on the comprehension checks. Simulated datasets described in

“Data Analysis” below suggest that this sample size is adequate to reliably estimate the order in

which intra- and inter-ethnic sharing norms are acquired. Note that inter-ethnic cooperation

generally, and sharing specifically, is highly regulated, easily observable in daily interactions,

and widely practiced across a range of forest- and village-based contexts and resources. Thus,

we do not a priori expect participant mobility and shyness to co-vary with inter-ethnic sharing

norms, nor how these norms are acquired. Local perspectives on this potential limitation will

nonetheless be elicited during the ethnographic interviews (see below).

Inclusivity in global research

This project is only possible with the sustained support of local research assistants, who will

conduct independent data collection as part of this project. Because of unknowns regarding

staff availability at the time of data collection, it is currently not possible to definitively identify

which research assistants will participate in the present study. Research assistants will be co-

authors on the final registered report. Additional information regarding the ethical, cultural,

and scientific considerations specific to inclusivity in global research is included in the S1

Checklist.

Interview

An interview will be conducted with all participating BaYaka and Bandongo adults. Partici-

pants will be asked to describe how they learned sharing norms within and across ethnicity.

These descriptions will be independently recoded into teaching and learning types adapted

from Hewlett and Roulette [86] by the co-first authors (see Table 1 for definitions). After cal-

culating reliability using Cohen’s Kappa, we will resolve any disagreement by consensus. For

both intra-ethnic and inter-ethnic sharing, we will also ask participants to free-list the cultural

models (as categories, e.g. mother, friend) from whom they learned to share, and the contexts

in which they learned to share [79]. We will also ask participants to identify the stage of child-

hood they began to learn to share. Life stages will follow local cultural understandings of child

development which roughly map on to early childhood (mwona/mwona moke), middle

Table 1. Description of teaching and learning categories used to code the interview responses, adapted fromHew-

lett and Roulette [86].

Demonstration Caregiver shows the learner how to share.

Task assignment Caregiver tasks the learner to share.

Instruction Caregiver explains how sharing should or should not be undertaken, either in situ or
through storytelling.

Observation/
Imitation

The learner observes the caregiver’s sharing and/or imitates the caregiver’s sharing.

Play The learner emulates sharing during play.

https://doi.org/10.1371/journal.pone.0276845.t001
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childhood (mwona akoka/mwona ya mwamokolo), and adolescence (mopondi (males), ngondo

(girls)/mwona ya mokolo).

Following these structured questions, we will use an open-ended (i.e., ethnographic) format

to understand secular changes in inter-ethnic sharing norms across generations, and whether

mobility shapes inter-ethnic sharing norms. Questions will include: (1) How did the elders

(bakoko) share across ethnicity? (2) How do you share across ethnicity? (3) Are children learn-

ing to share differently than in the past? (4) How did BaYaka and Bandongo interact in the

past? (5) How have these interactions changed? (6) How do you resolve a conflict related to

inter-ethnic sharing today? (7) How were these conflicts resolved in the past? (8) Do BaYaka/

Bandongo who live in the forest full-time or almost full-time have different intra- and inter-

ethnic sharing norms than those who spend more time in the village?

A short interview will be conducted with all participating BaYaka and Bandongo children,

immediately after their participation in the Dictator Game (see below). Children will be asked

to report whether they know how to share within and across ethnicity. Interview questions

with a binary response (yes/no) which can be communicated non-verbally (e.g. by shaking

one’s head) can help overcome participant shyness common in experimental contexts [79]. In

addition, we will ask child participants open-ended (i.e., ethnographic) questions including:

(1) From whom did you learn intra-ethnic sharing norms? (2) From whom did you learn

inter-ethnic sharing norms? (3) How do you share within ethnicity? (4) How do you share

across ethnicity? While we expect fewer children will answer these questions due to shyness, a

small sample of answers will nonetheless ensure that we are able to track secular trends regard-

ing changes in the social learning of sharing norms over time.

Dictator Game

All participants will play a binary choice Dictator Game, in which they make a series of choices

between two predetermined payoff distributions. Rewards will be beads, which are used by

both communities for hair adornment and as jewelry, and which are prized by males and

females of all ages. To avoid bead colour affecting participation choice, all beads will be green.

During the experiment, participants will choose to equally distribute two beads between them-

selves and another person (SHARE) or keep both beads for themselves (KEEP). This will be

done over the course of two trials corresponding to two conditions in which the potential

recipient is described as either the same ethnicity or a different ethnicity.

The Dictator Game has been successfully administered with neighbouring Aka forager chil-

dren in the Central African Republic [19]. We have carefully designed aspects of this Dictator

Game to be culturally sensitive and salient. In the classic Dictator Game, participants are pre-

sented with tokens that represent some unknown quantity. Participants exchange these tokens

for rewards. To accommodate the immediate-return economy of BaYaka participants, we

adjusted this Dictator Game to include the rewards—beads—as the currency in the game [34].

Further, all comprehension checks have been designed to require minimal verbal communica-

tion to help overcome participant shyness. We have opted for questions that can be answered

via pointing, or in the case of counting, by holding up one or two fingers. All participants will

be given two chances to pass the comprehension tests. If the participant fails any comprehen-

sion test thrice, the experiment will immediately end, and the participant will be excluded

from the study.

Materials. The apparatus consists of two laminated paper trays 3.5 x 8.5 inch each with a

yellow and purple circle on either end. Each tray represents a payoff distribution (SHARE or

KEEP). Beads placed on the yellow circle facing participants are for participants, and beads

placed on the purple circle further from participants are for recipient. Meeples, small
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humanoid figurines, will be used to represent the participant and recipients, such that co-eth-

nic recipients will be the same color (blue or red) as the participant and vice versa. Participants

and recipients will remain anonymous to each other. In each village, testing will occur in a

quiet room in the research house. One BaYaka and one Bandongo research assistant will be

trained to administer the experiment to co-ethnic participants. Experiment scripts have been

translated and back-translated into Yaka for BaYaka participants, and Lingala for Bandongo

participants. Research assistants will be guided through the experiment using the Open Data

Kit application on a tablet [87]. Participant responses and choices will be recorded within the

application. The location of the payoff distribution (left or right tray from the perspective of

the participant), the meeple colour assigned to each ethnicity (blue or red), and the order of

conditions (same ethnicity or different ethnicity recipient) will be randomized automatically

within the application. We have opted to use these randomly-assigned visual markers of eth-

nicity because, as previously mentioned, BaYaka and Bandongo primarily distinguish each

other through linguistic and behavioural ethnic markers, which do not straightforwardly

translate to this experimental paradigm. Randomly-assigned colours have been used success-

fully as in- and out-group markers in previous experiments in the post-industrialized west

[51], and are also used as part of team uniforms at the field site during inter-village football

games. Thus, we expect that assigning meeple colours to ethnicity will be well understood in

this context. Testing will be video recorded in case of equipment malfunction.

Procedure. Full procedural details are outlined in Fig 1. The testing procedure has 9 steps:

Fig 1. Dictator Game procedural details. a) introduction to reward; b) introduction to meeples and emphasis on their representation of real people; c)
assignation of participant’s meeple colour; d) introduction to game play; e) explanation of decision outcomes; f) practice trial; g) assignation of same/different
ethnic group meeples; h) test trials.

https://doi.org/10.1371/journal.pone.0276845.g001
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1. Introduction to the reward: The experimenter hands the participant a cup. The experi-

menter places two beads in one hand, and one bead in the other. The experimenter holds

out their hands to show the beads to participants. The experimenter says: “I’m going to give

you all the beads from one of these hands.”

Comprehension check: The experimenter asks the participant to point to the hand with

more beads. The experimenter then asks the participant to choose a hand from which to

collect the beads. Participants will have passed the comprehension test if they correctly

identify the hand with more beads.

Distribution of reward: The experimenter places the participant’s beads in their cup.

2. Introduction to meeples: The experimenter picks up a handful of meeples and shows them

to the participant. The experimenter says: “Each of these is a real person, but I’m not going

to tell you their name, and they won’t know your name. Any bead you decide to give these

people will be given to them later.”

3. Assignation of participant meeple: The experimenter shows the participant a red OR blue

meeple (counterbalanced) and a says: “This is you.” The experimenter shows the participant

a grey meeple and says: “This is someone else.”

Comprehension check: The experimenter asks the participant to point to the meeple that

represents them. The experimenter then asks the participant to point to the meeple that

represents someone else. Participants will have passed the comprehension test if they cor-

rectly identify the meeples.

4. Introduction to the game: The experimenter pulls out the trays, and places them such that

the yellow circles face the participant. The experimenter places the participant’s meeple in

front of the yellow circle, and the grey meeple across from the participant’s meeple, in front

of the purple circles. The experimenter places two beads on the center of each tray. The

experimenter points to the left OR right tray (counterbalanced) and says: “On this paper,

there are two beads”. The experimenter places one bead in the yellow circle, and one bead

in the purple circle (SHARE payoff). The experimenter points to the second tray and says:

“On this paper, there are also two beads.” The experimenter places two beads in the yellow

circle, and none in the purple circle (KEEP payoff). The experimenter points to the grey

meeple and says: “You decide how many beads you want to give to this person.”

5. Explanation of decision outcomes: The experimenter points to the SHARE tray and says:

“If you pick this paper, this person gets one bead, and you get one bead.” The experimenter

then points to the KEEP tray and says: “If you pick this paper, this person gets nothing, and

you get two beads.”

Comprehension check: The experimenter points to each of the SHARE and KEEP trays and

asks the participant how many beads they will get, and how many beads the recipient will

get, if they pick each tray. Participants will have passed if they correctly identify the number

of beads they will keep and give for each tray.

6. Practice trial: The experimenter says: “Okay, pick a paper.” The experimenter records the

participant’s response.

Distribution of reward: The experimenter places the grey meeple in a cup, and places one

or no beads (depending on the participant’s choice) in that cup. The experimenter places

the participant’s beads in their cup.

7. Assignation of same/different ethnic group meeples: The experimenter picks up a handful

of red meeples in one hand, and blue meeples in another. The experimenter shows the par-

ticipant the red OR blue meeples (matching the participant’s meeple colour) and says:
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“These people are BaYaka OR Bandongo (matching the participant’s ethnicity).” The exper-

imenter shows the participant the other meeples and says: “These people are Bandongo OR

BaYaka (contrasting the participant’s meeple colour and ethnicity).”

Comprehension check: The experimenter asks the participant to point to the meeples of the

participant’s same ethnic group. The experimenter asks the participant to point to the mee-

ples of the other ethnic group. Participants will have passed the comprehension test if they

correctly identify the ethnicity of the meeples.

8. Test trials: The experimenter sets up the trays as in step 4. The experimenter then presents

the two conditions, the order of which are counterbalanced across participants, with all par-

ticipants participating in both conditions. The experimenter places a same-ethnicity meeple

(condition 1) or an other-ethnicity meeple (condition 2) in front of the purple circles. The

experimenter says: “Now, you’re going to play the game with this BaYaka OR Bandongo per-

son (same ethnicity for condition 1, other ethnicity for condition 2).” The experimenter says:

“Okay, pick a paper.” The experimenter records the participant’s response. The experimenter

places the recipient meeple in a cup, and places one or no beads (dependent on the partici-

pant’s choice) in that cup. The experimenter places the participant’s beads in their cup.

9. Interview questions & thank you: The participant is administered the interview questions

and thanked for their participation.

Data analysis

All analyses will be conducted in R [88].

Qualitative interview analysis. Answers to the open-ended (i.e., ethnographic) questions

posed to adults and children regarding learning, cooperation, mobility, and inter-generation

changes will be transcribed. Salient qualitative trends will be identified and summarized.

Interview descriptive & exploratory statistics. We will report the total number and per-

cent of adult participants who reported learning intra- vs. inter-ethnic sharing via each teach-

ing and learning type, separated by participant ethnicity. To explore how variation in teaching

and learning types corresponded to acquiring intra- or inter-ethnic sharing norms, we will

conduct 2X2 Fisher’s exact tests on the BaYaka and Bandongo samples separately.

We will report the total number and percent of adult participants who reported learning

intra- vs. inter-ethnic sharing via each category of cultural model (e.g., mother, friend), sepa-

rated by participant ethnicity. To investigate variation in the cultural models who contribute

to the learning of intra- vs. inter-ethnic sharing norms, we will conduct 2X2 Fisher’s exact tests

on the BaYaka and Bandongo samples separately.

We will report the total number and percent of adult participants who reported learning

intra- vs. inter-ethnic sharing in each learning context, separated by participant ethnicity. To

investigate variation in learning contexts for intra- vs. inter-ethnic sharing norms, we will con-

duct 2X2 Fisher’s exact tests on the BaYaka and Bandongo samples separately.

We will report the total number and percent of adult participants who reported learning

intra- vs. inter-ethnic sharing at each age stage, separated by participant ethnicity. To investi-

gate variation in the age at which intra- vs. inter-ethnic sharing norms were acquired, we will

conduct a 3X2 Fisher’s exact test on the BaYaka and Bandongo samples separately.

Finally, we will report the total number and percent of child participants who reported

knowing to share within and between ethnicities by age category (early childhood; 5–6 years,

middle childhood; 7–12 years, adolescence, 13–17 years) separated by participant ethnicity. To

investigate variation in knowledge of intra vs. inter-ethnic sharing norm acquisition by age, we

will conduct a 3X2 Fisher’s exact test on the BaYaka and Bandongo samples separately.
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Modelling experimental data

Experimental data will be analyzed using a Bayesian modelling approach [89], with estimation

performed via Hamiltonian MCMC using Stan [90] and Rstan [91]. The developmental trajec-

tories of sharing norms will be modelled using logistic curves, which transition smoothly

between an initial infant and final adult probability for sharing. For each of the two societies,

two curves representing the development of intra-ethnic sharing norms and two curves repre-

senting the development of inter-ethnic sharing norms will be fit to the data, totaling four

curves. A single initial infant probability will be estimated across all four developmental trajec-

tories, encoding the idea that the behaviour of infants, prior to socialization, is not expected to

vary across society or conditions. The shapes of the four curves will be estimated indepen-

dently using data from the appropriate society and condition, with four separate final probabil-

ities allowed. Examples of possible developmental trajectories in this modelling framework are

shown in Fig 2.

Each curve’s shape is determined by two parameters, one of which is directly interpretable

as the age at which individuals in that society are halfway between infancy and adulthood in

terms of the norm acquisition, in the sense that their sharing rates are equal to the mean of the

initial sharing rate and their society’s adult sharing rates. The second parameter dictates how

gradual or rapid the transition is. In mathematical terms, focusing on a single society and a sin-

gle condition (i.e., intra- or inter-ethnic sharing), and denoting a participant’s sharing choice

by y, their age by x, the universal “infant” sharing probability by pinfant, and the (society-spe-

cific, condition-specific) adult sharing probability by padult,, then the full model specification

Fig 2. Example developmental trajectories which can be expressed within the proposed modelling framework. Colours correspond to societies and line
types correspond to intra- and inter-ethnic sharing rates within each society. At age zero, all participants are expected to behave identically. By adulthood, each
society is expected to have distinct intra- and inter-ethnic sharing norms. The change between these endpoints can happen at different ages and different rates
across both society and condition. Here, BaYaKa children acquire norms suddenly (blue curves) while Bandongo norms shift more gradually (red curves).

https://doi.org/10.1371/journal.pone.0276845.g002
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For all four curves, a multivariate Normal prior distribution, truncated to allow only posi-

tive values, will be placed on the two parameters, with a positive correlation such that curves

where development “starts later” are also more likely to be curves where development “hap-

pens quicker” to avoid development continuing into adulthood. Fig 3 shows 100 randomly

sampled curves from our prior, showing the window from infancy to 20 years of age. A large

majority of the curves have completed or very nearly completed development by the end of

this window.

For any one of the four development curves, we can calculate a “completion age” corre-

sponding to the age when 95% of the change between the infant and adult sharing probabilities

has taken place. This has happened when exp(-bij(x–aij)) = 0.05, i.e. at age x� a + 3/b. Fitting

the model to data provides a joint posterior distribution for each of the a and b parameters,

which translates to posterior distributions for the completion ages defined above and, most

Fig 3. Visualization of multivariate normal prior over developmental curve parameters, shown for the first 20 years. The majority of curves approach
complete transition to adult norms prior to the end of adolescence. Only 2 of the 100 randomly sampled curves do not show development being more than 80%
complete by the age of 20.

https://doi.org/10.1371/journal.pone.0276845.g003
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importantly for our purposes, the difference between these ages. The data’s degree of support

for our hypothesis that intra-ethnic sharing norms are acquired earlier than inter-ethnic shar-

ing norms can be quantified as the posterior probability that the inter-ethnic completion age is

older than the intra-ethnic completion age, i.e., the posterior probability that the former value

minus the latter is greater than zero. Note that this value may be high even if the individual

95% HPD intervals for the two different completion ages overlap. Fig 4 shows a visualization

of this progression for a single society from posterior distributions over individual model

parameters to a single posterior probability value indicating support for our hypothesis. Values

of this posterior probability close to 1.0 indicate strong support for our hypothesis, while val-

ues close to 0.0 indicate strong contradiction of the hypothesis and values close to 0.5 indicate

that the data is inconclusive. We will report a posterior probability exceeding 0.75 as support

for our hypothesis. Regardless of the posterior probability obtained, we will report posterior

mean and 89% HPD intervals for the completion ages corresponding to all cultures and

norms.

To assess the ability of a dataset of our proposed size to answer the question of which norm

develops faster (i.e., power), we produced 30,000 simulated datasets containing sharing choices

for 60 children and 40 adults from a society. The data were generated according to the statisti-

cal model shown above, with parameters values chosen such that intra-ethnic sharing norms

were always acquired before inter-ethnic sharing norms (i.e., had a younger 95% completion

age), with the time difference between acquiring the two norms varying between 0.5 and 6

years of age. Because accurately estimating the developmental trajectory is easier when the

Fig 4. Visualization of our interpretation of the fitted model for a single society. The leftmost panel (a) shows the posterior distributions for the four
separate model parameters, neither of which bares directly on our hypothesis. Each pair of posteriors for the a and b parameters determines a posterior
distribution for the age at which acquisition of a particular norm is completed, as shown in the centre panel (b). This pair of distributions in turn defines a
posterior distribution over the difference in completion ages. This distribution is shown in the rightmost panel (c), computed by subtracting the inter-ethnic
completion age from the intra-ethnic completion age, such that positive values are consistent with our hypothesis that intra-ethnic norms are acquired earlier.
The red-shaded area in panel (c) represents the posterior probability that our hypothesis is correct.

https://doi.org/10.1371/journal.pone.0276845.g004
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difference between the initial infant sharing probability and the adult norms is greater, we also

varied parameters to explore the impact of this on our ability to draw strong conclusions. Fig 5

shows the average posterior support for our hypothesis for all simulated datasets correspond-

ing to a particular difference in acquisition age (x-axis) and a particular minimum separation

between the initial sharing probability and both adult sharing probabilities (y-axis). The green

contour line corresponds to mean posterior support of 0.75. The contour suggests that differ-

ences in acquisition completion times less than one year are unlikely to be reliably detected

regardless of how distinct the sharing probabilities are, while differences greater than four

years may be detected even if the developmental shifts in rates of sharing are relatively subtle.

In the absence of relevant previous studies, it is difficult to assess in advance how likely our

planned sample size is to yield a confident detection of difference in norm completion ages.

Still, the above analysis shows such a detection is certainly not impossible in principle. Note

that even if we are unable to confidently identify a difference in norm completion ages from

these data, other differences in the developmental trajectory may still be identifiable. Further,

the fitted model will provide estimates with quantified uncertainty of all aspects of the develop-

mental process for both societies, including the various sharing rates. These estimates are still

potentially ethnographically informative, and can be combined or compared with the results

of ethnographic interviews. In particular, if the model is able to make confident statements

about some aspects of norm acquisition which corroborate the accounts given in interviews,

then those interviews may help to disambiguate other aspects where the model is less

confident.

Fig 5. Mean posterior probability that the developmental process for intra-ethnic norm acquisition reaches the 95% complete point earlier than the
corresponding process for inter-ethnic norms, based on 30,000 simulations in total. The red line shows our chosen threshold of 0.75. When the difference
between norm acquisitions times (shown in years on the x-axis) is only 1 year or less, our sample size is not able to detect this with confidence. Greater
differences can be detected if the adult norms differ sufficiently from the infant behaviour. The y-axis corresponds to the minimum absolute difference between
the infant sharing probability and the two adult norm sharing probabilities.

https://doi.org/10.1371/journal.pone.0276845.g005
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Proposed timeline

We will train research assistants in July-August 2023. After a refresher in experimental meth-

ods, data will be collected in early 2024, when most villagers have returned from their fishing

camps, and thus, the population of each village is at its highest. Data will be analyzed in

March-April 2024. We aim to submit the final manuscript with data and analyses in September

2024. Our timeline will adjust to European and Congolese COVID-related regulations regard-

ing safe travel.
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13. Hill KR, Walker RS, BožičevićM, Eder J, Headland T, Hewlett BS, et al. Co-Residence Patterns in
Hunter-Hatherer Societies Show Unique Human Social Structure. Science (80-). 2011; 331: 1286–9.
https://doi.org/10.1126/science.1199071 PMID: 21393537

14. Henrich J, Mcelreath R. The Evolution of Cultural Evolution. Evol Anthropol. 2003; 12: 123–135. https://
doi.org/10.1002/evan.10110

15. ChudekM, Henrich J. Culture–gene coevolution, norm-psychology and the emergence of human proso-
ciality. Trends Cogn Sci. 2011; 15: 218–226. https://doi.org/10.1016/j.tics.2011.03.003 PMID:
21482176

16. Glowacki L. The emergence of locally adaptive institutions: Insights from traditional social structures of
East African pastoralists. BioSystems. 2020; 198: 104257. https://doi.org/10.1016/j.biosystems.2020.
104257 PMID: 32987143

17. McElreath R, Boyd R, Richerson PJ. Shared norms and the evolution of ethnic markers. Curr Anthropol.
2003; 44: 122–129. https://doi.org/10.1086/345689

18. Schmidt MFH, Butler LP, Heinz J, Tomasello M. Young Children See a Single Action and Infer a Social
Norm: Promiscuous Normativity in 3-Year-Olds. 2016; 27: 1360–1370. https://doi.org/10.1177/
0956797616661182 PMID: 27634004

19. House BR, Silk JB, Henrich J, Barrett HC, Scelza B, Boyette AH, et al. The ontogeny of prosocial behav-
ior across diverse societies. Proc Natl Acad Sci. 2013; 110: 14586–14591.

20. Kinzler KD, Dupoux E, Spelke ES. ‘Native’ Objects and Collaborators: Infants’ Object Choices and Acts
of Giving Reflect Favor for Native Over Foreign Speakers. J Cogn Dev. 2012; 13: 67–81. https://doi.org/
10.1080/15248372.2011.567200 PMID: 23105918

21. Tucker B, Ringen EJ, Tsiazonera, Tombo J, Hajasoa P, Gérard S, et al. Ethnic Markers without Ethnic
Conflict: Why do Interdependent Masikoro, Mikea, and Vezo of Madagascar Signal their Ethnic Differ-
ences? HumNat. 2021; 32: 529–556. https://doi.org/10.1007/s12110-021-09412-w PMID: 34546550

22. Fearon JD, Laitin DD. Explaining Interethnic Cooperation. Am Polit Sci Rev. 1996; 90: 715–735.

23. Bunce JA. Cultural diversity in unequal societies sustained through cross-cultural competence and
identity valuation. Humanit Soc Sci Commun 2021 81. 2021; 8: 1–9. https://doi.org/10.1057/s41599-
021-00916-5

24. FisktjønmoGLH, Næss MW, Bårdsen B-J. The Relative Importance of “Cooperative Context” and Kin-
ship in Structuring Cooperative Behavior. HumNat 2021. 2021; 1–29. https://doi.org/10.1007/S12110-
021-09416-6 PMID: 34669158

25. Robinson EJH, Barker JL. Inter-group cooperation in humans and other animals. Biol Lett. 2017; 13.
https://doi.org/10.1098/rsbl.2016.0793 PMID: 28250206

26. Pisor AC, Surbeck M. The evolution of intergroup tolerance in nonhuman primates and humans. Evol
Anthropol. 2019; 28: 210–223. https://doi.org/10.1002/evan.21793 PMID: 31386248

27. Pisor AC, Gurven M. Risk buffering and resource access shape valuation of out-group strangers. Sci
Rep. 2016; 6: 1–10. https://doi.org/10.1038/srep30435 PMID: 27470126

28. Hamlin JK. Moral Judgment and Action in Preverbal Infants and Toddlers: Evidence for an Innate Moral
Core. 2013; 22: 186–193. https://doi.org/10.1177/0963721412470687

29. House BR. Diverse ontogenies of reciprocal and prosocial behavior: cooperative development in Fiji
and the United States. Dev Sci. 2017; 20. https://doi.org/10.1111/desc.12466 PMID: 27966254
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