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Abstract

Psychological traits display substantial variation worldwide. These psychological variations

could be explained by the intensity of kinship ties which, we hypothesize, depends on the

reception of innovations that gradually complexified family organizations. These innovations

originated from several centers across the world that also spread other crucial novelties

such as agriculture. Less exposed to these family innovations, areas far from centers of

innovation should exhibit lower kinship intensity. Indeed, we show that distance to innova-

tion centers is strongly associated with kinship intensity. This distance is also associated

with psychological traits especially outside Western Europe in which exposure to the Church

seems to play an additional role.

Introduction

What explains the substantial variations in psychological traits observed across populations,

and especially, the peculiarities that characterize Western, Educated, Industrialized, Rich, and

Democratic (WEIRD) peoples [1]? Schulz et al. [2] link the origins of global psychological vari-

ations to the intensity of kinship structures as caused by the historical presence of the Western

Church. Specifically, the Marriage and Family Program (MFP) diffused by the Church during

the Middle Ages in Europe, which promoted the nuclear family, would have weakened pre-

existing intensive kinship ties. As a result, Western populations became more individualistic,

independent, and impersonally prosocial, but less conformist and in-group loyal. Key to their

argument, Schulz et al. [2] assume that families exhibited intensive kinship after the Neolithic

revolution until the Church undermined this model, mainly in Western Europe.

However, historical evidence suggests that the West European family was already nuclear in

a context of low kinship intensity before the diffusion of the Church’s MFP. Indeed, genetic

and isotopic analysis do not support the presence of high kinship intensity among Western

Neolithic farmers [3–7]. In particular, the practice of cousin marriage—a key indicator of high

kinship intensity according to Schulz et al. [2]—was limited, as recurring evidence of female

exogamy attests. Moreover, several of these studies claim to have identified evidence of nuclear

families. A rich historiography generally supports that the Roman family was nuclear [8–10]
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based on various sources, especially funeral epigraphy [11–13] and the analysis of Roman law

[14], which inheritance rules were inconsistent with a high kinship intensity system. After the

fall of the Roman Empire—though before the advent of the MFP—population censuses [15–

18], analyses of house sizes [19], as well as family organizations depicted in Saints vitae [20] all

suggest that the nuclear family was also dominant then, while Saint Augustine [The City of

God, XV, 16] testifies that cousin marriage was already socially rejected in the fifth century (we

provide further discussion of this historical evidence in the Supporting Information). In this

perspective, the Church’s MFP cannot have been at the root of weak kinship in Western

Europe. Rather, it might have only formalized—though potentially reinforced—practices that

were already in place.

To explain the distribution of kinship structures over the world, we resort to an alternative

conceptual framework: Emmanuel Todd’s diffusionist theory [21]. This theory asserts that it

was successive innovations in family organizations that gradually complexified the initially

nuclear family that can still be observed among hunters-gatherers: first emerged a stem family

in which the eldest son remains with his parents (for instance observed in pre-industrial Japan

and Germany); a second innovation enabled all married sons to remain at the parental home,

forming the communitarian family (observed for instance in pre-industrial China and Russia);

and a later innovation imposed members of a communitarian family to marry a relative, lead-

ing to the “Arab clan.” These successive innovations gradually intensified kinship structures

throughout history.

These new family organizations emerged in several innovation centers over the world: the

Fertile Crescent, Central China, the Sahel, Papua, and three locations in the Americas—these

areas were also the birthplace of agriculture and in some cases urbanization, statehood, and

writing. Todd’s diffusionist framework posits that family innovations then gradually spread

from these locations through imitation and migration, following a pattern similar to the diffu-

sion of writing for instance. Per the principle of conservatism of peripheral zones [21], West-

ern Europe should have been less exposed to such innovations as it is located far from

Eurasian innovation centers (Fig 1A illustrates how kinship innovations diffused along these

lines in the case of Eurasia using a base map from 24). Hence, Europe should have preserved a

high prevalence of the initial family form (the nuclear family) characterized by low kinship

intensity—although Western European regions closer to innovation centers, such as Southern

Italy, were more exposed to family innovations than others, such as England and Scandinavia.

Following this diffusionist framework, we therefore expect contemporaneous kinship intensity

in a location to depend on exposure to these innovations, an exposure that we capture through

the distance to the innovators in the continent.

Still, Schulz et al. [2] propose convincing empirical evidence linking kinship intensity to

both historical exposure to the Church and contemporaneous psychological traits. While we

acknowledge the association (claimed to be causal) between kinship intensity and psychologi-

cal traits, in the framework we adopt, Church is not the fundamental cause but only one chan-

nel through which populations of Western Europe expressed their traditional family practices

of low kinship intensity. We instead propose that the fundamental cause rather consists in the

exposure to family innovations. Our objective in this short article is to explore whether a sim-

ple metric of Todd’s diffusionist framework—distance to innovations—exhibits some explana-

tory power over the diffusion of the Church’s MFP.

Relying on the rich data assembled by Schulz et al. [2], we investigate the power of this dif-

fusionist model in explaining the joint world distribution of kinship intensity and psychologi-

cal outcomes relative to Church exposure. We assess the exposure of an area (countries and

regions) to innovations in family organization through its geographic distance to innovation

center(s) of its continent. We then investigate the association of this distance to Schulz et al.’s
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[2] measures of kinship intensity and psychological traits both across countries worldwide and

within European regions, comparing the respective effects of this distance and Church exposure.

Finally, we offer a preliminary exploration of an alternative mechanism that could confound our

insight: the direct effect on family complexity of the time since the Neolithic transition.

Materials and methods

To test Todd’s diffusionist model, we build a measure of exposure to innovations in family

organizations defined as the distance from region and countries’ administrative capital to the

innovation center(s) of its continent. Though this measure is imperfect as the first appearance

of an innovation and its speed of diffusion could differ across innovations and areas, it remains

the most intuitive and transparent approach. To define innovations centers, we refer to the

current knowledge on locations of independent appearance of agriculture [22] as they corre-

spond to the areas where family innovations also emerged. For Oceania, we retain the distance

to Kuk Swamp (Papua-New Guinea), and for North America, the distance to Eva (Tennessee).

For areas that have been exposed to two centers of innovation, we retain the average of both

distances as a location receives the two influences: for Eurasia, the average distance to Bagdad

(Fertile Crescent) and Xi’An (Central China); for Central and South America, the average dis-

tance to Chiripa (in the Andes) and Jalisco (Mexico); and for Africa, the average distance to

the Sahelian band and Cairo (agriculture was introduced there from the Fertile Crescent).

Although it remains the most intuitive and transparent approach, this measure of distance

is only relevant to areas that have not been exposed to important migration flows since 1500.

While it is true for most countries in Eurasia and Africa, it is not for others such as those in the

Fig 1. Distance to innovation and kinship intensity. Notes: Example scheme of the diffusion of kinship innovations

through the case of Eurasia (A). Relationships between average Distance to innovation and Kinship Intensity Index

and Cousin marriage rate worldwide (B and C) and Cousin marriage rate in regions of four European countries (D).

The base map in Fig 1A is from IDRE [24] under an Open Data License.

https://doi.org/10.1371/journal.pone.0279864.g001
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Americas. To account for global historical migrations, we compute for each country an ances-

try-adjusted distance (henceforth Distance) using Putterman’s [23] matrix of population

movements since 1500. More precisely, we calculate the Distance to innovation of a country as

the distance of its populations’ origin countries weighted by the relative share of its population

of that origin. For instance, for Venezuela, we weight at 31% the average distance between

Caracas to Jalisco and Chiripa as this is the share of the population of local origin, then add the

Distance to innovation observed in Spain weighted at 53%, reflecting the population share of

Spanish origin, and finally add in the same way the Distance of origin countries of Venezuelan

populations of other origins.

Results

Distance to innovations as a general explanation of kinship intensity

Supporting our argument, both measures of kinship intensity proposed by Schulz et al. [2]—a

kinship intensity index (KII) and the rate of cousin marriage—are strongly correlated with

Distance across countries worldwide (Fig 1B and 1C). The same correlation is observed across

regions of countries for which the rate of cousin marriage is available (France, Italy, Spain, and

Turkey) (Fig 1D). Consistent with our interpretation of the Church as an institution formaliz-

ing pre-existing practices, Church exposure and Distance are also correlated (ρ = 0.53, S1 Fig

in S1 Appendix), though without introducing collinearity concerns when including both vari-

ables in the analysis as Church exposure is close to zero for many areas (see VIF values in table

notes).

A regression approach that includes the large set of geographical controls retained by

Schulz et al. [2] reveals that Distance of each country to it(s) innovation center(s) is highly sig-

nificant in explaining the distributions of the KII and of rates of cousin marriage worldwide

(Table 1). Importantly, our analyses include continent fixed effects throughout to control for

differences in timing of kinship innovations across continents. Our results are qualitatively

similar within Eurasia—a subsample for which the location of innovation centers (the Fertile

Crescent and Central China) is more firmly established—as well as within Afro-Eurasia—a

subsample for which the potential inaccuracies in the ancestry-adjustment matter much less.

The R-squared in these regressions further implies that Distance better explains variation in

these outcomes than Church exposure does. Our results also show that Church exposure is

unrelated to the distribution of rates of cousin marriage within continents, i.e., when continent

fixed effects are included. Moreover, when Distance and Church exposure are jointly included,

only the former comes out significant. Distance is also significantly associated with both mea-

sures of kinship intensity when focusing on countries for which Western Church exposure

was almost null, inferior to 50 years (i.e., outside Western Europe), supporting Distance as a

more general explanation than Church exposure. In terms of magnitudes, standardized coeffi-

cients reveal that Distance is almost always more strongly associated to the KII and cousin

marriage rates than Church exposure, with standardized estimates ranging from −0.18 to

−0.77 (S1 Table in S1 Appendix). Using the distance to the closest innovation center, instead

of the average distance to innovation centers where several existed, generates similar though

weaker results, supporting our framework in which several innovation centers affect a country

(S2 Table in S1 Appendix); for instance, Afghanistan received the influence of complexifying

innovations from both the Fertile Crescent and China justifying focusing on average distance

rather than to the closest one. In any case, this minimum distance is more strongly associated

with kinship intensity than Church exposure.

These results further hold when analyzing kinship intensity across 68 regions of France,

Italy, Spain, and Turkey. When regressing rates of cousin marriage across regions within these
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countries jointly on Distance and Church exposure together with a large set of geographical

controls, we find that Distance is significantly correlated with the rate of cousin marriage,

while Church exposure is not (Table 2). Further including country fixed effects and controlling

for exposure to the Carolingian Empire—a key factor in promoting the Church’s MFP accord-

ing to Schulz et al. [2]—yields the same conclusion. Here again, the magnitudes of the coeffi-

cients on Distance revealed by standardized coefficients are much stronger than Church (S3

Table in S1 Appendix).

Our analyses thus suggest that Distance to innovations constitutes a more robust and gen-

eral explanation of the distribution of kinship intensity than Church exposure as observed

both across countries worldwide and across regions within European countries.

Distance to innovations and Church exposure as explanations of

psychological traits

Can Distance to innovations further explain the contemporaneous variation in psychological

traits through its effects on kinship intensity, independent from Church exposure? Here again,

we use the rich database assembled by Schulz et al. [2] on 10 psychological traits observed

Table 1. Cross-country regressions of KII and cousin marriage on distance to innovations and Church exposure.

Panel A. Kinship Intensity Index (KII)

Sample World Eurasia Afro-Eurasia W. Church exp. < 50 years

Distance -0.33��� -0.30��� -0.62��� -0.66��� -0.26��� -0.24��� -0.15† -0.13†

(in 1,000 km) (0.06) (0.06) (0.09) (0.11) (0.06) (0.06) (0.07) (0.08)

W. Church exp. -0.12��� -0.04 -0.07† 0.02 -0.07� -0.04 -0.86 -0.48

(in 100 years) (0.03) (0.03) (0.04) (0.03) (0.04) (0.03) (0.99) (1.14)

E. Church exp. -0.06 -0.02 -0.01 -0.01 -0.01 -0.01 -0.07 -0.05

(in 100 years) (0.06) (0.06) (0.08) (0.08) (0.08) (0.07) (0.10) (0.09)

N 147 147 147 74 74 74 118 118 118 93 93 93

R2 0.615 0.667 0.670 0.483 0.642 0.645 0.609 0.648 0.652 0.485 0.499 0.503

Panel B. Log Rate of Cousin Marriage

Sample World Eurasia Afro-Eurasia W. Church exp. < 50 years

Distance -0.46� -0.41� -0.67� -0.64� -0.57�� -0.53�� -0.47† -0.49†

(in 1,000 km) (0.18) (0.18) (0.33) (0.30) (0.19) (0.17) (0.25) (0.28)

W. Church exp. -0.15 -0.07 -0.17 -0.13 -0.19 -0.15 -0.21 1.29

(in 100 years) (0.10) (0.10) (0.14) (0.12) (0.13) (0.11) (1.69) (1.87)

E. Church exp. 0.99 0.28 0.97 -0.82 0.88 -0.92 1.67 1.53

(in 100 years) (3.35) (3.32) (3.50) (3.15) (3.43) (3.10) (4.62) (3.59)

N 69 69 69 41 41 41 51 51 51 33 33 33

R2 0.742 0.766 0.768 0.742 0.773 0.783 0.754 0.786 0.795 0.260 0.338 0.346

This table reports OLS estimates from regressing country-level kinship intensity indexes (KII) in Panel A and country-level log rates of cousin marriage in Panel B on

Western and Eastern Church exposure (in 100 years) and ancestry-adjusted distance to innovation (in 1,000 kilometers). All regressions include the following set of

controls: ruggedness, mean distance to waterways, caloric suitability, absolute latitude, and continent fixed effects. Except for distance, data are from Schulz et al. [2].

Robust standard errors are reported in parentheses. For the World sample, VIF values when variables are jointly included are 2.10 for Distance, 3.78 for Western

Church exposure, and 2.00 for Eastern Church exposure in Panel A; 3.15 for Distance, 5.69 for Western Church exposure, and 1.63 for Eastern Church exposure in

Panel B.

†�0.1

��0.05

���0.01

����0.001. Significance levels are based on two-tailed tests.

https://doi.org/10.1371/journal.pone.0279864.t001
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across countries. Regressing these traits on Distance together with a large set of controls results

in Distance being significantly correlated (with the expected signs) with 8 of these psychologi-

cal traits (Table 3, Panel B). Likewise, Church exposure is significantly correlated with 8 of

these traits (Panel A). Including Distance and Church exposure jointly reveals that Church is

more frequently significantly correlated with these traits: 6 out of 10, against 4 out of 10 for

Distance. About the same conclusion holds when running the analysis on Eurasia, Afro-Eur-

asia, or the set of countries with little exposure to Western Church (S4 Table in S1 Appendix).

The stronger effect of Church is even clearer when running the analysis on four psychologi-

cal traits observed at the individual level in Europe and controlling for regions. Church expo-

sure is much more significant, with little effect of Distance (S5 Table in S1 Appendix). On the

other hand, focusing on Schulz et al.’s [2] empirical strategy based on second-generation

immigrants within Europe (and assigning key variables to mothers’ countries of origins), Dis-

tance comes out more powerful than Church in explaining the same four psychological traits

(Table 4). These last results are especially interesting as this empirical strategy enables to isolate

cultural traits that are transmitted within families while controlling for unobservable charac-

teristics of countries in which individuals grew up. Overall, explaining the same psychological

traits, Distance is unrelated when respondents are from European ascent, but strongly signifi-

cant when analyzing responses by children of immigrants. As we capture descendants of

immigrants from all over the world, these results suggest that Distance plays a key role outside

Europe in explaining psychological traits. On the other hand, Church has a specific effect on

European populations.

Diffusion or direct effect of the presence of agriculture?

A mechanism close to the one we study might well be that it is the presence of agriculture per
se that led to family complexification over time, potentially through population growth and

the implied competition for land. Other innovations could indeed be the result of a direct

Table 2. Region-level regressions of cousin marriage on distance to innovation and Church exposure.

Log Rate of Cousin Marriage

Distance -0.425��� -0.309��� -0.414��� -0.461�

(in 1,000 km) (0.075) (0.111) (0.102) (0.219)

W. Church exp. -0.142��� -0.058 0.000 0.038

(in 100 years) (0.032) (0.039) (0.036) (0.029)

Caroligian Empire -0.787��� -0.494���

(0.222) (0.167)

N 68 68 68 68 68

R2 0.900 0.910 0.914 0.930 0.947

Geographic controls Yes Yes Yes Yes Yes

Country FE No No No No Yes

This table reports OLS estimates from regressing region-level log rates of cousin marriage on Western Church exposure (in 100 years), exposure to the Caroligian

Empire, and ancestry-adjusted distance to innovation (in 1,000 kilometers). Included are regions of Spain, France, Italy, and Turkey. All regressions include the

following set of controls: terrain ruggedness, distance to the coast, caloric suitability, absolute latitude, precipitation, temperature, elevation, presence of river or lake,

irrigation potential, caloric suitability for oats and for rye. Except for distance, data are from Schulz et al. [2]. Robust standard errors are reported in parentheses.

†�0.1

��0.05

���0.01

����0.001. Significance levels are based on two-tailed tests.

https://doi.org/10.1371/journal.pone.0279864.t002
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effect of agriculture. Borcan et al. [25] focus on the causal effect of the adoption of agriculture

to explain the emergence of the state, which was independently invented in six different inno-

vation centers [26]. They further control for a potential diffusion mechanism from these six

pristine states, assuming specific areas of diffusion (e.g., both Gabon and Venezuela are in the

Western diffusion area). Scott [27] also assumes that social complexity in general is the prod-

uct of agriculture, especially storable grains. In contrast, Johnson and Earle [28] reject a pure

effect of the presence of agriculture as “farmers could be observed at any level of social com-

plexification,” stressing population density as the leading factor.

In the Toddian framework we adopt, agriculture is initially necessary to observe innova-

tions in family systems because high population densities stimulate family complexification.

However, once invented, family innovations disseminate without population constraints and

irrespective of the timing of the development of agriculture. For instance, the Nomads of Eur-

asian steps—who did not suffer any constraint on land—complexified their family organiza-

tion through their interactions with populations that were already complexified in the middle

East [3: 142–6]. Such a diffusion process therefore makes it possible to observe complex fami-

lies absent of farming, sedentary lifeways, or land scarcity. For instance, farmers in current

Table 3. Country-level regressions of psychological outcomes gon distance to innovations and Church exposure.

IIP Indiv. Creativity Embeded. Obedience Tradition UN Tickets Nepotism Blood Don. Trust

Panel A. Church Exposure

W. Church exp. 0.11��� 0.15��� 0.12� -0.13��� -0.56 -0.19��� -0.00 -0.14�� 2.99�� 0.11�

(in 100 years) (0.02) (0.03) (0.05) (0.03) (0.46) (0.05) (0.06) (0.04) (0.56) (0.05)

E. Church exp. -0.04 -0.05 -0.03 0.00 -0.65 0.10 0.14 0.08 0.66 -0.07

(in 100 years) (0.04) (0.06) (0.16) (0.08) (0.98) (0.14) (0.17) (0.07) (1.50) (0.08)

N 147 92 68 68 92 68 137 104 135 67

R2 0.583 0.724 0.415 0.713 0.646 0.340 0.274 0.443 0.717 0.394

Panel B. Distance

Distance 0.17��� 0.23�� 0.30� -0.39��� -1.01 -0.43�� -0.07 -0.43��� 3.30��� 0.38��

(in 1,000 km) (0.04) (0.08) (0.12) (0.07) (1.33) (0.15) (0.12) (0.09) (0.081) (0.11)

N 147 92 68 68 92 68 137 104 135 67

R2 0.527 0.640 0.416 0.729 0.645 0.278 0.265 0.451 0.642 0.415

Panel C. Distance and Church Exposure

Distance 0.08† 0.06 0.20 -0.29��� -0.72 -0.23 -0.06 -0.32�� 0.79 0.28�

(in 1,000 km) (0.05) (0.08) (0.14) (0.07) (1.55) (0.18) (0.14) (0.10) (0.69) (0.14)

W. Church exp. 0.08��� 0.14��� 0.07 -0.08� -0.43 -0.14� 0.01 -0.08† 2.80��� 0.06

(in 100 years) (0.02) (0.04) (0.07) (0.03) (0.52) (0.07) (0.07) (0.05) (0.61) (0.05)

E. Church exp. -0.05 -0.05 -0.04 0.01 -0.64 0.10 0.15 -0.08† 0.57 -0.08

(in 100 years) (0.05) (0.06) (0.17) (0.08) (0.98) (0.15) (0.17) (0.05) (1.53) (0.07)

N 147 92 68 68 92 68 137 104 135 67

R2 0.592 0.726 0.437 0.759 0.647 0.371 0.275 0.503 0.718 0.440

This table reports OLS estimates from regressing country-level psychological outcomes on Western and Eastern Church exposure (in 100 years) and ancestry-adjusted

distance to innovation (in 1,000 kilometers). Outcome variables are standardized (z-scores). All regressions include the following set of controls: ruggedness, mean

distance to waterways, caloric suitability, absolute latitude, and continent fixed effects. Except for distance, data are from Schulz et al. [2]. Robust standard errors are

reported in parentheses. VIF values in column 1 of Panel C are 2.10 for Distance, 3.78 for Western Church exposure, and 2.00 for Eastern Church Exposure.

†�0.1

��0.05

���0.01

����0.001. Significance levels are based on two-tailed tests.

https://doi.org/10.1371/journal.pone.0279864.t003
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Ukraine exhibited complex families in the nineteenth century despite abundant land [3: 318–

9]. This model of diffusion is akin to that of writing, which was invented in a few centers (Mes-

opotamia, perhaps Egypt, China and Meso-America) before spreading to other areas regard-

less the timing of the transition to agriculture [29]. A latter innovation and crucial family

behavior, fertility control, also spread through diffusion according to [30].

Unfortunately, it remains challenging to empirically disentangle our diffusion hypothesis

from that of the presence of agriculture per se. To explore this possibility, we use the date of

agriculture adoption from [31] and the same migration matrix to build ancestry-adjusted val-

ues of transition to agriculture (henceforth Timing). Timing and Distance are seldom corre-

lated when unconditionally compared (ρ = −0.01), though they are more so within continents

(ρ = −0.32), as in each diffusion area, the shorter is the distance, the earlier the adoption of

agriculture. To offer a first view of these competing mechanisms, we reproduce the cross-

country analysis of Table 1 but with Timing instead of Church exposure (S6 Table in S1

Appendix). As Distance, Timing is also significantly correlated with the distribution of the KII

and cousin marriage rates across countries: the longer the presence of agriculture, the higher

the kinship intensity. While a naïve observer would associate nuclear families with modernity

Table 4. Individual-level regressions of psychological outcomes on distance to innovations and Church exposure.

IIP Obedience Trust Fairness

Panel A. Church Exposure

W. Church exp. 0.024� -0.029�� 0.020�� 0.016�

(in 100 years) (0.007) (0.010) (0.006) (0.006)

E. Church exp. 0.035�� -0.053��� 0.025† 0.016�

(in 100 years) (0.012) (0.012) (0.015) (0.006)

N 13,389 13,389 14,627 14,567

R2 0.058 0.127 0.092 0.077

Panel B. Distance

Distance 0.050� -0.103�� 0.058��� 0.057���

(in 1,000 km) (0.023) (0.030) (0.013) (0.007)

N 13,389 13,389 14,627 14,567

R2 0.057 0.129 0.092 0.077

Panel C. Distance and Church Exposure

Distance 0.024 -0.089�� 0.042��� 0.045���

(in 1,000 km) (0.025) (0.027) (0.12) (0.013)

W. Church exp. 0.019� -0.012 0.012† 0.007

(in 100 years) (0.007) (0.009) (0.006) (0.007)

E. Church exp. 0.031� -0.039��� 0.019 -0.005

(in 100 years) (0.012) (0.010) (0.014) (0.0011)

N 13,389 13,389 14,627 14,567

R2 0.058 0.129 0.093 0.078

This table reports OLS estimates from regressing individual-level ESS-based psychological outcomes on Western Church exposure (in 100 years) and ancetry-adjusted

distance to innovations (in 1,000 kilometers). Outcome variables are standardized (z-scores). All regressions include the following set of controls: country and ESS wave

fixed effects, gender, age, and age squared, agricultural suitability, absolute latitude, mean distance to the sea, and average terrain ruggedness. Except for distance, data

are from Schulz et al. [2]. Robust standard errors clustered for the 440 regions are reported in parentheses.

†�0.1

��0.05

���0.01

����0.001. Significance levels are based on two-tailed tests.

https://doi.org/10.1371/journal.pone.0279864.t004
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due to their joint presence in the West, the correlation between Timing and kinship intensity

supports the idea that complex family organizations constitute an evolved form of organization

rather than an initial one. A broad view of long history can dismantle this naïve view as Euro-

pean populations long lagged behind in terms urbanization, writing and statehood. Our frame-

work also assumes kinship intensity as the product of a long history but through diffusion of

innovations rather than a mechanical implication of agriculture adoption.

To try to disentangle whether the complexification of family organizations is a mechanical

implication of the presence of agriculture rather than the result of the reception of innovations

from centers that spread both agriculture and family innovations, as we argue, we include Dis-

tance and Timing together in the regression analysis (S6 Table in S1 Appendix). While both

variables help explain the KII and cousin marriage rates worldwide and across Eurasia, only

Timing is strongly significant on the sample of countries with limited Church exposure. While

jointly included, Timing is the only significant variable on almost all subsamples in explaining

both KII and cousin marriage rates. In contrast, Distance is more frequently significant when

relaxing continent fixed effects, a setting in which Distance and Timing exhibit little correla-

tion (S7 Table in S1 Appendix). These unclear results suggest that the three-way relationship

between Distance to innovations, Timing of transition to agriculture, and kinship intensity is

complex and constitutes a fruitful area for further research.

Still, to explore more deeply the potential direct effects of the appearance of agriculture rela-

tive to the role of diffusion, we reproduce Table 3 (explaining various psychological outcomes

across countries) when replacing Church exposure with Timing (S8 Table in S1 Appendix).

This last analysis shows that Timing is never significant in explaining the psychological out-

comes when taken together with Distance, which show that time since agriculture is not an

effective mechanism affecting psychological outcomes across countries relative to Distance to

innovations. Lastly, we must note that it is not possible to explore the effect of Timing at the

regional level because data on agriculture appearance is only available at a country scale, con-

trary to our measure of Distance.

Discussion

Overall, our analyzes imply that Distance to innovations explains kinship intensity across

countries and within European countries better than Church exposure does. Still, we cannot

exclude the possibility of a direct effect of the presence of agriculture, although this explanation

seems unrelated to the current distribution of psychological traits once diffusion is accounted

for. In contrast, Church exposure remains better at explaining psychological outcomes in

Europe, though less clearly so across the globe. This suggests that while Distance to innova-

tions is the most plausible explanation of kinship intensity, the Church’s MFP, even if rooted

in Distance, could have played an additional role, potentially reinforcing pre-existing psycho-

logical traits especially in Europe.

Our approach of family organization as the fundamental cause explains why the MFP was

developed by religious authorities in Western Europe only, while Schulz et al. [2] approach is

silent on the origin of the MFP. Indeed, the MFP has no equivalent in other religious areas and

is not a consequence of the contents of the New Testament as other forms of Christianity, espe-

cially Eastern Christians, did not promote the MFP. Among the different human activities that

are affected by variations in psychological traits, Schulz et al. [2] suggest that WEIRD psychol-

ogies sustain important cooperation of individuals free of kin-links especially the development

of representative institutions. The prevalence of the nuclear family is indeed a plausible condi-

tion of the emergence of this kind of institutions. The existence of numerous antic representa-

tive institutions (the Roman republic, civitates, . . .) in Western Europe thus implied the
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prevalence of the nuclear family at this time. This is inexplicable by Church exposure while

consistent with our framework of our age-old local low kinship intensity in Western Europe.

Supporting information

S1 Appendix.

(PDF)

Acknowledgments

We are grateful to Jonathan F. Schultz, Duman Bahrami-Dar, Jonathan P. Beauchamp, and

Joseph Henrich as well as to Emmanuel Todd and one anonymous referee and the editor for

the rich comments they provided us at various stages of this research.

Author Contributions

Conceptualization: David le Bris, Victor Gay.

Data curation: David le Bris, Victor Gay.

Formal analysis: David le Bris, Victor Gay.

Investigation: David le Bris, Victor Gay.

Methodology: David le Bris, Victor Gay.

Project administration: David le Bris, Victor Gay.

Resources: David le Bris, Victor Gay.

Software: David le Bris, Victor Gay.

Supervision: David le Bris, Victor Gay.

Validation: David le Bris, Victor Gay.

Visualization: David le Bris, Victor Gay.

Writing – original draft: David le Bris, Victor Gay.

Writing – review & editing: David le Bris, Victor Gay.

References
1. Henrich J., The WEIRDest People in the World: How Westerners Became Psychologically Peculiar and

Particularly Prosperous. Farrar, Straus and Giroux; 2020.

2. Schulz J. F., Bahrami-Rad D., Beauchamp J. P., Henrich J. “The Church, Intensive Kinship, and Global

Psychological Variation.” Science. 2019; 366: eaau5141 https://doi.org/10.1126/science.aau5141

PMID: 31699908

3. Todd E. L’Origine des Systèmes Familiaux. Paris: Gallimard; 2011.

4. Haak Wolfgang, Brandt Guido, de Jong Hylke N., Meyer Christian, Ganslmeier Robert, Heyd Volker,

et al. “Ancient DNA, Strontium Isotopes, and Osteological Analyses Shed Light on Social and Kinship

Organization of the Later Stone Age.” Proceedings of the National Academy of Sciences. 2008; 105

(47): 18226–31. https://doi.org/10.1073/pnas.0807592105 PMID: 19015520

5. Bentley Alexander R. “Mobility and the Diversity of Early Neolithic Lives: Isotopic Evidence from Skele-

tons.” Journal of Anthropological Archaeology. 2003; 32(3): 303–12.
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20. Theis Laurent. “Saints Sans Famille? Quelques Remarques sur la Famille dans le Monde Franc à Tra-

vers les Sources Hagiographiques.” Revue Historique. 1976; 255(1): 3–20.

21. Todd E. Lineages of Modernity. Cambridge: Polity Press; 2019.

22. Smith B. D. The Emergence of Agriculture. Scientific American Library; 1995.

23. Putterman L. World Migration Matrix, 1500–2000 (2009). https://sites.google.com/brown.edu/louis-

putterman/world-migration-matrix-1500-2000. Accessed June 2022.

24. IDRE. World Continents 10.3; 2015. License: Open Data. https://apps.gis.ucla.edu/geodata/dataset/

continent_ln

25. Borcan O., Olsson O., Putterman L. “Transition to agriculture and first state presence: A global analy-

sis”. Explorations in Economic History. 2021, 82: 101404.

26. Spencer C. S. “Territorial expansion and primary state formation.” Proc. Natl. Acad. Sci. 2010; 107:

7119–7126. https://doi.org/10.1073/pnas.1002470107 PMID: 20385804

27. Scott J C. Against the Grain: A Deep History of the Earliest States. New Haven; Yale University Press;

2017.

28. Johnson A, Earle T. The Evolution of Human Societies: From Foraging Group to Agrarian State. Stan-

ford: Stanford University Press; 2000.

29. De Voogt A. “Invention and Borrowing in the Development and Dispersal of Writing Systems.” In: De

Voogt A. and Quack J. F. (editors). The Idea of Writing Across Borders. Brill; 2012. 1–10.

30. Wacziarg R, Spolaore E. “Fertility and Modernity.” Economic Journal. 2022; 132: 796–833.

31. Putterman, L. Agricultural Transition Data Set (2019). https://sites.google.com/brown.edu/louis-

putterman/agricultural-transition-data-set. Accessed June 2022.

PLOS ONE Distance to innovations, kinship intensity, and psychological traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0279864 January 26, 2023 11 / 11

https://doi.org/10.1371/journal.pone.0241278
http://www.ncbi.nlm.nih.gov/pubmed/33196640
https://sites.google.com/brown.edu/louis-putterman/world-migration-matrix-1500-2000
https://sites.google.com/brown.edu/louis-putterman/world-migration-matrix-1500-2000
https://apps.gis.ucla.edu/geodata/dataset/continent_ln
https://apps.gis.ucla.edu/geodata/dataset/continent_ln
https://doi.org/10.1073/pnas.1002470107
http://www.ncbi.nlm.nih.gov/pubmed/20385804
https://sites.google.com/brown.edu/louis-putterman/agricultural-transition-data-set
https://sites.google.com/brown.edu/louis-putterman/agricultural-transition-data-set
https://doi.org/10.1371/journal.pone.0279864

