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Supplementary Material

Supplementary Methods

Calculating linguistic distances between nations. Linguistic distance between

two countries was calculated as the cultural proximity between all languages spoken within

those countries, weighted by speaker percentages. We acquired cultural proximity data by

combining the language family trees provided by Glottolog v3.0 (Hammarström et al.,

2017) into one global language tree (undated and unresolved). We calculated cultural

proximity s between two languages j and k as the distance (in number of nodes traversed)

of their most recent common ancestor i to the root of the tree, through the formula:

sjk = nr − ni

nr

where nr is the maximum path length (in number of nodes traversed) leading to the

pan-human root r, and ni is the maximum path length leading to node i. We then

combined these proximities with speaker data from Ethnologue 21 (Eberhard et al., 2018)

and compared every language spoken within those countries by at least 1 permille of the

population, weighted by speaker percentages, through the formula:

wlm = ΣΣpljpmksjk

where plj is the percentage of the population in nation l speaking language j, pmk is

the percentage of the population in nation m speaking language k, and sjk is the proximity

measure between languages j and k (Eff, 2008).

Bayesian multilevel models. In both Studies 1 and 2, we use Bayesian multilevel

models to test our hypotheses. Below, we write out the formulae for the different models.
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We focus on models that include relational mobility as the only predictor, but these can be

generalised to include additional predictors as fixed effects.

In Study 1, we model prosociality as the outcome variable (Pro), relational mobility

as the country-level predictor variable (Rel), random intercepts and slopes for different

prosociality items in the Global Preferences Survey (item; altruism, positive reciprocity,

and trust), and random intercepts for participants (part) and countries (country).

To deal with spatial and cultural non-independence between countries, we allow

separate random intercepts for countries to covary according to geographic (G) and

linguistic (L) proximity matrices. This is similar to the approach employed in phylogenetic

general linear mixed models, which deal with the non-independent structure in model

‘residuals’ by including a pre-computed covariance matrix specifying the relationships

between species (Villemereuil & Nakagawa, 2014; see also here). In addition to these

random effects, we include a residual random intercept over countries to capture

country-specific effects that are independent of geographic and linguistic relationships with

other countries.

We also model relational mobility with measurement error by including standard

deviations (RelSD) from observed latent variable means (RelOBS). This ensures that the

uncertainty in the measurement of relational mobility from previous research is propagated

into this model.

The model formula is as follows:

https://cran.r-project.org/web/packages/brms/vignettes/brms_phylogenetics.html
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Proi ∼ Normal(µi, σ)

µi = αi + βiRelTRUE,i

RelTRUE,i = λ + κzcountry[i]

RelOBS,i ∼ Normal(RelTRUE,i, RelSD,i)

αi = ᾱ + αitem[i] + αpart[i] + αG,country[i] + αL,country[i] + αR,country[i]

βi = β̄ + βitem[i]αitem

βitem

 ∼ MVNormal


0

0

 , S



S =

τα 0

0 τβ

 R

τα 0

0 τβ


αpart ∼ Normal(0, τP )

αG,country ∼ Normal(0, τGG)

αL,country ∼ Normal(0, τLL)

αR,country ∼ Normal(0, τR)

zcountry ∼ Normal(0, 1)

ᾱ, β̄, λ ∼ Normal(0, 0.1)

R ∼ LKJCorr(1)

κ, τα, τβ, τP , τG, τL, τR, σ ∼ Exponential(5)

where ᾱ and β̄ represent intercept and slope fixed effects, other α and β parameters

represent random intercepts and slopes, τ parameters represent standard deviations for

random effects, R represents the correlation matrix for the item random effects, σ

represents the residual variance, and λ, κ, and z represent the mean, standard deviation,

and standardised latent values for the relational mobility measurement error model.
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As a formula suitable for the R package brms, the model is written as follows:

brm(

formula = Pro ~ 0 + Intercept + me(RML, RML_SE, gr = iso) +

(1 + RML | item) + (1 | id) + (1 | gr(iso1, cov = lingCov)) +

(1 | gr(iso2, cov = geoCov)) + (1 | iso3),

data = d,

family = gaussian,

prior = c(prior(normal(0, 0.1), class = b),

prior(exponential(5), class = sd),

prior(exponential(5), class = sigma),

prior(normal(0, 0.1), class = meanme),

prior(exponential(5), class = sdme)),

data2 = list(lingCov = lingCov, geoCov = geoCov)

)
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In Study 2, we use two types of Bayesian multilevel model. To analyse binary data on

charitable organisation membership (Org) and generalised trust (GenTru), we use

multilevel logistic regression models with random intercepts for countries. As in Study 1,

we allow country random intercepts to vary according to geographic and linguistic

proximity, and we model measurement error on the relational mobility predictor.

Orgi/GenTrui ∼ Bernoulli(pi)

logit(pi) = αi + βRelTRUE,i

RelTRUE,i = λ + κzcountry[i]

RelOBS,i ∼ Normal(RelTRUE,i, RelSD,i)

αi = ᾱ + αG,country[i] + αL,country[i] + αR,country[i]

αG,country ∼ Normal(0, τGG)

αL,country ∼ Normal(0, τLL)

αR,country ∼ Normal(0, τR)

λ ∼ Normal(0, 0.1)

κ ∼ Exponential(5)

ᾱ, β, zcountry ∼ Normal(0, 1)

τG, τL, τR ∼ Exponential(2)

where ᾱ and β represent the intercept and slope fixed effects, other α parameters

represent random intercepts, τ parameters represent standard deviations for random

effects, and λ, κ, and z represent the mean, standard deviation, and standardised latent

values for the relational mobility measurement error model.

In brms, this model is written as follows:
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brm(

formula = Org ~ 0 + Intercept + me(RML, RML_SE, gr = iso) +

(1 | gr(iso1, cov = lingCov)) + (1 | gr(iso2, cov = geoCov)) +

(1 | iso3),

data = d, family = bernoulli,

prior = c(prior(normal(0, 1), class = b),

prior(exponential(2), class = sd),

prior(normal(0, 0.1), class = meanme),

prior(exponential(5), class = sdme)),

data2 = list(lingCov = lingCov, geoCov = geoCov)

)

To analyse ordinal data on trust in different groups (Trust) and moral justifiability of

different antisocial behaviours (Just), we use multilevel cumulative link regression models

with random intercepts and slopes for groups / behaviours (item), as well as random

intercepts for participants and countries. Again, as in Study 1, we allow country random

intercepts to vary according to geographic and linguistic proximity, and we model

measurement error on the relational mobility predictor.
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Trusti/Justi ∼ Ordered-logit(ϕi, ζ)

ϕi = αi + βiRelTRUE,i

RelTRUE,i = λ + κzcountry[i]

RelOBS,i ∼ Normal(RelTRUE,i, RelSD,i)

αi = αitem[i] + αpart[i] + αG,country[i] + αL,country[i] + αR,country[i]

βi = β̄ + βitem[i]αitem

βitem

 ∼ MVNormal


0

0

 , S



S =

τα 0

0 τβ

 R

τα 0

0 τβ


αpart ∼ Normal(0, τP )

αG,country ∼ Normal(0, τGG)

αL,country ∼ Normal(0, τLL)

αR,country ∼ Normal(0, τR)

zcountry ∼ Normal(0, 1)

ζj ∼ Normal(0, 2)

β̄ ∼ Normal(0, 0.5)

λ ∼ Normal(0, 0.1)

κ ∼ Exponential(5)

R ∼ LKJCorr(1)

τα, τβ, τP , τG, τL, τR ∼ Exponential(4)

where ζ parameters represent ordinal intercept cutpoints, β̄ represents the slope fixed
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effect, other α and β parameters represent random intercepts and slopes, τ parameters

represent standard deviations for random effects, R represents the correlation matrix for

the item random effects, and λ, κ, and z represent the mean, standard deviation, and

standardised latent values for the relational mobility measurement error model.

In brms, this model is written as follows:

brm(

formula = Trust ~ 1 + me(RML, RML_SE, gr = iso) +

(1 + RML | group) + (1 | id) + (1 | gr(iso1, cov = lingCov)) +

(1 | gr(iso2, cov = geoCov)) + (1 | iso3),

data = d, family = cumulative,

prior = c(prior(normal(0, 2), class = Intercept),

prior(normal(0, 0.5), class = b),

prior(exponential(4), class = sd),

prior(normal(0, 0.1), class = meanme),

prior(exponential(5), class = sdme))

)
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Supplementary Figures
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Oceania

South America

Figure S1 . Countries sampled in the final dataset for Study 1. Data from the Global

Preferences Survey. Point sizes indicate relative numbers of participants sampled in each

country.
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Figure S2 . Countries sampled in the final dataset for Study 2. Data from the World Values

Survey and European Values Survey. Point sizes indicate relative numbers of participants

sampled in each country.
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Figure S3 . Posterior predictions from a Bayesian multilevel logistic regression predicting

charitable organisation membership from country-level relational mobility, controlling for

environmental harshness and subsistence style. The line and shaded area indicate the me-

dian posterior regression line and 95% credible intervals. Points indicate the proportion of

individuals belonging to charitable organisations on the y-axis and relational mobility scores

on the x-axis, for each of the 32 countries, with error bars representing +/- 1 standard error.

Letters represent country ISO codes.
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Figure S4 . Posterior predictions from a Bayesian multilevel logistic regression predicting

generalised trust from country-level relational mobility, controlling for environmental harsh-

ness and subsistence style. The line and shaded area indicate the median posterior regression

line and 95% credible intervals. Points indicate the proportion of individuals stating that

“most people can be trusted” on the y-axis and relational mobility scores on the x-axis, for

each of the 32 countries, with error bars representing +/- 1 standard error. Letters represent

country ISO codes.
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Figure S5 . Posterior predictions from a Bayesian multilevel ordinal regression predicting

trust in specific groups from country-level relational mobility, controlling for environmental

harshness and subsistence style. Lines and shaded areas indicate median posterior regression

lines and 95% credible intervals. Points indicate average trust and relational mobility scores

for each of the 32 countries, with error bars representing +/- 1 standard error. Letters

represent country ISO codes.
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Figure S6 . Posterior predictions from a Bayesian multilevel ordinal regression predicting

trust in specific groups from country-level relational mobility, controlling for environmental

harshness and subsistence style and including a quadratic effect for relational mobility. Lines

and shaded areas indicate median posterior regression lines and 95% credible intervals. Points

indicate average trust and relational mobility scores for each of the 32 countries, with error

bars representing +/- 1 standard error. Letters represent country ISO codes.
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Figure S7 . Posterior predictions from a Bayesian multilevel ordinal regression predicting

moral justifiability of different scenarios from country-level relational mobility, controlling for

environmental harshness and subsistence style. Higher numbers on the y-axis indicate lower

justifiability ratings for each scenario. Lines and shaded areas indicate median posterior

regression lines and 95% credible intervals. Points indicate average justifiability (reversed)

and relational mobility scores for each of the 32 countries, with error bars representing +/-

1 standard error. Letters represent country ISO codes.
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Figure S8 . Posterior predictions from a Bayesian multilevel ordinal regression predicting

moral justifiability of different scenarios from country-level relational mobility, controlling for

environmental harshness and subsistence style and including a quadratic effect for relational

mobility. Higher numbers on the y-axis indicate lower justifiability ratings for each scenario.

Lines and shaded areas indicate median posterior regression lines and 95% credible intervals.

Points indicate average justifiability (reversed) and relational mobility scores for each of the

32 countries, with error bars representing +/- 1 standard error. Letters represent country

ISO codes.
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Supplementary Tables

Table S1

Raw national-level data from Study 1. Mean averages are reported for prosocial

measures from the Global Preferences Survey. SE = standard error for relational

mobility score.

Country Positive reciprocity Trust Altruism Relational mobility SE
Australia 0.07 0.38 0.18 0.14 0.06
Brazil 0.36 -0.04 0.46 0.20 0.05
Canada 0.22 0.31 0.24 0.17 0.05
Chile 0.07 -0.07 -0.06 0.11 0.06
Colombia 0.16 0.03 0.08 0.20 0.05
Egypt 0.55 0.61 0.64 -0.19 0.06
Estonia -0.47 0.14 -0.57 -0.02 0.05
France -0.12 -0.20 -0.16 0.21 0.05
Germany -0.04 -0.11 0.01 -0.01 0.05
Hungary -0.06 0.56 -0.54 -0.39 0.06
Israel -0.02 -0.04 -0.33 0.09 0.06
Japan -0.19 -0.49 -0.20 -0.41 0.05
Jordan 0.32 0.41 0.22 -0.34 0.06
Mexico -1.11 -0.40 -0.84 0.36 0.05
Morocco 0.55 -0.10 0.55 -0.14 0.06
Netherlands -0.09 0.34 -0.13 0.20 0.05
Philippines 0.19 0.31 0.38 -0.08 0.06
Poland -0.13 -0.12 -0.34 0.05 0.05
Portugal 0.23 0.13 0.07 0.00 0.00
South Korea -0.12 -0.05 0.42 -0.01 0.06
Spain 0.33 0.26 -0.11 0.13 0.05
Sweden 0.01 0.35 -0.15 0.17 0.05
Turkey -0.42 0.08 -0.25 -0.06 0.06
UK -0.05 0.25 0.03 0.04 0.06
Ukraine 0.16 -0.08 -0.10 0.05 0.05
USA 0.16 0.23 0.38 0.18 0.06
Venezuela 0.02 0.12 0.08 0.23 0.05
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Table S2

Measurement invariance results for the prosociality measures from the Global

Preferences Survey. Across nations, the analyses tested the measurement

invariance of the factor structure for a single factor with loadings from altruism,

positive reciprocity, and trust. Thresholds for good fit: RMSEA < 0.08; SRMR <

0.08; CFI > 0.95 (Hu & Bentler, 1999; MacCallum et al., 1996).

Model RMSEA CFI SRMR
Configural invariance 0.00 1.00 0.00
Metric invariance 0.05 0.98 0.02
Scalar invariance 0.16 0.44 0.09
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Table S6

Measurement invariance results for the measures of trust in different groups from

the World Values Survey. Across nations, the analyses tested the measurement

invariance of the factor structure for two factors: (1) trust in your family, people

in your neighbourhood, and people you know personally, and (2) trust in people

you meet for the first time, people of another nationality, and people of another

religion. Thresholds for good fit: RMSEA < 0.08; SRMR < 0.08; CFI > 0.95

(Hu & Bentler, 1999; MacCallum et al., 1996).

Model RMSEA CFI SRMR
Configural invariance 0.10 0.95 0.04
Metric invariance 0.09 0.94 0.06
Scalar invariance 0.14 0.83 0.09
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Table S7

Measurement invariance results for the moral justifiability measures from the

World Values Survey. Across nations, the analyses tested the measurement

invariance of the factor structure for a single factor with loadings from all four

items: claiming government benefits, avoiding public transport fare, cheating on

taxes, and accepting a bribe. Thresholds for good fit: RMSEA < 0.08; SRMR <

0.08; CFI > 0.95 (Hu & Bentler, 1999; MacCallum et al., 1996).

Model RMSEA CFI SRMR
Configural invariance 0.14 0.96 0.03
Metric invariance 0.13 0.93 0.07
Scalar invariance 0.17 0.79 0.11
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