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Abstract

We develop a new method to endogenously partition society into cultural groups, without ref-
erence to predefined identity markers. To do so, we develop a measurement framework that divides
people into distinct groups based on their answers to surveys of values, norms and attitudes. The
method chooses divisions in order to minimize within-group antagonism, where antagonism is in-
creasing in an individual’s distance to other members of their group in answer space. We implement
the method using the World Values Survey across 7 waves and 81 countries, with a particular focus
on the US. We document several facts, among which: 1) A substantial reduction in within-group
antagonism is obtained by partitioning society into two or three groups. 2) The reduction in within-
cluster antagonism based on endogenous cultural partitions is an order of magnitude larger than
that obtained based on predefined identity traits, such as gender. 3) In the US, partitions are
largely driven by differences in religious and moral values - and cross-cluster differences in these
values have increased over time. 4) In the US, cross-cluster differences in political ideology are the
largest in our sample of countries, and have been increasing over time. We discuss the possible uses

of our new measurement framework to study a range of questions in political economy.
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1 Introduction

There is growing concern that disagreement on social and moral issues undermines the functioning of
modern societies. In the United States, many scholars and commentators have argued that differences
in values are growing, leading to social conflict, political polarization, and personal animosity. The rise
of populist movements around the world has similarly created concerns over conflict between groups
separated by differences in a broad range of values - including those related to religion, nationalism,
redistribution, and democracy. The usual approach to societal divisions is to define them based on
exogenous identity traits - such as gender, race, ethnicity or language. However, identity traits are
not very predictive of cultural values, and there is a lot of cultural diversity within identity groups
(Desmet, Ortuno-Ortin & Wacziarg, 2017, Desmet & Wacziarg, 2021).

In this paper, we depart from the usual approach: we consider values and norms of individuals
as primitives for the construction of social divisions. Indeed, values, norms and attitudes are the
building blocks of social and political preferences. Heterogeneity in values reflects the degree of social
disagreement, and the evolution of values can lead to changes in the degree of observed societal
antagonism and polarization. Clusters of individuals formed on the basis of differences in values also
determine visible social partitions, such as interest groups and political parties. The goal of this paper

is to shed light on the nature and evolution of cultural partitions.

Our approach begins directly from answers to survey questions on values, norms and attitudes. We
develop a novel methodology to create natural partitions between respondents based on their answers.
Partitions are obtained by assuming that agents within a group prefer to interact with others that
share more similar values (homophily): they experience more antagonism when grouped with agents
that have more different vectors of values from their own. Antagonism is defined as a function of
differences in values between agents. Agents then choose the group where their expected antagonism
is lowest. An equilibrium is a partition such that no agent would prefer to join another group. The
corresponding endogenous partition of the set of respondents is characterized by a certain degree of
within-group antagonism. There are many such equilibria, and we focus on the one that minimizes
overall within-group antagonism. Such an equilibrium is also the one that maximizes between-group

antagonism.

We implement our method using data from the seven waves of the integrated European Values
Survey - World Values Survey (EVS-WVS), for a cross-section of 81 countries (focusing in particular
on the United States). We consider a set of about 200 questions reflecting respondents’ values. We
first implement our algorithm for the case of two groups. We create the endogenous partitions and
then study the demographic characteristics of the agents that form the two groups, as well as the
average cultural characteristics of the two groups. We find that religious identity is an often important
characteristic setting apart the groups, especially in the US. Yet in general, endogenously-formed
cultural partitions feature a lot of heterogeneity in identity space: cultural groups do not clearly
overlap with identity groups. We also document the qualitative differences in values between groups
by summarizing a small set of responses for different groups and different countries. Not surprisingly,

groups differ extensively along such cultural dimensions.

Our main finding is that the reduction in societal antagonism resulting from the creation of cultural



partitions is an order of magnitude larger than the reduction in antagonism stemming from creating
identity-based groups, such as those based on gender or educational attainment. For instance, when
creating two cultural partitions, the average reduction in antagonism is 41.51%. In contrast, the
average reduction from creating gender partitions is 1.29% and the average reduction based on creating
two groups that differ by educational attainment is 2.96%. We are, of course, not claiming that gender
or education are not socially relevant dimensions of heterogeneity, but rather that the partitioning of
society based on values and norms also has potential explanatory power to understand contemporary

social divisions.

We document many other interesting facts. One set of findings pertains to variation across coun-
tries. In most countries, a substantial reduction in antagonism is achieved with a small number of
cultural clusters. These gains tend to peter out quite rapidly when allowing for more than three
cultural groups: most gains are achieved by the creation of the first two or three groups. The types
of values that are most important in the formation of clusters differs substantially across countries.
For example, in the US, clusters are formed mostly based on religious beliefs and attendance, and
moral values. There, economic preferences do not play a big role in defining endogenous partitions. In
contrast, in Nigeria, groups are formed mostly on the basis of differences in confidence in government
and institutions more generally, as well as preferences over political action and satisfaction with the

political system.

Another set of findings pertains to changes across time. Here we focus on the US. We document
a recent increase in the degree of between-group antagonism, going hand in hand with an increase in
cultural cohesion within partitions. The growing group distinctiveness is driven in large part by values
reflecting religious beliefs, moral values, religious attendance, and social capital (trust, membership in
religious organization, etc.). Finally, the endogenous partitions exhibit increasingly different political
ideologies on a right-left scale. In fact, in the latest wave of the WVS, when considering a two-group
partition, the ideological difference between these clusters is larger than in any other country in our

sample.

Our paper relates to a vast literature conceptualizing and measuring social heterogeneity. One
strand of this literature focuses on measuring heterogeneity based on identity markers, such as ethnic-
ity (Alesina et al., 2003). As noted earlier, a limitation of this approach is that there is considerable
heterogeneity in cultural values within ethnic groups, so identity-based partitions may not be the most
relevant dimensions of heterogeneity (Desmet, Ortunio-Ortin and Wacziarg, 2017). In fact, there is
considerable within-group heterogeneity in values whatever the identity metric under considerations,
be it gender, race, ethnicity, education levels, income quintiles, etc. (see Desmet and Wacziarg, 2021,
for the US case). This motivates a direct focus on values as a foundation for measuring cultural hetero-
geneity, an approach that we adopted in our own past work, that was pursued in Alesina, Tabellini and
Trebbi (2017) and that we continue to follow here. Our approach to deriving endogenous social parti-
tions is also related to the literature on endogenous country formation (Alesina and Spolaore, 1997),
as well as to the literature on voting with your feet in public finance (Tiebout, 1956). Here we do not
consider secession per se but the division of each society into cultural groups based on value-based
affinity between individuals. This paper is also related to the vast literature on the changing nature of

political cleavages around the world (salient recent examples include Gethin, Martinez-Toledano and



Piketty, 2021 and Bonomi, Gennaioli and Tabellini, 2021). This literature pays a lot of attention to
recent changes in voting behavior, party platforms and politically salient cleavages, but devotes less
attention to the nature and evolution of the individual values that underlie these changes. The latter
is our main focus here. Finally, our paper is related to the literature on endogenous party formation,
where party platforms reflect voter preferences over policy (Baron, 1993, Ortuno-Ortin and Roemer,
2000, Gomberg, Mahruenda and Ortuno-Ortin, 2004).

2 Conceptual Framework

In this section, we propose a conceptual micro-founded framework for the formation of values-based

partitions. We also compare values-based partitions to identity-based partitions.

2.1 Partitions Based on Values

There is a set P of N individuals in society. Each individual j is characterized by a "values" vector
Tj € R®. Each individual is also characterized by a socio-demographic type or "identity" vector
fj € RS, containing information about her gender, race, education, religious denomination, political

affiliation, income, and so on.

A large literature on homophily argues that individuals tend to associate disproportionately with
others who are similar to them (Verbrugge, 1977; McPherson, Smith-Lovin and Cook, 2001; Jackson,
2021). In our context, similarity could be defined based on either values or identity. In what follows, we
analyze the case of homophily on values. That is, individuals prefer to interact with other individuals
who have similar values. More specifically, an individual j experiences a disutility from interacting
with individual k£ € P that is increasing in the distance between the vector of values x; and the vector

of values xy:
u(zj, o) = u(d(z;, xx)) (1)

where d(xj,z) is a distance metric between z; and xy,.

Values Identification Equilibrium (VIE). When an individual chooses the group she wants to
interact with, she minimizes the expected disutility from this interaction. We assume that there
is a limited number of groups in society. For now, we set this number to two, and each individual
associates or identifies with only one of the two groups.! These groups are not exogenously defined, but
are endogenously formed by individuals aiming to minimize their expected disutility from interacting

or identifying with others.

Consider a partition A of the population set P into two groups, group A; and group As, with
P =A;UAy and Ay N Ay = (. Let P denote the set of all possible partitions of P into two groups, so
that A € P. The expected disutility that an individual with values x; experiences when identifying

'In the empirical section, we also analyze the case of more than two groups. Another conceptually straightforward

extension would be to consider individuals probabilistically identifying with more than one group.



with group A;, and interacting with each individual of that group with equal probability, is:

E(Aivxj |A | Z :Ek-,$] (2)
keA;
We refer to this expected disutility as the antagonism individual j experiences by identifying with
group A;. When deciding which group to identify with, individual j chooses group A; over group A_;
if E(AZ, :L'j) § E(A,i, :L‘j).

Definition of a Values Identification Equilibrium (VIE). A partition A € P is a Values
Identification Equilibrium (VIE) if for each group A; € A, i = 1,2, and for each agent j € A; we have
E(AZ, .’L'j) S E(A_i, Z‘j).

Thus, a VIE is a Nash equilibrium: taking as given the identification of all other individuals, no
agent wants to change her identification. One can easily prove the existence of an equilibrium, because
there is a finite number of individuals.? However, there may be multiple VIEs. We denote the set of
possible VIEs by V.

For any VIE A € V, we define social antagonism as the average within-group antagonism in society:

1
= N Z E(Ai(j)yﬂfj) (3)
JEP
where A;(;) denotes the group agent j belongs to. Within the set of possible VIEs, we refer to the one
that minimizes average within-group antagonism as the Global VIE, and denote that VIE by A*.

Definition of the Global VIE. A* is the Global Values Identification Equilibrium if for each
AeV, E(A) > E(A).

A social planner wishing to choose the partition that minimizes social antagonism would choose
the Global VIE. We denote the level of social antagonism in the Global VIE by E* = E(A*).

Partitions as a way to reduce social antagonism. How much does social antagonism decline
when partitioning individuals into groups? We define a society’s potential antagonism as the social an-
tagonism when everyone belongs to the same group (i.e., there is only one group P) and all individuals

interact with everyone else in society with equal probability:

B(P) =~ ZE (P, ;) Z Zkep“ Ty T;) (4)

jeP JEP

Potential antagonism FE(P) is the expected distance between two randomly chosen individuals in

society. It is the same as the Greenberg B index of diversity.

To measure the reduction in social antagonism when society is partitioned into two groups, we use
the ratio
r=——t (5)

?Gomberg, Marhuenda and Ortufio-Ortin (2004) provide conditions for the existence of an equilibrium in the case of

a continuum of agents.



That is, when individuals go from interacting with everyone else in society to interacting only with
individuals of their group, social antagonism drops by a proportion r. If r is high, it is efficient to
partition society into two groups: even though potential antagonism F(P) in society could be high,
there is a way to divide individuals into homogenous groups that achieves a large reduction in social
antagonism (with two groups, one would achieve a 100% reduction if there are two cultural types of

individuals).

The reduction in social antagonism 7 is equivalent to the well-known ® g7 index of between-group

differentiation:

_ 52 A A;
Sgr = E(P) ZEI(];)N E(4) =r (6)

where E(A;) denotes social antagonism within group A;. This result is proven in Appendix A1A.

Differences in identity and values across groups. Given a VIE, we can analyze to what extent
the identity traits of individuals belonging to each group differ. For example, we can compare the
share of women in A; and the share of women in A,. Similar shares would suggest that the values that
most contribute to the partition in a given VIE are not strongly associated with gender. Similarly,
given a VIE, we can analyze differences in cultural values across groups. For example, we can compare
whether there is a large or a small difference between groups in the share of individuals who believe

in God. This tells us which values contributed most to partitioning society into groups.

2.2 Partitions Based on Identity

Instead of partitions that minimize social antagonism, suppose that partitions are based purely on
identity traits. Take, for instance, the case of a partition based on gender. In such a partition A9 € P,
the first group, Af, contains only men, and the second group, A3, contains only women. The utility
function of an individual is unchanged. That is, an individual’s utility depends on the distance between
his values and those of the individuals he interacts with. Gender does not enter the utility function,
and social antagonism is still solely based on differences in values across individuals. In general, the

gender-based partition AY is not a VIE.

The degree of social antagonism associated with a gender-based partition is then:

1
jeP
Thus, E(AY9) measures social antagonism in the case where individuals still only care about values,
but where men and women are partitioned into two different groups. As before, we can measure by
how much social antagonism decreases when partitioning society into women and men:
E(P) — E(A9)

rd = E(P) (8)

That is, when individuals go from interacting with everyone else in society to interacting only with
individuals of their gender, social antagonism drops by a proportion r9. This is related to the intensity

of the gender cleavage as measured in Desmet and Wacziarg (2021).



2.3 Comparing Identity-Based Partitions to Values-Based Partitions

How can we measure the efficiency of partitioning society by identity traits? One approach is to
simply measure by how much social antagonism declines when splitting up society into, say, men and
women. This is what (8) measures. Another, arguably better, approach is to measure the efficiency of
identity-based partitions in terms of opportunity cost. That is, how much larger is social antagonism
under an identity-based partition compared to a values-based partition? Using the example of gender,
the opportunity cost of a gender-based partition is:

E(A9) — E* )

E*

To illustrate how to interpret this measure in the context of our framework, suppose the opportunity

0CY =

cost of a gender-based partition is high. One interpretation is that individuals who care about cultural
values would be unlikely to choose their gender as a main way to socially identify. Indeed, socially
identifying with one’s gender would imply interacting with individuals who differ greatly on the values
they hold, compared to the alternative of choosing one’s group based directly on values. Another
interpretation is that instrumentalizing gender to garner political support is costly. Compared to
mobilizing individuals based on their values, political coalitions based on gender would be much more
heterogeneous in their underlying views. These interpretations are subject to the caveat mentioned
before: in our framework identity traits do not directly enter into one’s utility function, and when

interacting with others, people only care about similarity in values.

2.4 Squared Euclidean Distance and Interpretation of Values Identification

Squared Euclidean distance. So far, we have not assumed a functional form for w(d(zj,zy)).

Here we assume that the disutility function (1) is given by:
2
u(zj, xx) = |z, ek (10)

where ||z}, x| is the Euclidian distance between vector of values x; and vector of values z.> This
is the distance metric used in our empirical application, but our framework can accommodate other

distance metrics.

Using the squared Fuclidean distance has several advantages. First, it allows us to use the standard
k-means clustering method in order to create endogenous partitions. Second, it leads to measures of
within-group and between-group heterogeneity that are closely related to those in Desmet, Ortufio-
Ortin and Wacziarg (2017) and Desmet and Wacziarg (2021), as we show later. Third, adopting the
squared Euclidean distance implies an additive preference structure (the distance between two vectors
can be computed by adding up distances in each of the @ dimensions). Fourth, the antagonism
individual j experiences by identifying with group A; as given by (2) can be written as her distance

to the mean values of the group:

1
E(Ai, ;) = A Y Mz all® = 2|z — gl (11)
¢ keA;

3This approach is related to that in Alesina, Tabellini and Trebbi (2017), p. 183. They compute bilateral distances
between all respondents to the European Values Survey (among other surveys) using the squared Euclidian distance

between vectors of individual answers. They then plot the densities of a monotonic function of these distances.



where p; = (X 4c A, x) /|Ai|l. Thus, in any VIE, an individual in group A; is closer to the mean
position of her group than to the mean position of the other group. In this case, the Global VIE A*
is the partition that minimizes total within-group variance. This is equivalent to the partition that

maximizes total between-group variance, as we prove in Appendix A1B.

Alternative interpretation of values identification. Rather than an individual choosing the
group that minimizes her bilateral disagreements with other individuals of the same group, under the
squared Euclidean distance assumption, an individual chooses the group that minimizes her distance to
the group’s mean position. As such, identification does not require an individual to know all bilateral
distances to all other individuals, but only her distances to the mean positions of the groups. We can
thus view the mean value p,; as the representative culture of group ¢, with the cost for an individual
with values z; to identify with group ¢ given by the distance ||z; — p;]|2. This type of identification is
closer to the one typically considered by economists (Akerlof and Kranton, 2000, Shayo, 2009, Bonomi,
Gennaioli and Tabellini, 2019).

This interpretation of a VIE is akin to the way we might think about the formation of political
platforms. In the realm of politics, u; could be viewed as the policy position of political party :.
That position, or platform, depends on the political positions of its supporters. While there is no
good general theory explaining how political parties aggregate or represent the preferences of their
supporters, a reasonable assumption is that parties adopt the mean position of their supporters as
their policy position, and conversely, that supporters pick the party whose platform is closest to their
own values. This sort of political equilibrium is explored in Gomberg, Marhuenda & Ortuno-Ortin

(2004).

3 Empirical Methodology

3.1 Implementation

We use data from all waves of the World Values Survey. Vector x; is given by agent j’s answers
to questions on values. We first focus mostly on the set of 81 countries included in Wave 7 of the
integrated WVS-EVS dataset, - paying particular attention to the United States. We find the VIE that
minimizes within-group antagonism, A*, and describe its properties. In a second step, we examine
previous waves and characterize the evolution of endogenous partitions and their properties across

time and countries, focusing on the US.

Selection of the sample. Consider a wave of the WVS and a given country. Suppose there are Ny
individuals and @ relevant questions (in wave 7, Qg is 210 and Ny ranges from 1,000 to 4,018 with
a mean of 1,569).* We proceed in the following steps:

1. We select the Qg questions that are about values and attitudes, with answers that can be ordered.

The latter correspond to two types of questions: those that admit a binary answer and those

4 Appendix A2 lists the WVS questions used in our analysis, for wave 7.



with answers ordered on a scale (we discard questions of a qualitative nature where answers do

not admit a natural order).

2. We rescale each question so that the values of the possible answers are always in the interval
[0, 1].

3. We drop any question that is not answered by more than 30% of the individuals. Thus, we end
up with a number of questions Q) < Q.

4. We drop all the individuals who do not answer at least 70% of those Q questions. Thus we end
up with a number of individuals N < Nj.

The last two filters are applied in order to obtain a sample that has the same number of questions
per individual in each country, and the same number of respondents per question in each country.
In practice, there is no need to eliminate too many questions or too many individuals. Indeed, the
average value of @ is 193, with a minimum of 163 in the case of Egypt (the US features 198 questions,
only dropping one). Similarly the average value of N is 1,558, with a range of 987 to 4,018. Thus,
we eliminate on average 17 questions, and 0.7% of respondents. The resulting set of questions is very

balanced across the countries in the sample, an attractive feature of using the WVS.

Missing answers. Let z; = {x;1,22,..7;Q} be the vector of all the answers of individual j, j =
1,...,N. Even after steps 3 and 4, there may still be a few missing answers in ;. Let T'S be set of
individuals without missing answers, and X7g = {z; : ; € T'S}. We use a machine learning algorithm
to impute values to all missing responses.® This algorithm is based on the training sample Xrg, and
does not any use demographic / identity information on respondents. In this way, we obtain a data
matrix X = {x1,22,...2x} with no missing values.% In practice, in most countries the T'S set contains
a very high proportion of individuals, another nice property of the WVS (which does not hold to the

same extent in the GSS, a US survey of values and attitudes).

Principal components analysis. The next step is to reduce the dimensionality of the answer space
by using principal component analysis (PCA). The advantages are fourfold. First, using PCA avoids
the unnecessary duplication of questions that captures similar values and are likely to be answered
similarly by different respondents (for example, there are separate questions for belief in Heaven and
in Hell - with very highly correlated answers). Second, by construction PCA produces dimensions
that are orthogonal to each other, allowing an interpretation of the resulting measures of antagonism

as minimizing within-cluster variance in answers (as captured by principal component positions - see

®We use the Mathematica (version 13.0.1) command "SynthesizeMissingValues" to replace missing values. The train-
ing sample used was formed by the answers given by the set individuals with no missing answers (TS). We set the level of
performance to "Quality" to maximize the synthesis quality. For each country and wave, Mathematica chooses the best
machine learning algorithm from among "Multinormal", "Kernel Density Estimation", "Decision Tree", and "Gaussian
Mixture". In wave 7, the average number of individuals in the training sample was 582 (a minimum of 47 individuals in
the case of New Zealand and a maximum of 2,723 for Canada).

%Tn rare cases, the algorithm can replace a missing value with a value that lies outside the [0,1] interval. In such

cases, we assign a value of 0 or 1, depending on which is closest.



Appendix A1B). Third, with fewer dimensions, finding a VIE is computationally less costly. Fourth,
to the extent there is measurement error in the way individuals answer WVS questions, the use of

principal components helps mitigate the problem.”

For each country and wave, we compute the principal components of matrix X = {z1,z9,...xn}.
For any individual j we write the vector of her position on the different PC dimensions as p; =
{pj1,pj2, s ij}.g We can use either the answers themselves or any number of principal components
to find VIEs. In practice, we do the latter, and consider alternatively the first, first two, first three
and first 75 principal components to create the endogenous partitions.” In the first case, the distance

between individual j and individual & is given by:

w(pj1,pr1) = lpj1, prall® = (01 — pra)? (12)

In the second case the corresponding distance is:

w({pj1,pja} s {Pr1, r2}) = (pj1 — 1) + (Dj2 — Pr2)? (13)

and so on for 3 and 75 dimensions.

Finding the VIEs and A*. The next step consists of finding the best VIE equilibria for each
country, A*. We use the k-means clustering algorithm to find VIEs.!Y The distance metric is the
squared Euclidian distance, implying that in a VIE each individual is at a smaller distance from the
mean answers of their own group than from the mean of any other group. We use the sampling weights
of the WVS to ensure our underlying sample is nationally representative. This applies whenever there
is aggregation between individuals, at all stages of the implementation of our clustering method.!! We
double-checked that the clusters obtained indeed constitute a VIE and that no individual prefers to

be in a different cluster. We allow successively for 2, 3, 4 and 5 clusters.

Since we have 8lcountries, we consider four different numbers of clusters, and we consider four
different numbers of principal components, we need to find the best VIE (A*) 1,296 times. For each
country, number of clusters and number of principal components, the algorithm is run 1,000 times,
each run starting from a different random point. Thus, for each country, we get several partitions, but
in practice many of them are very similar, i.e. there are minor differences in the sets of individuals

they include. We select the partition with the lowest antagonism level A, and we claim that this is

"We have verified that at least for wave 7 and the United States, the results obtained without first reducing the
question dimensionality using PCA are very similar to those obtained using PCA, in the sense that we obtain very
similar clusters in both cases.

1n all the cases, the number of questions is less than the number of individuals, so matrix P = {p1,...,pn} has Q
columns.

9The case of 75 PCs is basically equivalent to considering all PCs. We use 75 PCs instead of all of them because it is
computationally less taxing.

10T his is implemented in Mathematica.

"Tn practice, only 52 of the 81 countries in our sample have WVS sample weights, For three of them (including the
US) and for wave 7, we checked that the use of weights did not result in clusters that are different from those obtained
without weights - nor does it modify our findings relating to the total level of within-group antagonism obtained from

these clusters.



partition A*. While we cannot be absolutely certain that this is the global minimum, it is our best

candidate for a global minimum.

Computing descriptive statistics. The final step is to compute statistics describing the endoge-
nous partitions. For each country, we compute E*, PA and r, among other statistics. We also
examine the demographic characteristics of each cluster - we consider gender, age, income deciles,
years of education, political ideology, whether the respondent belongs to a religious denomination,
and self-reported social class. We also characterize the cultural make-up of each cluster by examining

the mean of a selection of cultural values for each partition.

3.2 Validation

We conducted two validation exercises to assess whether our methodology is likely to produce sensible

results.

The first exercise begins with data from three countries: the United States, China and Zimbabwe
(we chose these countries because they belong to different continents). We pooled the respondents
from wave 7 of the WVS for these three countries. We then ran principal components analysis on
this joint sample, finding that the first PC explains 13% of the variance in answers, while the first
10 PCs explain 40%. Plotting individuals along the first two PCs makes the three countries appear
distincly (Figure 1, Panel A). We next run our algorithm on the pooled data (Figure 1, Panel B), with
three clusters. Our goal is to see if our algorithm recovers the three countries that underlie the pooled
data. Indeed, we recover very accurately the three countries: 96.5% of the individuals from China are
classified in cluster 1 (in blue in the figure), 98.2% of the individuals from Zimbabwe are classified
as belonging to cluster 3 (in green in the figure) and 79.5% of the individuals from the US belong
to cluster 2 (in orange in the figure). Most of the remaining US individuals (18.2%) are assigned
to cluster 3 (the "Zimbabwe cluster").!? Overall, our algorithm does a remarkable job at recovering
the three underlying countries. Moreover, using common methods from cluster analysis to assess the
optimal number of partitions in the pooled data, we find that the optimal number of partitions tends
to be equal to either three or four (a fourth cluster typically divides the US sample into two further

groups).'?

The second exercise exploits WVS data from reunified Germany, from wave 3 (where the data were
collected in 1997) and wave 7 (where the data were collected in 2018). Here we attempt to separately
detect respondents from East and West Germany. Our hypothesis is that a decades-long separation
under very different political regimes would have increased the degree of cultural distinctiveness be-
tween the two areas, and that a subsequent period of 21 years under reunification would have blunted
such a distinctiveness, either because of cultural change or because of migration across the two re-

gions. Given the expected cultural similarity between East and West Germans, we do not expect to

12This 18.2% of the Americans sample of respondents consists of 246 Whites, 58 Blacks, and 74 Hispanics. As a
percentage of the total of each group in the US they are: 14% of White respondents, 27.6% of Black respondents, and
16% of Hispanic respondents.

13The optimality criteria we checked for include Silhouette, Calinski-Harabasz, Davies-Bouldin, Dunn, R2-Elbow, and
Standard Deviation-Elbow. All yield either 3 or 4 as the optimal number of clusters.

10



be able to separate the two groups as neatly as in the previous validation exercise. Our goal here is
instead to assess, in a comparison across time, whether East Germans are more easily detectable by
our algorithm in 1997 compared to 2018. We find that this is indeed the case. Figure 2, Panel A plots
all respondents from Germany in the dimensions of the first two PCs for wave 3, and Panel B does the
same for wave 7. Red dots represent residents of the former GDR/DDR, and blue dots are residents
of the former FRG/BRD.'* We find that, in both waves, East and West Germans differ mostly along
the dimensions of the second PC, which contains many questions on politics and institutions. It is also
apparent from Figure 2 that East Germans are much more bunched together in wave 3 than in wave
7. This is confirmed using our endogenous partitions methodology with two clusters: we find that, in
wave 3 of the WVS, 65.2% of the individuals in cluster 2 live in East Germany, while only 27.9% of
the individuals in cluster 1 live in East Germany. Individuals residing in the former East Germany
therefore make up most of cluster 2 (similarly cluster 1 is predominantly composed of West Germans).
This distinctiveness is much reduced in wave 7 of the WVS, where 20.1% of cluster 2 individuals hail
from the East, while 9.5% of cluster 1 individuals hail from the East.!®

4 Endogenous Partitions: Empirical Findings

4.1 Partitions and Antagonism
4.1.1 Partitions into Two Clusters

Our focus in this subsection is on data from wave 7 of the WVS. Figure 3 presents plots of the
endogenous partitions of individuals into two clusters, based on the first two principal components of
answers, for a selection of seven countries among our sample of 81.16 Each dot in the plot represents
an individual’s position along the two principal components, the colors indicate the cluster to which
they belong, and the solid line represents the hyperplane separating the two clusters. Solid black dots
represent the mean of each cluster along the two dimensions. In some countries, like the USA, the
clusters are formed mostly along a single dimension (the hyperplane is almost a vertical line). When
looking at the underlying questions that have large weights in this component for the US, they tend
to be questions related to religious values and morality.!” For several other countries, however, both
dimensions matter to separate individuals into clusters (the hyperplane is tilted) - see for instance the

cases of Germany, Nigeria and Ethiopia. Naturally, since the first principal component, by definition,

YFor wave 7, all respondents from Berlin as assigned to the West, as we lack the ability to assess whether they reside
on either side of the former wall. For wave 3, we can correctly assign respondents to either East or West Berlin. In that

wave, there are 35 respondents residing in West Berlin and 88 respondents residing in East Berlin.

15Tn wave 7 only 15.5% of the respondents were from the East, while in Wave 3 they were 45%. In waves 3 and 7,
76.7% and 73.3% of the respondents from East Germany, respectively, belong to cluster 2. Qualitatively similar results
are found when allowing for more than two clusters. Then, there tends to be one or two predominantly East German

clusters in wave 3, but no longer in wave 7.

16 Appendix A3 lists the WVS questions that receive the highest weights in the first two principal components (for
wave 7), for a selection of 7 illustrative countries. These are the questions that play the most important role in setting
apart the endogenous partitions discussed in this subsection.

17Specifically, the 5 questions with the largest weight in the first principal component for the US are: Believe in: hell;

Believe in: heaven; How important is God in your life; Important child qualities: religious faith; Believe in: God..
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accounts for the greatest share of the variance in answers, groups tend to be formed mostly along this
component (exceptions exist, like Peru, where the second component is the main determinant of the

clustering).

Table 1 presents the data and summary statistics for three central objects of interest: the reduction
in antagonism achieved by creating two clusters (r), average antagonism per capita and the size of the
largest cluster. We consider partitions based on successively larger numbers of principal components
(1, 2, and 75). When moving from one to two clusters, and partitioning based on the first principal
component of answers to wave 7 of the WVS, we find that social antagonism as defined in Section
2.1, is reduced by 68.49% on average. The reduction that is achieved with more principal components
becomes progressively smaller, because more dimensions of heterogeneity make it more difficult to
efficiently group individuals: two individuals can share an affinity along one dimension but not the
other, and if they end up in the same cluster, they will differ along this second dimension, leading to

greater within-group antagonism.

When using the first two principal components to form clusters, the average reduction in antago-
nism from going to two clusters is 41.51% - with some variation across countries. For reference, if we
instead were to cluster on the sole basis of gender, the average reduction in antagonism that would
achieved would be a mere 1.29% (see Section 2.2 for details on the method used to obtain this number,
r9). If we divided the sample into individuals above and below the median education level, antago-
nism reduction would be 2.96% on average. In other words, creating clusters based on values achieves
a reduction in antagonism that is an order of magnitude larger than partitions based on exogenous

identity and demographic characteristics, like gender and education.

Looking at individual country examples can also be informative. For instance, dividing South
Korean respondents into two clusters based on the first two principal components reduces within-group
antagonism by 51.39%. If South Korea were instead divided on the basis of gender, the reduction in
antagonism would be 3.24% (the highest number among our sample of countries), and the education-
based reduction would be 2.96%. For the US, a values-based partition would reduce within-cluster
antagonism by 41.10% (the gender-based reduction would be 1.07%, and the education-based reduction
would be 4.89%). There is also substantial variation in the amount of antagonism per capita that
remains after dividing society into two clusters: this quantity ranges from 2.24 units of antagonism
in Egypt to 9.83 in Thailand (the US scores quite highly, at 6.56). Another interesting observation
is that group sizes are relatively balanced, as the average size of the largest cluster is around 62%.
The US stands out in this respect, as the largest group contains 67.5% of the respondents. These
observations tend to hold in relative terms across countries when varying the number of principal

components underlying the endogenous partitions.

4.1.2 Partitions into Three or More Clusters

How much of a reduction in social antagonism is achieved by allowing for more clusters? In this
subsection, we explore what happens to social antagonism when we allow for 3, 4 and 5 clusters.
It is obvious that within-group antagonism will decline as we allow for more clusters (by definition

antagonism is zero if each individual is its own cluster).
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Table 2 shows the results when the answer space is collapsed to the first two principal components

18 Figure 4 represents these results

of WVS answers, and we allow for three, four and five clusters.
graphically for a selection of seven countries, based on the first two principal components (for the
US, we also display clusters based on three principal components). In the US, the cluster on the
right of Figure 3 now gets divided into two, mostly along lines of the second principal component
(capturing questions on trust, political participation, interest in politics, and social capital including
church attendance). It is notable that neither of the first principal components that define cultural
partitions have anything to do with economic redistribution: both of the defining dimensions of cultural
partitioning in the US concern questions related to religious values and morality, trust, social capital,
election fairness and religious attendance. This may explain the salience of many of these issues in

the US political debate in recent years.

Figure 5 displays the partitions obtained when we allow for four clusters, for a selection of seven
countries. Results are quite similar to those obtained with three clusters (some of the latter simply
get further divided). One notable subdivision is apparent for the US when allowing for four clusters:
the two large horizontal clusters on the right side of Figure 4 (corresponding to religious individuals,
with high or low levels of trust and social capital) get subdivided into three clusters in Figure 5, while
the cluster of largely secular respondents on the left side of the figure remains largely unaffected. The
ideological distance between the mean of latter cluster and the mean of the cluster with the average
position located farthest to the right, is equal to 3.04 (on a left-right scale from 1 to 10). To put
this in context, the sample mean ideological distance between the most distant clusters for all other
countries is 1.51, so the US stands out starkly in terms of ideological distance between the two farthest

clusters.!?

We saw in the previous subsection that the reduction in within-cluster antagonism from going to
two clusters is 41.51%. Figure 6 shows the reduction in antagonism that is achieved by moving to
successively more clusters (when clusters are formed using the first two principal components of WVS
answers in wave 7). An additional 20% or so of antagonism is eliminated by going to three clusters,
and gains diminish to about 9% and 6%, respectively, when allowing for four and five clusters. In
other words, on average across countries, by allowing for five clusters, we can reduce antagonism by
76.3% compared to a society that is not partitioned. The US is very close to this average. South
Korea, Mexico and Thailand are among countries with larger reductions from going from zero to five
clusters. But in some cases, like South Korea, the biggest decline is obtained by allowing for only two

clusters, indicating that a division of society into two groups already achieves a very large reduction

18Results based on different numbers of principal components are also available and do not differ materially - except
of course that the level of societal antagonism left over after partitioning is larger the greater the number of principal
components under consideration.

Y There is an interesting distinct group in the Ethiopian sample, on the left side of the corresponding figure (see Figure
5, Panel B). This group consists of 118 individuals, 79 of whom are from the Oromo ethnic group, and 68 of whom are
Muslims (this is 57% of the group, whereas Muslims represent 30% of the Ethiopian population). 81 of them live in
the same region, the group is quite gender- and age-balanced, but it is very distinct in terms of political ideology - the
group is very right-winged. 56 of the individuals reported a 10 on the 1-10 left-right scale. This example shows that our
clustering method is able to detect a very culturally distinct group. In fact, this group is already set apart when allowing

for only three clusters (Figure 4 Panel B).
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in within-group antagonism. Thailand gets the lowest reduction in antagonism from going from two
to to five clusters. Countries like Bangladesh and Ethiopia achieve high reductions going from two
to three clusters. In sum, there is substantial cross-country variation in antagonism reduction when

allowing for successively larger numbers of partitions.

4.2 Identity and Values Differences between Clusters

In this subsection, we discuss the demographic and cultural characteristics of the partitions obtained
from Wave 7 of the WVS. We focus on two cases: those corresponding to two and three partitions.

We also focus on divisions obtained from a consideration of two or three principal components.

4.2.1 Identity Differences across Partitions

Consider first the clustering of society into two cultural groups. Table 3 Panel A displays the mean
difference in various identity traits across the two cultural partitions, for the 81 countries in our sample.
The largest average differences between clusters are found for gender, where the two clusters exhibit
a 7.69 percentage point average difference in the proportion of men, and especially religion, with a
20.74 percentage point difference in the proportion of respondents who do not belong to any religious
denomination. Panel B shows the underlying data for the seven baseline countries, to get a better
notion of heterogeneity. Figure 7 displays the distribution of differences in six identity traits across
81 countries in the case of two clusters. Country labels indicate the positions of seven illustrative
countries. In general, the mode of the distribution occurs at levels of identity trait differences between
groups that is relatively low. Gender and religious affiliation differences across groups are particularly
pronounced for Korea and the US. In South Korea, there is a 22.37 percentage point difference in
the proportion of males between the two groups. The US exhibits a 28.31 percentage point difference
between groups in the proportion of those who do not belong to any religious denomination. Another
notable fact is the large ideological difference between groups in the US: on a 1-10 left-right scale of
ideology, the difference between the two groups in the US is 2.14 points - higher than in any other

country in the sample (the sample mean is 0.65).

Despite these patterns, there is substantial variation in identity traits within cultural groups:
identity-based groupings differ significantly from values-based groupings. There are particularly weak
between-group differences in income and education. This is not what we would expect if the most

relevant dimension of social heterogeneity had to do with preferences for redistribution and taxation.

4.2.2 Values Differences across Partitions

Figure 8 contains information on the distribution of differences in values between clusters (again based
on a two-cluster partition). For tractability, we selected a set of 18 questions from wave 7 of the WVS
(about 10% of the total), which are roughly representative of the span of issues covered by the survey.
Table 4 Panels A and B shows summary statistics for 9 of these 18 questions, and the data for seven
countries. Not surprisingly, the difference in values between clusters tends to be larger than the
difference in identity traits: after all, clusters are formed on the basis of differences in cultural values.

What is interesting here is the heterogeneity across values and across countries.
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Some values do not seem to be very divisive and others are. For instance, views on whether the
family is important do not differ much between clusters in most countries (on a scale from 0 to 1, the
mean absoluted difference between clusters is about 0.024 with a standard deviation of 0.024, across
81 countries). A low value is also typical for a question on whether success is due to hard work or luck
(the mean difference is 0.065). In contrast, questions on religion and associated values (homosexuality,

abortion) tend to display higher mean differences between clusters.

Turning to heterogeneity across countries, we also uncover interesting patterns (Table 4 Panel B
and Figure 8). In the US, questions on religion, homosexuality, abortion as well as government versus
individual responsibility, and immigration policy, are the most divisive. Questions on the importance
of religion, belief in Heaven and religious attendance are particularly divisive in Korea, but the clusters
are very similar on all other questions. In Germany, questions on religion and associated moral issues
seem paramount. In Nigeria, the question on confidence in government displays big between-cluster
differences, while in Ethiopia questions on homosexuality and abortion display big between-cluster
differences. China displays relatively small differences on many dimensions, except when it comes to

questions on generalized trust, abortion and homosexuality.

4.3 Changes over Time: The Case of the US

In this subsection, we explore time variation in antagonism across successive waves of the WVS in the
US. We focus on the case of two clusters, obtained using principal components that were themselves

computed separately wave-by-wave.

4.3.1 Evolution of Antagonism over Time

Figure 9 displays r, the reduction in antagonism that results from creating two clusters. No matter
how many principal components are used to create the clusters, we see interesting patterns. r tended
to increase between the first two waves of the WVS, and then remained elevated. There is also a spike
in 7 in the latest wave of the survey (i.e. between 2011 and 2017). How can we interpret this finding?
A higher value of r indicates that a higher within-group reduction in antagonism is achieved. This
means that the share of between-group cultural antagonism in total societal antagonism is higher: when
captured by endogenously formed cultural partitions, between-group divisions in the US have become
relatively more pronounced since 2011. Recent work has documented the increasing political divide in
the US, as differences in values between Democrats and Republicans have grown in the last decades
(Desmet and Wacziarg, 2021) and affective polarization between individuals of different parties has
increased too (Boxell, Gentzkow and Shapiro, 2022). A possible interpretation of these trends is that
the underlying cultural divisions in US society have recently become more pronounced when looking

at the fundamental building blocks of political preferences (cultural values).

4.3.2 Changes in Identity Differences between Clusters

Figure 10 displays the differences in identity traits between the two clusters in the US over time, using
endogenous partitions obtained with the first two principal components of answers to successive waves.

We do so for 9 identity markers, adding the difference in the share of Democrats and the differences
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in the share of Whites to the list of seven identity cleavages discussed in Section 4.2.1. We uncover a
notable pattern: political and ideological differences between clusters have increased sharply over time.
For example the ideological difference, on a scale of 1 to 10, has increased steadily from 0.68 points in
1981 to 2.13 points in 2017, with the biggest increase occurring between waves 6 (2011) and 7 (2017).
The share of democrats in one of the 1995 clusters was 4.71 percentage points higher than in the other,
and this difference had grown to 28.75 percentage points by 2017. Thus, the endogenous partitions
have become much more politically patterned: partitions derived endogenously from cultural values

are much more predictive of political and ideological positions today than they were in the past.

These statements do not hold when it comes to the remaining identity cleavages that we consider.
For instance, there no systematic tendency for the clusters to differ more in terms of gender, age,
schooling and income. The increase in racial differences across clusters is quantitatively modest (the
difference in the share of Whites across clusters only increased by about 2 percentage points). One
cleavage that displays a reduction in between-cluster difference is age, with a 6 year decline in the
absolute age difference between clusters from 1981 to 2017. Income differences between clusters also
display, if anything, a downward trend, consistent with both a lower salience of economic position as
a determinant of cultural partitions, and with the facts reported in Gethin, Martinez-Toledano and
Piketty (2021) concerning the gradual reversal of the income gradient between left and right in the US
- which is still in process. Of course, it is important to keep in mind that our values-based partitions
are not the same as political partitions. However, to the extent that cultural partitions are more
reflective of political divisions today than in the past, it is not unreasonable to argue that the decline
in income differences between cultural clusters is related to the partial reversal of the income gradient

in political affiliation.

4.3.3 Changes in Cultural Differences between Clusters

Figure 11 displays the difference in cultural values between clusters over time in the US, for a selection
of 12 WVS questions. We focus again on partitions obtained using the first two principal components
in each wave of the WVS. For all of these values, we see increasing differences between clusters. These
changes are particularly pronounced for questions on religion and associated values: whether religion
is important, whether homosexuality or abortion are justifiable, etc. For instance, when it comes to
belief in Heaven, the difference between the two clusters went from 0.25 in 1981 to 0.64 in 2017 - a large
increase. Similar magnitudes are obtained for other questions on religion and moral values. We also
see pronounced increases in difference relating to confidence in government and belief in a democratic
political system, especially between 2011 and 2017. These increasing differences also exist when it
comes to economic values, such as questions on the role of hard work versus luck in explaining life
success, the responsibility of the individual versus the government in providing for people (for these

questions, the increase is pronounced mostly between waves 6 and 7).

However, the latter variables do not feature prominently among the first two principal components
that serve to determine the two cultural clusters. Indeed, Appendix A4 displays the five most weighted
questions for the first three principal components, for the US, across the seven waves for which we
have US data. We find considerable stability across time in the types of questions that matter most

to determine variation in the first three principal components - especially for the last five waves and
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20" The first dimension mostly focuses on religious

especially for the first two principal components.
values and associated values (views on homosexuality and abortion). The second mostly focuses on
values related to trust, social capital and membership in religious organizations. In other words, we do
not see major changes in the set of questions that play the biggest roles in setting apart the clusters.
Despite this, we do see that, in the US, the clusters have grown wider apart over time in terms of

cultural values.

5 Conclusion

In this paper, we have documented a number of notable facts, among which:

1. A substantial reduction in within-group antagonism can be achieved by creating a small number

of cultural clusters, typically two or three.

2. Dividing individuals into endogenous clusters based on their affinities in terms of cultural values
achieves a reduction in within-group cultural antagonism that is an order of magnitude larger

than that achieved using conventional markers of identity, such as gender.

3. In the US, clusters are formed mostly based on religious beliefs, religious attendance, and moral
values. Economic preferences do not play a significant role in defining endogenous partitions.
This is not necessarily the case in other countries, where a heterogeneous range of questions

helps define clusters.

4. In the US, cultural antagonism between groups has increased, and conversely, cultural groups

have become more homogeneous over time.

5. Ideological, religious and political differences between clusters have increased sharply in the US
across WVS waves. In particular, the ideological difference between clusters is now at the highest

level of all countries in our sample.

This paper is meant more as a proof of concept than an attempt to analyze the causes and
consequences of cultural antagonism. There are several more analytical uses to which our measurement

framework could apply.

One set of questions relates to the fragmentation and polarization of the political system: if dividing
society into two groups results in a bigger reduction in within-group cultural antagonism, society can be
said to become more culturally polarized. This in turn could explain the rise of political polarization, to
the extent that political parties are responsive to the distribution of voter beliefs. Correspondingly, if a
division of society into two cultural groups becomes less effective at reducing within-group antagonism,
this could be a sign of growing political fragmentation (requiring more than two parties to effectively

represent voter beliefs).

20Wave 1 stands out as different, with a strong weight given to importat attributes of jobs in the first two principal
components. This is perhaps due to the specific labor market conditions that prevailed at the time of the 1981 wave of

the WVS, namely an incipient sustained recession.
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Another set of questions concerns the degree of alignment of political platforms with voter values
and preferences. By characterizing the distribution of values between and within cultural groups, our
framework can allow a comparison with the values and preferences embedded in political platforms, to
analyze whether the latter adequately capture the values of various groups - and whether there is any
scope for a political realignment. For instance, the potential for a third party to emerge in the US can
be assessed, and the nature of that party’s political platform can be surmised by studying the values
of groups of voters that such a party would be likely to attract (by homophily with its platform).
The platforms of existing parties can also be reexamined in light of the distribution of values among
the respondents to a representative survey. Trends in group-level values over time can help assess the
likely fortunes of existing political parties whose platforms may lag behind the evolution of voters’

cultural packages - and help anticipate transformations in the political landscape.

Our framework could also be applied to study issues related to identity politics. If platforms and
parties are increasingly created to appeal to certain identity groups, as many commentators have
observed, the costs of such identity politics in terms of within-group cultural heterogeneity can be
assessed. Suppose that groups are formed exclusively on the basis of identity (race, gender) as opposed
to cultural values. Is the resulting level of within-group antagonism now higher? To the extent that
groups formed on the basis of values differ greatly from groups formed on the basis of identity, our

approach can help assess whether identity-based approaches to politics are likely to fail or to succeed.

Finally, a set of issues relates to the geographic distribution of the groups obtained based on en-
dogenous partitions. If groups are strongly geographically patterned (e.g. most of group 1 respondents
are in region 1), then the scope for political secession based on heterogeneity in values becomes greater
(Alesina and Spolaore, 1997). Our method would allow us to identify significant differences in values
between residents of "secessionist" regions and the rest, in countries with strong regional secessionist

movements, such as Spain, Canada and the United Kingdom.
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Appendix

Appendix Al. Link between Antagonism and Existing Measures of Heterogeneity

A1A. Antagonism, Cultural Fractionalization and Cultural Differentiation.

Suppose the cultural values of individuals are in a (-dimensional space. Thus, an individual is

characterized by the vector x; = {x} ,mf,. . a:jQ} . Total antagonism in a given cluster A; is given by

the total pairwise distances of the N; individuals in that cluster, i.e.:

Ni

A) ;Z (A zj) = ZZ dw]’m’“) (14)

The average (per capita) antagonism in cluster A; is:

N’L K2
1

N
Ai):Niiz A > d(xj, ) (15)
7=1 k=1
Consider first the one-dimensional case. We can define the C'F index of cultural fractionalization that
incorporates a consideration of distances (Desmet, Ortunio-Ortin and Wacziarg, 2017, Appendix, page
7):
N; N;
A;
CFp =) wjwpdjy (16)
j=1k=1
Here C'F' denotes cultural fractionalization, superscript A; denotes the specific cluster under consid-
eration, subscript D denotes that we are accounting for distances in answers. C'F’ éi is Greenberg’s B

index: the expected distance between the answers given by two randomly picked individuals. In our

case wj = wy, = 1/Nj, so:

E(A;) = CF} (17)
In the @-dimensional case, CF’ gi is the average C'F' over the @) dimensions (see Desmet, Ortuno-Ortin
and Wacziarg, 2017). In the case of squared Euclidean distance, we have d (z;,z) = ||z; — 2|2, so
1 Ni 1 Nz Ni Nz Ni 2
A;) = N Z (Aj, ) = N2 d(xj,xr) Z (:1:;1 - xZ) (18)
bj=1 Ni j=1k=1 j=1 k=1 q=1

The index CF gf’ 1S now:
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q=1 7 j=1

Next, consider G clusters, Aj, As,..., Ag, with number of individuals in cluster g given by N,. We

write the mean position in cluster g as p,. The set of all individuals is P = A; U Ag.....UAq . In this

case, within cluster C'F is:
G

G
orly =y Sory -3 %
9=1 g=1
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Now we can relate antagonism to the ®gr as defined on page 7 of the appendix of Desmet, Ortuio-

Ortin and Wacziarg (2017) - the so-called "index of genetic differentiation". We have:

E(P G Ng E(A
CFp —CFY PP - S NPGY _B(P) - T WE(4)
CFh i) E(P)

(I)ST = =T (21)

It is immediate to see that, given clusters G, the clusters A}, A5 ... A%, that minimize total within-group
antagonism are the ones that maximize the index ®gr (i.e. between-group antagonism) - which also

happens to be the indicator 7.

A1B. Antagonism, Mean Position and Between-Cluster Variance in the Squared Euclid-

ian Case.

We next show the well-known fact that in the case of Squared Euclidean distances, we have:

1 N; N; 9 N;
E(A) = 52 33 Iy = el = 5 3 ey = gl (22)
i j=1k=1 j=1
where p; denotes the vector of mean answers within group A;:
N;
= EEL e
Proof:
TR | N Q ) ] NN Q
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tk=1j=1 v k=1j=1q=1 v k=1j=1q=1

k=1 j=1 q=1 q=1 q=1 \k=1j=1
P a2 . 2
= T (@ =) 0= 3l —
' k=1q=1 k=1

We can also relate the antagonism in A; with the variance of the positions {xi,...,zn,} . In the

one-dimensional case the variance of A; is:

N,

N

Var(d) = 33 (o = m)” (25)

7j=1
Thus, E(A;) = 2Var(4;). With G clusters, Aj, As,..., Ag we have:

G G
Y E(A))=2) Var(4) (26)
g=1 g=1

Thus, total within cluster antagonism is closely related to weighted total within cluster variance under
the assumption that the distance metric is squared Euclidian. Another way to state this result is that
the clusters A7, A3,..., A7, that minimize total antagonism in society are the one that maximize the
index ®gr. Since total variance is constant, minimizing within-cluster antagonism is equivalent to

maximizing in between clusters variance.

22



In the multidimensional case (@ > 1), the interpretation is not exactly the same. We have:

2 {h v g_ a\>_ 2 - g _ a\° S q
E(Ai):Nijzqu:;(mj—M) :Ni;j1 (%‘Ni) :2;‘/‘”(%) (27)

where Var (z]) stands for (sample) variance in dimension g. Obviously, Equl Var (z!) is not the

"variance" of the random vector x;, since it ignores covariances. However, if we apply our method
using principal components of the questions, the () dimensions are by construction uncorrelated, and
Cov <xq, xq/) = 0. In this case, results obtained in the one-dimensional case apply for Q > 1 as well,

and minimizing within-clusters antagonism is equivalent to maximizing between-clusters variance.

23
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Appendix A3. Questions With the Highest Weights in the First Two Principal Components
(WVS wave 7)

The following list displays, for each of 7 illustrative countries, the 5 questions receiving the largest weights in
each of the first two principal components (in decreasing order of weight).

BRAZIL:

PC 1: Member: Belong to religious organization; Active/Inactive membership of church or religious
organization; Believe in: heaven; Important child qualities: obedience; Important child qualities: religious faith.
PC 2: Confidence: The Environmental Protection Movement; Confidence: The Women’s Movement; Important
in life: Politics; Confidence: Justice System/Courts; Confidence: Charitable or humanitarian organizations.

CHINA:

PC 1: Neighbors: Unmarried couples living together; Neighbors: People of a different religion; Neighbors:
Immigrants/foreign workers; Neighbors: Homosexuals; Neighbors: People who speak a different language.
PC 2: Believe in: God; Most people can be trusted; Believe in: heaven; Believe in: hell; Confidence: The Civil
Services.

ETHIOPIA:

PC 1: Important child qualities: religious faith; Important child qualities: obedience; Political system: Having a
strong leader; Confidence: Parliament; Confidence: The Government.

PC 2: Confidence: The Government; Confidence: Parliament; Confidence: The Police; Confidence: Justice
System/Courts; Member: Belong to self-help group, mutual aid group.

GERMANY:

PC 1: Believe in: God; Believe in: heaven; How important is God in your life; Believe in: life after death;
Believe in: hell.

PC 2: Member: Belong to religious organization; Believe in: God; Active/Inactive membership of church or
religious organization; Believe in: life after death; How important is God in your life.

NIGERIA:

PC 1: Political action: attending lawful/peaceful demonstrations; Political action: joining unofficial strikes;
Satisfaction with the political system; Neighbors: Unmarried couples living together; Important child qualities:
religious faith.

PC 2: Confidence: The Political Parties; Interest in politics; Confidence: The Government; Confidence: The Civil
Services; Confidence: Justice System/Courts.

SOUTH KOREA:

PC 1: How often do you attend religious services; Religious person; How often do you pray; Meaning of
religion: To follow religious norms and ceremonies vs To do good to other people; Meaning of religion: To
make sense of life after death vs To make sense of life in this world.

PC 2: Political action: Signing a petition; Democracy: The army takes over when government is incompetent;
Political action: attending lawful/peaceful demonstrations; Important child qualities: thrift saving money and
things; Democracy: Religious authorities interpret the laws.

UNITED STATES:

PC 1: Believe in: hell; Believe in: heaven; How important is God in your life; Important child qualities: religious
faith; Believe in: God.

PC 2: Most people can be trusted; How often do you attend religious services; Political action: attending
lawful/peaceful demonstrations; Interest in politics; How often do you pray.
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Appendix A4. Questions With the Highest Weights in the First Three Principal Components, United States,
across Seven WVS Waves

The following list displays, for the United States, the 5 questions receiving the largest weights in each of the
first three principal components (in decreasing order of weight), across successive waves of the WVS:

WAVE 1

DIMENSION 1: How often do you attend religious services; Important for successful marriage: Religious beliefs;
Abortion when woman not married; Abortion if not wanting more children; Member: Belong to none.
DIMENSION 2: Voluntary work: Unpaid work none; Political action: joining in boycotts; Political action: Signing
a petition; Member: Belong to none; Important child qualities: Good manners.

DIMENSION 3: Important in a job: good hours; Important in a job: generous holidays; Important in a job: not
too much pressure; Most people can be trusted; Voluntary work: Unpaid work none.

WAVE 2

DIMENSION 1: Believe in: resurrection of the dead; Important child qualities: religious faith; Member: Belong
to religious organization; Get comfort and strength from religion; Life is meaningful because God exits.
DIMENSION 2: Churches speak out on: third world problems; Churches speak out on: ecology and
environmental issues; Important in a job: an opportunity to use initiative; Churches speak out on:
disarmament; Churches speak out on: racial discrimination.

DIMENSION 3: Important in a job: a responsible job; Important in a job: a respected job; Important in a job:
good chances for promotion; Important in a job: meeting people; Important in a job: a job that meets one’s
abilities.

WAVE 3

DIMENSION 1: Believe in: hell; Important child qualities: religious faith; Believe in: devil; Believe in: heaven;
Get comfort and strength from religion.

DIMENSION 2: Important in a job: an opportunity to use initiative; Active/Inactive membership of
charitable/humanitarian organization; Active/Inactive membership of professional organization;
Active/Inactive membership of church or religious organization; Active/Inactive membership of art, music,
educational.

DIMENSION 3: Important in a job: good hours; Important in a job: a responsible job; Important in a job:
generous holidays; Important in a job: not too much pressure; Important in a job: a job that meets one’s
abilities.

WAVE 4

DIMENSION 1: Spend time with people at your church, mosque or synagogue; How often do you attend
religious services; Important in life: Religion; Pray to God outside of religious services (i); Justifiable:
Homosexuality.

DIMENSION 2: Most people can be trusted; Political action: joining in boycotts; Political action: attending
lawful/peaceful demonstrations; Spend time with people at sport, culture, communal organization; How often
discusses political matters with friends.

DIMENSION 3: Important in a job: generous holidays; Important in a job: a responsible job; Important in a job:
not too much pressure; Important in a job: a respected job; Important in a job: a job that meets one’s abilities.
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WAVES

DIMENSION 1: How often do you attend religious services; Woman as a single parent; Justifiable:
Homosexuality; Better if more people with strong religious beliefs in public office; Important in life: Religion.
DIMENSION 2: Political action recently done: signing a petition; Most people can be trusted; Political action:
joining in boycotts; Interest in politics; Political action: attending lawful/peaceful demonstrations.
DIMENSION 3: Churches give answers: moral problems; Churches give answers: the problems of family life;
Churches give answers: the social problems; Churches give answers: people’s spiritual needs; Woman as a
single parent.

WAVE 6

DIMENSION 1: Important child qualities: religious faith; Believe in: hell; Active/Inactive membership of church
or religious organization; How important is God in your life; We depend too much on science and not enough
on faith.

DIMENSION 2: Vote in elections: National level; Vote in elections: local level; Most people can be trusted;
Interest in politics; Political action: Signing a petition.

DIMENSION 3: Government responsibility; Democracy: Governments tax the rich and subsidize the poor.;
Democracy: The state makes people's incomes equal; Things done for reasons of security: Didn’t carry much
money; Important child qualities: tolerance and respect for other people.

WAVE7

DIMENSION 1: Believe in: hell; Believe in: heaven; How important is God in your life; Important child qualities:
religious faith; Believe in: God.

DIMENSION 2: Most people can be trusted; How often do you attend religious services; Political action:
attending lawful/peaceful demonstrations; Interest in politics; How often do you pray.

DIMENSION 3: Political system: Having a strong leader; Worries: Not being able to give one's children a good
education; Worries: Losing my job or not finding a job; Worries: A civil war; Political system: Having the army
rule...
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Figure 1 — Validation: Recovering Countries from Pooled Data from China, the US and Zimbabwe

Panel A - Individuals from the Three Countries along the First and Second PCs

¢ China
« USA

Second PC

+» Zimbabwe

-3 -2

-1 0 1 2 3
First PC

Panel B — Individuals from the Three Endogenous Partitions along the First and Second PC

s Cluster 1

Second PC

+ Cluster 2
o Cluster 3

Percentages of respondents from each country that belong to each cluster:

O China | USA |Zimbabwe
Cluster 1| 96.5 | 2.2 (2}
Cluster 2 1 79.5 1.7
Cluster 3| 2.4 |18.2| 98.2
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Second PC

Figure 2 — Validation: Detecting East and West Germany

Panel A — East and West Germans along the First and Second PCs, Wave 3
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Panel B — East and West Germans along the First and Second PCs, Wave 7
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Panel B — Selection of Other Countries (Wave 7)
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