
Stewart et al., Sci. Adv. 2020; 6 : eabd4201     11 December 2020

S C I E N C E  A D V A N C E S |  R E S E A R C H  A R T I C L E

1 of 9

S O C I A L  S C I E N C E S

Polarization under rising inequality and  
economic decline

Alexander J. Stewart1*, Nolan McCarty2*, Joanna J. Bryson3,4*

Social and political polarization is an important source of conflict in many societies. Understanding its causes has 
become a priority of scholars across disciplines. We demonstrate that shifts in socialization strategies analogous 
to political polarization can arise as a locally beneficial response to both rising wealth inequality and economic 
decline. In many contexts, interaction with diverse out-groups confers benefits from innovation and explora-
tion greater than those that arise from interacting exclusively with a homogeneous in-group. However, when 
the economic environment favors risk aversion, a strategy of seeking lower-risk in-group interactions can be 
important to maintaining individual solvency. Our model shows that under conditions of economic decline or 
increasing inequality, some members of the population benefit from adopting a risk-averse, in-group favor-
ing strategy. Moreover, we show that such in-group polarization can spread rapidly to the whole population and 
persist even when the conditions that produced it have reversed.

INTRODUCTION

Polarization is a social phenomenon in which a population divides 
into belligerent groups with rigidly opposed beliefs and identities 
that inhibit cooperation and undermine pursuit of a common good. 
Recently, “populist” movements polarized against mainstream po-
litical forces have emerged in countries as varied as the United States, 
United Kingdom, Brazil, Hungary, Poland, India, and the Philip-
pines, leaving scholars, journalists, and other observers scrambling 
to understand the source of their support. Often, discourse has been 
reduced to a horse race, pitting arguments focusing on social iden-
tity, such as racial, ethnic, and nationalistic hostilities, against those 
concerning the economic anxieties of populist movement support-
ers and parties.

Adherents of both claims can find support for their arguments. 
Proponents of racial anxiety can offer cross-sectional and experi-
mental evidence showing a connection between support for popu-
list positions in the United States and United Kingdom and racial 
anxiety (1–5), while advocates of economic anxieties can point to 
negative longer-term trends in the economic and social well-being 
of middle class voters (6, 7) and its correlation with polarized senti-
ments (8).

We suggest that these arguments should be viewed as comple-
mentary rather than as competing. Declines in economic well-being 
and social status that may result from inequality and economic de-
cline may also induce changes in social behavior that trigger intra-
group conflict along available cleavages. Journalistic observers have 
noted the complementarities between economic and racial anxiety 
before (9–12), while a large body of research has described the 
empirical relationships between legislative and affective polariza-
tion and inequality (13, 14). However, formal models that describe 
a mechanism by which polarization can arise in response to eco-
nomic hardship have been lacking.

Here, we address this deficit by developing a formal model for 
the dynamics of in- and out-group interactions under a changing 
economic environment. Adopting the framework of cultural evolution, 
we assume that an individual’s economic success is determined both 
by her interactions with others and by the underlying state of the 
economy. Furthermore, we assume that the behavior of successful 
individuals is likely to be copied by others and spread through the 
population. In this context, we examine the evolution of a socially 
acquired behavioral strategy that encodes each individual’s choice 
of whether to interact with those who are “like” (in-group interac-
tions) or “unlike” (out-group interactions) the self in a variety of 
changing economic environments. We consider the emergence of 
strategies that favor in-group interactions as describing the emergence 
of group polarization (15, 16).

In our model, in-group interactions are assumed to be less risky 
but offer lower rewards for success compared to out-group interac-
tions. A range of empirical evidence supports the idea that diversity 
is beneficial for successful decision-making (17–19); intuitively, inter-
actions with more diverse out-group members pool greater knowledge, 
applicable to a wider variety of situations. These interactions, when 
successful, generate better solutions and greater benefits. However, 
we also assume that the risk of failure is higher for out-group inter-
actions, because of a weaker capacity to coordinate among individuals, 
compared to more familiar in-group interactions (20).

We show that under a broad range of conditions, the trade-off 
between risk reduction and benefit maximization decreases out-
group interactions, that is, increases polarization, when a population is 
faced with economic decline. We show that such group polarization 
can be contagious, and a subpopulation facing economic hardship 
in an otherwise strong economy can tip the whole population into a 
state of polarization. Moreover, we show that a population that 
becomes polarized can remain trapped in that suboptimal state, even 
after a reversal of the conditions that generated the risk aversion 
and polarization in the first place.

Last, we provide support for our framework by examining the 
empirical relationship between inequality in the United States and 
levels of affective polarization: a survey measure of the mutual dislike 
of out-partisans, which has been posited to be related to the social 
group cleavages underlying the party system (15, 21–23). Using data 
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from the last three presidential election cycles drawn from the 
American National Election Study (ANES) and the Cooperative 
Congressional Election Study (CCES), we show that inequality and 
affective polarization are correlated across U.S. states, a finding consistent 
with recent work showing that inequality and affective polarization 
are correlated in a panel of developed democracies (14). Our work 
offers both a theoretical account and empirical support for the 
emergence of polarization as a response to economic hardship. It 
also suggests an explanation for the apparent difficulty in reversing 
polarization once it becomes established (13).

RESULTS

To study polarization in a population faced with rising inequality 
or a declining economy, we apply methods from cultural evolution 
and evolutionary game theory (24–27). This approach rests on the 
idea that each member of a large population uses a strategy p, which 
is the probability that they choose an interaction with an in-group 
member versus one with an out-group member. We do not make 
any assumptions about the nature of these interactions other than 
that they provide differential benefits when successful and differen-
tial probabilities of failure (Fig. 1). Similarly, we do not make as-
sumptions about the specific identity of in- and out-groups; rather, 
we consider a simple base case where all subgroups in a population 
find in-group interactions not only less risky but also less beneficial, 
on average, than out-group interactions.

We define the degree of polarization in a population as the ex-
tent to which members of that population prefer in-group over out-
group interactions so that maximum polarization occurs when the 
whole population adopts a strategy p = 1 and minimum polariza-
tion occurs when p = 0. In our analyses, we assume that populations 
are divided into two groups of equal size such that in-group interac-
tions occur between randomly selected members of the same group 
and out-group interactions occur between randomly selected mem-
bers of different groups.

In this framework, individual strategies are heritable via a copy-
ing process (28) in which individuals adopt the behavioral strategies 
of other members of the population with a probability that depends 
on the relative success of their respective strategies (see Methods). 
We assume that the copying process does not pay attention to group 
identity but only to the relative success of different individuals re-
gardless of group. This assumption is conservative in that it makes 
polarization harder to sustain (see below).

We assume that the success of an individual’s strategy is mea-
sured by a utility function, which depends nonlinearly on the bene-
fits received from individual interactions, as well as the state of the 
underlying economy (Fig. 1). We focus on a class of utility functions 
w of the following form

w( li,  lo  ) =  
exp [ h( li Bi   +  lo Bo   + nq ) / n] 

1 + exp [h( li Bi   +  lo Bo   + nq ) / n] 
(1 + a( li Bi  +  lo Bo  + nq ) )   

(1)

where li and lo are the number of successful in- and out-group inter-
actions for the focal individual and n is the total number of such 
interactions attempted. Bi and Bo are the benefits of successful in- and 
out-group interactions, and q describes the quality of the underly-
ing economic environment so that, as the total benefits generated 
by a strategy approach −q from above, the utility function becomes 

increasingly concave and the population becomes risk averse (Fig. 1). 
The parameter h controls the steepness of the nonlinear transition 
from low to high utility, and a controls the linear rate of increase of 
utility after the transition.

We choose this “S-shaped” utility function (Eq. 1) because it al-
lows us to capture changes in risk aversion as the environment 
changes. Depending on the environment q, the local curvature of 
the function can be concave, convex, or approximately linear. In 
addition, the S shape makes intuitive sense; the sharp decline in util-
ity when benefits fall below −q can be thought of as an individual 
dropping below a poverty line or an organization becoming insol-
vent. The full details and analysis of the model can be found in 
Methods below, and extensions to the model can be found in the 
Supplementary Materials (sections S2 and S3), where we consider 
alternative utility functions. In particular, we show that our results 
also hold for other commonly used concave utility functions (sec-
tion S2.4).

We analyze the dynamics of polarization under two distinct sets 
of circumstances that have been identified previously as contribut-
ing to polarization (13, 14). First, we consider a case in which the 
underlying economy starts to decline, lowering the standards of liv-
ing for the whole population. Second, we consider the case of rising 
inequality in an otherwise stable economy.

In both analyses, we focus on a scenario in which the number of 
social interactions n that an individual participates in is small com-
pared to the population or the group’s size N, i.e., n ≪ N. In the 
Supplementary Materials, we also consider the case n ∼ N and show 
that in a wide range of circumstances, our results continue to hold 
(section S2.3).

Economic decline
Our model distinguishes the potential from the expected benefit of 
social interactions. The expected benefit is the probability that an 
interaction succeeds multiplied by the benefit it generates, i.e., Boqo

for out-group and Biqi for in-group interactions. The potential benefit, 
by contrast, is simply the benefit received conditional on success, i.e., 
Bo for out-group and Bi for in-group interactions (Fig. 1). We assume 
that out-group interactions always have not only greater potential 
benefit, Bo > Bi, but also lower probability of success, qo < qi.

Even in cases where out-group interactions have higher expected 
payoff than in-group ones (Boqo > Biqi), there are circumstances in 
which it is better to behave in a risk-averse manner and to reduce 
risk by choosing in-group interactions. In a prosperous, high-quality 
economy (q ≈ 1), high-risk out-group interactions are favored when-
ever there is a greater expected payoff than that associated with in-group 
interactions, i.e., provided Boqo > Biqi (Fig. 2A). Thus, high-quality 
economies support risk taking under this model.

However, in an initially high-quality but declining environment 
(i.e., when q approaches 0 from above), risk-averse strategies be-
come increasingly beneficial, and there is a transition in the optimal 
behavioral strategy from out-group toward in-group interactions, 
i.e., toward greater polarization (Fig. 2, A and B). Intuitively, this 
transition occurs because, as the economy declines, failed interac-
tions result in an increasingly sharp decline in utility, i.e., the utility 
function becomes increasingly concave. Thus, transitioning to low-
risk interactions becomes preferable (29).

If the economic environment is very poor, by contrast (i.e., q < 0), 
then the opposite situation can arise such that risk-tolerant behav-
ioral strategies can become optimal (Fig. 2A, lower-left quadrant). 
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polarization strategy. No one has the incentive to make the first 
move, a key feature of collective action problems. Since a population 
cannot easily escape a state of high polarization by individuals adapt-
ing their behavior, an external event may be needed to provide the 
necessary coordination to escape polarization. During national 
crises such as wars, states have very strong incentives to solve these 
problems. Thus, exogenous events that reestablish the importance 
of larger-scale (e.g., national) identities may be required to regener-
ate intergroup cooperation and reduce polarization. This argument 
is supported by a review of 20 studies (55), which show increased 
altruism in populations after experiencing war. Recent work by 
Scheidel et al. (56) also suggests that external shocks such as war are 
a necessary condition for reducing inequality. The necessity of these 
shocks is consistent with the findings of Scheve and Stasavage (57) 
who show that progressive taxation has largely been the product 
of fairness norms forged during wartime. Similarly, Jong et al. (58) 
show that other negative shocks such as terrorist attacks can also 
lead to identity fusion. Preliminary evidence also indicates that the 
COVID-19 pandemic, and the experience of lockdowns in 
particular, can increase political support for existing national 
leaders (59).

Better than morbidly waiting for further economic crises or war, 
we will end by pointing out an obvious recommendation as to what 
political leaders and governments should do to prevent persistent 
group polarization. Our work unambiguously highlights the impor-
t ance of building and maintaining a social safety net. Social institu-
tions may serve as a means to provide redistribution, thus reducing 
inequality, but our work emphasizes another important role: preventing 
the income of groups from falling sufficiently far to trigger the risk 
aversion that might lead to persistent group polarization.

METHODS

To capture variation in behavioral strategies and its consequences 
for polarization, we adopt a model derived from the study of cultur-
al evolution and evolutionary game theory where individuals accu-
mulate benefits through multiple interactions with other members 
of a finite population of N individuals.

We assume that each individual is faced repeatedly with the choice 
of interacting either with someone who is like them (in-group inter-
actions) or unlike them (out-group interactions), where in-group 
interactions provide a benefit Bi with a probability qi and benefit 0 
with probability 1 − qi (Fig. 1). That is, the risk of failure in an in-
group interaction is 1 − qi. Similarly, an out-group interaction pro-
vides a benefit Bo with probability qo and benefit 0 with probability 
1 − qo. As discussed above, in general, we make the key assumption 
that out-group interactions come with higher reward (Bo > Bi) but 
also higher risk (po < qo).

Each individual is assumed to participate in n interactions, whose 
success or failure determines the total payoff accumulated by the 
individual during that time period, where the number of available 
in- and out-group interactions is assumed very large and, conse-
quently, N ≫ n. Typically, we assume n < 10, reflecting an individ-
ual who is making a decision based on a few sources of information. 
We discuss the case of larger numbers of in- and out-group inter-
actions n in the Supplementary Materials. Each individual is then 
characterized by a strategy p, which gives the probability that they 
choose an in-group interaction and, consequently, each individual 
chooses an out-group interaction with probability 1 − p (Fig. 1).

Given this model, the probability that a player with strategy p
engages in li successful in-group interactions out of a total k in-group 
interactions and lo successful out-group interactions out of a total 
n − k out-group interactions is given by

p(k,  li,  lo    n ) = 

(
n

k
 )p

k (1 − p)   n k

(
k

li)
qi

li (1 −  qi)   k  li
(

n − k
lo )qo

lo (1 −  qo)   n k  lo (2)

That is, the number of in- and out-group interactions and the 
number of successful interactions each follow binomial distribu-
tions. The resulting expected benefit derived from successful inter-
actions under this model is then simply

S
k=0

n

  S
li=0

k

  S
lo=0

n k

 p(k,  li,  lo   n ) ( Bi li  +  Bo lo  ) =  nBi qi p +  nBo qo(1 − p)  (3)

and the strategy that maximizes Eq. 2 is either p = 1 (always interact 
with in-group) if Biqi > Boqo and p = 0 (always interact with out-
group) otherwise. However, such a linear model does not, in general, 
reflect the reality of the way benefits accumulate in human society. 
In many situations, a minimum level of resources is required to achieve 
a particular goal (e.g., avoid starvation or reproduce in a biological 
system; purchase property, or start a business in an economy). In-
come above that threshold, while still advantageous, is less benefi-
cial. Thus, benefits tend to accumulate nonlinearly.

At the same time, the economic environment can be influenced 
by exogenous factors so that the per capita resources available for 
each individual vary over time. When such fluctuations occur, the 
nonlinear accumulation of benefits described above may lead to 
changes in the curvature of the utility function of a given individual 
and, thus, their level of risk aversion. Since in- and out-group inter-
actions differ both in their level of expected benefit and their level of 
risk, this leads to changes in behavior. We consider the evolutionary 
dynamics of behavior both in the case where the risk of out-group 
interactions is fixed 1 − qo and where it depends on the willingness of 
out-group members to engage in such interactions, i.e., where the 
risk associated with out-group interactions depends on the strategy 
adopted by other members of the population.

To understand the consequences of shifting environments and 
nonlinearly accumulating benefits on individual behavior in our mod-
el, we consider the evolutionary dynamics of the system. We con-
sider a population evolving under a copying process (28) in which 
individuals are able to observe the fitness, i.e., the total benefit accu-
mulated via in- and out-group interactions, of other individuals and 
compare it to their own. Note that we use the term fitness and utility 
interchangeably in the context of our model. The dynamics of the 
model are as follows: An individual f is chosen at random from a 
population of fixed size N. A second individual g is then chosen at 
random for her to observe. If f has fitness wf and g has fitness wg, 
then h chooses to copy the strategy of g with probability 1/(1 + 
exp [s(wg − wf)]), where s scales the “strength of selection” of the 
evolutionary process. Note that if wg ≫ wf, then the probability of f
copying the behavior of g is close to 1, whereas if wg ≪ wf, then the 
probability is close to 0.

To explore the evolutionary dynamics of the system, we must 
also specify how fitness w depends on the benefits received from 
individual in- and out-group interactions, Bi and Bo. To model the 
nonlinear accumulation of fitness benefits from diverse social inter-
actions across a range of environments, we assume that the linear 
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accumulation of fitness benefits is modified by a sigmoidal function 
(Eq. 1), where h controls the steepness of the sigmoid (how sensitive 
fitness is to changes in accumulated benefits), a controls the rate of 
linear accumulation of benefits, and q controls the environment, so 
that when q is large (relative to accumulated benefits) and positive, 
the sigmoidal term is close to 1 and fitness tends to accumulate lin-
early. Conversely, when q is large and negative (relative to accumu-
lated benefits), fitness tends to be close to 0. The form of Eq. 1 
reflects an environment in which a certain minimum level of benefit 
from social interactions (≈−q) is required for success or survival.

From Eqs. 1 to 3, we can calculate the expected fitness    w  of a 
player with strategy p, under the model with fixed risk, which is 
simply

w   =  S
k=0

n

  S
li=0

k

  S
lo=0

n k

 p(k,  li,  lo   n )  
exp [h( li Bi   +  lo Bo   + nq ) / n]

1 + exp [h( li Bi   +  lo Bo   + nq ) / n]
(1 +  

a( li Bi  +  lo Bo  + nq ) ) (4)

To characterize the evolutionary dynamics of this system, we use 
Eq. 4 to determine how the strategy p* that maximizes Eq. 4 varies 
with the environment, q, and the probability of success in interac-
tions with in- and out-group members, qi and qo. Since Eq. 4 cannot 
be treated analytically in general, we numerically calculated the 
strategy p* that maximizes fitness as a function of the environment 
and the probability of successful in- and out-group interactions and 
show that for a given environment and risk level, there is a single 
global optimal strategy for the system [see Fig. 2 (A and B) and the 
Supplementary Materials].

Last, we consider a version of our model that includes the possi-
bility that the success of out-group interactions depends on the 
strategy adopted by the out-group player. We assume, for simplici-
ty, that in-group members are always willing to interact. We then 
assume that a successful out-group interaction between two players 
g and f depends on both players’ willingness to interact, i.e., on pg and 

pf. That is, we set   qo
gf  =  qo(1 −  pf) , where qo is the intrinsic probabil-

ity of success and (1 − pf) is the probability that player f agrees to 
participate in the interaction. To explore the evolutionary dynamics 
of this system, we adopt the framework of adaptive dynamics 
(60, 61) to calculate the stable strategies of the model under small 
changes to a player’s strategy p. The fitness of a strategy pf in a pop-
ulation of players using a resident strategy p is

w f   =   S
k=0

n

  S
li=0

k

  S
lo=0

n k

 (
n

k
 )ph

k
 (1 −  ph)   n k  × 

(
k

li)
qi

li (1 −  qi)   
k  li

(
n − k

lo ) ( qo(1 − p ) )   lo (1 −  qo(1 − p ) )   n k  lo  × 

exp [ h( li Bi   +  lo Bo   + nq ) / n]

1 + exp [ h( li Bi   +  lo Bo   + nq ) / n]
(1 + a( li Bi   +  lo Bo   + nq ) )

                     (5)

and we can calculate the stability of the resident strategy p to inva-
sion by calculating the selection gradient

s =  
∂    w f
∂  pf pg=f

(6)

which determines the local evolutionary dynamics of the system. 
Once again, we explore the equilibria of the system numerically and 
show that the system is frequently bistable (Fig. 2, C and D), and for 

some, parameter choices have three stable equilibria (see the Sup-
plementary Materials).

Invasion
We consider the evolutionary dynamics under the copying process 
as described above (28), under which the probability that a player 
with strategy g copies the strategy of another player f is

rg,f  =  1
(1 + exp [ s( wg   −  wf   ) ] )

(7)

and the resulting growth rate of a rare mutant f in a population with 
resident strategy g is

S(f, g ) =  
rg,f

rf,g
   =  

(1 + exp [ − s( wg   −  wf   ) ] )

(1 + exp [ s( wg   −  wf   ) ] )
 = exp [ − s( wg  −  wf  ) ]   

                     (8)

Switching without loss of generality to log fitness (and ignoring 
the proportionality constant), we can then simply write

s( f , g ) =  wf  −  wg (9)

where if s > 0, then h is increasing in frequency. To construct pair-
wise invasibility plots (see sections S2 and S3), we then simply look 
at the sign of Eqs. 8 and 9 when w is given by Eqs. 3 to 5. Note that 
in the first case, we analyze (Eqs. 3 and 4) that the payoff w depends 
only on the focal player’s strategy (i.e., the fitness of the resident and the 
mutant do not depend on one another). This case is formally similar 
to an optimal foraging model with a sigmoidal functional response 
curve.

A strategy f = g = g* is a local evolutionary stable strategy (ESS) if 
and only if

∂   2 s( f , g)

∂  pf
2   < 0  (10)

when evaluated at g*, which must be a point of zero selection gradi-
ent. The strategy g* is convergence stable if and only if (60)

∂   2 s( f , g)

∂  pg
2   >  

∂   2 s( f , g)

∂  pf
2 (11)

when evaluated at   pf  =  pg  =  pg*. We use Eqs. 9 to 11 in construct-
ing invasibility plots and determining the character of singular 
points (see sections S2 and S3).

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at http://advances.sciencemag.org/cgi/

content/full/6/50/eabd4201/DC1
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