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An understanding of mental life – the thoughts, feelings, 
intentions and other phenomenal states that we each expe-
rience and attribute to others – is fundamental to life in a 

human society. In everyday interactions, we use our understand-
ing of emotions, desires, perceptions, memories, beliefs and inten-
tions to explain and predict other people’s behaviour and to respond 
appropriately. In our more reflective moments, higher-level distinc-
tions between different categories of mental life – thoughts versus 
feelings, sensations versus higher-order mental states – also help us 
understand our social and moral obligations, both to other humans 
and to non-human beings (for example, ‘Which animals are ok 
to eat? How can I build a relationship with God? Should we treat 
‘smart’ technologies like people?’).

But do we all understand mental life in the same way? 
Anthropologists and cultural psychologists have repeatedly made 
the case that we do not, drawing on ethnographic work to argue 
that people in different cultural settings: pay more or less attention 
to bodily sensations, emotions and thoughts; sort different aspects 
of experience into categories with no obvious counterparts across 
contexts; have more or fewer words to refer to specific mental states 
in their language; and locate these various aspects of mental life in 
different places in the body1–4. Some scholars have even argued that 
the very idea of ‘mind’ is a construct specific to certain cultures with 
no clear analogue in others. For example, Lienhardt famously wrote 
that the Dinka of southern Sudan “have no conception which at 
all closely corresponds to our popular modern conception of the 
‘mind’ as mediating and, as it were, storing up the experiences of 
the self ”5, a claim that resonates with contemporary views on how 
radically different human thought and experience can be in differ-
ent cultural contexts6 (but see ref. 7). At the same time, reasoning 
about thoughts, feelings and other mental states seems to be such 
a central part of most human lives that we might expect some core 

understanding of mental life to be universal, as many cognitive and 
developmental psychologists assert8–12. Here we present an empiri-
cal investigation of this deep, and deeply contentious, question: 
How do concepts of mental life compare across cultures?

A long tradition of work has opened a window into these con-
cepts by examining how people reason about the ways in which a 
person’s mental life might be altered by birth13,14, death15–20 or other 
significant life events21–24. These studies have revealed intriguing 
commonalities across diverse cultural settings – in particular, a 
shared understanding that different aspects of mental life are more 
or less constrained by the biological life cycle of the human body 
(for example, that memories are more likely than sensations to con-
tinue after death; or that emotions and desires, but not perceptual 
abilities, might be present before birth). This approach is grounded 
in the assumption that ordinary people distinguish between, for 
example, ‘psychobiological’ versus ‘cognitive’ abilities15; ‘psychobio-
logical’, ‘perceptual’, ‘emotional’, ‘desire’ and ‘epistemic’ states16; or 
‘cognitive’, ‘non-cognitive’ and ‘biological’ traits21. However, in these 
studies, the distinctions tested have been rooted in the theoretical 
frameworks of these researchers, not in the lay ontologies held by 
ordinary people themselves (cf. ref. 22).

In recent years, large-scale data collection and advances in sta-
tistical computing have opened the door to a new, data-driven 
approach to discovering lay ontologies. Cognitive scientists have 
begun to infer conceptual structure ‘from the bottom up’, allowing 
data to give rise to ontological structures, rather than working ‘from 
the top down’ by using a theory to guide hypothesis-driven data col-
lection. Building on pioneering work on the ‘dimensions of mind 
perception’25, we and several other research teams have explored lay 
ontologies of mental life among adults in North America by tracking 
covariance patterns in attributions of mental capacities to humans, 
animals, supernatural beings, technologies and other entities26–28. 
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There have been a few forays into other cultural contexts28–31, but 
major differences in methods and analysis approaches have hin-
dered direct cross-cultural comparisons, and very little is known 
about how cultural differences might emerge over development. Yet 
this bottom-up approach is particularly well-suited to cultural and 
developmental comparisons, because it allows similarities and dif-
ferences between groups of people to emerge organically rather than 
in relation to a priori hypotheses – which, by nature, are constrained 
by the imagination and cultural perspective of the investigator.

In the current studies, we leveraged this bottom-up approach to 
identify and compare representations of mental life among adults 
and children (aged 6–12 years) living in five diverse cultural set-
tings: the San Francisco Bay Area, USA (n = 127 adults, n = 117 chil-
dren); Cape Coast, Ghana (n = 150 adults, n = 150 children); Chiang 
Mai, Thailand (n = 150 adults, n = 152 children); Shanghai, China 
(n = 136 adults, n = 131 children); and Port Vila and Malekula, 
Vanuatu (n = 148 adults, n = 143 children). Adults were recruited 
primarily in public places (for example, a bus station), and children 
were recruited primarily in elementary schools. This study was part 
of the Mind and Spirit Project, a long-term collaboration grounded 
in cultural anthropology and experimental psychology, which 
focused on how understandings of the mind may be related to expe-
riences of spiritual and supernatural events32,33. Our five field sites 
were chosen to capture a variety of cultural models of the mind34–39 
as well as a range of religious traditions (for example, Christianity, 
Buddhism, atheism).

To facilitate direct comparison, we developed a single study 
paradigm for use with adults and children in all sites. Each partici-
pant answered 23 questions about the mental capacities of some 
target entity – for example, ‘Do beetles feel love? Get hungry? Smell 
things? Feel guilty? Remember things?’. The goal of these studies 
was to assess concepts of ‘mental life’ broadly construed, including 
not only human mental lives, but also the perceived mental lives 
of other animals and living things, technologies and supernatural 
beings25–27,31. To this end, different participants assessed different 
entities, chosen to capture variability in the kinds of mental lives 
that might be attributed to humans (children), other mammals 
(dogs, mice), non-mammalian animals (chickens, beetles), plants 
(flowers), natural objects (rocks), technologies (mobile phones) and 
supernatural beings (ghosts, God). We modelled this paradigm on 
our previous work with US adults and children26,40,41, drawing on 
the cultural and linguistic expertise of the ethnographers among us 
to create a version of this task that was developmentally appropriate 
for children as young as 6 years old and culturally appropriate in 
all five sites, featuring mental capacity items that were as seman-
tically similar as possible across all five languages (Supplementary 
Information).

The focus of this paper is the covariance structure of people’s 
responses to these questions: which capacities travelled together? 
For example, when someone indicated that a beetle, a ghost or any 
other entity was capable of love, did they also tend to say it was 
capable of hunger, smell, guilt or memory? We take these patterns 
of covariance within each sample to reveal conceptual structure 
among participants in that sample26, and we consider similarities 
and differences in covariance patterns across samples to point to 
ways in which concepts of mental life might vary across culture con-
texts and across development within a given context.

Results
For each sample of adults and each sample of children in each of our 
five field sites, our goal was to derive a set of latent constructs – core 
components of a concept of mental life – that together give rise to 
people’s intuitions about the mental capacities that these target enti-
ties might or might not possess. For each sample, we identified a set 
of factors capable of generating the observed covariances via explor-
atory factor analysis (EFA), using parallel analysis to determine how 

many factors to retain. Factor loadings, after oblique transforma-
tion, for all samples are given in Fig. 1. We compared EFA solutions 
across sites and age groups by calculating a vector cosine (rc) for 
each pair of factors42, which we present here as an objective, for-
mal method of gauging similarity across cultures and age groups 
(Figs. 2 and 3). More information on these EFA solutions is given 
in Supplementary Information, including the percent of variance 
accounted for by each factor, additional analyses of factor similarity, 
varimax-rotated solutions and dimensionality reduction analyses 
using principal components analysis instead of EFA.

Replication of previous work among US adults. Among US adults, 
EFA yielded three factors that strongly resemble the three factors 
identified in our previous work with US adults:26,40,41 (1) bodily sen-
sations related to biological needs (for example, ‘get hungry’, ‘feel 
pain’); (2) basic emotions and social abilities (for example, ‘feel sad’, 
‘feel proud’); and (3) perceptual–cognitive abilities (for example, 
‘remember things’, ‘sense when things are far away’) (Fig. 1a (left)). 
We call these factors ‘body’, ‘heart’ and ‘mind’.26 This clear concep-
tual replication speaks to the robustness of this conceptual structure 
among US adults, and validates the version of this task employed in 
the current studies.

Cultural comparisons among adults. Given our own cultural 
expertise, and the fact that the US ‘body’, ‘heart’ and ‘mind’ factors 
are so robust, we use formal comparisons with adults in the USA as 
a launching point for our cultural comparisons of adults in our five 
field sites (Fig. 4). We emphasize, however, that comparisons with 
US adults are a tool for interpretation, not an assumption of our 
analyses; parallel analysis and EFAs were conducted independently 
for each sample, and the similarities presented in Figs. 1 and 2 do 
not privilege any particular sample as the base for comparison. (See 
also Supplementary Figs. 2–5 for figures analogous to Fig. 4, using 
the adult samples from Ghana, Thailand, China and Vanuatu, rather 
than the USA, as the base comparison group.)

This approach revealed one striking cross-cultural continuity: 
a distinction between physiological sensations and cognitive abili-
ties was clearly present among adults in every site. In each sample, 
attributions of physiological sensations (for example, ‘get hun-
gry’, ‘feel pain’) were strongly intercorrelated, yielding factors that 
were similar to the US ‘body’ (rc > 0.86) and not similar to the US 
‘mind’ (rc < 0.33; Fig. 1a, Fig. 2, upper left and Fig. 4, upper row); 
these ‘body-like’ factors were particularly similar across samples. 
Meanwhile, attributions of cognitive abilities (for example, ‘figure 
out how to do things’, ‘remember things’) were intercorrelated in 
each sample, yielding factors that much more similar to the US 
‘mind’ (rc > 0.74) than to the US ‘body’ (rc < 0.34; Fig. 1c, Fig. 2, mid-
dle and Fig. 4, lower row). This is not to say that these ‘body-like’ 
and ‘mind-like’ factors were identical in all sites: for example, sam-
ples varied substantially in which of the sensory-perceptual abilities, 
if any, were associated strongly and exclusively with the ‘mind-like’ 
factor (Fig. 1c). Nonetheless, in all five sites, adults clearly distin-
guished what would call ‘mind’ – a suite of abilities to detect, use and 
store information about the environment – from the more ‘bodily’ 
aspects of experience. In our view, this is a high degree of similar-
ity to have observed across such diverse cultural settings using a 
bottom-up approach, which was not designed to test whether this 
particular aspect of conceptual representations was held in common 
– and which indeed could have highlighted any number of alterna-
tive categorization schemes (for example, pleasant versus unpleas-
ant experiences, items that did or did not include the word ‘feel’).

By contrast, we observed substantial differences across sites in 
another important aspect of adults’ representations of mental life: 
the way social–emotional abilities fit into this fundamental distinc-
tion between body and mind (Fig. 1b, Fig. 2, lower right and Fig. 4, 
middle row).
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In the samples from Chiang Mai, Thailand and Shanghai, China, 
as in the US sample, adult participants appeared to consider social–
emotional abilities to be a third category, distinct from both body 
and mind. In both samples, EFA yielded a single factor that was 
highly similar to the US ‘heart’ (rc > 0.96) and not similar to the US 
‘body’ or ‘mind’ (rc < 0.35). There were differences in which capaci-
ties were most strongly related to these ‘heart-like’ factors (Fig. 1a), 
but adults from these three samples seemed to share the intuition 
that these abilities travel together: if a being is capable of having 
its feelings hurt, it is probably capable of guilt, sadness, shyness, 
pride and the like. These similarities might reflect relatively recent 
access to a secular, scientific, Western-style model of the mind35,38,43, 
particularly in the urban centres where these data were collected; 
they might also reflect separate intellectual traditions categorizing 
mental life that have converged on similar distinctions34,44,45. Other 
work has made it clear that people in the USA, Thailand and China 
experience, express, act on and value emotions in different ways46,47 
but our results suggest that, at least in the twenty-first century, the 
conceptual structures underlying these cultural differences have 
something in common.

By contrast, adult participants in the samples from Ghana and 
Vanuatu appeared not to share the intuition that all of these ‘social–
emotional’ abilities are of a kind; there was no clear analogue to the 
US, Thai and Chinese ‘heart’ factors in either site.

Instead, among adults in Cape Coast, Ghana, most of the social–
emotional items that defined the US ‘heart’ – ‘feel proud’, ‘get angry’, 
‘feel happy’, ‘feel love’, ‘feel sad’ – loaded most strongly on the factor 
we identified above as ‘mind-like’, which we could redescribe as a 

more integrated representation of inner life that encompasses both 
cognition and emotion (similarity to US ‘mind’: rc = 0.78; similar-
ity to US ‘heart’: rc = 0.69). Another factor picked out three other 
social–emotional items – ‘feel shy’, ‘feel guilty’ and ‘pray’ – that are 
fundamentally interpersonal phenomena involving other humans 
or, in the case of prayer, God; this factor was most similar to the 
US ‘heart’ factor (rc = 0.68). This distinction between personal inner 
life and interpersonal relationships emerged from our bottom-up 
analysis, not from top-down hypothesis testing, and yet it resonates 
quite well with ethnographic descriptions of life in Ghana. In this 
setting, people frequently report being cautious about exposing 
their thoughts, feelings, desires and intentions – that is, the mental 
states that constituted the ‘inner life’ factor – to public view because 
of perceived threats from personal enemies and supernatural 
beings (for example, witches, demons) who might become envious, 
attempt to foil plans or hijack negative feelings or intentions to fuel 
their own malevolent ambitions37,48. Anthropologists have argued 
that many people in Ghana have embraced Christianity as a way to 
protect this private inner sphere from such forces;36,49 we view the 
capacities picked out by the third factor – guilt, prayer, shyness – as 
resonant with the values and practices emphasized by contempo-
rary Ghanaian Christian churches50.

Meanwhile, among adults in Port Vila and Malekula, Vanuatu, 
social–emotional items were distributed evenly across the two fac-
tors identified by EFA. The items ‘get angry’, ‘feel guilty’, ‘feel shy’ 
and ‘feel proud’ travelled together with physiological sensations (for 
example, hunger, fatigue), loading most strongly on the factor we 
identified above as ‘body-like’ (similarity to US ‘body’: rc = 0.87).  
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Fig. 1 | Factor loadings from EFAs among adults and children in five field sites, organized by similarity to the ‘body’, ‘heart’ and ‘mind’ factors among US 
adults. a–d, Body-like factors are presented in a, heart-like factors in b, mind-like factors in c, and other factors in d. Strong positive factor loadings (red) identify 
emblematic capacities for each factor; capacities that loaded ≥0.50 on only one factor in a given sample are highlighted in bold. See Supplementary Figs. 5–10 
for a focus on each site on its own terms, including side-by-side comparisons of adults and children. Chi, China; F, factor; Gh, Ghana; Th, Thailand; Va, Vanuatu.
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In this cultural setting, such emotions were probably viewed as 
base, sordid and strongly related to violations of social relationships; 
indeed, many of these items correspond to cardinal sins (pride, 
greed, lust, envy, gluttony, wrath, sloth), befitting this devoutly 
Christian context51. (Note that in Vanuatu, as well as in Ghana, ‘feel 
proud’ was probably interpreted as a negative state – for example, 
‘He is a prideful person’ – rather than as a positive reflection on a 
relationship or personal achievement – for example, ‘She is proud 
of her daughter’, ‘He is proud of his good work’.) By contrast, a suite 
of more prosocial abilities – ‘feel happy’, ‘get hurt feelings’, ‘feel love’, 
‘pray’ and ‘feel sad’ – travelled together with cognitive abilities, load-
ing most strongly on the factor we identified above as ‘mind-like’ 
(a factor which was, in fact, equally similar to the US ‘mind’ factor, 
rc = 0.75, and the ‘heart’ factor, rc = 0.73; Fig. 4). What might unite 
prosocial emotions and cognitive abilities in this environment is 
that they are desirable mental capacities that allow a person to func-
tion in society; this resonates with ethnographic and experimental  

work in Vanuatu highlighting the high value placed on actively 
maintaining social harmony39,52,53.

In introducing this work, we emphasized that our bottom-up 
approach is well-suited to make cultural comparisons, because 
it allows these similarities and differences to arise from the data 
rather than from top-down hypotheses about the number or nature 
of ‘factors’ in any of these samples. But a full account of how people 
come to understand mental life in any given cultural setting requires 
much more than a single study can provide, and our interpretation 
of our results was of course limited by our selection of mental capac-
ities and target entities and by our understanding of our previous 
work in the USA. Extending the mental capacities and target entities 
included in these studies – for example, by including mental capaci-
ties that are frequent in everyday speech, entities that are commonly 
encountered in everyday life, or capacities and entities that are con-
sidered especially meaningful and important in the broader cultural 
discourse – could shed more light on conceptual representations 
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Fig. 2 | Vector cosines (rc) between all pairs of factors in the EFA solutions presented in Fig. 1, indicating how similar each factor is to every other factor. 
Higher rc indicates greater interfactor similarity. Along the axes, the three US adult factors, ‘body’, ‘heart’ and ‘mind’, are highlighted in blue text. Factors are 
ordered via hierarchical clustering, without privileging any sample as the base for comparison. This provides a quantitative demonstration that there were 
‘body-like’ and ‘mind-like’ factors in all ten samples, and ‘heart-like’ factors in some, but not all, samples. F1– 4, factor 1– 4.
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in a given cultural setting, as could engaging participants them-
selves in the interpretation of our findings. In addition, including 
more capacities related to agency and morality could be particu-
larly interesting ways to connect to other literature on mind percep-
tion (Supplementary Information)27,30,31 and cultural evolution54,55. 
Finally, exploring diversity within a cultural setting – for example, 
across racial, ethnic or religious groups; across different levels of 
formal education; and across generations – will be an important 
goal for future research. (See Supplementary Information for one 
exploratory analysis of demographic differences.) Based on the cur-
rent results, we would prioritize the social–emotional domain as a 
particularly important area for such extensions of this work.

Developmental comparisons. If we take cultural differences to be 
the result of divergent learning histories56, the degree of difference 
across cultural groups might be a reasonable proxy for the amount 
of learning required of an individual child. Indeed, the same pat-
tern that characterized our cross-cultural results – differences in 
representations of social–emotional abilities, in the context of a 
shared distinction between ‘body’ and ‘mind’ – also captures the 

salient differences between adults and children in each site. See  
Fig. 1b for factor loadings from EFAs of child samples, Fig. 3 for 
cosine similarities between child and adult factors in each site and 
the Supplementary Information for extended discussions and visu-
alizations of age-related differences in each site (Supplementary 
Figs. 5–10).

What stands out from these comparisons is that, in all five 
sites, children drew a distinction between bodily sensations and 
cognitive abilities that was quite similar to that of adults in their 
cultural context – that is, there was a factor much more similar to 
local adults’ ‘body-like’ factor (all rc > 0.76) than their ‘mind-like’ 
factor (all rc < 0.40), and another factor much more similar to local 
adults’ ‘mind-like’ factor (all rc > 0.81) than their ‘body-like’ factor 
(all rc < 0.30) – but in no site had children fully mastered the under-
standing of social–emotional abilities prevalent among adults in 
their community.

In fact, in four of our five sites, qualitative analyses of factor load-
ings highlighted that children differed from adults in one particular 
aspect of understanding (what we would call) the social–emotional 
domain: their attention to positive versus negative valence. In the 
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Fig. 3 | Cultural comparisons of adults across sites. The figure presents vector cosines (rc) between the factors (F) from EFAs for adults in each of our five 
field sites and the three factors from our sample of adults from the San Francisco (SF) Bay Area, USA: ‘body’ (upper row), ‘heart’ (middle row) and ‘mind’ 
(lower row). Error bars are 95% bootstrapped confidence intervals. Dotted lines demarcate principled cut-offs for high similarity (rc ≥ 0.95, red zone) and 
moderate similarity (rc ≥ 0.85, yellow zone42). In all adult samples there was a clear analogue to the US adult ‘body’ factor, a reasonable analogue to the US 
adult ‘mind’ factors, but more variation in how factors compared with ‘heart.’ See Supplementary Figs. 2–5 for analogous figures using adult samples from 
Cape Coast, Ghana; Chiang Mai, Thailand; Shanghai, China; and Port Vila (PV) and Malekula, Vanuatu as the base for such comparisons.
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Fig. 4 | Developmental comparisons within each site. The figure presents vector cosines (rc) between the factors from EFAs for children in  
each field site and factors from the corresponding adult sample (‘local adults’). Error bars are 95% bootstrapped confidence intervals. Dotted lines 
demarcate principled cut-offs for high similarity (rc ≥ 0.95, red zone) and moderate similarity (rc ≥ 0.85, yellow zone42). In all child samples  
there were analogues to local adults’ ‘body-like’ and ‘mind-like’ factors, but more variation in how children’s factors compared with ‘heart-like’ and 
other factors.
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USA, Ghana and Thailand, children’s responses highlighted a dis-
tinction between pleasant and unpleasant emotions that was not 
salient among adults; this is in line with our previous work with US 
children (4–9 years old), which has demonstrated that the distinc-
tion between bodily sensations and cognitive abilities is quite stable 
across this age range, but that representations of valence dominate 
children’s representations of emotions early in childhood, with 
other aspects of emotion concepts continuing to develop through 
middle childhood40,41 (see also refs. 57,58). In Vanuatu, the reverse was 
true: valence was less pronounced among children’s factor loadings 
than among adults’ factor loadings. China was the only country in 
which differences between adult and child factor solutions were not 
clearly related to valence, but rather to other aspects of represent-
ing emotions (for example, whether anger is more closely associ-
ated with sadness and love or with hunger and smell). At a higher 
level, in all five sites, the differences between children and adults in 
their understandings of social–emotional abilities were much more 
salient than any differences relating to the distinction between cog-
nition and bodily sensations.

This degree of cross-cultural convergence in developmental tra-
jectories – even as children acquire culturally specific representa-
tions of mental life that differ in important respects – is all the more 
compelling because it emerged from bottom-up analyses that could 
have surfaced any number of alternative or additional age-related 
differences. One particularly important goal for future research will 
be to chart these developmental trajectories continuously over age – 
something that current factor analytic approaches are not equipped 
to do, but which is an area of active research59,60. Studies that include 
a wider variety of pleasant, unpleasant, prosocial and antisocial 
capacities – in both the social–emotional domain and the bodily 
domain – could be particularly useful in teasing out the role of 
valence in children’s developing understanding of how social–emo-
tional abilities are understood to fit into the ‘mind’–‘body’ distinc-
tion in their cultural context.

Discussion
By asking adults and children simple questions about humans, 
animals and other entities – for example, ‘Do beetles get hungry? 
Remember things? Feel love?’ – we reconstructed and directly com-
pared concepts of mental life among adults and 6–12-year-old chil-
dren in five diverse cultural settings: the San Francisco Bay Area, 
USA; Cape Coast, Ghana; Chiang Mai, Thailand; Shanghai, China; 
and Port Vila and Malekula, Vanuatu. These studies yielded a clear 
pattern: a ‘mind’–‘body’ distinction was held in common by adults 
and children everywhere, but representations of emotions varied 
across field sites and across development within each site.

Some form of mind–body dualism – at a minimum, the general 
idea that there is something like what many Westerners would call a 
‘mind’, which is somehow different from the ‘body’ – may indeed be 
part of a core conceptual architecture shared by humans8–12, which dif-
ferent groups of people explain, elaborate on, revise, use and value in 
different ways. Some scholars have argued that mind–body dualism is 
the result of distinct neurocognitive systems that have evolved to track 
and reason about people versus the physical world9,10,12, cf. ref. 61. Such 
a mind–body distinction could also be supported by biological needs 
(for example, the need to attend to bodily states to maintain homeo-
stasis), social conditions (for example, the importance of hygiene) and 
phenomenal experiences (for example, the degree to which different 
aspects of mental life involve perceptible changes to blood pressure, 
heart rate, respiration or gastrointestinal processes) that are highly 
similar across human groups. In any case, the current studies add to a 
growing body of evidence, employing a variety of empirical methods, 
that a distinction between mind and body is common across diverse 
cultural settings and understood early in life12–23,62–68.

Against the backdrop of this shared mind–body distinction, 
there were clear differences across field sites in representations of 

the more social–emotional aspects of mental life. Sadness, happi-
ness, guilt, love and the like occupied very different places relative 
to the mind–body distinction across sites. In adult samples from 
the USA, Thailand and China, these abilities constituted a third 
component of mental life (‘heart’); among Ghanaian adults, they 
mostly patterned together with cognitive abilities to form an inte-
grated representation of inner life; and among Ni-Vanuatu adults 
they were distributed across the ‘body-like’ and ‘mind-like’ factors 
according to their social–moral value. Moreover, within each site, 
representations of these social–emotional abilities were what varied 
most between 6–12-year-old children and adults, particularly when 
it comes to the ways in which these cultural models did or did not 
incorporate representations of positive versus negative valence57,58. 
These findings demonstrate yet another way in which the experi-
ence, understanding, display, moral value and use of emotions var-
ies across cultural settings.46,47,54,55,69 Different groups of people have 
come to very different conclusions about how emotions relate to 
bodily sensations and cognition, and it takes children many years to 
become culturally competent in this domain (that is, to understand 
the social–emotional aspects of mental life in the way the adults 
around them do).

We speculate that a central aspect of this enculturation pro-
cess is learning the social and moral value of different aspects of 
mental life. Ethnographic and ethnolinguistic work has found that, 
across history and geography, most people have viewed mental life 
through the lens of good and bad rather than through neutral cat-
egories like ‘cognition’ and ‘emotion.’70,71 The current studies yielded 
two examples of adult representations of mental life that, in our 
view, are clearly informed by such social–moral considerations: the 
need to protect the private inner sphere from malevolent others, in 
Ghana, and the need to promote social harmony, in Vanuatu. The 
‘body’, ‘heart’ and ‘mind’ factors found among adults in the USA, 
Thailand and China could be an example of a more neutral catego-
rization system, informed by secularism and Western science – but 
it, too, may be informed by social–moral considerations, some more 
salient in certain contexts than in others. For example, the emer-
gence of ‘heart’ as a distinct category of mental life could be rooted 
in the need to express one’s emotions to be one’s true self (especially 
salient in the USA72); the need to track others’ emotions to fit into a 
more interdependent society (especially salient in China72, and per-
haps Thailand); or the need to monitor one’s motives and expres-
sions to lessen the karmic consequences of one’s actions (especially 
salient in Thailand73). This places the current findings in the con-
text of a broader discourse about the co-evolution of social systems, 
moral values and emotions across cultural settings54,55.

Such explanations are neither exhaustive nor mutually exclusive; 
moreover, individuals in all cultures probably have access to mul-
tiple ways of reasoning depending on the context and the task at 
hand. Our broader point is that – as in many other cases of cultural 
difference74 – cultural variability in conceptual representations of 
mental life might be traced back to the different emphases placed 
on particular norms and moral values across settings, which take 
children many years to fully understand and internalize.

Cultural and developmental differences in understandings of 
happiness, sadness, guilt, love and the like are a testament to the 
many ways that humans can learn to think about ourselves and the 
world. The differences that emerged in these studies might lead 
different groups of people to different conclusions about human 
nature,14,31 about why humans do bad things and how society should 
react,69 about how to treat the rest of the natural world (Are plants 
agents?30), whether to fear or embrace artificial intelligence (Are 
robots deserving of moral treatment?25–27,75) and how to interact 
with any supernatural beings we believe to exist (Do ghosts get hun-
gry? How good is God’s memory?31,76,77). At the same time, the con-
tinuities we observed speak to aspects of human thought that may 
be universal – parts of our experience that unite us.
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Methods
This work was approved by the Institutional Review Board at Stanford University 
under Protocol # IRB-36980; consent was obtained from adult participants and 
from children’s guardians or school administrations as approved by the Panel on 
Non-Medical Human Subjects. Participants were given a small thank-you gift for 
their time (for example, a $5 gift card for US adults, or a colourful pencil for US 
children; thank-you gifts varied across sites to be roughly equally matched  
in value).

See the Supplementary Information for extended descriptions of all methods 
and materials, including visual stimuli and translations of all verbal stimuli in five 
languages, descriptions of each field site, extended EFA results for each sample, 
side-by-side comparisons of adults and children in each field site and extended 
acknowledgements.

General protocol. This study was designed in an extended, iterative, collaborative 
process involving anthropologists and local cultural experts from each of our 
five field sites, with the goal of created a standard protocol that would be equally 
familiar, natural and culturally appropriate in all sites. The study was administered 
by local researchers in a common local language: English in the USA, Fante (an 
Akan dialect) in Ghana, Thai in Thailand, Mandarin Chinese in China and Bislama 
(an English-based creole language) in Vanuatu.

Target entities. Each participant was pseudo-randomly assigned to answer 
questions about one of the following target entities: children, dogs, mice, chickens, 
beetles (or, in China and in a few cases in Vanuatu, crickets), flowers, rocks, mobile 
phones, ghosts or God. In some sites, additional participants were recruited to 
answer questions about other target entities, but these data were not included in 
any of the current analyses. With the exception of God, all target entities were 
referred to in the plural (when the language marked a difference between singular 
and plural) to evoke the generic category rather than a specific individual.

Each target entity was illustrated with a high-resolution photograph printed in 
colour and measuring approximately 5 inches by 8 inches. These photographs were 
chosen in close consultation with anthropologists working in the field, with the 
goal of presenting examples that were equally familiar or ‘typical’ of that category 
of entity across our five field sites. In most cases, this resulted in a photograph 
that each field worker thought would be moderately familiar to participants in 
their field site (for example, a child whose race/ethnicity did not match the most 
numerous racial/ethnic group in any of these settings; wisps of white mist in a 
vaguely humanoid shape, rather than a more stereotypical depiction of a ‘ghost’ in 
any given setting). See Supplementary Table 1 for image sources and translations. 
Data collection was not performed blind to the conditions of the experiments; 
the researcher knew which target entity a child was assessing. (The data analyses 
reported here did not take target entity into account.)

Capacities. Each participant assessed 23 capacities for whatever entity they were 
assigned to assess. These questions all followed a standard format: ‘Do [entities] 
[do X]’ (for example, ‘Do beetles feel love?’). The capacities were chosen to include 
physiological sensations (‘get hungry’ ‘feel pain’, ‘feel tired’, ‘feel sick, like when 
you feel like you might vomit’), perceptual abilities (‘hear things’, ‘smell things’, 
‘sense temperatures’, ‘sense when things are far away’), cognitive capacities (‘think 
about things’, ‘remember things’, ‘figure out how to do things’, ‘add and subtract 
numbers’), agency (‘choose what to do’), basic emotions (‘feel happy’, ‘feel sad’, 
‘feel scared’, ‘get angry’), more complex or social emotions and abilities (‘get hurt 
feelings’, ‘feel guilty’, ‘feel shy’, ‘feel proud’, ‘feel love’) and spiritual abilities (‘pray’). 
Most items were based on our previous work26,40,41, but some were new additions 
chosen to reflect our interest in including items relevant to spirituality and 
religious cognition, or chosen because items used in previous work were difficult 
to translate into the languages used in our particular field sites. The final list of 
capacities reflects an extensive process of comparison and discussion among the 
field workers and other cultural experts in each field site to ensure that items 
were closely comparable across languages and cultural contexts; items were then 
subjected to an iterative process of translation, back-translation and revision. See 
Supplementary Table 2 for the final set of items in all five languages.

One preset order of target entities (between-subjects) and six pseudo-random 
orders of capacities (within-subjects) were generated before data collection and 
fully counterbalanced within each sample; see the Supplementary Information  
for details.

Response options. Participants were instructed to respond orally to our questions 
using one of three response options: in English, ‘no’, ‘kind of ’ or ‘yes’; see the 
Supplementary Information for translations in all five languages, details about how 
these response options were introduced to participants and descriptive statistics of 
scale use in each sample.

Procedure. A researcher fluent in the language of administration recruited 
participants and administered the study. After making small talk and introducing 
the task (see Supplementary Information for script), the researcher proceeded 
through 23 questions of the form ‘Do [entities] [do X]’ (for example, ‘Do beetles 
feel love?’) in a preset order (‘Capacities’, above). This task generally took less 

than 5 minutes to complete. In some cases, this was one of two tasks a participant 
completed; the other task asked participants to reason about and explain social 
interactions between humans. According to the researchers in each site, the current 
study was the first task administered in the vast majority of these cases.

Planned samples. We planned to recruit between 130 and 150 adults from the 
general population and 130–150 children aged 7–12 years in each site. We set 
the minimum number of participants using a common general rule that the 
participants-to-items ratio for EFA should be at least 5:1; the full testing protocol 
included 26 items (the 23 mental capacities analysed here, and the additional 
3 questions asked at the end of the task that were not analysed here), yielding 
a minimum sample size of 130 per sample. We set the maximum number of 
participants based on the idea that we wanted each of the target entities included 
in the study design to be assessed by 15 participants in each sample, which we 
thought would yield reasonably precise estimates of which capacities people 
tended to attribute to which entities in each site and the relative variability across 
individuals in these attributions.

Analysis plan. Here we describe the analyses reported in the main text. In 
Supplementary Information, we present several secondary analyses, including: 
(1) examining orthogonal rotations rather than oblique transformations of 
factor solutions; (2) considering responses of ‘kind of ’ as equivalent to ‘yes’ and 
conducting EFAs using tetrachoric rather than Pearson correlations; (3) dropping 
participants who gave the same answer on every trial; (4) conducting principal 
components analyses (PCA) rather than EFA; (5) comparing factors via Jaccard 
similarity rather than cosine similarity. By and large these approaches yield very 
similar results to the approach reported in the main text of the paper, which 
we consider to be some indication of the robustness of these results to different 
analysis choices. All analyses were conducted in R78.

Data preparation and choice of correlations. We report results from analyses in 
which responses of ‘no’ were coded as 0, ‘kind of ’ as 0.5 and ‘yes’ as 1, and EFAs 
were conducted using Pearson correlations. We favour this approach because it 
allowed us to use our raw data without preprocessing, and yielded interpretable 
factor solutions that successfully reduced the dimensionality of the data set.

Factor retention protocols. We used parallel analysis to determine how many factors 
to retain, as implemented in the ‘fa.parallel()’ function in the ‘psych’ package79. 
Parallel analysis is a simulation-based approach to factor retention, which 
compares observed eigenvalues with the eigenvalues that emerge from resampled 
and randomly generated data sets of the same size as the empirical data.

Exploratory factor analysis. For each sample, after determining how many factors 
to retain we conducted an EFA using ordinary least squares to find the minimum 
residual solution, as implemented in the ‘fa()’ function in the ‘psych’ package79. 
Here we report results from solutions after oblique (‘oblimin’) transformation.

Factor comparison via cosine similarity (rc). To assess the similarity between pairs 
of factors – within a single solution, across adult solutions from different field 
sites, or across solutions from children versus adults within a single field site – we 
calculated cosine similarity (also known as the Tucker index of factor congruence), 
as implemented in the ‘cosine()’ function in the ‘lsa’ package80. We consider values 
≥0.95 to indicate a high degree of similarity between factors, and values in the 
range of [0.85–0.94] to indicate a moderate degree of similarity between factors42.

Developmental comparisons. Our analyses of development focus on comparisons 
of two age groups, ‘adults’ versus ‘children’, rather than analyses of age-related 
differences within the child sample. This is because our primary interest is the 
covariance structure of participants’ responses, which we explore using EFA, an 
analysis that occurs at the level of a group of participants (rather than an individual 
participant). Our samples were quite large for cross-cultural developmental 
research but not large enough to conduct EFAs on subsamples of different age 
ranges, although we consider this a promising way forward for future research. 
Instead, the current comparisons of ‘children’ versus ‘adults’ provide an indication 
of how concepts of mental life might change between childhood and adulthood 
in each site, laying the foundation for future studies to confirm that differences 
between children and adults are primarily related to learning and development 
(rather than, for example, cohort effects), and to hone in on how such differences 
might evolve and (most likely) diminish over the course of childhood.

Participant demographics. San Francisco Bay Area, USA. The US adult sample 
consisted of n = 127 adults (98% of our planned minimum sample) from the general 
population, ranging in age from 18 to 75 years, recruited primarily at the Los Gatos 
Department of Motor Vehicles; 44% of the sample self-identified as female and 56% 
as male. The US child sample consisted of n = 117 children (90% of our planned 
minimum sample), ranging in age from 5 to 12 years, recruited primarily at the San 
Jose Tech Museum of Innovation. Although our minimum age was intended to 
be 7 years, we included the three children younger than this cut-off in the sample 
because we were under our target goal of 130 children. Previous work with US 
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children suggests that children as young as 4 years of age are capable of participating 
in this task41. Some 57% of the children were female and 43% were male.

See Supplementary Tables 4 and 5 for demographic information about these 
samples. At a high level, we note that these were ethnically diverse samples, 
reflecting the general population of the Bay Area; however, 98% of adults and 95% 
of children indicated that English was the language (or one of the languages) they 
spoke at home growing up. Judging from adults’ responses to questions about 
class, these samples appear to have been drawn from a relatively highly educated, 
middle-class urban community – though perhaps less highly educated and less 
wealthy than the popular image of people who live in Silicon Valley. Finally, many 
adults in this sample were at least moderately spiritual or religious, but relatively 
few reported practicing a specific religion; most parents of children in this sample 
reported that their families were either Christian or not religious, or declined to 
answer questions about religion.

In terms of the target character participants assessed, n = 13 adults and n = 11 
children assessed rocks, n = 13 adults and n = 12 children assessed flowers, n = 12 
adults and n = 13 children assessed beetles, n = 13 adults and n = 12 children 
assessed chickens, n = 13 adults and n = 13 children assessed mice, n = 13 adults and 
n = 11 children assessed dogs, n = 12 adults and n = 10 children assessed children, 
n = 12 adults and n = 11 children assessed mobile phones, n = 13 adults and n = 12 
children assessed ghosts and n = 13 adults and n = 12 children assessed God.

Cape Coast, Ghana. The Ghanaian adult sample consisted of n = 150 adults from 
the general population (100% of our planned maximum sample), ranging in age 
from 17 to 68 years, recruited in the outdoor waiting area of a government-run 
insurance agency in the mid-sized city of Cape Coast; 56% of the sample 
self-identified as female and 44% as male. The Ghanaian child sample consisted 
of n = 150 children (100% of our planned maximum sample), ranging in age from 
6 to 11 years, who participated at their school, which was also located in Cape 
Coast. Although our minimum age was intended to be 7 years, we included the 
six children younger than this cut-off in the sample to match the US child sample. 
Some 53% of children were female and 47% were male.

See Supplementary Tables 4 and 5 for demographic information about these 
samples. At a high level, we note that the predominant ethnicity in these samples 
was Fante, reflecting the Cape Coast area; 67% of adult participants and 71% of 
child participants mentioned the Fante language as one of the languages spoken 
at home when growing up, and 10% of adults and 19% of children mentioned Twi 
(which is mutually intelligible with Fante). The adult sample was diverse in terms 
of social class; the child sample was probably from a somewhat higher social class 
than the adult sample. Finally, these were overwhelmingly Christian samples, 
representative of the Cape Coast area.

In terms of the target character participants assessed, n = 15 adults and n = 15 
children assessed rocks, n = 15 adults and n = 15 children assessed flowers, n = 15 
adults and n = 16 children assessed beetles, n = 15 adults and n = 16 children 
assessed chickens, n = 15 adults and n = 14 children assessed mice, n = 15 adults and 
n = 15 children assessed dogs, n = 15 adults and n = 14 children assessed children, 
n = 15 adults and n = 15 children assessed mobile phones, n = 15 adults and n = 15 
children assessed ghosts and n = 15 adults and n = 15 children assessed God.

Chiang Mai, Thailand. The Thai adult sample consisted of n = 150 adults from the 
general population (100% of our planned maximum sample), ranging in age from 
17 to 70 years, recruited in a Chiang Mai bus station serving locals and commuters 
from nearby regions in Chiang Mai province; 59% of the sample self-identified as 
female, 40% as male and 1% as another gender. The Thai child sample consisted of 
n = 152 children (101% of our planned maximum sample), ranging in age from 6 to 
11 years, who participated at one of two schools located in the city of Chiang Mai. 
Although our minimum age was intended to be 7 years, we included the one child 
younger than this cut-off in the sample to match the US child sample. Some 55% of 
children were female and 45% were male.

See Supplementary Tables 4 and 5 for demographic information about 
these samples. At a high level, we note that these were ethnically Thai samples, 
overwhelmingly Buddhist and fairly high in socioeconomic status.

In terms of the target character participants assessed, n = 15 adults and n = 15 
children assessed rocks, n = 15 adults and n = 16 children assessed flowers, n = 15 
adults and n = 15 children assessed beetles, n = 15 adults and n = 15 children 
assessed chickens, n = 15 adults and n = 15 children assessed mice, n = 15 adults and 
n = 15 children assessed dogs, n = 15 adults and n = 15 children assessed children, 
n = 15 adults and n = 15 children assessed mobile phones, n = 15 adults and n = 16 
children assessed ghosts and n = 15 adults and n = 15 children assessed God.

Shanghai, China. The Chinese adult sample consisted of n = 136 adults from the 
general population (over 100% of our planned minimum sample, and 91% of our 
planned maximum sample), ranging in age from 18 to 87 years, recruited either 
in public spaces in Shanghai or through personal connections via video chat; 
researchers reported that recruiting strangers in public spaces and asking them 
personal questions (for example, demographic information) was quite difficult in 
this cultural setting. Some 53% of the sample self-identified as female and 46% as 
male. The Chinese child sample consisted of n = 131 children (over 100% of our 
planned minimum sample and 87% of our planned maximum sample), ranging 

in age from 8 to 12 years, who participated at their school or in neighbourhood 
gathering places in Shanghai, or via video chat. Some 50% of children were female 
and 50% were male.

See Supplementary Tables 4 and 5 for demographic information about these 
samples. At a high level, we note that these were majority Han Chinese samples, in 
which all participants indicated they were born in China, in Chinese autonomous 
regions or in Taiwan, though many had come from other provinces outside of 
Shanghai. Participants were generally fairly high in socioeconomic status, and 
generally indicated that they were not religious.

In terms of the target character participants assessed, n = 14 adults and n = 13 
children assessed rocks, n = 14 adults and n = 14 children assessed flowers, n = 0 
adults and n = 1 child assessed beetles, n = 14 adults and n = 11 children assessed 
crickets, n = 13 adults and n = 14 children assessed chickens, n = 14 adults and 
n = 13 children assessed mice, n = 14 adults and n = 13 children assessed dogs, 
n = 13 adults and n = 13 children assessed children, n = 13 adults and n = 14 
children assessed mobile phones, n = 13 adults and n = 13 children assessed ghosts 
and n = 13 adults and n = 12 children assessed God.

Port Vila and Malekula, Vanuatu. Half of each of the Ni-Vanuatu samples (adults 
and children) was collected in and around the capital city of Vanuatu, Port Vila 
and half was collected rural villages on the island of Malekula. The Ni-Vanuatu 
adult sample consisted of n = 148 adults from the general population (over 100% 
of our planned minimum sample, 99% of our planned maximum sample), ranging 
in age from 15 to 75 years, who participated in their homes; 69% of the sample 
self-identified as female and 31% as male. An additional 16 adults participated 
but were excluded from the current analyses because they assessed a target entity 
that was not assessed in other field sites (a pig, n = 15) or because we were missing 
information about which target entity they assessed (n = 1). The Ni-Vanuatu child 
sample consisted of n = 143 children (over 100% of our planned minimum sample, 
95% of our planned maximum), ranging in age from 6–12 y, who participated in 
schools, daycare centres or homes; an additional 26 children participated but were 
excluded from the current analyses because they assessed a target entity that was not 
assessed in other field sites (a pig, n = 16) or because they were younger than the de 
facto minimum age of 6 years in other samples (n = 6) or older than the maximum 
age of 12 years (n = 4). Some 57% of children were female and 43% were male.

Owing to an error on our part, information about ethnicity, place of birth, 
education and perceptions of wealth and class were not collected in Vanuatu. We 
are confident that all participants would identify ethnically as Ni-Vanuatu, and that 
the subsample of adults who participated in and around the city Port Vila probably 
had more formal education than those adults who participated in rural villages on 
Malekula. These were overwhelmingly Christian samples, which is representative 
of the surrounding areas. See Supplementary Tables 4 and 5 for (limited) 
demographic information about these samples.

In terms of the target character participants assessed, n = 15 adults and n = 13 
children assessed rocks, n = 15 adults and n = 14 children assessed flowers, n = 13 
adults and n = 8 children assessed beetles, n = 2 adults and n = 6 children assessed 
crickets, n = 14 adults and n = 15 children assessed chickens, n = 15 adults and 
n = 14 children assessed mice, n = 15 adults and n = 16 children assessed dogs, 
n = 15 adults and n = 15 children assessed children, n = 14 adults and n = 15 
children assessed mobile phones, n = 15 adults and n = 13 children assessed ghosts 
and n = 15 adults and n = 14 children assessed God.

Reporting Summary. Further information on the research design is available in 
the Nature Research Reporting Summary linked to this article.

Data availability
The behavioural data that support the findings of this study, along with analysis 
code and study materials, have been deposited in Open Science Framework with 
the identifier https://doi.org/10.17605/osf.io/8s36e (https://osf.io/8s36e)81.

Code availability
The analysis code that generated the results and visualizations that support the 
findings of this study is available on GitHub at https://github.com/kgweisman/
mental-life-culture-development (and linked to the OSF project provided in the 
previous section).
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Data collection No software was used to collect data

Data analysis All analyses were conducted in R (version 4.0.0); platform: x86_64-apple-darwin17.0 (64-bit); running under: macOS Catalina 10.15.7. Analysis 
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- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

The behavioral data that support the findings of this study, along with analysis code and study materials, have been deposited in Open Science Framework with the 
identifier DOI 10.17605/OSF.IO/8S36E (https://osf.io/8s36e).
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Study description This is a quantitative, observational, exploratory study.

Research sample The study included adults (ages 17-87y; 57% women, 43% men, <1% other gender) and children (ages 6-12y; 54% girls, 45% boys, 
<1% other gender) in the San Francisco Bay Area, USA; Cape Coast, Ghana; Chiang Mai city, Thailand; Shanghai, China; and the city of 
Port Vila as well as a rural village on Malekula Island, Vanuatu. We consider the adult samples to be relatively representative of the 
urban areas in which the data were collected; the child samples are likely somewhat higher socioeconomic status.

Sampling strategy In the US, Ghana, and Thailand, adults were recruited by a research assistant in public settings chosen to capture a representative 
sample of the general population (e.g., the Department of Motor Vehicles in the US), and children were recruited at schools and 
museums. In China and Vanuatu, adults and children were primarily recruited through word-of-mouth, including snowball sampling.  
 
We planned to recruit between 130-150 adults and 130-150 children in each site. We set the minimum number of participants using 
a common rule of thumb that the participants-to-items ratio for exploratory factor analysis should be at least 5:1; the full testing 
protocol included 26 items (the 23 mental capacities analyzed here, and the additional 3 questions asked at the end of the task that 
were not analyzed here), yielding a minimum sample size of 130 per sample. We set the maximum number of participants based on 
the idea that we wanted each of the target entities included in the study design to be assessed by 15 participants in each sample, 
which we thought would yield reasonably precise estimates of which capacities people tended to attribute to which entities in each 
site and the relative variability across individuals in these attributions.

Data collection Data were collected face-to-face for all samples, with the exception of some adults and some children in China (exact numbers 
unknown). In all cases, data collectors used a printed, full-color, high-resolution image to illustrate the target entity, and used pen 
and paper to record participants' responses. In some but not all cases, video or audio recordings were also collected.  
 
For adults, data were primarily collected in public spaces, with others present. For children, data were primarily collected in more 
secluded locations (e.g., a school library), but sometimes other children or adults were also present. Data collectors were instructed 
to give directions like, "I only want to know what [the participant] thinks right, so everyone else should please stay quiet," as needed, 
in order to ensure that a participant's responses were not influenced by others' explicitly verbalized opinions or reactions.  
 
Data collectors were aware of which target entity the participant was assessing, but they were not aware of any hypotheses or 
particular research interests other than the general question of which mental capacities people tend to attribute to which target 
entities.

Timing Data collection for US adults occurred between July and August 2018. 
Data collection for US children occurred between January and November 2018. 
Data collection for Ghanaian adults occurred in July 2017. 
Data collection for Ghanaian children occurred in June 2018. 
Data collection for Thai adults occurred between March and April 2018. 
Data collection for Thai children occurred between January and February 2018. 
Data collection for Chinese adults occurred between September 2018 and May 2019. 
Data collection for Chinese children occurred between May and July 2019. 
Data collection for Ni-Vanuatu adults occurred between August 2017 and August 2018. 
Data collection for Ni-Vanuatu children occurred between July and August 2017.

Data exclusions In Vanuatu, an additional 16 adults and 26 children participated in the study but were excluded from the current analyses because 
they assessed a target entity that was not assessed in other field sites (n=15 adults, 16 children), because we were missing 
information on which target entity they assessed (n=1 adult), or because they were younger than 6y (n=6 children) or older than 12y 
(n=4 children). No data were excluded from adult or child samples in the US, Ghana, Thailand, or China.

Non-participation No participants dropped out of the study. Data collectors did not keep track of how many participants were approached but declined 
to participate.

Randomization One preset order of target entities (between-subjects) and six pseudo-random orders of capacities (within-subjects) were generated 
prior to data collection and fully counterbalanced within each sample (US adults, US children, Ghanaian adults, etc.). Prior to data 
collection for each sample, a participant log was generated that would ensure pseudo-random assignment of participants to target 
entities and orders. Participants were assigned to assess which every target entity was listed next on the participant log, in the order 
specified for that row on the participant log.
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Dual use research of concern

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Human research participants
Policy information about studies involving human research participants

Population characteristics See above

Recruitment In the US, Ghana, and Thailand, adults were recruited by a research assistant in public settings chosen to capture a 
representative sample of the general population (e.g., the Department of Motor Vehicles in the US), and children were 
recruited at schools and museums. In China and Vanuatu, adults and children were primarily recruited through word-of-
mouth, including snowball sampling.  
 
In any of the adult samples, self-selection biases may well be present: Many adults who were approached declined to 
participate. Given the nature of the task (which involved answering simple questions about the mental capacities of some 
target entity), we have not been able to imagine a clear-cut way in which such a self-selection bias would exert a reliable 
influence to skew the results in a particular direction. The most plausible recruitment bias we can imagine is that participants 
who identified with the race, ethnicity, age, or gender of the data collectors may have been more likely to participate than 
those who did not. In all cases, data collectors were women in their 20s-40s who were members of a common racial/ethnic 
group in that site: In the US, data collectors were either White or multiple races/ethnicities; in Ghana, data collectors were 
ethnically Fante; in Thailand, data collectors were ethnically Thai; in China, data collectors were Han Chinese; and in Vanuatu, 
data collectors were Ni-Vanuatu. 
 
In the child samples, virtually all children who were invited to participate in the study did so, likely because it was introduced 
by parents, teachers, or other authority figures. We do not anticipate any self-selection or other obvious recruitment biases 
in these cases.

Ethics oversight Stanford University Institutional Review Board, Panel on Non-Medical Human Subjects (Protocol # IRB-36980)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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