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ABSTRACT

A core issue in the interdisciplinary study of human morality is its ontogeny in diverse cultures, but systematic, naturalistic data

in specific cultural contexts are rare to find. This study conducts a novel analysis of 213 children’s socio-moral behavior in a

historical, non-Western, rural setting, based on a unique dataset of naturalistic observations from the first field research on

Han Chinese children. Using multilevel multinomial modeling, we examined a range of proactive behaviors in 0-to-12-year-old

children’s peer cooperation and conflict in an entire community in postwar Taiwan. We modeled the effects of age, sex, kinship

and behavioral roles, and revealed complex interactions between these four variables in shaping children’s moral development.

We discovered linkages between coercive and non-coercive behaviors as children strategically negotiated leadership dynamics.

We identified connections between prosocial and aggressive behaviors, illuminating the nuances of morality in real life. Our

analysis also revealed gendered patterns and age-related trends that deviated from cultural norms and contradicted popular

assumptions about Chinese family values. These findings highlight the importance of naturalistic observations in cultural

contexts for understanding how we become moral persons. This re-analysis of historically significant fieldnotes also enriches

the interdisciplinary study of child development across societies.

Introduction

The fundamental question of how we become moral persons has intrigued scientists and humanists for centuries. Childhood

provides a unique window into human morality and its formation1–3. Despite recent progress in tracing the ontogeny of human

moral sensibilities, thanks to interdisciplinary dialogues between psychology and anthropology4, 5, researchers advocate the

urgency to broaden our horizons and examine child development in diverse cultural contexts6. One reason is that Western-

centered sampling biases still persist in developmental science7. Another problem is conceptual and methodological biases

rooted in different disciplinary traditions: Psychologists approach children as "stubborn autodidacts"8 and prioritize standardized

experiments over studying the complexity and richness of children’s social life in natural contexts9. Cultural anthropologists,

on the other hand, tend to view children as "passive assimilators" in their environment10, 11 and over-emphasize parenting and

socialization, rather than children’s active learning12.

A promising direction to address these problems is systematic, naturalistic observations in cultural contexts because this

approach can produce ecologically valid data on human behavior13. Existing observational research has mainly focused on

school settings or parent-child interactions in Western, urban communities, therefore studying peer interactions in communal

settings in rural, non-Western contexts is imperative14. Moreover, examining historical documents can inform the study of

human cognition in the past and present15, 16. Our research is a rare attempt that uses a Bayesian multilevel multinomial

logistic model to analyze a significant set of historical texts that documented children’s socio-moral behavior in their everyday

lives. These texts are ethnographic fieldnotes left behind by the renowned anthropologist Arthur P. Wolf, who conducted the

first anthropological research on culturally Chinese children, in a village near Taipei (1958-1960) at the height of Taiwan’s

Martial-law era. Wolf’s original research replicated the Six Cultures Study of Child Socialization ("SCS" thereafter)17, 18, a

landmark project in the history of cross-cultural research19. The SCS teamed together anthropologists and psychologists, used a

mixed-methods design in fieldwork among communities across six societies, and it has inspired the revival of cross-cultural



developmental research today20. In particular, the systematic, naturalistic observation called Child Observation remains the

SCS’s most enduring legacy19. Child Observation in Wolf’s research is of unique value as its methodology improved from

the SCS in several aspects: excellent local research assistants, much longer fieldwork, complete household demographic

information of the entire village, as well as its observation protocol (see Methods section).

We coded these fieldnotes and analyzed a diverse range of behaviors of 213 children below age 13 (calculated by the end of

Wolf’s fieldwork), compared to 23 children (ages 3-11) per field-site in the SCS. We designed a new behavioral coding system

that took inspiration from but also differed from the SCS guide18. We combined deductive, top-down and inductive, bottom-up

perspectives to better capture the complexity of children’s moral experience in their cultural contexts: Using a top-down

approach, we included focal themes in existing literature, e.g., typical prosocial behaviors such as helping (instrumental help),

sharing (resources), and comforting (providing emotional support) and aggressive behaviors such as physical aggression, verbal

aggression, etc. Using a bottom-up approach, we added salient themes in local contexts, such as tattling, scolding, giving a

dirty look, requesting for comfort/help/sharing, requesting for access (to play), etc. We targeted this broad list of behaviors

(Supplementary Table ??) as recent theories suggest that human morality consists of multiple types of solutions to problems of

cooperation recurrent in human social life, including reducing and resolving conflicts21.

Our study aims to understand how demographic factors influence children’s moral development in cultural contexts. We

measured individual differences in social behaviors and modeled the effects of age, sex, behavioral roles, and initiator-recipient

kinship. We added analysis of recipients, whereas both the SCS and recent research on prosocial or aggressive behavior

predominantly focused on initiators22–24. We also analyzed the binary variable of initiator-recipient co-residence, as children in

this close-knit and high-fertility village often interacted with both siblings and other peers. Notably, most children lived with

their biological siblings, in contrast to their parents’ generation when adoption was more common25. Finally, we modeled the

interactions between different kinds of behaviors, e.g., cooperative and conflictual behaviors, as previous research identified

co-development of these behaviors26.

We examined behaviors from early childhood to middle childhood (0-12). Recent studies have found that various moral

inclinations emerge in early childhood, some in infancy5, 27, earlier than what classic theories characterized2, 28. Middle-

childhood is also an important phase, as previous research have identified cross-cultural variations29, 30, more strategic

motivations underlying prosocial behavior31, and increasing sensitivity to social norms32, 33. However, age-related changes in

prosocial behavior are complex: although a meta-analysis suggests that prosocial behaviors increase as children get older, the

results depend on specific study design and analyses23. Our study considers both initiators’ and recipients’ ages in naturally-

occurring prosocial behaviors. Studies of aggression prioritize adolescents and elementary school children, as they enter a

larger social world and develop more varied aggressive strategies34. But recent studies have shown that physical aggression

emerges early in infancy35, 36. Our study captures the nuances by examining various types of aggression and their age-related

trends for both infants and elementary-age children. Also, in this rural community of dense social ties, we consider aggression

together with prosocial and other types of behaviors, i.e., dominance, leading, etc., as children’s rich repertoire of strategies to

regulate conflicts, facilitate cooperation and negotiate social statuses37.

Gender/sex is another important factor, often examined together with age. We borrowed the terminology in the SCS and

our original data to pay respect, using "sex" to refer to children’s biological sex, although we do not presume biological

causes of sex-differences in behaviors. Although studies from Western samples showed a general trend of girls being more

prosocial than boys23 and that such sex differences grew more consistent with age38, recent cross-cultural research did not

find uniform differences of prosocial behaviors between boys and girls or consistent patterns of gender-age interaction39.

Research on aggression also revealed complexity: While boys tend to exhibit physical aggression more often than girls24, 40–43,

gender difference in indirect and relational forms of aggression showed mixed results40, including in cross-cultural work41, 43.

Ethnographic observations further complicate these patterns, especially considering age-sex interaction22. Honoring the SCS’

legacies, our study examined age-sex interaction in prosocial, aggressive and other behaviors. But going beyond the SCS’ era,

we can apply advanced statistical modeling methods to ethnographic data.

Finally, ours is the first study to comprehensively examine the social behavior of an entire community of culturally

Chinese children. Previous research from this community helped establish the foundations for studying the traditional Chinese

family25, 44–46. However, ethnographies of Chinese families often obscured the world of children, especially children’s

peer interactions, because they prioritized cultural values and parental beliefs, while children existed merely as an object

of childrearing ideologies and in the shadow of parent-child ties. Our study sheds unique light onto child development in

Chinese culture. Six decades later, the once village is now part of New Taipei City and it is impossible to replicate such

systematic observations of children’s communal life47. Childhood in Taiwan, China and East Asia more broadly has experienced

profound changes as a result of rapid economic development, urbanization, industrialization together with fertility decline and

transformation of family structures and values48, 49. This re-analysis of old fieldnotes provides a rare reference to compare and

contrast with contemporary childhoods in East Asia, therefore enriching the interdisciplinary study of child development in

cultural contexts.
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Results

Descriptive Statistics

Demographic variables in our study include the initiator’s age and sex, the recipient’s age and sex, and household numbers of

initiators and recipients. Our sample includes 213 children from 70 households: 102 girls (mean age at the study’s outset = 4.23

years, SD = 3.01), 98 boys (mean age at the study’s outset = 4.55 years, SD = 2.72), plus 13 infants born during the 2-year

fieldwork period (7 girls and 6 boys). On average, each child contributed 61.10 behavioral occurrences (SD = 52.08), each

household 185.91 occurrences (SD = 144.14). Boys participated more in observed behaviors than girls, both as initiators and

recipients (Supplementary Fig. S1). The number of children per household varied from 1 to 9 (mean = 3.04 children, SD =

1.80): 32 households had more girls, 27 had more boys, and 11 had an equal distribution (Supplementary Fig. S2).

Overall, leading emerged as the predominant behavior across children, irrespective of household status, and behaviors

happened more frequently among children from the same household, except for comforting and requesting for comfort

(Supplementary Fig. S1). Comforting behavior typically occurs when a younger sibling seeks comfort from an older sibling

through crying or whining. The unexpectedly higher number of observations of comforting behavior between children from

different households arose from a few outlier dyads. Upon accounting for the number of unique pairs displaying each behavior,

it became evident that the average number of observations per dyad (except for dirty looks) was consistently higher when both

children in the interaction were from the same household (Figure 1b). Furthermore, same-sex dyads interacted more frequently

than cross-sex dyads, except for helping, tattling, and ownership assertion (Figure 1a). we also discovered initiator-recipient

variations based on sex and household (Figure 1c).

Finally, we discovered significant variations in the average age of initiators and recipients for behaviors like comforting

and requesting for comfort (Supplementary Fig. S4), which can be explained by the typical sibling interactions. However,

for behaviors such as requesting for sharing and supporting opinions, the difference in average age-at-observation between

initiators and recipients was relatively small as these behaviors often happened between same-age peers.

Comparing Models

We fitted four Multilevel Multinomial Behavioral Models50. Each of the models, mfit_i, mfit_iF, mfit_ih, and mfit_ihF, has

different components (see Methods section). Model mfit_ihF, including all the components, showed the highest level of support

based on the Watanabe-Akaike information criterion (WAIC) comparison51 (Table 1). The probability that this model will make

the best predictions on new data relative to the other three models is 74.9%. Model mfit_iF had 25.1% of the model weight,

indicating that the inclusion of fixed effects improved the predictive performance. The inclusion of household-level random

effects has limited impact on the model’s performance. This finding is consistent with the overlapping standard deviation

observed for mfit_i and mfit_ih and for mfit_iF and mfit_ihF (Supplementary Fig. S5). Therefore we will mainly focus on the

discussion of models mfit_i and mfit_iF. Results from models mfit_ih and mfit_ihF are included in Supplementary Information.

Model Random effect Predictor variables WAIC (∆WAIC) Weight

mfit_i Individual-level None 33229.93 (388.30) < 0.001

mfit_ih Individual-level + Household-level None 33239.64 (398.01) < 0.001

mfit_iF Individual-level age + sex + age × sex + household status 32843.83 (2.19) 0.251

mfit_ihF Individual-level + Household-level age + sex + age × sex + household status 32841.64 (ref) 0.749

Table 1. Comparison of WAIC, ∆WAIC, and weights for four models. Models mfit_i and mfit_iF included personal random

effects for the initiator and recipient, while models mfit_ih and mfit_ihF included random effects for both the individual and

household of the initiator and recipient. Models mfit_i and mfit_ih did not include any predictor variables, whereas models

mfit_iF and mfit_ihF included predictor variables.

Individual Variations in Behaviors

Model mfit_i includes only the intercept and individual random effects for initiators and recipients. We did not focus on the

intercept coefficients because the predicted probabilities closely matched the corresponding percentages from the empirical

data (Supplementary Fig. S6). The extent of individual variation in exhibiting each behavior differed between initiators and

recipients (Table 2). Several behaviors had relatively low variances in the initiator’s random effects, such as requesting for

sharing and supporting opinions, suggesting that the probabilities of initiating these behaviors did not vary greatly among

children. On the other hand, requesting for comfort had a notably higher variance in the initiator’s random effect, suggesting that

a subset of children, especially the younger ones, were more likely to initiate this behavior. Moreover, there was a distinctively

high variance in the recipient’s random effect for comforting. This implies that some children were more likely to receive

voluntary comfort from their peers.
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Initiator Recipient

mfit_i mfit_iF mfit_i mfit_iF

(1) Comforting 0.61 (0.26) 0.22 (0.17) 2.07 (0.27) 0.42 (0.26)

(2) Dominating 0.44 (0.08) 0.25 (0.10) 0.39 (0.08) 0.15 (0.09)

(3) Helping 0.37 (0.14) 0.39 (0.13) 0.26 (0.13) 0.24 (0.13)

(4) Leading 0.46 (0.07) 0.28 (0.06) 0.26 (0.07) 0.27 (0.06)

(5) Look 0.69 (0.27) 0.31 (0.21) 0.21 (0.16) 0.20 (0.15)

(6) Physical aggression 0.50 (0.09) 0.37 (0.10) 0.40 (0.09) 0.23 (0.11)

(7) Requesting for Access 0.59 (0.12) 0.55 (0.12) 0.82 (0.13) 0.61 (0.12)

(8) Requesting for Comfort 2.68 (0.40) 0.42 (0.29) 0.39 (0.30) 0.28 (0.21)

(9) Requesting for Help 0.83 (0.19) 0.38 (0.21) 0.58 (0.20) 0.28 (0.18)

(10) Requesting for Sharing 0.29 (0.14) 0.24 (0.13) 0.26 (0.14) 0.26 (0.14)

(11) Scolding 0.50 (0.08) 0.15 (0.09) 0.20 (0.10) 0.16 (0.09)

(12) Sharing 0.36 (0.14) 0.36 (0.14) 0.47 (0.12) 0.46 (0.11)

(13) Supporting Opinions 0.33 (0.18) 0.30 (0.17) 0.73 (0.14) 0.63 (0.14)

(14) Taking 0.40 (0.15) 0.40 (0.14) 0.17 (0.11) 0.19 (0.12)

(15) Tattling 0.58 (0.13) 0.44 (0.15) 0.29 (0.15) 0.26 (0.14)

(16) Teasing (aggressive) 0.46 (0.10) 0.35 (0.11) 0.28 (0.13) 0.22 (0.13)

(17) Teasing (playful) 0.38 (0.08) 0.33 (0.08) 0.32 (0.08) 0.30 (0.08)

(18) Verbal aggression 0.75 (0.12) 0.57 (0.12) 0.34 (0.16) 0.29 (0.15)

Table 2. Variance estimates of the individual random effects in models mfit_i and mfit_iF. The reported quantities are the

standard deviations of the random effects, while the values in parentheses are the standard deviations of these quantities in the

posterior samples.

Correlations between different behaviors

Model mfit_i revealed correlations among individual random effects across behaviors for both initiators and recipients

(Supplementary Table S2), indicating how different behaviors are linked together for the same children. Note that all the

probabilities reported in the following paragraphs are the relative probabilities as compared to the reference behavior, Ownership

Assertion.

For initiators, correlations among seven behaviors were statistically significant. We partitioned them into two groups

(Figure 2), discovering positive correlations within each group but negative correlations across the two: one group consists of

dominating, leading, scolding, and the other includes physical aggression, requesting for comfort, requesting for help, and

verbal aggression. For the same initiators, the probability of leading was positively correlated with dominating (ρ4,2 = 0.438)

and scolding (ρ11,4 = 0.451), and dominating others was positively correlated with scolding (ρ11,2 = 0.358). Within the

second group, physical aggression was positively correlated with verbal aggression (ρ18,6 = 0.456) and requesting comfort

(ρ8,6 = 0.422), and requesting comfort was positively correlated with requesting help (ρ9,8 = 0.501). Behaviors across two

groups were negatively correlated. For the same children, the probability of leading was negatively correlated with physical

aggression (ρ6,4 = −0.321) and requesting comfort (ρ8,4 = −0.426). Scolding was negatively correlated with requesting

comfort (ρ11,8 =−0.402) and initiating aggression, both physically (ρ11,6 =−0.322) and verbally (ρ18,11 =−0.297).

For the same recipients, correlations among three behaviors were statistically significant: comforting, dominating, and

requesting access (Figure 2). The probability of a child receiving requests for access was negatively correlated with that of

being comforted (ρ1,7 = −0.351) or dominated (ρ2,7 = −0.370). On the other hand, the probability of being comforted by

others was positively correlated with that of being dominated (ρ1,2 = 0.393).

Demographic Effects

Model mfit_iF included several predictor variables in addition to model mfit_i. Compared to the variance estimates obtained in

model mfit_i, the variance estimates of the initiators’ random effects decreased for almost all the behaviors (Table 2), indicating

that individual-level variance of initiators discovered in model mfit_i can be substantially explained by sex, age, and kinship

for all behaviors except helping. Similarly, the predictor variables accounted for substantial individual-level variance among

recipients in all behaviors other than leading and taking. We predicted the probabilities of each of the 19 behaviors between

an “average” recipient and an “average” initiator based on demographic variables (age, sex, and household status/proxy for

kinship), using the estimated coefficients obtained from model mfit_iF.
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Age

We investigated the effects of age on the predicted probabilities of 19 behaviors, as well as how such effects were moderated by

sex, behavioral role (initiator/recipient), and kinship (household status). The predicted probabilities formed three patterns: they

either consistently increased with age, consistently decreased with age, or initially increased up to a certain peaking age and

then declined.

First, the effect of age on behavioral probabilities did not show great variations by household status, namely, whether the

initiator and recipient were from the same household or not. However, the effect of age varied by sex for most behaviors,

except for comforting, dominating, and leading, which displayed higher probabilities as the initiator’s age increased, regardless

of sex. We examined the trends with increasing age and different sexes for the same initiator or recipient (Table 3), as the

age-sex interaction effect did not differ across behavioral roles. Age-sex interaction manifests in multiple ways. First, for

certain behaviors, the initiator’s age had distinct and even contrasting effects between girls and boys. When initiators were

girls, probabilities of dirty looks, verbal aggression, supporting opinions, and playful teasing were predicted to peak before age

5 and then sharply decreased. When initiators were boys, the probability declined consistently for dirty looks and increased

for the other three behaviors. For recipients of these behaviors, however, the effect of their age did not differ by sex. Across

both sexes, older children were more likely to receive dirty looks, face verbal aggression, and have their opinions supported.

Children aged 7-10 years were most likely to receive playful teasing. Second, certain behaviors showed age-sex interaction

only for recipients, not initiators. For girls, the probability of receiving physical aggression peaked at ages 2-3, while that

of receiving aggressive teasing peaked at ages 4-5. Conversely, the probability for boys to receive physical aggression and

aggressive teasing decreased with age. Girls aged 6-8 years were most likely to experience ownership assertion from others,

whereas boys became increasingly likely targets of ownership assertion with age. 5-6-year-old girls 8-10-year-old boys were

most likely to become targets of taking behaviors. It’s noteworthy that regardless of sex, toddlers (younger than two) were

most likely to initiate physical aggression and assert ownership, and children aged 2-5 were most likely to initiate aggressive

teasing and taking resources. Finally, for sharing and tattling, age-sex interaction existed among both initiators and recipients:

girls were most likely to share at 5-6 and tattle at 6-7 years old, but were most likely to receive sharing and tattling when they

were 1-3 years old; for boys, the probability of initiating both behaviors peaked before the age of 2 and that of receiving these

behaviors increased with age.

Another factor is whether the effect of age on a given behavior differed across initiators and recipients. First, helping

behavior is the only exception, the probability of which peaked among 3-8-year-old children for both initiators and recipients.

Second, initiator-recipient age difference affected some behaviors. For example, the probabilities of comforting and dominating

were predicted to increase with the initiator’ age but to decrease with the recipient’s age. Besides, older children were less

likely to initiate requests for sharing resources, comforting, helping, and access to play, but more likely to receive these requests.

Finally, for certain behaviors, initiator’s age and recipient’s age had different but not opposite effects, such as leading and

scolding.

Trend of predicted probability with increasing initiator’s age Trend of predicted probability with increasing recipient’s age

Same Household Different Household Same Household Different Household

Female initiator Male initiator Female initiator Male initiator Female recipient Male recipient Female recipient Male recipient

(1) Comforting Increasing Increasing Increasing Increasing Decreasing Decreasing Decreasing Decreasing

(2) Dominating Increasing Increasing Increasing Increasing (1,2) Decreasing (0,1] Decreasing

(3) Helping 8 (8,10) 8 (7,9) [3,4] [4,6] [2,3] (4,7)

(4) Leading Increasing Increasing Increasing Increasing (4,5) (3,5) (3,4) (3,6)

(5) Dirty Looks [3,4] Decreasing [3,4] Decreasing Increasing Increasing Increasing Increasing

(6) Physical aggression [2,3) (1,2) (1,2) Decreasing [2,3] Decreasing 2 Decreasing

(7) Requesting for Access 2 Decreasing 1 Decreasing Increasing Increasing Increasing Increasing

(8) Requesting for Comfort Decreasing Decreasing Decreasing Decreasing Increasing Increasing Increasing Increasing

(9) Requesting for Help Decreasing Decreasing Decreasing Decreasing Increasing Increasing Increasing Increasing

(10) Requesting for Sharing [2,3) (3,5) [1,2) Decreasing 10 Increasing 10 Increasing

(11) Scolding Increasing Increasing Increasing Increasing (9,10) (9,10) (9,10) (9,10)

(12) Sharing 5 (1,2) (5,6] Decreasing (2,3) Increasing (1,2) Increasing

(13) Supporting Opinions [3,4] Increasing [2,3] Increasing Increasing Increasing Increasing Increasing

(14) Taking Away [2,3] (2,3) (1,2) Decreasing (5,6) (8,9) (5,6) (9,10)

(15) Tattling [6,7] [0,1] [6,7] Decreasing [2,3) Increasing (1,2) Increasing

(16) Aggressive Teasing (2,3) (3,5) (1,2) (2,4) [4,5] Decreasing [4,5] Decreasing

(17) Playful Teasing 5 Increasing 5 Increasing [9,10] [6,8] [9,10] [7,9]

(18) Verbal aggression (1,2) Increasing Decreasing Increasing Increasing Increasing Increasing Increasing

(19) Ownership Assertion (1,2) Decreasing Decreasing Decreasing (6,8) Increasing (6,8) Increasing

Table 3. The trends of predicted probabilities of 19 behaviors with increasing ages of initiator and recipient, when the sexes

and household status differed. The trends are summarized from Supplementary Fig. S8 and Supplementary Fig. S9 for

initiator’s age and recipient’s age, respectively. For behaviors without a monotonic trend in the probability, we listed the age or

age range (in years) of local maximum probability.
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Sex

We predicted the probabilities of 19 behaviors with different sexes of initiators and recipients while keeping their ages at the

average of the sample (Figure 3, 4). When both the initiator and recipient resided in the same household, a proxy of biological

sibling relation, sex did not have a statistically significant impact on the predicted probabilities of any behaviors. However,

when the initiator and recipient resided in different households, the sex of the initiator had a significant impact on the predicted

probabilities of aggressive behaviors, while the sex of the recipient did not affect any behaviors. Girls were more likely to

scold, give dirty looks to, or tattle on others in different households, compared to boys. Boys were more likely to initiate

aggressive teasing and verbal aggression toward children from other households. Boys were also more likely to initiate physical

aggression, but only towards other boys from other households.

Initiator-recipient Co-residence

We investigated if initiator-recipient co-residence had an impact on the predicted probability of 19 behaviors (Figure 5),

considering four different combinations of sexes, with the ages held constant at the sample mean. Helping behavior was

more likely to happen among children from the same household. However, there were no significant differences in the other

behaviors.

Discussion

Our research is a rare study that uses modeling methods to examine naturalistic observations of children’s socio-moral behavior

in a historical, non-Western, and rural context. The original dataset, to which we were granted unique access, was the fruit of

“the first attempt ever to record in a systematic manner the behavior of Chinese children”52, and occupies a significant niche in

the intellectual history of anthropology and cross-cultural research on child development. We used multilevel multinomial

logistic regressions to analyze the effects of demographic factors and their interactions on a variety of social behaviors. Previous

research typically focused on one particular class of behavior (e.g., prosocial or aggression) and analyzed demographic variables

such as age and/or sex. Based on the unique data, our study examined multiple prosocial, aggressive and other locally-salient

behaviors in an organic community, and added two ecologically valid factors, behavioral role (initiator and recipient), as well as

kinship (sibling relation). We found linkages between cooperative and non-cooperative behaviors, suggesting that children

develop a variety of strategies in negotiating cooperation and conflict in naturalistic contexts. Age and sex of both initiators

and recipients, as well as initiator-recipient kinship, were key predictors of behaviors and their effects interacted with each

other. These findings generate novel insights on moral development in naturalistic contexts and illuminate how children’s actual

behavior is shaped by but also diverges from cultural norms and ideology.

Our study discovered intricate connections between cooperative and non-cooperative behaviors. Notably, leading emerges as

the most frequent proactive behavior, highlighting children’s substantial investments in mobilizing and collaborating with their

peers to achieve shared objectives. The prevalence of leading alongside correlations between distinct behavioral strategies within

the same children compel us to closely examine leadership dynamics within naturalistic settings. For a given child, leading,

defined as attempts to persuade another child through non-coercive means, was positively correlated with dominating, defined

as attempts to coercively impose one’s will on others, and scolding, defined as criticizing another child for specific misbehavior.

One plausible interpretation is that leading, together with dominating and scolding, may function as complementary strategies

to establish and maintain leadership positions during peer interactions. Leaders might intend to use these strategies to directly

benefit themselves, but in certain cases, such as in scolding, they may also have conferred benefits upon the other party and

facilitated the transmission of moral values. Moreover, for the same initiators, negative correlation between leading and

physical aggression suggest that children in leadership roles refrained from physically bullying others. We also found negative

correlations between scolding and physical aggression, verbal aggression and requesting comfort. Children who scolded others

may strive to become a moral exemplar or authority for their peers and siblings, therefore, were less inclined to engage in

aggressive behaviors or display emotional vulnerability.

Additionally, our study revealed positive correlations between prosocial and aggressive behaviors. Children who were more

likely to initiate verbal aggression also showed a propensity for physical aggression, seeking comfort, and requesting help.

Notably, the counter-intuitive correlation between physical aggression and requesting comfort highlights the simultaneous

occurrence of anti-social and prosocial behaviors among the same children. Likewise, children who were frequently targeted

for dominance were also more likely to receive comfort. Within aggressive behaviors, hot-tempered children prone to initiating

physical conflicts may also resort to verbal insults when provoked. Similarly, positive correlation between requesting comfort

and requesting help among the same initiators reflects a connection between the expression of instrumental and emotional needs.

While experimental studies on prosocial development found little inter-connections between helping, sharing and comforting53,

this study reminds researchers to broaden analytical scope and investigate interactional dynamics and antecedents of prosocial

behavior.

Individual variations in many behaviors were largely explained by age, sex, and kinship. The effects of the initiator’s
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or recipient’s age are important and complex. Younger children requested prosocial favors from older children, while older

children initiated both coercive (dominating) and prosocial behaviors. Older children took the lead in group activities, and

offered comfort and assistance, but also asserted their authority by maintaining orders and dominating the children who

disobeyed. Younger children tended to look up to older ones for guidance and made requests and also challenged older ones’

authority through subtle expressions like resentful looks or playful teasing. As children matured into leaders, they solidified

their authority and were less likely to be dominated, led, or caught up in a fight. They also sent fewer emotional requests and

received less comfort. Additionally, resource-exchanges during leisure time, such as snacks, rubber bands, tiles, and cards,

became petty and trivial for older children, resulting in a decreased likelihood of sharing, taking, and asserting ownership. The

finding that older children, although being care-takers and role models, did not actually "yield to" younger ones in conflict

situations, contradicts or deviates from the important Chinese cultural norm of "older children yielding to younger ones"45.

Hence Our study has broader implications for comparing children’s actual behavior with cultural and moral ideologies.

We also identified nuanced patterns within non-cooperative behaviors. For example, dominating became more likely as the

initiator’s age increased, while physical aggression was most probable among children aged 24-42 months and then declined,

similar to what previous studies suggested36. As children grew older, they learned to restrict physically attacking others but

resorted to other coercive means to impose their own preferences onto others. Regarding aggression, our study highlights the

importance of interactive and relational contexts, contrary to previous studies24, including the landmark research SCS22, which

often overlooked behavioral roles and kinship factors. We demonstrated significant effects of sex on aggressive behaviors, but

only in non-sibling interactions. In this context, boys were more likely to initiate physical aggression compared to girls, but

only when the recipients were also boys. We also revealed consistent patterns in other forms of aggression among non-sibling

dyads, regardless of the recipient’s sex: boys initiated direct forms of aggression, such as verbally insulting and aggressively

teasing others, and such tendencies increased with age; girls displayed subtler forms, including giving dirty looks, scolding, and

tattling, while their verbal aggression and aggressive teasing declined with age. As age increased, boys were less likely to tattle

on others, but they were also more likely than girls to become the targets of tattling. Our study therefore reveals a more complex

picture of sex differences in aggression than prior observational or self-report studies on Chinese children54, 55. Girls’ tactics

are especially interesting: Scolding and tattling can help mitigate conflicts while asserting oneself, with the former invoking

one’s own authority and the latter seeking external authority. Dirty looks provide a socially acceptable means of expressing

discontent without escalating conflicts or drawing potential punishment. These strategies, together with the often ignored

girl-to-girl physical aggression, defy stereotypes of docile young girls in traditional Han Chinese families45, 56. Such findings

prompt us to rethink gender, moral development, and culture in patriarchal societies through careful observation of behavior.

Household status, as a proxy for sibling relation, was an important factor in children’s social life. Although children

interacted with their siblings more frequently than with those from other households, this factor did not significantly impact

their social behaviors, except for helping, which more likely occurred between siblings, as they looked out for each other57.

Household status did modify the effects of other factors, especially sex. Notably, when the initiator and the recipient are from

the same household, sibling relation seems to override sex differences in predicting children’s behaviors.

The present study has several limitations, given its historical, naturalistic datasets, but also affords researchers the opportunity

for further analyses. First, our model only considered a limited number of individual-level demographic predictors, but it is

possible that other variables matter too, especially other household-level factors (e.g., SES status, size, extended kinship ties).

Household SES status might be a predictor of children’s behaviors, but we lack precise data. Although we used individual

households as analytical units, some households were connected via kinship, as many villagers were descendants of the same

immigrants from southeast China during the eighteenth and nineteenth centuries. In the future, we may apply Gaussian process

regression to the multinomial model. Instead of considering discrete boundaries between households, we may employ a

matrix of distances between pairs of observed behaviors. Moreover, as natural observations also includes reactive behaviors,

we may extend our analysis to reactive behaviors. since some proactive and reactive behaviors are matched (for example,

dominating vs. submitting), we can explore the mechanisms of behavioral contingencies and demographic patterns. Also,

besides dyadic interactions, quantifying and modeling multi-agent dynamics in the raw data is a promising next step. Finally,

given the complexity of naturalistic observations, we can integrate quantitative and ethnographic, qualitative approaches, to

better understand human behavior in its socio-cultural contexts12.

Methods

Original Data

The study is a secondary analysis of historical texts, field-notes collected by the late anthropologist Arthur Wolf in a Hokkien-

speaking village in rural Taiwan, 1958-1960, as part of his dissertation research. His research was approved by Cornell

University and conducted according to the relevant guidelines and regulations at that time in the U.S. Children’s social behavior

was observed inside the village, at home, and at the elementary school outside the village. The first-hand witness of children’s

social behavior was Arthur Wolf’s research assistant, an Taiwanese teenager girl who spoke the local language and was trusted
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by local children and their families because of her personality. She observed children’s naturalistic behaviors in meticulous

detail documented them in systematic episodes, written in Chinese. On the same day, the research assistant then reported her

observations to Margery Wolf, who was the anthropologist Arthur Wolf’s wife and performed the role of a "scribe" at that

time58. Margery Wolf then translated these observations into English and typed them up. These typewritten notes, preserved in

Arthur Wolf’s private library in Northern California, constitute the original data that our study is based on. All the observations

were indexed by their event information (data, time, location) and by the ID of the participants, both initiator and recipient.

Demographic information was also collected in a systematic manner, such as the age at observation, sex, and household number

of all the people involved.

The data collection approach, the excellent local research assistant, and the prolonged fieldwork made the observational

texts in the Wolf archive even richer and rarer, compared to the SCS materials. According to the SCS field guide18, Child

Observation should focus on a predefined set of social situations. Wolf’s RA, in contrast, reported everything she saw the

children doing and saying and how other people were involved or reacted, all in spontaneous episodes rather than waiting for a

particular situation to occur. Also, while the SCS field guide designed CO as “short excerpts of behavior rather than extended

interaction sequences,” Wolf’s RAs did much better than that, by violating the instructions and recording extended behavioral

sequences faithfully52. Therefore, although Wolf intended to follow the SCS design and target children ages 3-12 (calculated at

the beginning of study), it turned out that these observational records contained abundant information about a much larger

sample of children which also includes those who were younger than 3 or older than 12.

Digitization & Secondary Analysis
Arthur Wolf’s original fieldnotes were housed in his residence. With unique permission to access and use them, we digitized

these materials into machine-readable files. We did secondary analysis on these de-identified data, including naturalistic

observation texts and demographic and household information. In both types of texts all the participants were labeled by

numbers. All analyses were carried out in accordance with relevant guidelines and regulations.

We assigned a unique ID to each of the 1677 observational episodes, and manually coded all the episodes according to a

standardized behavioral coding protocol we designed. We designed this new behavior-coding protocol that includes about fifty

social interaction themes. In this study, we focused on child-to child dyadic interactions, excluding child-adult interactions such

as command-obey, as well as all behaviors that were not directed from an initiator to a recipient, such as agricultural work and

housework. We also limited the target population to children younger than 13 years old at the end of the two-year fieldwork.

Though there were 1677 observational episodes, we amalgamated responses over all observation episodes. The final dataset

analyzed in this paper contains 19 categories of proactive, dyadic directional behaviors (Supplementary Table S1), adding up to

6507 entries of behaviors over two years, and 18 categories of reactive 1-to-1 directional behaviors, adding up to 2344 entries.

Since the proactive (e.g., dominating) and reactive behaviors (e.g., submitting) were coded based on different schemes, for

clarity of analysis and convenience of interpretation in this study we focus on just the proactive behaviors. Note that sibling

care, a proactive behavior, was excluded from the study because it can only be exhibited by children who have younger siblings,

whereas other behaviors do not have this constraint. The effect of attending to siblings or not will conflate risk factors for those

who could care but did not versus those who did not care because they had no siblings.

A Sample Episode

Here is a sample observational episode in this dataset: Observation ID: 28, Date: 08/03/1959, Location: Two logs near the big

tree. Observer: MC. Observation content: 493, 157, 145, and 144 were sitting on the two logs. The others were nearby. MC

asked them if they had eaten. 145: Let’s not answer her. No one answers her and they laugh. MC did not pay any attention. 144

answered her. He said: I ate two halves. (He meant to say that he had eaten, but mispronounced the words. Actually, he hadn’t

eaten.) 157: Yeh, you’ve already eaten two halves of fruit. How big your stomach is? Oh! You’ve eaten two halves. You must

be very full, etc. 157 kept yelling these comments over and over and everyone was laughing at 144’s mistake. 144 finally got

angry and hit 157 lightly, saying: Quit it! Quit it! The children continued to laugh and 157 kept saying this. 144 started to

tickle 157. They laugh. 131 came to tickle 157 also. 157 stood up and tried to catch 131, but he missed him. 157 to 144: Stand

up and let’s fight. We’ll see who wins. 144 stands up smiling and they wrestle. The other children are still laughing because

157 continues to tease 144 about his big stomach, etc. as they wrestle. 144 is beginning to get angry and 157 sees this. 157 runs

away from 144 and yells: Oh, your stomach is so big from eating two halves. 144 to 157: I’m going to knock you down on the

ground. 157 runs away, sits down again. 157 comes near and 144 stands up. Then 157 runs away. This is repeated several times

with 144 threatening to hit 157 and 157 teasing 144 about the two halves he has eaten. 145 to 157: I’m going to hit you, too.

Quit it! Finally, 144 ignores him. 157 came and sat in front of 144 and started to sing a song. He changed the words to call 144

a "Big Forehead". (144’s forehead protrudes a little) and soon all the children were singing this. 144 to 157: I’m going to hit

you. He picks up his slingshot and says: I’m going to hit you with my slingshot. 157 continues to sing. 144 hit him with the

slingshot, but 157 kept singing. 144 turned to 493: Why are you laughing at me? 493: Copulate with your mother. I’ll1 not

laughing at you. I’m just singing a song. 144 and 493 swear at each other and punch each other with their shoulders (they are
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sitting next to each other). 157 is still singing. 144 is very angry now. 144: I’m going to hit you. 157 runs home with 144 after

him. 157 goes into House 14. 144 sits in front and says he’s going to wait until 157 comes out. 157 says something to 144. 144

grabs a stick and runs into the house and hits him. 140 is in the kitchen and says: Are you two still fighting in there? P comes

out and 157 comes out too. 157 begin to tease him again. 144 angrily chases him again. 157 hides behind a tree and sings the

song. 144 still has the stick in his hands. 145 turns to 131: You No Teeth (131 is missing some teeth). 131 to 145: You Eleven

Fingers (145 has 11 fingers). 131 hit 145 on the face. 145 ran to 144. 144 to 131: What are you laughing at? 144 threw a rock

at 131 but misses. 131 keeps singing the song.144 starts to chase him but 131 runs home. Then 144 turned and chased 157

again. 157 continues to sing. 153 came out. 144 to 153: 157 is scolding me. 157: I’m not. I’m not. I’m just singing a song. He

continues to sing. 153 to 144: What did he scold you about? 144: He calls me Big Forehead. 153 to 157: Why are you scolding

anyone? Go find the ducks. 157 went to find the ducks and 144 went home. 149 called from the house: Quit fighting, 157, and

go the ducks. They aren’t in the house now. 157 ignored her.

Statistical Approach

To analyze the behavior data we fitted multilevel multinomial logistic regressions following Koster and McElreath50. This

approach accounts for the multinomial character of the response variable while also accounting for children’s repeated

observations across observation episodes. We denote the behavioral themes as 1,2, . . . ,19, with the probability of observing

each behavior between initiator i and recipient j being π1,i, j, . . . ,π19,i, j.

Children can exhibit a set of behaviors due to various unobserved factors, resulting in the clustering, i.e. dependence, of

the behavioral variables by individual. Behaviors may also cluster at the household level in the sense that the members of the

same household tend to exhibit similar behaviors. Thus, we used multilevel modeling to account for this potential higher-level

clustering. Our statistical model allowed the probabilities of exhibiting each behavior to vary across initiators, recipients, and

households, even with the same age and sex, by adding random effects. Our model can be summarized by 18 equations that

contrast the odds of exhibiting all the different behaviors instead of a reference behavior, behavioral theme 19. Multilevel

multinomial logistic behavioral models that apply generalized linear mixed model principles are a good fit for the structure

of observational data obtained using scan sampling techniques. Time-varying covariates could be included in these models

(e.g., age), and the dependence between measurements made on the same child and the imbalance in the population sample

was addressed by the addition of random factors. More notably, by displaying correlated random effects across the response

categories, the models provided insights into the behavioral patterns. It is important to highlight that when there are few

occurrences of a certain behavior, the posterior distribution can simply reflect the prior of the model for that rare behavior. In

our study, though behavioral themes (1) Comforting, (5) Dirty Looks, and (8) Requesting for Comfort had relatively small

numbers of occurrences, we did not combine these behaviors from the original coding scheme because we believed that these

behaviors are salient in understanding children’s social life and also failed to come up with a reasonable scheme to combine

them. Despite the relatively small numbers of these three behaviors, we expected that there would not be major problems fitting

the model. In fact, the prior and posterior distribution of the parameters differed for these behaviors (Supplementary Fig. S10,

S11).

Model mfit_i – individual-level random effects only.

The probabilities of all the distinct behaviors sum to one, so we have

19

∑
k=1

πk,i, j = 1 for each initiator i and recipient j.

For each observed behavior, the log-ratio comparing the odds of initiator i and recipient j exhibiting each of the 18 pivot

behaviors instead of the reference behavior is assumed to be given by

log

(

πk,i, j

π19,i, j

)

= αk +ν I
k,i +νR

k, j; k ∈ {1, . . . ,18},

where each αk is an intercept that contrasts the behavior k against the reference category and where ν I
k,i and νR

k, j are person-

specific effects for initiation and reception of behavior theme k in initiator i and recipient j, respectively. Across all the

behavioral themes we assume the priors

(

ν I
1,i, · · · ,ν

I
18,i

) i.i.d
∼ Normal(0,Σν_I), Σν_I =









σ2
ν I

1

· · · σν I
1,18

. . .
...

σ2
ν I

18









, for i = 1, ...,213,
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(

νR
1, j, · · · ,ν

R
18, j

) i.i.d
∼ Normal(0,Σν_R), Σν_R =









σ2
νR

1

· · · σνR
1,18

. . .
...

σ2
νR

18









, for j = 1, . . . ,213.

These state that person-specific intercepts, ν I
1,i, . . . ,ν

I
18,i and νR

1, j, . . . ,ν
R
18, j, both follow a multivariate normal distribution with

mean zero and their own positive-definite 18×18 variance-covariance matrix, across behaviors other than the reference category.

The off-diagonal elements of these matrices represent the individual-level pairwise covariance between random effects among

behaviors 1 to 18, while the diagonal elements signify the individual-level variance of random effects within each behavior.

The intercept αk for a behavior k represents the log-odds of exhibiting that behavior relative to the reference behavior,

assuming that all random effect terms are zero. In other words, αk is the mean log-odds over all subjects for exhibiting behavior

k compared to the reference behavior. Random effects were introduced to account for varying occurrence probability of

behavior k rather than the reference by different initiators and recipients. A positive individual-level random effect for the

initiator i, ν I
k,i > 0, implies that initiator i is more likely to exhibit behavior k instead of reference behavior than the population

average, and vice versa. Instead of the magnitude of random effect from each individual, we are interested in the variance of the

individual random effects in each behavioral category, providing insights into the extent to which unobserved individual-level

factors contribute to the observed variation in the occurrence of each behavior, compared to other sources of variation. A large

variance of the individual-level random effects for the initiator for behavior k implies that the probability of exhibiting behavior

k instead of reference behavior varies greatly among the initiators. We can also obtain the pairwise correlations across all

behaviors (except for the reference) from the corresponding pairwise covariances (e.g., behavior k vs behavior l for initiators,

ρ I
k,l = σν I

k,l
/(σν I

k
σν I

l
)), which provided insights into the co-occurrence of different behaviors by initiators and recipients. When

the initiator’s individual-level random effect has a positive correlation between two behaviors k and l, ρ I
k,l > 0, an individual

who is more (or less) likely to initiate behavior k is also more (or less) likely to initiate behavior l. Conversely, a negative

correlation implies that initiators who are more (or less) likely to exhibit behavior k are less (or more) likely to exhibit behavior l.

The interpretation of individual-level random effects and pairwise correlations for the recipient is similar. We chose behavioral

theme 19, ownership assertion, as the reference behavior because correlations of random effects between ownership assertion

and other behaviors were of less interest than correlations of random effects between the remaining peer-interactive behaviors.

Because of the considerable complexity of this model, we fit it using Bayesian methods, enabling the use of highly-flexible

Markov Chain Monte Carlo (MCMC) algorithms. Specifically, we assigned standard normal priors to the intercepts, αk. In

theory, the covariance structure of the individual-level random effects, Σν_I or Σν_R, can be decomposed into a correlation

matrix and a vector of element-specific variances, or “scale” terms59. To improve the computational efficiency and arithmetic

stability of MCMC simulations, we employed a non-centered parameterization of the random effects based on a Cholesky

factorization of the correlation matrix. This decomposition represents the Hermitian positive-definite correlation matrix as a

product of a lower triangular matrix and its conjugate transpose60, 61. We set a Cholesky factorized prior with shape equal to 2

for the parameterized correlation matrix.

Model mfit_iF – fixed effects from individual characteristics

To investigate if some demographic characteristics of children were highly influential factors in children’s behaviors, we

included some predictor variables as fixed effects in our model. By interpreting the coefficient of the fixed effects in our models,

we are able to improve our understanding of the various factors influencing children’s development and behaviors.

In addition to the individual-level random effects presented in Model mfit_i, Model mfit_iF includes individual-level

variables for age and sex, as well as their interaction. To investigate how children from the same or different families influence

the interaction between them, Model mfit_iF also incorporates an indicator of whether the initiator and recipient were from the

same household. We standardized the continuous predictors62, i.e., ages of initiators and recipients, to make sampling (from the

posterior distribution as described later) more efficient. Specifically, the variables were shifted and rescaled to have a mean of

zero and a standard deviation of one. Model mfit_iF had the form

log

(

πk,i, j

π19,i, j

)

= αk +ν I
k,i +νR

k, j +∑
m

βk,ImxIm +∑
m

βk,RmxRm +βk,HxH ; k ∈ {1, · · · ,18},

where xIm and xRm are the fixed effect m from the initiators and the recipients, respectively, and xH is a binary indicator variable

that reflects whether the initiator and recipient in each behavior observation belonged to the same household or not. The

individual-level effects ν I
k,i and νR

k, j are assumed to follow the same multivariate normal distribution as in Model mfit_i, and

πk,i, j always sum up to 1 for all i and j. Model mfit_iF summed over all fixed effects included in the model.

In this mixed effects model, the intercept αk represents the log-odds of exhibiting behavior k relative to the reference

behavior, when all predictors and random effects are zero. Specifically, it represents the average log-odds of behavior k that
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occurs between female initiators and recipients, who are of the same age as the sample average, and come from different

households. The coefficient of a predictor, denoted as βk,Im, βk,Rm, or βk,H , measures the effect of a one-unit increase in that

predictor, xIm, xRm, or xH , on the average log-odds of exhibiting behavior k instead of the reference behavior. In other words,

it tells us how much the average log-odds of behavior k change when we increase the corresponding predictor by one unit,

holding all other predictors constant.

The prior distributions on the parameters in this model are the same as those in Model mfit_i, with additional standard

normal priors assigned to the independent fixed effects parameters βk,Im, βk,Rm, and βk,H .

Model mfit_ih – both individual and household-level random effects.

In addition to the individual-level random effects presented in Model mfit_i, Model mfit_ih included random effects from both

the initiator’s household [i] and the recipient’s household [ j]. Model mfit_ih had the form

log

(

πk,i, j

π19,i, j

)

= αk +ν I
k,i +νR

k, j +hI
k,[i]+hR

k,[ j]; k ∈ {1, · · · ,18},

(

hI
1,[i], · · · ,h

I
18,[i]

)

i.i.d.
∼ Normal(0,Σh_I), Σh_I =









σ2
hI

1

· · · σhI
1,18

. . .
...

σ2
hI

18









, for [i] = 1, . . . ,70,

(

hR
1,[ j], · · · ,h

R
18,[ j]

)

i.i.d.
∼ Normal(0,Σh_R), Σh_R =









σ2
hR

1

· · · σhR
1,18

. . .
...

σ2
hR

18









, for [ j] = 1, . . . ,70,

where hI
k,[i] and hR

k,[ j] are household-level random effects for initiator i and recipient j, respectively. The individual-level effects

ν I
k,i and νR

k, j follow the same multivariate normal distribution as in Model mfit_i, and all πk always sum up to 1. This extended

model has nested random effects since each individual is uniquely associated with only one household. Since the personal

random effects should be nested within households, the random terms, while not identical, are more likely to be similar within a

household versus between households.

Including the household-level random effects changes the interpretation of the individual-level random effects. The

individual-level random effects are interpreted as the deviation from the household-level average rather than the population

average. A positive individual-level random effect for the initiator i, ν I
k,i > 0, now implies that the probability of exhibiting

behavior k instead of the reference behavior is higher for initiator i than the average likelihood within the corresponding

household, and vice versa. This means that the influence of unobserved individual-level factors on the likelihood of exhibiting a

particular behavior is being measured relative to the average behavior of the household rather than the population as a whole.

Furthermore, when a household-level random effect of the initiator is positive, hI
k,[i] > 0, individuals in that household [i] has an

above-average chance of initiating behaviors k instead of the reference behavior, and vice versa. The interpretations are similar

for recipients.

The prior distributions for the intercepts and the individual-level random effects in this model are the same as those in

Model mfit_i, with additional Cholesky factorized priors with a shape equal to 2 assigned to the parameterized correlation

matrices of household-level random effects, Σh_I and Σh_R.

Model: mfit_ihF – fixed effects from individual characteristics

In addition to the individual-level random effects presented in Model mfit_iF, Model mfit_ihF included random effects from

both initiator’s and recipient’s household. Model mfit_ihF had the form

log

(

πk,i, j

π19,i, j

)

= αk +ν I
k,i +νR

k, j +hI
k,[i]+hR

k,[ j]+∑
m

βk,ImxIm +∑
m

βk,RmxRm +βk,HxH ; k ∈ {1, · · · ,18}.

The prior distributions for the intercepts and independent fixed effects in this model are the same as those used in Model

mfit_iF. Similarly, the prior distributions for the covariance structures of random effects are the same as those employed in

Model mfit_ih.
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Estimation of Parameters

Since this multilevel multinomial logistic model is not implemented in standard software, we fitted a Bayesian version of the

model using Markov Chain Monte Carlo (MCMC) estimation rather than the commonly used maximum likelihood method. In

particular, the inference is based on the expectations of posterior quantities, such as posterior means and standard deviations of

parameters.

We used R’s RStan package59 to facilitate MCMC. RStan is the R interface to Stan, which is a state-of-the-art platform for

statistical modeling and high-performance statistical computation. Users can specify log density functions in Stan’s probabilistic

programming language and get full Bayesian statistical inference via Hamiltonian Monte Carlo sampling (HMC), which is

a family of MCMC algorithms63. Stan is preferred over the older but widely used BUGS software due to its considerably

higher efficiency and faster running speed64. We employed weakly informative priors for the parameters of fixed effects and

variance-covariance matrices of random effects as described beside the statement of models. We performed prior sensitivity

analysis and validated the use of the weakly informative priors. We ran each model on three chains, each with 10000 iterations

and a warmup of 5000 iterations. We confirmed model convergence by examining the trajectory plot of the chains and the

R-hat Gelman and Rubin convergence diagnostic.

Analysis of Raw Output

We utilized the rethinking package to prepare data, summarize the posterior, and plot model predictions65. We compared the

predictive performances of the four models based on the Widely Applicable Information Criterion (WAIC)51. We estimated

the Cholesky matrix using HMC chains and computed the correlations between the random effects across behaviors via

recomposition from the lower triangular matrix and its conjugate transpose. This allowed us to determine if individuals who

engage in more of the first behavior also tend to engage in more or less of the second behavior (relative to the reference

category).

The coefficients of the fixed effects in model mfit_iF and model mfit_ihF are interpreted as the effect of a one-unit difference

in one predictor on the log-odds of exhibiting behaviors 1 to 18 instead of the reference behavior after adjusting for other

predictors. However, the interpretation of the coefficients is rather awkward. It would be much easier and straightforward to

interpret the effects of a predictor on each behavior, rather than on a contrast between two behaviors. Besides, Retherford and

Choe66 noted that coefficients (or odds ratios) are not only difficult to interpret but may even be misleading because the sign of

a coefficient may not reflect the direction of the effect of the predictor on either of the response probabilities being compared

(i.e., πk and π19). Thus, we calculated the predicted response probabilities for each of the 19 behaviors from the estimated

coefficients of the fixed effects using a random effect value of zero, giving the predicted probabilities of behavior between an

“average” recipient and an “average” initiator. We plotted the predicted probabilities with one predictor varying at a time while

holding other predictors constant, together with 95% credible intervals incorporating uncertainty in the fixed effect parameters.

Data Availability

The raw fieldnotes are part of a private historical archive not available to the public yet. All de-identified and processed data

and associated R scripts are available at https://github.com/zhiningsui/children_behavior_multinomial_analysis.
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Legends

Figure 1: Average number of observations per pair of children for each behavior (i.e., total number of observations/total number

of unique pairs). (a) Comparison between children pairs with the same or different sexes. (b) Comparison between children

pairs from the same or different households. (c) Comparison between children pairs from the same or different households, and

of the same or different sexes. Exact cross-sex variations with sexes specified are shown in Supplementary Fig. S3.

Figure 2: Significant correlation of initiator’s and recipient’s individual random effects across behaviors estimated by models

mfit_i and mfit_ih.

Figure 3: Predicted probabilities of response behaviors as a function of initiator’s sex. All continuous covariates are held

constant at the sample mean. The confidence intervals are the 95% percentile intervals, as calculated from the posterior samples

of model mfit_iF. The coefficients of fixed effects used in the prediction are listed in Supplementary Table S6.

Figure 4: Predicted probabilities of response behaviors as a function of recipient’s sex. All continuous covariates are held

constant at the sample mean. The confidence intervals are the 95% percentile intervals, as calculated from the posterior samples

of model mfit_iF. The coefficients of fixed effects used in the prediction are listed in Supplementary Table S6.

Figure 5: Predicted probabilities of response behaviors as a function of household status of the initiator and the recipient. All

continuous covariates are held constant at the sample mean. The confidence intervals are the 95% percentile intervals, as

calculated from the posterior samples of model mfit_iF. The coefficients of fixed effects used in the prediction are listed in

Supplementary Table S6.

Table 1: Comparison of WAIC, ∆WAIC, and weights for four models. Models mfit_i and mfit_iF included personal random

effects for the initiator and recipient, while models mfit_ih and mfit_ihF included random effects for both the individual and

household of the initiator and recipient. Models mfit_i and mfit_ih did not include any predictor variables, whereas models

mfit_iF and mfit_ihF included predictor variables.

Table 2: Variance estimates of the individual random effects in models mfit_i and mfit_iF. The reported quantities are the

standard deviations of the random effects, while the values in parentheses are the standard deviations of these quantities in the

posterior samples.

Table 3: The trends of predicted probabilities of 19 behaviors with increasing ages of initiator and recipient, when the sexes and

household status differed. The trends are summarized from Supplementary Fig. S8 and Supplementary Fig. S9 for initiator’s

age and recipient’s age, respectively . For behaviors without a monotonic trend in the probability, we listed the age or age range

(in years) of local maximum probability.
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Main Figures

Figure 1. Average number of observations per pair of children for each behavior (i.e., total number of observations/total

number of unique pairs). (a) Comparison between children pairs with the same or different sexes. (b) Comparison between

children pairs from the same or different households. (c) Comparison between children pairs from the same or different

households, and of the same or different sexes. Exact cross-sex variations with sexes specified are shown in Supplementary Fig.

S3.

Figure 2. Significant correlation of initiator’s and recipient’s individual random effects across behaviors estimated by models

mfit_i and mfit_ih.
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Figure 3. Predicted probabilities of response behaviors as a function of initiator’s sex. All continuous covariates are held

constant at the sample mean. The confidence intervals are the 95% percentile intervals, as calculated from the posterior samples

of model mfit_iF. The coefficients of fixed effects used in the prediction are listed in Supplementary Table S6.
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Figure 4. Predicted probabilities of response behaviors as a function of recipient’s sex. All continuous covariates are held

constant at the sample mean. The confidence intervals are the 95% percentile intervals, as calculated from the posterior samples

of model mfit_iF. The coefficients of fixed effects used in the prediction are listed in Supplementary Table S6.
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Figure 5. Predicted probabilities of response behaviors as a function of household status of the initiator and the recipient. All

continuous covariates are held constant at the sample mean. The confidence intervals are the 95% percentile intervals, as

calculated from the posterior samples of model mfit_iF. The coefficients of fixed effects used in the prediction are listed in

Supplementary Table S6.
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