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The form of political polarization where citizens develop strongly
negative attitudes toward out-party members and policies has
become increasingly prominent across many democracies. Eco-
nomic hardship and social inequality, as well as intergroup and
racial conflict, have been identified as important contributing
factors to this phenomenon known as “affective polarization.”
Research shows that partisan animosities are exacerbated
when these interests and identities become aligned with exist-
ing party cleavages. In this paper, we use a model of cultural
evolution to study how these forces combine to generate and
maintain affective political polarization. We show that eco-
nomic events can drive both affective polarization and the sort-
ing of group identities along party lines, which, in turn, can
magnify the effects of underlying inequality between those
groups. But, on a more optimistic note, we show that suffi-
ciently high levels of wealth redistribution through the provi-
sion of public goods can counteract this feedback and limit the
rise of polarization. We test some of our key theoretical predic-
tions using survey data on intergroup polarization, sorting of
racial groups, and affective polarization in the United States
over the past 50 y.
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The political polarization of citizens is increasingly a concern
throughout the world, as populist movements challenge

mainstream parties in efforts to disrupt established institutions
and democratic norms (1). Such trends have been especially
manifest in the United States, where they have culminated in
political violence such as at the Unite the Right rally in Char-
lottesville and the storming of the Capitol during the certifica-
tion of the 2020 presidential election (2) (see also ref. 3).

There has been extensive debate about the nature and causes
of mass polarization. The earliest work, focused on the distribu-
tions of voter policy preferences, cast considerable doubt as to
whether mass polarization was an important phenomenon at
all. That work continues to show that the public’s attitudes on
policy issues have remained stable and centrist over many deca-
des (4) (but see ref. 5; this debate is reviewed in ref. 6).

However, two other important facets of mass polarization
have been rising. The first is the process of partisan sorting,
where the policy preferences and group identities of a voter
better align with their partisan attachments (7–9). The second
is affective polarization, whereby individuals develop negative
attitudes and behaviors toward members of the opposing party
(10, 11).

Sorting and affective polarization appear to be strongly
related to increasing intergroup conflict. The growth of inter-
group antagonism has been shown to have multiple contribut-
ing factors, including economic adversity, racial animus, and a
range of other socioeconomic factors (12–19). Recent work
focusing on the cultural evolution of polarization along identity
group lines (20) has shown that a rise in economic adversity or
inequality can cause polarized behavioral strategies to take
hold and become entrenched in a population, even when the
adverse conditions that stimulated it are reversed (21).

Despite the important link between partisan sorting and inter-
group conflict, there have been few analytical efforts to examine
the joint dynamics of these processes. So, in this paper, we gen-
eralize the framework of Stewart et al. (20) to study the cultural
evolution of group polarization and party sorting. In this model,
out-group economic interactions are assumed to be more benefi-
cial but more risky than in-group interactions (22–26), and
adverse economic environments are assumed to favor risk aver-
sion. We show that, when agents attend to both group and parti-
san identities in choosing interaction partners, this stimulates
both the evolution of behavioral strategies that polarize along
party lines and the sorting of group identities along party lines.
These behaviors evolve in response to shifts in the economic
environment and underlying inequality.

Efforts to mitigate risk aversion in disadvantaged groups via
wealth redistribution, in the form of public goods, have the
potential to counteract feedback loops that induce polarization.
And yet, we show that low levels of redistribution can actually
magnify underlying inequality and entrench polarization. But,
more optimistically, we also find that sufficiently high levels of
redistribution can indeed reduce the impact of inequality and
even prevent the emergence of polarization.

Results
To study the cultural evolution of mass political polarization,
we generalize a model previously developed to study intergroup
polarization and economic interactions (20).
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In this model, we assume that a large population of individu-
als comprises two distinct identity groups. These identities are
assumed fixed, and thus correspond to a fixed feature of iden-
tity such as race, religious heritage, or socioeconomic back-
ground. Although such identities are fixed in the model, the
salience of the identity, and therefore its impact on behavior,
varies.

We assume that members of the population choose to inter-
act with one another, using a one-dimensional strategy p, that
describes the probability of choosing an in-group member for
an economic interaction, whereas the probability of choosing
an out-group member is 1� p (Fig. 1 and Table 1). A large lit-
erature documents the prevalence of economic discrimination

on the basis of group identities. For a recent review and cri-
tique, see ref. 27. That difference in partisan identifications can
lead to economic discrimination is consistent with the experi-
mental findings in refs. 28 and 29.

We assume that out-group interactions are more risky than
in-group interactions. In particular, an in-group interaction has
success probability qI , while an out-group interaction has suc-
cess probability qO < qI . Successful in-group interactions gener-
ate benefit BI , whereas out-group interactions generate benefit
BO, such that the expected benefit of out-group interactions
exceeds that of in-group interactions—that is, qIBI < qOBO.

This asymmetry, in which out-group interactions generate
greater potential benefits than in-group interactions (BO > BI),
may reflect the benefits of cultural or ideological diversity on
the quality of joint enterprise, as seen, for example, in the qual-
ity of Wikipedia articles produced by an ideologically diverse
team (26). These asymmetries may also be motivated by the
expansion of economic gains and opportunities associated with
the expansion of markets when groups are willing to trade and
work with one another (30).

Finally, we assume that the state of the underlying economic
environment, h, determines the risk profile experienced by indi-
viduals as the benefits of their social interactions are translated
into utility. The expected utility for a player i is given by

wi ¼ pi qIFðBI þ hÞ þ pið1� qIÞFðhÞþ
ð1� piÞð1� �pOÞqOFðBO þ hÞþ
ð1� piÞð�pOqO þ ð1� qOÞÞFðhÞ, [1]

where �pO is the average strategy among out-group members.
We have assumed that out-group interactions are only possible
if both players are willing to interact with out-group members,
whereas in-group interactions are always available (Table 1 and
Materials and Methods). The function F defines an individual’s
utility as a function of material payoff x and has the form

FðxÞ ¼ exp½hx�
1þ exp½hx� ð1þ axÞ: [2]

Here h controls the steepness of the nonlinear sigmoid compo-
nent of the curve, and a controls the gradient of the linear com-
ponent of the curve. This modified “S”-shaped utility function
allows us to capture changes to risk aversion experienced by
individuals as a function of the underlying economic environ-
ment, h. Assuming a� 1, the utility function F is maximally

concave (risk averse) when hx� ln
ffiffiffi
3

p þ 1=
ffiffiffi
3

p � 1
� �

, and is

A

B

Fig. 1. Model of social interaction and identity. (A) A focal individual
(black) engages in beneficial economic interactions. (I) He first chooses a tar-
get for interaction (Table 1). In general, this decision may be based on both
party and group identity. (II) The chosen target may then agree to engage
or not, based on the identity of the focal individual. (III) If the pair interacts,
the interaction is successful with probability qI if they share the same iden-
tity group, or qO if they belong to different identity groups. (IV) The benefit
of a successful interaction is translated into a level of utility that depends on
the underlying economic environment (denoted “wealth”) experienced by
the focal individual. Depending on that environment, the agent’s utility
function may be risk neutral (gray region), risk averse (red region), or risk
tolerant (blue region), as described in Eq. 2. (B) The table shows default
parameters for our analysis, although we vary these systematically in SI
Appendix and show that our results are robust to parameter choice.

Table 1. Summary of decision processes

We consider three decision processes for a focal individual i choosing an
economic interaction. For each decision process, there is a probability of
interaction given the identity of a potential target, and a probability of a
target j consenting to interaction. If an interaction takes place, the
probability of success, and the benefit generated, depend on the identity
groups of the pair.
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maximally convex (risk tolerant) when hx� ln
ffiffiffi
3

p � 1=
ffiffiffi
3

p þ 1
� �

,
and it becomes linear (risk neutral) when x� 0.

Intuitively, our utility function implies there is risk aversion
when the underlying economic environment parameter h is
small but positive. In this regime, which may be thought of as
analogous to a risk profile of an individual close to poverty, fail-
ures of economic interactions result in very sharp declines in
utility—and so, in-group interactions are preferable to the
more risky out-group interactions. But, when the underlying
economic environment is very good (h� 0), risk aversion
declines, and out-group interactions, which have greater
expected returns, are preferable. Finally, when the underlying
environment is so bad (h< 0) that a successful economic inter-
action produces a sharp increase in utility, then risky out-group
interactions become strongly preferred.

A version of this model of intergroup interaction has already
shown (20) that both high polarization (p¼ 1) and low polariza-
tion (p¼ 0) are stable outcomes when the economic environment
is strong; but only high polarization is stable as risk aversion
increases. As a result, populations tend to become polarized
when the underlying economic environment exogenously
declines, and they remain polarized even if the economic envi-
ronment subsequently improves.

We now generalize the framework to study mass political
polarization, in which individuals have a fixed group identity
and a sticky, but more malleable, partisan identity. We study
how polarization along party lines can emerge as a consequence
of risk aversion, as well as the extent to which group identities
sort along party lines. We further allow for feedback between
individual economic interactions and the overall state of the
economic environment. Thus, the environmental dynamic is not
exogenous, but rather is coupled to partisan identification and
individual decisions about economic interactions. This coupling
leads to a runaway process that accelerates the rise of polariza-
tion and also exacerbates economic inequality through its
impact on intergroup interactions.

Model of Party Identity and Social Decisions. In order to general-
ize the model outlined above and to capture the dynamics of
mass political polarization, we assume that the population is
composed of two identity groups and two political parties. Each
individual has both a group identity and a party identity. In
general, we assume an individual’s partisan identity can change,
while their group identity is fixed. While this is a reasonable
assumption for many group identities, others, such as religion
and ethnicity, may switch to match one’s partisanship (31, 32).
On the flip side, partisanship in the United States has been
shown to be quite stable at the individual level, except in excep-
tional circumstances such as the realignment of White south-
erners following Civil Rights (33). But we can interpret party
switching in our model as driven by generational change. The
risks and benefits of economic interactions between individuals
vary by group identity, but we assume that they are indepen-
dent of party identity. We now consider two additional decision
processes beyond that described above. In these versions, an
individual’s strategy p depends on both party and group iden-
tity. First, we describe a case in which the decision to interact
with another player depends on their party identity alone, and,
second, we consider a case in which both group identity and
party identity are salient to interaction choices. Importantly, we
assume that differences across these models are due to differ-
ences in the saliences of group and party identification, not the
ability of agents to observe group or party identification. Future
work may consider the case where partisanship must be
inferred from group identity, or vice versa.

Table 1 summarizes the parameters and interaction probabili-
ties in all three cases. A detailed description of the mathematical

model is given in Materials and Methods, and further details of
its analysis can be found in SI Appendix.

The key differences between the various decision processes
summarized in Table 1 involve different probabilities that a
player chooses a particular type of interaction, and different
probabilities of that interaction being accepted by the other
agent. When group identity alone is salient to choice of interac-
tion partners, then out-group members may reject an interac-
tion. When only party identity is salient, then out-party members
may reject an interaction. When both group identity and party
identity are salient, either an out-group or an out-party member
may reject an interaction.

We show that, for all three decision processes, the dynamics
of cultural evolution lead to bistability when the underlying
economic environment makes individuals risk neutral or risk
tolerant, with both a high-polarization and a low-polarization
equilibrium as stable outcomes, and that this bistability is
robust to the choice of parameters (see SI Appendix). However,
if the environment becomes sufficiently risk averse, only the
high-polarization equilibrium is stable. Thus a population faced
with a sufficiently risk-averse environment moves toward a state
of high polarization and remains there, even if the underlying
environment subsequently improves and risk aversion declines
(20). We explore the consequences of these dynamics for sort-
ing of identity groups along party lines, and in the presence of
redistribution via public goods.

Sorting. In general, political parties and identity groups may be
different in size. However, we make the simplifying assumption
that both groups and parties are equal in size. If we denote the
proportion of group 1 in party 1 as x1 and the proportion of
group 2 in party 2 as x2, the assumption of equal-sized groups
and parties and groups means x1 ¼ x2 ¼ x. Under this assump-
tion, we can define the degree of sorting of identity groups
along partisan lines via the simple expression

χ ¼ 2x� 1 [3]

such that χ ¼ 0 corresponds to identity groups distributed
equally among the parties, while χ ¼ 1 corresponds to party 1
perfectly aligned with group 1 and χ ¼�1 corresponds to party
2 perfectly aligned with group 1.

Inequality and Redistribution. In our model, successful economic
interactions not only benefit the pair of interacting individuals
but also generate a contribution to a public good that benefits
the population at large. To capture this public goods provision,
we assume that the current economic environment h is a linear
function of the benefits generated by successful interactions,

h¼ αð1� γαÞr�B� h0, [4]

where α is the tax rate on wealth, γ captures the deadweight
loss due to taxation, r is the benefit multiplication factor of the
public good, and h0 is the baseline economic environment when
no economic interactions occur. Here �B denotes the average
benefit from economic interactions across the population. The
“after tax” payoff received by an individual who generates ben-
efit B from economic interactions is thus ð1� αÞBþ h. This
model is motivated by political economic models of linear taxa-
tion (34). The consequences of alternative forms of taxation
and public goods production offer a natural direction for
future work.

Redistribution of public goods is particularly important in
the presence of preexisting wealth inequality. A large body of
empirical and theoretical work has demonstrated that inequal-
ity and polarization correlate and are likely causally linked (35,
36). To capture the effects of preexisting inequality, we assume
that one identity group receives benefits from social interac-
tions scaled by a factor 2βB while the other group receives
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2ð1� βÞB. Thus, when β¼ 0:5, there is no baseline inequality,
whereas, when β¼ 0:01, the wealthier group is around 100
times better off as a result of economic interactions than the
poorer group, reflecting, for example, higher-paying jobs or the
ability to invest their gains. Alternatively, the wealthier group
can be modeled as experiencing a better baseline economic
environment, as in ref. 20.

Joint Dynamics of Sorting and Polarized Attitudes. We first con-
sider the interdependence of sorting and polarization. We keep
party size fixed such that a small change in x can be thought of
as two members of different identity groups and parties swap-
ping parties. We explore this interdependence for both decision
processes that account for group and party and those that
account for party alone.

We find that, for both types of decision processes, low polari-
zation favors high sorting—so that people change parties until
parties are aligned with identity group. This is in contrast to a
decision process that takes account only of group identity,
where sorting has no effect on utility and therefore does not
tend to evolve (see SI Appendix). Under the mixed scenario, in
which interaction strategies attend to both group and party
identity, high sorting evolves in all environments (Fig. 2). And
so the model predicts, in general, that a shift from individuals
paying attention to only group identity to individuals also pay-
ing attention to party identity will lead to sorting.

For interaction strategies that account only for party identity,
however, high polarization favors low sorting (SI Appendix, Fig.
S2) when the environment does not induce risk aversion. This
arises because, when players focus only on party identity and
only interact with their own party, expected payoffs can be max-
imized by making the parties well mixed with respect to identity
group, without any risk of failed interactions due to out-group
members refusing to participate in an interaction (Table 1).
However, when group identity is visible and salient for interac-
tions, this is not possible.

Identity Group Structure. We explored the coevolution of sorting
and affective polarization as a function of the size and number
of identity groups (see Materials and Methods). We find that,
when there is pressure to keep parties of equal size, sorting
evolves alongside polarization (SI Appendix, Fig. S9). We also
explored the impact of group size and structure on the evolu-
tion of polarization and sorting (SI Appendix, section 3). We
find that, as the number of identity groups increases, the degree

of polarization and sorting declines, because interacting exclu-
sively with an in-group becomes increasingly difficult (SI
Appendix, Fig. S10). We also find that, when there are two iden-
tity groups of different sizes, the larger identity group becomes
less sorted than the smaller group (SI Appendix, Fig. S11).
Finally, we explored the effect of having one large identity
group and multiple smaller identity groups. Under this sce-
nario, we find that sorting and polarization remain high, with
one party becoming heterogeneous (i.e., made up of many
small identity groups) and the other remaining largely homoge-
neous (SI Appendix, Fig. S11).

Attention to Party. So far, we have described the evolution of
affective polarization when people pay attention to both group
and party identity, and when people pay attention to group iden-
tity alone. Next, we considered the effects of varying attention to
party identity on the dynamics of sorting and polarization (SI
Appendix, section S3). We find that, whereas polarization in
response to risk aversion evolves regardless of the degree of
attention paid to party identity, sorting increases rapidly with
attention to party identity (SI Appendix, Fig. S9), suggesting a
feedback loop in which increasingly salient party identities lead
to sorting, which further increases the salience of party identity.

Race, Party, and Sorting. Our model predicts that individuals who
take into account both group and party identity when making
economic decisions will tend to evolve to a state in which group
and party identity align. To examine this theoretical prediction,
we looked at the salience of racial identity, party identity, and
sorting of people identifying as White, Black, or Hispanic in US
presidential elections between 1964 and 2016. Using American
National Election Survey (ANES) data, we calculated the affec-
tive polarization and in-group favorability toward one’s own
racial group versus people from other racial groups, as well as
the degree of sorting, measured by the variance in party prefer-
ence explained by racial identity (Fig. 3 and SI Appendix) (37).

We find that the salience of racial identity (measured by the
in-group favorability among respondents) has declined over
time among White and Black respondents, and remained stable
among Hispanic respondents. At the same time, the salience of
party has increased (measured by affective polarization among
White respondents) among all groups, with the most significant
effect among White and Black respondents. A corresponding
increase is also seen in the degree of sorting among White and
Black respondents, with Hispanic sorting showing only a slight
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increase. This suggests a shift in which individuals pay relatively
greater attention to party identity over time, and also become
more sorted with respect to racial identity. This pattern is con-
sistent the predictions of our model (Fig. 2)—namely, that, as
attention is increasingly paid to party, this will induce sorting of
group identities along party lines.

Redistribution, Inequality, and Polarization. According to our
model, increased polarization arises as a result of risk aversion in
a poor economic environment. In general, however, different

identity groups may experience different economic environments.
In particular, when there is inequality such that some groups pos-
sess less wealth than others, they are more likely to be risk averse
and thus become polarized. Such inequality can lead to the evolu-
tion of polarization in the whole population (20). However, redis-
tribution via public goods can reduce inequality, and might
improve the overall economic environment.

We use Monte Carlo simulations to explore the impact of
such redistribution on the dynamics of mass polarization in the
presence of inequality. In particular, we focus on situations in
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(H) Hispanic (p¼ 0:021, t ¼ 2:9) respondents, indicating a relative decline in the salience of racial identity and an increase in party identity among both
the White and the Black groups, and a correspondingly weaker change among the Hispanic group. Sorting of racial groups along party lines has increased
among (C) White (p< 0:01, t ¼ 3:7) and (F) Black (p< 0:01, t ¼ 4:7) respondents, but shows a much weaker change among (I) Hispanic respondents
(p¼ 0:047, t ¼ 2:2). Sorting is measured by the variance in party preference explained by racial identity.
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which the range of h (Eq. 4) encompasses different economic
environments, ranging from risk neutral through risk averse
and risk tolerant.

Fig. 4 shows the effect of redistribution and inequality on the
dynamics of polarization. We see that sufficient redistribution
can reduce both inequality and polarization, although a high
degree of redistribution is required to prevent polarization. This
effect holds when public goods are purely redistributive (r ¼ 1 in
Eq. 4), and when public goods increase the overall wealth of the
population (r > 1) (SI Appendix, Fig. S13). When taxation pro-
duces a deadweight loss (γ > 0; Eq. 4), it becomes harder to
reduce polarization via redistribution (SI Appendix, Fig. S3).

Although sufficient redistribution can reduce inequality and
polarization, it is also important to note that the effect of feed-
back between individual economic interactions and the overall
economic environment that arises as a result of redistribution
can facilitate the evolution of polarization compared to a high-
quality stable environment (i.e., fixed h; Fig. 4C) in which polar-
ization does not evolve. Thus, introducing feedback between
individual interactions and the environment through low or
intermediate levels of redistribution can make things worse, by
both failing to reduce inequality and facilitating the evolution
of polarization (Fig. 4 C and D).

We exogenously varied the amount of sorting, χ. Sorting
tends to increase polarization, but it can have complex effects
on levels of inequality and population average utility. This is
because intermediate levels of polarization tend to result in
lower levels of utility. Where reducing sorting can also reduce
polarization to low levels, it has a beneficial effect in reducing
inequality and increasing population average utility (see SI
Appendix).

Inequality Reduces Average Utility. We also explored the impact
of inequality on population average utility. In general, underly-
ing inequality resulting from lower income from economic
interactions tends to reduce the population average utility com-
pared to the case where average income remains the same but
there is no inequality (Fig. 4 and SI Appendix, Figs. S12 and
S13). This is because the poorer group tends to experience the
risk-averse environment in which failed interactions produce a
sharp decline in utility.

Recovery from Polarization. For a wide range of parameter val-
ues, the system is bistable, with both high- and low-polarization
equilibria maintained unless the environment is risk averse
(see SI Appendix). Until this point, we have focused on the
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Fig. 4. Redistribution and inequality. (A and B) Ensemble mean equilibria and (C and D) time trajectories for a population initialized in a low-polarization
state, from individual-based simulations in the presence of wealth redistribution (Eq. 4). We show results in the case of no underlying economic inequality,
β¼ 0:5 (dashed lines), as well the case of high underlying inequality, β¼ 0:01 (solid lines). Results shown here arise from a decision process that attends to
group or party identity, and sorting is fixed exogenously at v¼ 1. (A) When public goods are not multiplicative (r ¼ 1 and h0 ¼ 0:5), and redistribution is
absent (α¼ 0), overall inequality (gray line, measured as the relative difference in utility; see SI Appendix) and polarization (green line) are high. With
increasing rates of redistribution, first, overall inequality and, then, polarization decline to zero. (B) Increasing redistribution increases overall utility toward
the level achieved when underlying inequality is absent. (C) When public goods increase overall utility (r ¼ 10 and h0 ¼ 5:4), redistribution (here α¼ 0:5)
can act to magnify both polarization and inequality over time, compared to a fixed environment without feedback via redistribution. (D) Overall inequality
initially has a relatively small impact on population mean utility in a population initialized in a low-polarization state (black lines), but redistribution is
seen to magnify the effects of underlying inequality, with the richer group (red line) experiencing a transient decline in utility as polarization evolves
before returning to a value close to maximum, while the poorer group (blue line) suffers an irreversible decline toward utility close to zero. Plots show
ensemble mean values across 104 replicate simulations, for groups of 1,000 individuals each. Success probabilities and benefits are fixed at BI ¼ 1, BO ¼ 2,
qI ¼ 1:0, qO ¼ 0:6 with h¼ 10 and a¼ 0:02, while γ ¼ 0. Evolution occurs via the copying process (see Materials and Methods) with selection strength
r¼ 10, mutation rate μ¼ 10�3, and mutation size Δ¼ 0:01.
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conditions under which a population will evolve from a low-
to a high-polarization state—that is, the conditions under which
the low-polarization equilibrium is lost. However, recover-
ing low polarization once high polarization has evolved requires
a switch from one equilibrium to another. In practice, this
may occur as the result of an environmental shock (see
SI Appendix) or as a result of coordinated action in which a
sufficient number of individuals simultaneously adopt a low-
polarization strategy to move the population to a state that is
then attracted to a low-polarization equilibrium. The thresh-
old frequency of individuals required to achieve this transi-
tion is determined by the size of basin of attraction for the
high-polarization equilibrium.

We calculated the frequency required for escape—the pro-
portion of the population that must simultaneously adopt a
low-polarization behavior to escape the high-polarization
equilibrium (Fig. 5) as a function of the baseline economic
environment (h0) and the degree of sorting (χ). We find that,
for many environments, escape is easiest following an eco-
nomic shock (i.e., a poor environment) in which the popula-
tion becomes risk tolerant. However, we also find that, once
the economic environment is sufficiently advantageous, such
that risk aversion is lessened, escape from polarization is fea-
sible, especially if the degree of sorting is also low. Thus,
addressing polarization, absent an economic catastrophe,
requires first improving the economic environment, minimiz-
ing sorting, and then engaging in sufficient coordinated action
for a subset of the population to adopt low-polarization
behavior, followed by the spread of low-polarization behavior
by social contagion.

Discussion
Our model provides a framework for connecting the effects of
intergroup animus, economic adversity, and mass political polari-
zation through the lens of cultural evolution (38, 39). We focus
on polarization expressed through loss of positive social interac-
tions with members of an out-party (10, 11), and sorting of iden-
tity groups along party lines (7–9). We show that attending to
party identity when deciding who to interact with is sufficient to
translate intergroup polarization stimulated by adverse economic
conditions into political polarization between members of oppos-
ing parties (Fig. 2). We further show that, if party identity is able
to evolve alongside behavioral strategies, this can also lead to
sorting of identity groups along party lines (Fig. 3). We then
show that feedback between individuals’ economic interactions
and the overall economic environment can lead to increased
polarization and amplify the effects of underlying inequality
between groups (Fig. 4). These effects are magnified when iden-
tity groups are sorted along party lines, but can be mitigated or
prevented entirely if redistribution of wealth via public goods is
put in place to combat inequality (Figs. 4 and 5).

In performing simulations on redistribution (Fig. 4), we used
fixed levels of sorting, on the basis that changes to party identity
can be assumed slow compared to changes in interaction strat-
egy. However, if the evolution of sorting occurs rapidly, situa-
tions may arise in which members of different parties experience
divergent selection pressures, raising the possibility that different
levels of polarization may arise in some subsets of the population
and not others. We find (SI Appendix, Fig. S11) that, when a
population is made up of one large and many small identity
groups, the dynamics of sorting tend to make the large group
form one homogeneous party, and the smaller groups bands
together to form a more diverse party, with both parties exhibit-
ing high levels polarization—a situation reminiscent of the major
US political parties today. Exploring how effects such as these
interact with inequality is a natural direction for future work.

In our model, we specify a mechanism, based on pairwise eco-
nomic interactions, such as trade, employment decisions, and
social cooperation, that leads to the risk aversion that drives
polarization. The risk aversion we describe depends on the rapid
decline in utility (Eq. 2), which may reflect either perceived or
actual loss of income. Although one might expect, on the basis of
our model, that richer groups should be less polarized and more
heterogeneous in their interactions, we find here (SI Appendix,
Fig. S12) and in previous work (20) that polarization rapidly
spreads to the whole population, including to risk-tolerant indi-
viduals, once it takes hold among a risk-averse subset.

Empirical trends of racial and affective polarization and sort-
ing are consistent with our model (Fig. 3), but the drivers of
increased party salience are complex. We find (SI Appendix,
Fig. S5) that an increase in the salience of party identity can be
beneficial under some circumstances; however, it is important
to note that such changes are likely driven by other factors, as
well. For example, social desirability bias can lead to reduced
racial polarization (40) while allowing interparty animus to
remain high. In addition, there is evidence (41) that increased
affective polarization is partly driven by exogenous factors such
as media environment and lack of contact opportunity with
out-group members resulting in induced homophily (42). The
interaction between such structural forces and the dynamics of
cultural evolution described is an important topic for future
research.

Our work focuses on affective polarization and sorting with
respect to identity groups among the electorate. However,
attempts to prevent and reverse polarization must also take
account of the mechanisms that enable elite (43, 44) and ideo-
logical polarization (44, 45), and must account for the role of
factors such as geography (46) and population and social

Fig. 5. Recovering from polarization. We numerically calculated the size
of the basin of attraction for the high-polarization state, which deter-
mines the escape frequency—that is, the proportion of the population
that must simultaneously adopt a low-polarization behavior to escape the
high-polarization equilibrium. We show the escape frequency as a func-
tion of the baseline environment, h0, and the (fixed) degree of sorting, v.
For intermediate values of theta, risk aversion means that it becomes
increasingly difficult to reverse polarization (higher escape frequency,
darker colors). However, when the environment is very bad, and risk toler-
ance dominates, or if the environment is very good, it becomes possible to
reverse polarization through the coordinated behavior of small frequency
of low-polarization individuals. When the environment is good and sort-
ing is low, polarization is easiest to reverse without entering a highly dele-
terious environment. Other parameters are set to BI ¼ 1, BO ¼ 2, qI ¼ 1:0,
qO ¼ 0:6 with h¼ 10 and a¼ 0:02, while γ ¼ 0, β¼ 0:5, h0 ¼ 0:5, and r ¼ 1
unless otherwise stated.
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network structure (47–49) in producing mass polarization, in
addition to the intergroup and economic factors studied here.
We must also remain alert to the circumstances under which
polarization can provide benefits (50, 51) (e.g., SI Appendix,
Fig. S12 in which increased sorting can increase polarization
but reduce inequality).

The impact of underlying inequality on the evolution of
polarization, and the amplification of the effects of inequality
via economic feedback, illustrate the need to think carefully
about mass political polarization in the context of intergroup
conflict and the economic environment (2, 35). This is partic-
ularly true when assessing ways to prevent or reverse mass
polarization. The success of redistribution in stemming the
tide of polarization in our model is striking, and it suggests a
possible path for preventing such attitudes from taking hold
in the future. We emphasize, though, that this strategy is only
possible if implemented in a population that is not already
polarized, in an environment that supports low polarization.
Once polarization sets in, it typically remains stable under
individual-level evolutionary dynamics, even when the eco-
nomic environment improves or inequality is reversed. The
only remedy for reversing a polarized state, under our analy-
sis, requires either a shock (SI Appendix, Fig. S14) or a suffi-
ciently good economic environment coupled with collective
action by a portion of the population who change strategies
simultaneously.

Materials and Methods
In this section, we describe the decision process, the calculation of utility and
selection gradient, and the copying process used in simulations. Further analy-
sis of the model can be found in SI Appendix.

Measure of Inequality. Throughout, we adopt a simple measure of inequality:
the difference in relative utility between the two groups that is, wHIGH�wLOW

wHIGHþwLOW
,

where wHIGH is the average utility of the richer group and wLOW is the utility
of the poorer group.

Decision Process. Table 1 gives the probability for a focal player i choosing to
interact with a given player j based on the identity of j and the decision pro-
cess adopted by i. In order to calculate the utility of i given a decision process,
wemust calculate the probability distribution for the next interaction i partici-
pates in, conditional on an interaction occurring. That is, we must weight the
probability of interactions given in Table 1 by the number of individuals in
each group, and normalize the distribution. This corresponds to a process in
which the focal player randomly draws an individual from the population and
then decides to pursue an interaction with that individual based on the proba-
bilities given in Table 1. These normalized distributions are given below for
the decision process that takes account of only party identity, and for the deci-
sion process that takes account of group or party identity. Note that, if the
decision process takes account of group identity only, no normalization is
required, since the degree of sorting does not impact the probability of
interaction.

Only Party Identity. Under this decision process, the probability of an individ-
ual i belonging to group 1 and party 1 choosing to interact with an individual
with identity kl is pklðxÞ, where k indexes the group identity I or O and l
indexes the party identity, and x is the frequency of individuals from group 1
in party 1 (and, by symmetry, the number of individuals from group 2 in party
2).We then have

pIIðxÞ ¼ pix
pixþ ð1�piÞð1� xÞ þpið1� xÞ þ ð1�piÞx

pIOðxÞ ¼ ð1�piÞð1� xÞ
pixþ ð1�piÞð1� xÞ þpið1� xÞ þ ð1�piÞx

pOIðxÞ ¼ pið1� xÞ
pixþ ð1�piÞð1� xÞ þpið1� xÞ þ ð1�piÞx

pOOðxÞ ¼ ð1�piÞx
pixþ ð1�piÞð1� xÞ þpið1� xÞ þ ð1�piÞx ,

[5]

where x is the proportion of identity group k that also belong to party k.

Party or Group Identity. Under this decision process, the probability of an indi-
vidual i who belongs to group 1 and party 1 choosing to interact with an indi-
vidual with identity kl is ϕklðxÞ. We then have

ϕIIðxÞ ¼
ð2pi �p2

i Þx
ð2pi �p2

i Þxþ 2
�
pi þ ð1�piÞ2

�
ð1� xÞ þ ð1�p2

i Þx

ϕIOðxÞ ¼
�
pi þ ð1�piÞ2

�
ð1� xÞ

ð2pi �p2
i Þxþ 2

�
pi þ ð1�piÞ2

�
ð1� xÞ þ ð1�p2

i Þx

ϕOIðxÞ ¼
�
pi þ ð1�piÞ2

�
ð1� xÞ

ð2pi �p2
i Þxþ 2

�
pi þ ð1�piÞ2

�
ð1� xÞ þ ð1�p2

i Þx

ϕOOðxÞ ¼
ð1�p2

i Þx
ð2pi �p2

i Þxþ 2
�
pi þ ð1�piÞ2

�
ð1� xÞ þ ð1�p2

i Þx
:

[6]

This decision strategy reflects a situation in which an individual sees someone
as a member of their in-group if they share either the same group or the same
party identity, and weights both of those dimensions of identity equally. We
explore an “and”-type decision process in SI Appendix.

Expected Utility. In order to explore the evolutionary dynamics of polariza-
tion, we calculate the expected utility of a mutant strategy pi, which deviates
by a small amount from the resident strategy p employed by the rest of the
population. Using Eqs. 5 and 6 above, we can now write down the expected
fitness for such a mutant under a given decision process. When players only
attend to party identity, the utility of such a mutant is

wiðxÞ ¼ ½pIIðxÞ þ pIOðxÞð1�pÞ�qIFðBI þ hÞþ
½ðpIIðxÞ þ pIOðxÞÞð1�qIÞ þ pIOðxÞpqI�FðhÞþ
½pOIðxÞ þ pOOðxÞð1�pÞ�qOFðBO þ hÞþ
½ðpOIðxÞ þ pOOðxÞÞð1�qOÞ þ pOOðxÞpqO�FðhÞ,

[7]

whereas the utility of a mutant when players attend to party or group is

wiðxÞ ¼ ½ϕIIðxÞ þ ϕIOðxÞð1� pÞ�qIFðBI þ hÞþ
½ðϕIIðxÞ þ ϕIOðxÞÞð1� qIÞ þ ϕIOðxÞpqI�FðhÞ ¼
½ϕOIðxÞð1� pÞ þ ϕOOðxÞð1� p2Þ�qOFðBO þ hÞ ¼
½ðϕOIðxÞ þ ϕOOðxÞÞð1� qOÞ þ ðϕOIðxÞpþ ϕOOðxÞp2ÞqO�FðhÞ:

[8]

Selection Gradient. We can now calculate the average selection gradient (52,
53) experienced by the mutant pi, which is given by

sp ¼ @½xwiðxÞ�
@pi

�����
pi¼p

þ @½ð1� xÞwið1� xÞ�
@pi

�����
pi¼p

: [9]

When the selection gradient is positive, the mutant has an advantage over
the resident strategy, on average. Note, however, that, when 0<j χ j< 1, dif-
ferent individuals experience different effects from the same mutation. This
issue is discussed inmore detail in SI Appendix. We can also calculate the effect
of a small change to the degree of sorting in the population by calculating the
gradient

sx ¼ @½xwiðxÞ�
@x

þ @½ð1� xÞwið1� xÞ�
@x

: [10]

When sx is positive, the average effect of an increase in sorting is to increase
the average utility of the population. It is Eqs. 5–10 that are used to produce
Figs. 2 and 3 (see also SI Appendix).

Evolutionary Simulations. In order to simulate the evolutionary dynamics of this
system, we consider a population evolving under a “copying process” (54) in
which individuals are able to observe the utility of other individuals and compare
it to their own. The dynamics of the model are as follows: An individual i is cho-
sen at random from a population of fixed size N. A second individual j is then
chosen at random for her to “observe.” If i has utilitywi and j has utilitywj, then
i chooses to copy the strategy of j with probability 1=ð1þ exp½rðwj �wiÞ�Þ,
where r scales the “strength of selection” of the evolutionary process. Note
that, if wj �wi, the probability of i copying the behavior of j is close to one,
whereas, ifwj �wi, the probability is close to zero. Individual-based simulations
used to produce Figs. 4 and 5 were performed under the copying process using
populations composed of two identity groups of size N¼ 1;000 individuals,
with sorting of groups among parties fixed. Mean trajectories were determined
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from an ensemble of 104 sample paths. Simulations were run for 100Nto200N
copying events to find equilibria. Mutations were assumed to occur at a rate
1=N per copying event, with the target of the mutation chosen randomly from
the population. Mutations were assumed to be local such that the target of the
mutation had its strategy perturbed byΔ¼60:01, withmutations that increase
and decrease p equally likely, and we impose the appropriate boundary condi-
tions to ensure that strategieswere physical.

Data Availability. Previously published data were used for this work (https://
electionstudies.org).
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