








Nature Human Behaviour

Article https://doi.org/10.1038/s41562-025-02122-8

Mosuo
Chinese 

(75)

Han
Chinese

(159)

World
(159)

Mosuo People in China

F  A  V  E  E

Public
Private

Hostile

Exchange

symbolic concrete

Equality

equal unequal

co
nf

lic
t

ha
rm

on
y

V
al

en
ce

F  A  V  E  E F  A  V  E  E

Han Chinese
(159)

Mosuo Chinese
(75)

World
(159)

Public

Hostile

Private

b

d

a

fe

c

Components

seulavnegi
E

CHINA

LAOSMYANMAR

YUNNAN

Yongning

Lugu
Lake

0 5 10 15 20 25 30

0

5

10

15

20

• Non-industrial
(agrarian society)

• Barter-based 
local economy  

• No written language

• Walking marriage tradition

• Practice Tibetan Buddhism

• N = 229 (Yongning region)

• A matrilineal culture 

VIETNAM

28°N

26°N

24°N

22°N

98°E 100°E 102°E 104°E 106°E

Extended Data Fig. 5 | See next page for caption.
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Extended Data Fig. 5 | Model validation in a non-industrial society. a, key 
features of the Mosuo society and its geographical location (dash line box).  
b, PCA showed identical FAVEE dimensions for Mosuo Chinese, Han Chinese, and 
world-averaged data. Through field work, we identified 75 typical relationships 
in Mosuo culture (see Supplementary Table 5). c, The optimal number of PCA 

components for Mosuo was five. d, Spearman’s correlation of loading scores 
across three datasets. Their derived FAVEE dimensions were well corresponded. 
e, K-means clustering on Mosuo relationships identified the HPP model.  
f, A similar dimension-category hybrid model was observed in the Mosuo society, 
which replicated the findings in Study 1 (see Fig. 2c).
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Extended Data Fig. 6 | Conceptual differences in the word ‘neighbours’ across 
the globe. a, For each region, people’s understanding (conceptual beliefs) 
of ‘neighbours’ was estimated by interrogating its surrounding relationships 
in the semantic neighbourhood of representational space. Fifteen nearest 
relationship words were selected based on the smallest Euclidean distance with 
‘neighbours’ on all evaluative features. We found that a country’s modernization 
level was positively correlated with the formality score of ‘neighbours’ 
surrounding relationships but negatively correlated with the activity intensity 
score (Spearman correlation, two-tailed). This suggests that as a country’s 
modernization level increases, ‘neighbours’ become a more public, impersonal, 
and superficial relationship. The shaded area represents the 95% confidence 
interval. b, Taking China (middle level of modernization), Israel (high level 
modernization) and the US (highest level of modernization) as examples. All 159 
relationships were plotted in the 2D t-SNE space, with the nearby 15 relationships 

zoomed in for better visualization. For China, only informal relationships  
(in red colour) surround the Chinese word ‘neighbour’ (‘邻居’), indicating that 
‘neighbours’ are considered private and personal relationships. However, for 
Israel and the US, an increasing number of public relationships (in blue colour) 
appear nearby, indicating that ‘neighbours’ are conceptualized as being more 
formal and impersonal. Together, these results demonstrate that although 
translation dictionaries provide equivalent words of relationships in different 
languages, their conceptual meanings are not always the same. Their variations 
(at least for the concept ‘neighbours’) were dependent on the country’s level of 
modernization (for example, ‘neighbours’ in large cities are often unknown to 
each other due to greater mobility led by urbanization). On the other side, these 
results illustrate how cultural factors such as modernization can deform the local 
representational geometries of relationship concepts.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Good generalizability of the FAVEE model to non-dyadic 
relations in the US and China. a, PCA loadings on 33 theoretical features for 
group relations and triadic relations in the US (n = 380). See Supplementary 
Table 7 for the full list of 40 group relations and 34 triadic relations. b, In 
general, there were high correlations of FAVEE structures between dyadic and 
non-dyadic relations in the US (r = 0.73). Within non-dyadic relations, dyadic 

relations also showed high correlations with group relations (r = 0.76) and triadic 
relations (r = 0.67). c, Similar results were observed in China (n = 242), with 
high correlations of FAVEE structures between dyadic and non-dyadic relations 
(r = 0.89). d, For illustration purpose, all group relations (blue) and triadic 
relations (red) in the US data were plotted in the 5D space based on their scores 
on each FAVEE dimension.
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Extended Data Fig. 8 | Functionality of FAVEE dimensions and HPP categories. 
The human mind involves implicit cognitive models for forming and maintaining 
relationships (‘relational schemas’), such as a shared understanding of the rules 
and norms governing interactions and the coordination of mental processes 
for social navigation and adaptation. The FAVEE-HPP framework posits that 
relationship concepts are primarily organized in a five-dimensional space with 
three default categories. These five dimensions might reflect different levels 
of motivations (for example, Maslow’s hierarchy of needs, see left arrows), 
for example, valence for resource competition, activeness for emotional 
support and belongingness, formality for social order, equality for power, and 
exchange for fairness. Three categories might be configured for three levels of 
cooperation, which echoes Roy Baumeister’s theory on how humans evolved 
from ‘animals’ (no cooperation, keeping hostile towards others), ‘social animals’ 

(small-scale cooperation based on private relationships) and to ‘cultural animals’ 
(large-scale cooperation based on public relationships)23. The three default HPP 
categories can be further classified into six canonical types of relationships, 
which are assumed to be associated with distinct goals, affects and behaviours. 
Circles and squares represent dimensions and categories, respectively. Please 
note that, although animals may have certain dimensions and categories, they 
are different from those of humans. For example, power in animals is typically 
defined by biological and behavioural characteristics (for example, body size, 
strength, vocalization), while high power in humans is often based on abstract 
symbols and cultural conventions (for example, reverence for elders and the 
divine1). Likewise, money creates a system of trust that enables exchange and 
cooperation between strangers in human society44.
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Extended Data Table 1 | Multiple Regressions on Full-feature, Dimensional, and Categorical Models in Representational 
Similarity Analysis in Study 2 (significant results are in bold)

Main Analysis Representational Geometry Models

Predictors
Full-feature Model Dimensional Model Categorical Model

β p β p β p

Climates 0.163 0.180 0.167 0.200 0.146 0.154

Demographics -0.052 0.591 -0.003 0.469 -0.323 0.996

Disease 0.004 0.499 -0.025 0.609 -0.012 0.555

Gene -0.056 0.568 -0.157 0.740 -0.052 0.574

Geography -0.213 0.924 -0.197 0.896 -0.205 0.936

Hofstede6D -0.147 0.810 -0.178 0.857 -0.097 0.746

Language 0.005 0.498 -0.107 0.667 0.189 0.208

Modernization 0.347 0.022 0.274 0.048 0.245 0.047

Personality 0.133 0.204 0.170 0.191 0.062 0.295

Politics -0.125 0.820 -0.122 0.818 -0.077 0.730

Religion 0.561 0.014 0.601 0.011 0.299 0.109

Subsistence -0.079 0.698 -0.029 0.563 -0.004 0.491

Adjusted R-squared 0.561 0.532 0.267

Follow-up Analysis Representational Geometry Models

Predictors
Full-feature Model Dimensional Model Categorical Model

β p β p β p

Climates 0.198 0.156 0.188 0.181 0.182 0.120

Demographics 0.035 0.395 0.063 0.332 -0.278 0.986

Disease -0.014 0.575 -0.027 0.632 -0.052 0.729

Education 0.123 0.203 0.122 0.207 0.032 0.366

Gene -0.139 0.700 -0.23 0.839 -0.065 0.598

Geography -0.122 0.776 -0.127 0.790 -0.164 0.891

Hofstede6D -0.087 0.700 -0.125 0.773 -0.09 0.728

Language 0.091 0.369 -0.047 0.573 0.238 0.154

Personality 0.146 0.188 0.188 0.177 0.05 0.321

Politics -0.078 0.716 -0.083 0.730 -0.063 0.691

Religion 0.317 0.109 0.419 0.048 0.177 0.223

Subsistence -0.045 0.614 -0.005 0.502 0.023 0.413

Urbanization 0.445 0.018 0.326 0.050 0.307 0.044

Wealth -0.072 0.693 -0.077 0.708 0.08 0.241

Object knowledge 0.017 0.439 0.056 0.359 -0.098 0.749

Adjusted R-squared 0.618 0.559 0.299

Note: As modernization was found to be significant in the main analysis, we decomposed it into subcomponents (that is, urbanization, wealth, and education) in the follow-up analysis. Full 
statistics can be found in Supplementary Table 8. β = standardized regression coefficients.
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