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1 Introduction

Persistent inequalities along the lines of e.g. gender, ethnicity or social class are associ-

ated with lower social mobility and productivity, and a decrease in cohesion and trust

in government and institutions. Such inequalities are fueled through the fact that

individuals belonging to different social groups form different beliefs regarding own

abilities, which results in different occupational and educational choices (Guyon and

Huillery, 2021).1 Although the underrepresentation of women and ethnic minorities

in certain domains are predominantly considered as separate phenomena, data sug-

gests this approach does not capture the entire picture. The ‘Leaders and Daughters

Global Survey 2017’ documents how women’s ambitions fall as they strive towards

top leadership positions, where this downward trend is disproportionately strong for

women belonging to ethnic minorities. Moreover, reactions to changes in social context

provide additional puzzling evidence. For example, introducing a female-only math

contest leads to an increase in the overrepresentation of Asian participants.2 More-

over, these reactions are driven by ability. Artificially making gender salient in math

tests predominantly affects the performance of girls who are strong in math, and not

so much those who were not performing well to begin with (Steele, 2010).

The idea that self-evaluations rely on social comparison has been well-established.3

A simple approach to explain the data could therefore be one where people mechan-

ically bias their beliefs upwards when people like them are relatively overrepresented

among those successful in a task, while they bias beliefs downwards when people like

them are underrepresented. Yet, such a story implies a bias away from correct be-

liefs that can foster suboptimal decisions. Moreover, it cannot explain the reactions

to changes in social context we observe in the data, and still leaves other questions

unanswered. For example, how do people choose the groups they identify with?

I propose a model in which social identity is an instrument to mechanically bias

beliefs, but agents have the option to repress this bias. In particular, it is well known

that people find it difficult to objectively evaluate their own abilities (Mobius et al.,

1See literature on self-stereotyping, e.g. Bordalo et al. (2019), Coffman (2014), Flory et al. (2015)

and Lippmann and Senik (2018).
2See data of the AT foundation and their Math Prize for Girls.
3See Section 2 for an extensive review of the literature on this topic.
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2014). Moreover, such evaluations are affected by emotions, situational factors or

recent feedback in a way that is beyond people’s control.4 When agents have such noisy

beliefs, they can improve decision making on average when beliefs are distorted in the

direction of their welfare-maximizing task. Meaning, individuals talented in a task

would want to bias beliefs upwards to avoid being too pessimistic and not undertaking

the task, while not talented individuals would want to bias beliefs downwards.

The key insight of the model is that social context, i.e. data on task allocation

and group composition of successful people in a task, determines how an exogenously

specified social type translates into a set of options to bias beliefs that differs across

agents. Underlying ability then determines the bias agents adopt. For example, a male

Asian student deciding whether to enter a Math Olympiad may identify with other

male students, other Asian students or students who are both male and Asian. Data on

those successful in the previous cohort shows male and Asian students were relatively

overrepresented among those successful. Hence, all these identification strategies would

translate into an upward bias of beliefs. Talented male Asian students will want to

use this option to bias, but an upward bias would hurt male Asian students who are

not talented. They would therefore wish to repress the option to bias. Female Asian

students, on the other hand, would always want to use the option to bias beliefs. They

will identify with Asian students to bias beliefs upwards when they are talented, and

with female students to bias belief downwards when they are not talented.

Differences in the options to bias induce both a difference in the propensity to

choose the task across social types, and a difference in mean competence. In the Math

Olympiad example, female Western students will have the lowest propensity to enter

the Olympiad, because they cannot bias beliefs upwards. Yet, they tend to be more

successful on average. Male Asian students will have the highest propensity to enter the

Olympiad, because they cannot bias beliefs downwards, but have the lowest on average

success rate. I show how these effects can fuel differences in representation along the

lines of gender and ethnicity. Under certain conditions, once particular traits start

to prevail among those successful, an asymmetric outcome where agents with certain

social types enter the task more often and hence prevail, becomes the only stable

4See e.g. Fiedler and Bless (2000), Ross and Nisbett (1991) and Elster (1996)
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equilibrium outcome. Hence, the underrepresentation of certain traits in social context

can become a self-fulfilling prophecy, even when agents are behaving optimally from an

individual perspective. This can perpetuate differences in representation induced by

historical factors that are no longer relevant. The first message of this paper is therefore

that, if we want to address differences in choice behavior across social groups, taking

care of discrimination and initial skill differences is not enough.

Moreover, the externalities in behavior along the lines of different traits that arise

as a result of changes in social context in the model can explain the earlier mentioned

patterns in the data. In a simple model with two traits, restricting the set of partici-

pants in a math contest to female students only takes away the option of not talented

female Asian students to use the underrepresentation of female students to bias their

beliefs downwards. As a result, they will now repress the bias all together, which will

increase the participation of Asian students in the contest. Moreover, we can introduce

stigma in the model by making the options to repress the bias along the stigmatized

trait costly. This creates yet different externalities. When women are stigmatized in

math contests, this makes the option for talented female Asian students to bias beliefs

upwards costly. This decreases the participation of both female and Asian students in

math contests, increasing differences in representation along the lines of gender, while

decreasing them along the lines of ethnicity. Furthermore, when confidence affects per-

formance, this explains why talented women particularly suffer from stereotype threat.

Similarly, African American women may only be able to identify with their full type,

as their experience in society is very different from white women or African American

men (Crenshaw, 1991). When African American women are stigmatized and poorly

represented in a given task, this will undermine the prevalence of women in general

in that task, and, hence, negatively affect the option to bias beliefs upwards for all

talented women. On the other hand, the ability to manipulate an identity, such as

the concept of ‘racial passing’ (Qian and Nix, 2015), or to self-identify, like adopting a

particular fashion style, increases the options for agents to bias beliefs, creating oppo-

site externalities. In general, these externalities create both pitfalls and opportunities

for policy aiming to achieve social diversity, and the second message of the paper is

that a multidimensional view on social identity is crucial for effective policy design.
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The first contribution of the paper is that I shed light on the instrumental role of

both the use of social identity in decision making, and the choice of group agents iden-

tify with. Contrary to what has been done in the literature (e.g. Akerlof and Kranton

(2000), Shayo (2009) and Carvalho and Pradelski (2022)), I do this without assuming

social identity directly affects preferences or performance, nor that it is relevant in a

Bayesian sense. Instead, I show how social identity can be an instrument to optimally

manage noisy confidence about chances of success in a task. Furthermore, identity-

contingent behavior is not guided by exogenously imposed stereotypes or norms, but

arises endogenously in equilibrium through social context.

The second contribution of the model is that it provides a possible explanation

for why one-dimensional policy measures, such as those centered around gender alone,

have unwanted spillover effects on the representation of other traits (Cassan and Van-

dewalle, 2021). Furthermore, the analysis of the externalities in behavior across dif-

ferent traits provides novel insights into why one-dimensional affirmative action policy

cannot achieve equal representation in multiple dimensions (Carvalho et al., 2023) and

novel ideas as to how to design more effective multidimensional policy approaches.

The third contribution is that the model provides an intuition for why persistent

differences in choice behavior arise particularly along the lines of traits like gender,

ethnicity and social class. Such traits are often stigmatized in society and costly to

manipulate. This makes it easier for an asymmetric equilibrium to exist, and reinforces

the asymmetries in choice behavior that can persist. On the other hand, an asymmetric

equilibrium outcome is difficult to obtain along the lines of traits that are easy to adopt,

such as a particular fashion style. To my knowledge, it is the first equilibrium model

that has something to say regarding this type of equilibrium selection.

Finally, the paper makes several contributions in a methodological sense. Modeling

bounded rationality through endowing agents with a limited family of rules is in the

spirit of Compte and Postlewaite (2019). The novelty in this paper is that the family of

rules represents a family of belief-formation strategies that is determined endogenously

as a result of social context. Agents adopt the rule that maximizes their ex-ante ex-

pected welfare. Like in Compte and Postlewaite (2004) and Brunnermeier and Parker

(2005), agents adopt systematically biased beliefs when this enhances expected utility.
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A different way to understand the approach is through the lens of the literature on

motivated beliefs and present bias (e.g. Benabou and Tirole (2011), Benabou and

Tirole (2006), O’Donoghue and Rabin (1999)). There, agents are confronted with bi-

ased decision rules and commit to a strategy (e.g. distorting memory) that increases

ex-ante welfare. In this model, agents are not confronted with a systematically biased

decision rule, but one that incorporates errors. They commit to a strategy, i.e. adopt-

ing a (possibly misspecified) model of the world about to influence of certain traits on

success, that maximizes ex-ante expected utility. This also relates the paper to the

experimental literature documenting how agents correct for one bias, i.e. present bias

or self-image, with another, i.e. self-deception or information avoidance.5

Furthermore, I use a static solution concept analyzing the fixed points in social

context induced by the individually optimal strategies. In the literature on subjec-

tive and/or misspecified beliefs, such as Esponda and Pouzo (2016), Fudenberg and

Levine (1993) or Spiegler (2016), equilibrium beliefs are consistent with observational

feedback, ensuring they are closest to the truth. In this model, equilibrium beliefs

are disciplined through a fitness criterion, allowing agents to make decisions that are

better aligned with welfare maximization. The model raises therefore the question

whether there is legitimacy for using Bayesian updating as a belief-formation rule

when perceptions are noisy to begin with and agents do not have the tools to correct

for this noisiness. Finally, each identification strategy could be interpreted as a model

of the world describing what traits agents believe to be relevant for ability. This relates

the paper to the literature on narratives and model selection (e.g. Schwartzstein and

Sunderarm (2021) and Eliaz and Spiegler (2020)). Contrary to this literature, in this

paper, model selection is not driven by a likelihood criterion. Instead, agents adopt the

model of the world that ‘works best of them’ in terms of maximizing ex-ante welfare.

The paper is organized as follows. Section 2 reviews the literature motivating social

behavior in this model. Section 3 presents the model. Section 4 analyzes individual

and aggregate choice behavior. Section 5 discusses what fosters persistent identity-

driven choices. Section 6 discusses externalities and policy implications. Section 7

concludes, and Appendix 1 presents the formal proofs.

5See e.g. Exley and Kessler (2019), Van de Weele et al. (2022) and Saccardo and Serra-Garcia

(2023)
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2 Social Influences on Choice Behavior

This paper builds on the idea that people pay attention to behavior and outcomes of

others like them when evaluating their optimal choice of task. Moreover, the type of

social cues people use in decision making are determined by social context and peo-

ple’s underlying ability. These ideas originated in social psychology and evolutionary

biology. With social comparison theory, Festinger (1954) first popularized the idea

that individuals have a primitive drive to compare themselves to others when evalu-

ating their own opinions and abilities. Hogg and Grieve (1999) argue people identify

with groups to enhance self-confidence and to reduce subjective uncertainty. In the

process of depersonalization, which is associated with social identification, individual

and concomitant unshared beliefs, attitudes, feelings, and behaviors are replaced by

an in-group prototype that prescribes shared beliefs, attitudes, feelings and behaviors.

Seligman (2006) shows how people can interpret numerous failures from others like

them as evidence they will fail as well. Steele (2010) discusses how the psyche of the

individual gets damaged by repeated exposure to bad images of their group projected

in society, leading to low self esteem, low motivation, and self doubt.

Henrich (2016) discusses how natural selection has shaped our brains to acquire

information from the behavior of others. These learning instincts are efficient, where

people focus on others with success, prestige and age, i.e. having more experience.

Moreover, people learn from experience which self-similarity cues, such as gender and

ethnicity, allow them to more effectively acquire the skills, norms and preferences that

make them successful in their particular environment. Through experience, they learn

when such cultural learning should overrule their own direct experiences, and vice

versa. Because experience is driven by a persons’ underlying abilities and character-

istics, different people can end up paying attention to different cues in similar choice

settings. This is in line with Pronin et al. (2004), showing how women who are strong in

math actively disidentify with female aspects associated with a negative gender-math

stereotype, while Steele et al. (2002) shows less talented female undergraduates report

they believe they have weak abilities in math and science because of their gender.

These theories are furthermore supported by neurological evidence. Murden (2020)

reviews the evidence for a mirror neuron system that continuously mirrors our behav-
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ior, intentions and beliefs onto others’ brains and vice versa. Using fMRI technology,

Reynolds Losin et al. (2012) shows how, neurologically speaking, people find it more

rewarding to mimic others with their own gender. Such learning instincts are acquired

at a very young age, where biases in learning from same-sex versus opposite-sex models

emerge even before children develop a gender identity (Henrich, 2016). The resulting

behavior is largely determined by the automatic part of our brain, outside of our

awareness (Banaji and Greenwald (2016) and Murden (2020)) and it can be difficult

to repress our automatic imitative instincts (Ross and Nisbett (1991) and Henrich

(2016)). Finally, Ross and Nisbett (1991) shows how, especially in settings character-

ized by ambiguity and uncertainty, such as how hard a task is, or how capable one is,

social influence plays an important role.

Social influences on self-perception affect choice behavior. For example, in Smith

et al. (2007), people completing a high stereotype-threat test report decreased task

interest. Davies et al. (2002) shows how the combination of decreased enjoyment and

diminished self-confidence explains why women experiencing stereotype threat report

less interest in math and science fields and weaker leadership aspirations compared to

men or non-threatened women. Similarly, in Banaji and Greenwald (2016), implicit

associations picked up from social context affect our behavior, such as the intellec-

tual pursuits we select, and Perry et al. (2003) discusses how people tend to protect

themselves from stereotype threat by ceasing to care about the domain in which the

stereotype applies. Finally, Oh (2023) shows how Indian workers are willing to forego

substantial payments to avoid tasks that are associated with other castes.

3 The Model

3.1 The Environment

Agents - I consider a society with i = 1, ..., N agents, with N arbitrarily large. Agents

are first of all described by an ability type, that is captured by the continuous variable

αi ∈ [0, 1]. This ability type is fixed for each individual and is distributed over the

population following a distribution fα ∈ [0, 1]. Secondly, each agent has a multidimen-

sional social type that represents for example their gender, ethnicity or social class, and
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is public information. To simplify the exposition of the model, let Θi = (θki )k∈{A,B} be

the social type of agent i, where each θki is a binary trait with realizations θk ∈ {0, 1}.

Let Θ ∈ {11, 10, 01, 00} be a possible realization of the social type Θi. I let pθk be the

fraction of the population with trait θki = θk, while pΘ is the fraction of the popula-

tion with social type Θi = Θ. To isolate the mechanism through which social context

affects choice behavior in this model, I assume ability types αi and social types Θi are

independently distributed over the population.6

Action Space - Each agent chooses an action ai ∈ {C,NC}, where C and NC

represent classes of tasks of respectively a Competence-Driven and a Non-Competence-

Driven type. The outcome of action ai can be either ‘success’ or ‘failure’, which is

represented by the binary variable Yi ∈ {0, 1}. Agents derive utility from a successful

outcome, independent of their choice of task. Hence, their utility function can be de-

noted by Ui = Yi. The probability of success for a Competence-Driven task depends

on an agent’s ability type, such that for each agent i, the probability of a successful

outcome Yi = 1 conditional on choosing this task is given by,

p(Yi = 1|ai = C) = αi

For simplicity, I assume the Non-Competence-Driven task has a probability of success

γ ∈ [0, 1] that is known and the same for all agents. Therefore, for all i,

p(Yi = 1|ai = NC) = γ

More generally, γ can be interpreted as the attractiveness of the Non-Competence-

Driven task relative to the Competence-Driven task. To transmit the main insights of

the model in the simplest way, I assume αi and γ are fixed for each agent.7

Social Context - Agents have access to public data about behavior of others in soci-

ety. First, I introduce social identity cues πθk ∈ [0, 1], with θk ∈ {0, 1} and k ∈ {A,B}.

These cues are statistics agents observe about the performance or prevalence of others

6The model can account for multiple and for non-binary observable traits. See Section 3.4 for a

discussion on the implications of correlated observable traits. See Liqui Lung (2022) for a discussion

on what happens when αi and Θi are correlated.
7See Liqui Lung (2022) for a discussion on the case in which these variables vary over time.
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with trait θk among those undertaking or successful in the Competence-Driven task.

The ‘social context ’ of the population is defined as the vector Π = (πθk)k∈{A,B},θk∈{0,1}.

Secondly, I define πθk ∈ [0, 1] as the benchmark that would arise when individuals

with different social types have the same choice behavior and success rates given the

distribution of social types in the population. To illustrate these cues, consider the

following example.

Example - In many real-life settings, people only have access to data about a pool of

successful individuals. Moreover, research shows people are more inclined to learn from

and copy successful individuals (Henrich, 2016). Let NC,θk = {i ∈ N, θki = θk, ai = C}

be the set of agents with θki = θk that have chosen the Competence-Driven task. Let

NC = {i ∈ N, ai = C} be the set of all agents that have chosen the Competence-Driven

task, which implies NC,θk ⊂ NC . Agents could calculate the following statistics,

πθk =

∑
i∈N

C,θk
Yi∑

i∈NC Yi

for all k ∈ {A,B} and θk ∈ {0, 1}. These are the fractions of successful individuals

with trait θki = θk among all successful individuals that have chosen the Competence-

Driven task. The appropriate benchmarks are equal to πθk = pθk .

Noisy Perceptions - Evaluating αi is difficult, and factors, such as recent feedback

or emotions, can make agents momentarily too optimistic or pessimistic. I introduce

such momentary noise in decision making by assuming that, when choosing action

ai ∈ {C,NC}, agents do not have access to αi, but only to a noisy perception α̂i. To

show a systematic bias is not the mechanism that drives the results in this model, I

assume this noisy perception is unbiased, such that it sometimes tilts the decision in

favor of the Competence-Driven task and sometimes against it.

ASSUMPTION 1: When choosing action ai ∈ {C,NC}, agents only have access to a

noisy perception α̂i of αi stemming from a distribution gαi,α̂ ∈ [0, 1] with E(α̂i) = αi.

Strategies - The second key assumption in the model is that agents do not have

the tools to fully correct for the noise in their perception α̂i.
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ASSUMPTION 2: Agents cannot fully exploit the structure of the model, and only

have limited abilities to correct for the noise in their perception α̂i.

This aspect of bounded rationality is modeled through direct restrictions on the strat-

egy set. In particular, I model agents that have a natural tendency to look at others

when evaluating their optimal choice of task. Agents can either Repress this urge to

look at others, or choose on which particular subgroup of agents they want to focus.

The multi-dimensionality of the social type implies agents can define “others like them”

in a flexible way, where they can focus on others that have either one of their traits or

their entire social type in common. To simplify the exposition of the model, I assume

agents can focus on others with either their trait θA, or their trait θB. Hence, agents

choose a strategy σi ∈ {R, θA, θB}. In Section 4.3, I introduce the option for agents to

look at others with the same social type Θi.

Response Function - Because αi and Θi are independently distributed over the

population, ‘social context ’ is not relevant to agents in a Bayesian sense. Instead, I

introduce the option to agents to use their social type Θi to mechanically bias decision

making in a direction contingent on the trait they focus on. To capture the direction

and strength of this bias in a particular social context Π, I introduce a response func-

tion ηπ
θk
,π
θk

: (πθk , πθk) → R. I will then investigate how properties of this response

function can be conductive to the phenomenon I mean to describe. For any value

πθk , πθk ∈ [0, 1], η is non-decreasing, such that

η(πθk , πθk) =


> 1 if πθk > πθk

1 if πθk = πθk

< 1 if πθk < πθk

This implies the response function is larger than one when the social identity cue

exceeds the benchmark, while it is smaller than one when the cue is smaller than the

benchmark. The strength of the bias is determined by how much the social identity
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cue πθk deviates from the benchmark πθk . To simplify notation, I let

ησi =

η(πθki , πθki ) when σi ∈ {θA, θB}

1 when σi = R

A Model of Belief Formation - One interpretation of the model is that the in-

strument σi ∈ {R, θA, θB} mechanically alters the agent’s subjective belief about her

chances of success.8 I let the strategies σi ∈ {R, θA, θB} give rise to a limited family

of belief formation processes, where each strategy translates into a possible subjective

belief p̂σii ∈ [0, 1] about αi, such that,

p̂σii =

α̂i if σi = R

ησiα̂i if σi ∈ {θA, θB}

The agent’s subjective belief can take three values; p̂Ri , p̂θ
A

i and p̂θ
B

i . With a subjective

Bayesian interpretation in mind, the strategy σi = R represents a model of the world

in which social types and ability types are uncorrelated, and agents naively follow their

noisy perception α̂i. The strategies σi ∈ {θA, θB} represent a model of the world in

which social types and ability types are correlated. This biases agents’ noisy perception

α̂i with their social identity cue πθk in a direction contingent on their choice of trait

θki . When this trait is more successful in the current context, this belief-formation rule

leads to an optimistic interpretation of α̂i, while this leads to a pessimistic interpre-

tation when this trait is socially less successful. When πθk = πθk for k ∈ {A,B}, the

beliefs p̂σii are equivalent for σi ∈ {R, θA, θB}.

A Model of Choice - A second interpretation of the model is that agents have

the option to use social context Π to alter choice in a direction contingent on their

social type Θi. Formally, subjective expected utility maximization implies the agent

is effectively comparing thresholds three γσii ∈ [0, 1], such that agent i chooses ai = C

8The cue πθk could affect belief formation through both a bias in the prior and posterior. To

maintain flexibility regarding the channel through which such a bias is obtained, I do not propose a

particular functional form, nor root belief formation in a specific subjective Bayesian model.
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if and only if α̂i > γσii , where

γσii =

γ when σi = R

γ
ησi

when σi ∈ {θA, θB}

The strategies σi ∈ {θA, θB} imply therefore that agents inflate or deflate the threshold

for α̂i above which they think they are ‘good enough’ to undertake the Competence-

Driven task. The choice set γσii ∈ {γ,
γ
η
θA
, γ
η
θB
} can be different for agents with different

social types Θi, which will be the key driver of the equilibrium results.

Final Note - The limited strategy space σi ∈ {R, θA, θB} implies agents cannot

compare all functions of α̂i and πθi . This aspect of bounded rationality should be

considered a modeling device that helps to keep the model parsimonious. The key

objective here is to show the difference with a Bayesian model, by analyzing whether,

when agents do not have the tools to correct for all types of noise, this may open

the door for them to use cues that are irrelevant in a Bayesian sense, but could still

improve decision making. We can therefore consider larger strategy spaces, as long as

Assumption 2 remains preserved.

3.2 The Solution Concept

Choices of strategies σi affect choices of tasks ai. This leads to outcomes Yi that in-

duce cues πθk that in turn affect choices of strategies σi. To tractably capture the fixed

points in this dynamic process, I use a static solution concept.

Individual Optimality - The adoption of a strategy σi ∈ {R, θA, θB} affects behavior

through the ex-ante probability with which an agent chooses the Competence-Driven

task over all possible realizations of the noisy perception α̂i. Let Φ(αi,Θi, σi,Π) ∈ [0, 1]

denote this ex-ante induced probability for an agent of type {αi,Θi} playing strategy

σi given a social context Π. For a given distribution gαi,α̂, this probability is equal to,

Φ(αi,Θi, σi,Π) = P (p̂σii > γ|αi,Θi,Π) ≡ P (α̂i > γσii |αi,Θi,Π)

The expected pay-off for agent i of type {αi,Θi} when choosing strategy σi ∈ {R, θA, θB}
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given Π over all possible realizations of α̂i is,

Vi(σi|αi,Θi,Π) = αiΦ(αi,Θi, σi,Π) + γ(1− Φ(αi,Θi, σi,Π))

I then define individual optimality as follows.

DEFINITION 1 (Individual Optimality): Strategy σ∗i is optimal for agent i given

Π if,

σ∗i = argmax
σi∈{R,θA,θB}

Vi(σi|αi,Θi,Π)

The optimal strategy σ∗i maximizes therefore an agent’s expected utility on average

over all possible realizations of α̂i given their type {αi,Θi} and social context Π. I as-

sume agents compare Vi(σi|αi, θi,Π) and choose their strategy according to Definition

1. We can interpret this assumption in the spirit of motivated beliefs (Benabou and

Tirole, 2011) or a two-selves approach (O’Donoghue and Rabin, 1999). In a first stage,

the (sophisticated) agent knows the true ability type αi and commits to a strategy σi,

while in a second stage, the (impulsive) agent only has access to α̂i and chooses their

action ai given the rule implied by the strategy chosen by the (sophisticated) agent in

the first stage. Alternatively, the behavior can be motivated in line with the literature

presented in Section 2, where agents learn their optimal strategy from their own ex-

perience with similar choices of tasks through for example reinforcement learning or a

sampling process9. The true probability of success αi determines the feedback agents

observe in such a process, which enables them to learn whether it is optimal to Repress

or focus on a certain subgroup without precise knowledge of the relationship between

the choice of strategy σi, choice of task ai and the observed outcome Yi. The fitness of

a strategy is determined by an agent’s type and social context, and, because the set

of strategies is small, it is easy for agents to compare their strategies.10

9The dynamic story underlying the reduced-form analysis is that agents make related Competence-

Driven choices throughout their lifetime. For example, early in life they choose whether to ‘undertake

a math-related major’, while later in life they choose whether to ‘pursue a STEM career’.
10It may seem plausible that, if agents are able to learn their optimal strategy σi conditional on

αi, they should also be able to retrieve their true value of αi from this optimal strategy. This line

of thought is nevertheless driven by the simplification of the model in which αi and γi are fixed over
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Population Equilibrium - Let σ ∈ {R, θA, θB}N be a profile of strategies σi. Because

N is arbitrarily large, for a given (η, fα, gαi,α̂, γ, (pθk)k∈{A,B}), each profile of strategies

σ and social context Π generate choices ai and outcomes Yi that in turn generate an in-

duced social context Π̃(σ,Π) = (π̃θk(σ,Π))k∈{A,B},θk∈{0,1}, where each π̃θk(σ,Π) ∈ [0, 1].

Example - When agents process the fraction of successful agents with type θk among

all those successful in the Competence-Driven task, the induced social identity cue

π̃θk(σ,Π) is equal to,

π̃θk(σ,Π) =
pθk
∫
αΦ(α,Θ, σ,Π)f(α)dα∑

Θ pt
∫
αΦ(α,Θ, σ,Π)f(α)dα

An population equilibrium in the model can now be defined as follows.

DEFINITION 2 (Population Equilibrium): For each (η, f, gαi,α̂, γ, (pθk)k∈{A,B}), a pair

{σ,Π} is a population equilibrium if σ is optimal given Π, and when,

Π = Π̃(σ,Π)

In other words, a population equilibrium is a fixed point in social context Π when

all agents play their individually optimal strategy σ∗i given Π. This solution concept

is in line with the view that the optimal strategy σ∗i arises from a learning process

that operates faster than the dynamics in social context Π, where the learning of the

optimal strategy happens during the lifetime of an agent through her experience with

similar tasks, while changes in social context arise from agents belonging to different

generations making a specific choice of task once in their lifetime.

4 Choice Behavior

4.1 The Individual Level

Using Definition 1, we can provide insights regarding how agents determine which trait

of their social type they focus on in decision making as a function of their ability type

the lifetime of an agent. In Liqui Lung (2022), I discuss how the results are robust when αi and/or

γ vary and when learning would be imperfect.
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and social context. I illustrate these insights with the following example.

Example - Consider a cohort of students that choose whether to undertake a large-

scale math competition (C) or a generic task (NC). They observe a list of students from

last year’s competition that managed to qualify for the international final, and can see

whether students were male or female and whether they have a Western or Asian last

name. Assume female students and students with a Western last name were underrep-

resented among those that qualified. Let Gender ∈ {M,F} and let the origin of a last

name be denoted by Name ∈ {W,A}. Hence, agents can calculate the social identity

cues πθk capturing how many students with a Gender or Name are among all those

that were successful last year. Furthermore, for simplicity, assume male students and

students with an Asian last name were overrepresented to the same degree, such that

ηM = ηA. To further simplify the discussion, I will refer to students with an ability type

αi > γ as talented, while I will refer to those with an ability type αi < γ as not talented.

A first important insight is that momentary noise in the perception α̂i has an asymmet-

ric effect on decision making, and each type of student is prone to making a different

type of error. Students that are not talented can be too optimistic on the day of

decision making, and decide to enter even though this is not optimal. This is what I

will refer to as a Type-I error. Yet, when these students are too pessimistic, it will

not affect their decision making. This is vice versa for talented students. When these

students are too optimistic, it does not affect their decision making, while, when they

are too pessimistic, they may not enter despite the fact that this would have been

their welfare-maximizing choice. This is what I will refer to as Type-II error.

Figure 1 shows the thresholds γσii that follow from the strategies σi ∈ {Gender,Name,R}

for a male student with a Western last name. Because male students were overrep-

resented among those successful last year, focussing on this subgroup would deflate

the threshold for α̂i above which he thinks he is ‘good enough’, while focussing on

those with a Western last name would inflate this threshold. The arrows show the

induced probabilities Φ(αi,Θi, σi,Π) with which the agent chooses to enter the math
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competition for each strategy σi given the social context Π.

P (p̂Ri > γ|αi,MW,Π)

P (p̂Mi > γ|αi,MW,Π)

P (p̂Wi > γ|αi,MW,Π)

γ
ηW

γ
ηM

γ0 1
α̂i

Figure 1: The induced probabilities with which a Male student with a Western last name undertakes

the math competition for different choices of σi

Consider first a talented male student with a Western last name. To maximize expected

utility, he should enter the competition. Yet, he is prone to making a Type-II error

when, at the moment of decision making, he is too pessimistic. When he focusses on

the social identity cue regarding successful students with a Western last name, he will

inflate the threshold for α̂i above which he enters the competition. This increases his

chances of making a Type-II error. On the other hand, when he focusses on successful

male students, he deflates the threshold for α̂i above which he enters the competition.

This enables him to minimize the likelihood he makes a Type-II error over all possible

realizations of his noisy belief α̂i. This student can therefore improve decision mak-

ing on average when he believes the relative overrepresentation of male students is a

sign he will be more successful in the competition as well, while disregarding the fact

that students with a Western last name are underrepresented among those currently

successful. This is exactly vice versa when he is not talented. He can minimize the

likelihood of making a Type-I error by learning to believe that having a Western last

name decreases his chances of success in the competition, while disregarding the fact

that male students are overrepresented among those that qualified.

These insights can be generalized as follows. Define ηΘ = maxk ηθk and η
Θ

= mink ηθk .

Similarly, let κΘ = argmaxk ηθk and κΘ = argmink ηθk .

17



PROPOSITION 1 (Individually Optimal Belief Formation): The individually optimal

strategies σ∗i given an agent’s type {αi,Θi} and a social context Π are the following:

αi > γ αi < γ

ηΘ > 1 κΘ R

η
Θ
< 1 R κΘ

Proposition 1 shows how agents endogenously determine which dimension of their so-

cial type affects choice behavior as a function of their exogenously specified ability type

and social context. Agents can use social identity cues to bias their decision making

towards a certain task. When they focus on the cue that best biases their decision

making in the direction of their welfare-maximizing task, they can improve decision

making on average over all possible realizations of their noisy perception α̂i.

Talented individuals focus on the trait that best boosts their confidence. This is

in line with literature on enhancing confidence being one of the motivations for social

identification (see e.g. Hogg and Grieve (1999), Akerlof (2016a) or Akerlof (2016b)).

Individuals that are not talented will instead focus on the trait that makes them most

pessimistic. This is in line with the concept of a psychological immune system, that

consists of a series of processes that adjusts beliefs to protect us from threats to one’s

sense of self (Rosenzweig, 2016). One of these processes is attributing negative out-

comes to group aspects rather than individual aspects. Finally, Proposition 1 is in

line with Pronin et al. (2004), showing how women who are strong in math actively

disidentify with female aspects associated with a negative gender-math stereotype,

while Steele et al. (2002) shows less talented female undergraduates report they be-

lieve they have weak abilities in math and science because of their gender.

4.2 The Aggregate Level

4.2.1 Potential to Improve Decision Making

Proposition 1 shows how agents can use social identity cues to decrease the likelihood

of making mistakes in decision making due to the noise in their perception α̂i. The
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multidimensionality of social types allows agents to have a more flexible interpretation

of their social context. In this section, I show under which conditions this flexibility

enhances the agent’s potential to improve decision making.

Example - As we saw in the previous section, a not talented male student with a

Western last name can decrease the likelihood of making a Type-I error by focussing

on other students with a Western last name, while, when he is talented, he can decrease

the likelihood of making a Type-II error by focussing on other male students. A male

student with an Asian last name can nevertheless only bias his noisy perception α̂i

upwards, no matter the trait he focusses on. Therefore, this student can only minimize

the likelihood of making a Type-II error, while, when he is not talented, the best he

can do is to Repress the urge to look at others. This is vice versa for a female student

with a Western last name. Table 1 shows for each social type whether they are able

to reduce the likelihood of making a Type-I respectively Type-II error.

Θ Type I error Type II error

MA No Yes

MW Yes Yes

FA Yes Yes

FW Yes No

Table 1: The potential to improve decision making for each realization of the social type Θ

Table 1 shows male students with an Asian last name and female students with a

Western last name can only decrease the likelihood of making one type of error, while

female students with an Asian last name and male students with a Western last name

can decrease the likelihood of making both types of mistake. These students are there-

fore on average more likely to choose their welfare-maximizing action.

In general, we can divide the set of social types T into two different categories. These

different categories play a key role in determining aggregate choice behavior.
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DEFINITION 3: Given a social context Π, social types Θ can be categorized as follows:

• A social type Θ is mixed, when η
Θ
< 1 < ηΘ

• A social type Θ is one-sided, when η
Θ
> 1 or ηΘ < 1

In other words, an agent with a mixed social type belongs to the socially more suc-

cessful group according to one trait, but to the socially less successful group according

to the other trait. An agent with a one-sided social type belongs to either the socially

more or socially less successful group according to both traits. Using this definition,

we can show one of the main insights of the paper.

PROPOSITION 2 (Potential to Improve Decision Making): Asymmetry πθk 6= πθk

along the lines of at least two observable traits θA and θB leads to inequalities in

the potential to improve decision making across the different social types Θ. Specifi-

cally, agents with a mixed social type will have on average a higher expected pay-off

Vi(σ
∗
i |αi,Θi,Π) than agents with a one-sided social type.

Where Proposition 1 shows how agents can limit the adverse effects of their noisy per-

ception on decision making with the use of social identity cues, Proposition 2 shows

how the multidimensionality of a social type only reinforces this potential to improve

decision making for agents with mixed social types. This creates a disadvantage for

agents with one-sided social types relative to agents with a mixed social type, and

hence an inequality in expected utility. This result is different from the literature on

intersectionality, where the effect of multidimensional social identities operates through

the adding up of advantages or disadvantages of one’s group being over- respectively

underrepresentation (see e.g. Yuval-Davis (2006) and Crenshaw (1991)). In this model,

it is not under- or overrepresentation per se that determines whether agents are ad-

vantaged or disadvantaged. Both situations provide a tool to decrease the likelihood

of making a particular type of error. The multidimensionality of a social type in this

model affects decision making through the flexibility agents have to use this tool to

their advantage. The larger this flexibility, the better agents will be able to cope with

the potentially negative effects of the noise they are subject to. Despite this possibly
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counterintuitive result, we will see that the dynamics this individual behavior induces

at the aggregate level are in line with what we see in the data.

Note - Proposition 2 implies there is no inequality between agents with the socially

more successful and the socially less successful one-side social type. This should be

considered as the result of simplifications made in the model to isolate the particular

mechanism through which the results are obtained in this paper. Such an inequality

will arise if we either assume beliefs have a direct effect on performance, such as in

Compte and Postlewaite (2004), or when we assume choosing the Competence-Driven

task more often affects ability itself. For example, choosing STEM-related activities

repeatedly can lead to a better development of the abilities relevant for these activities,

and an acquired taste for STEM-related careers. This can eventually lead to higher

expected earnings.

4.2.2 Externalities in Aggregate Choice Behavior

In the following, I illustrate how differences in the potential to improve decision making

given a social context Π can induce differences in choice behavior and average success

rates across a priori identical agents with different types (α,Θi).

Example - Figure 2 shows the induced probabilities with which students choose to

enter the math competition conditional on their type and the earlier described social

context. All talented male students and all talented students with an Asian last name

focus on the social identity cue based on the representation of these respective traits

among those previously qualified. Their probability of entering the competition is rep-

resented by the top arrows. Talented female students with a Western last name and

not talented male students with an Asian last name learn to Repress the use of social

identity cues in decision making. Their induced probabilities to enter the competition

are represented by the middle two arrows. Finally, not talented female students and

students with a Western last name focus on the social identity cue based on the rep-

resentation of these respective traits among the successful students. Their probability

of entering the competition is represented by the lower two arrows.
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P (p̂Mi > γ|αi > γ,M ·,Π)

P (p̂Ai > γ|αi > γ, ·A,Π)

P (p̂Ri > γ|αi > γ, FW,Π)

P (p̂Ri > γ|αi < γ,MA,Π)

P (p̂Wi > γ|αi < γ, ·W,Π)

P (p̂Fi > γ|αi < γ, F ·,Π)

γ
ηF

γ
ηW

γ

γ
ηA

γ
ηM

0 1
α̂i

Figure 2: Induced probabilities for students to enter the math competition given their type and

optimal strategy σ∗
i

Male students with an Asian last name have on average the largest induced probability

to choose enter the competition. This is driven by the fact that they are most likely to

make a Type-I error, and least likely to make a Type-II error. Female students with a

Western last name have on average the smallest probability to enter the competition,

since they are most likely to make a Type-II error and least likely to make a Type-I

error. Male students with a Western last name and female students with an Asian

last name can decrease the likelihood of making both types of error. This creates the

following order on the induced probabilities of entering the competition.

Φ(αi,MA, σ∗i ,Π) > Φ(α,MW, σ∗i ,Π) = Φ(αi, FA, σ
∗
i ,Π) > Φ(αi, FW, σ

∗
i ,Π)

At the same time, female students with a Western last name cannot boost up their

beliefs with the use of social identity cues. Therefore, they will choose to enter the

competition for higher realizations of α̂i. Because these noisy perceptions are unbiased,

conditional on entering the competition, they will have on average a higher success

rate. The opposite reasoning applies to male students with an Asian last name. This

creates the following order on success rates conditional on entering the competition.

E(αi|ai = C,MA) < E(αi|ai = C,Θi ∈ {MW,FA}) < E(αi|ai = C,FW )
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More generally, let θk′ ∈ {0, 1} be the complement of θk. Let t̃θk be the one-sided

social type that has θki = θk for all k ∈ {A,B}, while t̃θk′ is the one-sided social type

that has θki = θk′ for all k ∈ {A,B}. Let Tmixed the set of mixed social types.

COROLLARY 1: Let πθk > πθk for all k ∈ {A,B}. We have a type-specific popu-

lation effect, such that Φ(αi, t̃θk , σ
∗
i ,Π) > Φ(αi, t ∈ Tmixed, σ∗i ,Π) > Φ(αi, t̃θk′ , σ

∗
i ,Π),

and a type-specific selection effect, such that E(αi|ai = C, t̃θk) < E(αi|ai = C, t ∈

Tmixed) < E(αi|ai = C, t̃θk′).

Differences in options agents have to bias the noisy perception α̂i create both a dif-

ference in the propensity with which agents with a certain social type undertake the

Competence-Driven task and a difference in mean-competence conditional on under-

taking this task. These patterns arise, even when the two traits of which a social type

consists are independent from each other, and the differences between the respective

social identity cues and their benchmark are induced by independent sources

4.2.3 Persistence

Whether these population and selection effects in Corollary 1 create persistent differ-

ences in choice behavior across social types depends on whether they shrink or increase

the differences between the cues and their benchmark.

Let π∗
θk
∈ [0, 1] be the value of πθk in equilibrium. I characterize the possible equilib-

rium outcomes as follows11.

DEFINITION 4 (Population Equilibrium): In a ‘Symmetric Equilibrium’ the al-

location of agents over tasks is independent of their social type, and we have a fixed

point such that Π = Π̃(σ∗,Π), where Π is such that π∗
θk

= πθk for θk ∈ {0, 1} and

k ∈ {A,B}. In an ‘Asymmetric Equilibrium’ the allocation of agents over tasks

is different for agents with a different social type, and we have a fixed point such that

Π = Π̃(σ∗,Π), where Π is such that π∗
θk
6= πθk for θk ∈ {0, 1} and k ∈ {A,B}.

11The one-dimensional Asymmetric Equilibrium is considered in Liqui Lung (2022)
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Furthermore, Definition 4 defines when a Symmetric Equilibrium becomes unstable.

DEFINITION 5 (Stability): A Symmetric Equilibrium is stable when, for any value

δ > 0, π̃θk(σ
∗, πθk + δ) < πθk + δ for all k ∈ {A,B}. A Symmetric Equilibrium is

unstable when there exists a value δ > 0, such that π̃θk(σ
∗, πθk + δ) > πθk + δ for at

least one dimension k ∈ {A,B}.

Example - Assume students have an extreme response function such that for σi{θA, θB},

Φ(αi,Θi, σ
∗
i ,Π) =


1 when πσ∗i > πσ∗i

Φ(αi, θi, R,Π) when πσ∗i = πσ∗i

0 when πσ∗i < πσ∗i

We can show a Symmetric Equilibrium always exists. Take a social context Π such

that πσ∗i = πσ∗i for all i, meaning no trait is relatively over- or underrepresented in the

data. This implies the strategies σ ∈ {θA, θB, R} are equivalent for all social types

Θ. Therefore, there will be no differences in the induced choice behavior across social

types, and π̃θk(σ
∗, πθk) = πθk for all k ∈ {A,B} and θk ∈ {0, 1}.

Now, assume an exogenous shock δ to Π, such that πM = πM + δ and πA = πA + δ.

That is, now, there are slightly more male students and students with an Asian last

name among those that qualify for the international final. With the extreme response

function, all talented male students and students with an Asian in the next generation

will enter the competition with probability one, while all not talented female students

and students with a Western last name will choose the generic task. Consequently,

π̃M(σ, πM + δ) > πM + δ and π̃A(σ, πA + δ) > πA + δ and hence, the Symmetric Equi-

librium becomes unstable.

Using this extreme response function, we can furthermore show that the induced social

identity cues π̃θk(σ,Π) are bounded from above. Let the induced number of individuals
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successful in the competition with trait θk be denoted by,

Sθk = pθk

∫
αΦ(α,Θ : θki = θk, σ

∗,Π)dα

Then,

SM = pM

∫
α>γ

αf(α)dα + pMpA
∫
α<γ

∫
α̂>γ

αgα(α̂)f(α)dαdα̂ (1)

is the total number of male students successful in the competition, and,

SF = pFpW

∫
α>γ

∫
α̂>γ

αgα(α̂)f(α)dαdα̂ + pFpA

∫
α>γ

αf(α)dα (2)

is total number of female students. Consequently, we can write

π̃M(σ∗,Π)

π̃F (σ∗,Π)
≤ SM
SF

(3)

We can obtain a similar equation for the dimension of last names. Therefore, for any

response function, SM
SF

provides an upper bound on π̃M (σ∗,Π)
π̃F (σ∗,Π)

. This is sufficient to show

that, when the Symmetric Equilibrium becomes unstable in two dimensions, we move

towards an Asymmetric Equilibrium of degree 2.

Finally, the induced number of successful individuals of a certain social type Θ, de-

noted by SΘ = pΘ

∫
αΦ(α,Θ, σ∗,Π)dα, can be ordered in terms of social type, such

that,

SMA = pMpA

∫
α>γ

αf(α)dα + pMpA
∫
α<γ

∫
α̂>γ

αgα(α̂)f(α)dαdα̂

SFA = pFpA

∫
α>γ

αf(α)dα

SMW = pMpW

∫
α>γ

αf(α)dα

SFW = pFpW

∫
α>γ

∫
α̂>γ

αgα(α̂)f(α)dαdα̂

Hence, in an Asymmetric Equilibrium, male students with an Asian last name will

be most overrepresented among those successful, due to the fact that the not talented

students with this social type cannot decrease the likelihood of making a Type-II error.

Similarly, female students with a Western last name will be most underrepresented,

due to the fact that the talented students with this social type cannot decrease the
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likelihood of making a Type-I error. Proposition 3 generalized these results.

PROPOSITION 3: If a Symmetric Equilibrium is unstable in both dimensions

k ∈ {A,B}, then it co-exists with a stable Asymmetric Equilibrium of Degree 2.

Assume WLOG that in any Asymmetric Equilibrium of Degree 2 πθk > πθk for

k ∈ {A,B}. Then, with SΘ = pΘ

∫
αΦ(α,Θ, σ∗,Π)dα, the order on SΘ must be such

that,

St̃
θk
> STmixed > St̃

θk′

This proposition shows how shocks in the representation of independent dimensions of

a social type in social context interact and can induce persistent differences in choice

behavior and success rates across social types. Consequently, differences in the options

to bias decision making across social types can make multidimensional asymmetries in

social context a self-fulfilling prophecy.

The order on the number of successful individuals across social types in an Asymmetric

Equilibrium is consistent with what we find in the data. The ‘Leaders and Daughters

Global Survey 2019’ and Pogrebna et al. (2024) shows women’s career trajectories flat-

ten mid-career compared to men’s, where this downward trend is strongest for women

belonging to ethnic minorities. Similarly, Gupta (2019) and Charleston et al. (2014)

show how women belonging to underrepresented castes, respectively African American

women are disproportionally underrepresented in STEM subjects. Furthermore, the

implied order on the number of successful individuals across social types in this model

is the similar to what is we find through other mechanisms studied in multidimensional

contexts, such as discrimination and unequal access to public goods (e.g. Crenshaw

(1991), Yuval-Davis (2015)). In Liqui Lung (2022), I integrate such direct effects of

social context on utility in the model, and indeed show how the different mechanisms

reinforce each other in creating persistent differences in choice behavior across a priori

identical agents belonging to different social groups.

Finally, with a model of belief formation in mind, each strategy can be interpreted

as a choice of model about the relationship between traits and chances of success in
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the Competence-Driven task. Another interpretation of Proposition 1 is that agents

adopt the model that ‘works best for them’ in terms of expected utility. Moreover,

following Proposition 3, equilibrium beliefs are consistent with observational feedback

conditional on the model of the world an agent adopts. That is, a talented female

agent only adopts a model of the world in which she believes gender and outcomes

are correlated when female agents are socially more successful. When this is the case,

adopting this model will ensure she will make on average less mistakes in decision

making and hence, observe on average more successful outcomes. As she is a female

agent herself, this feedback confirms her belief that female agents are more successful.

Hence, even when the model agents end up adopting according to their fitness criterion

is misspecified, the observational feedback provides a narrative that is consistent with

this misspecified model.

4.2.4 Existence and the Degree of Asymmetry

The existence of an Asymmetric Equilibrium of Degree 2 is not trivial. Furthermore,

the degree to which differences in choice behavior in an Asymmetric Equilibrium con-

tribute to the persistence of inequalities across social groups depends on how large the

differences between the cues π∗ and their benchmarks π are in such an equilibrium. In

the following, I give an intuitive overview of the factors that influence both existence

and the degree of asymmetry.

Response Function and Outside Option - For an Asymmetric Equilibrium to

exist, a Symmetric Equilibrium needs to become unstable as the result of a perturba-

tion. Whether a Symmetric Equilibrium is unstable depends on γ and the properties

of the response function η(πθk , πθk). First, an exogenous shock δ to Π in a ‘Symmet-

ric Equilibrium’ must have a sufficiently large effect on choice behavior of agents at

the individual level. Specifically, the induced change in the threshold γσ
∗
i must be

large enough. This change depends both on the derivative of the response function

η(πθk , πθk) at the ‘Symmetric Equilibrium’, and, because of the linearity of γσ
∗
i in γ,

this change is multiplicative in γ. Secondly, a perturbation δ must have a sufficiently

large effect on the outcomes at the aggregate level. This is captured by the elasticity
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of the total number of successful people in the Competence-Driven task in γ. The

absolute value of this elasticity is increasing in γ, since the more attractive the out-

side option, the lower the number of agents that tries the Competence-Driven task.

Moreover, the higher γ, the higher the success rate of agents that choose this task.

Consequently, the effect of a change in behavior on the induced social context Π̃(σ,Π)

is increasing in γ. Finally, the stronger agents respond to differences between π and

π, the larger the difference π∗ and π in an Asymmetric equilibrium.

COROLLARY 2: Take two response functions η̂ and η, such that η̂(π, π) > η(π, π) for

all π > π. Assume WLOG that an ‘Asymmetric Equilibrium’ exists in which π > π.

Let π∗η be the equilibrium value of π given a response function η. Then, π∗η̂ > π∗η.

Distribution of Social Types - A second factor that contributes to the existence

of an Asymmetric Equilibrium and the degree of asymmetry in such an equilibrium is

the fraction of agents with a mixed social type relative to the fraction of agents with a

one-sided social type in the population. Specifically, the larger the fraction of agents

with a one-sided social type, easier a Symmetric Equilibrium becomes unstable and

the larger the differences between π∗
θk

and πθk in equilibrium for k ∈ {A,B}. The

intuition for this result is as follows.

Example - The population and selection effects are driven by the fact that agents

with a different value of a particular trait, e.g. men and women, make on average a

different type of mistake. As agents with a mixed social type can minimize the like-

lihood of making both types of mistakes, this asymmetry is predominantly driven by

agents with a one-sided social type. We can illustrate this intuition with Equations 1

and 2. When we increase the fraction of agents with a mixed social type, we increase

pMW and pFA. As all not talented male students with a Western last name choose the

generic task, this means the number of not talented male students mistakenly entering

the competition goes down. This induces a decrease in Sm. On the other hand, an

increase in the fraction of female students with an Asian last name leads to an increase

in SF , as all talented students with these traits will surely enter the competition. As a
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result, an increase in the fraction of agents with a mixed social type leads to a decrease

in the strength of the population effects and lowers the upper bound SM
SF

on π̃M (σ∗,Π)
π̃F (σ∗,Π)

.

Dimensionality of Social Type - The strength of the population effects along the

lines of any single trait θk is a function of the number of traits k along which there

is asymmetry in social context. Specifically, we can show that, as the degree k of a

social type increases, the strength of the population effects in any particular dimension

decreases. The intuition behind this result is as follows.

Example - Assume one-dimensional social types based on the Gender -dimension.

With the extreme response function, we get,

SM = pM

∫
α>γ

αf(α)dα + pM

∫
α<γ

∫
α̂>γ

αgα(α̂)f(α)dαdα̂ (4)

while the number of successful female students will be,

SF = pF

∫
α>γ

∫
α̂>γ

αgα(α̂)f(α)dαdα̂ (5)

Now we move back to the two-dimensional case, as presented in Equations 1 and 2.

The difference between Equations 1 and 4 is that, because of the introduction of the

Name-dimension, SM decreases through the fraction of not talented male students with

a Western last name that can now use the Name-dimension to correct for a Type-II

error. Similarly, the difference between Equations 2 and 5 is that SF increases, because

talented female students with an Asian last name can now use the Name-dimension

to correct for a Type-I error. As we continue to increase the number of dimensions k

of the social type, the fraction of the population with a mixed social type increases.

This will decrease the strength of the population effects in any particular dimension

k, making it more difficult for a Symmetric Equilibrium to become unstable. Fur-

thermore, it lowers the upper bound on π̃M (σ∗,Π)
π̃F (σ∗,Π)

, decreasing the asymmetry in choice

behavior that can persist when an Asymmetric Equilibrium exists.

Aggregate Expected Utility and Multidimensionality - When we aggregate

expected utility over the population, any Asymmetric Equilibrium is a Pareto im-

provement over a Symmetric Equilibrium, as, in an Asymmetric Equilibrium, only
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those agents that can improve decision making on average with the social identity

cues change their behavior. The agents that cannot use social context to improve

decision making are not made worse off. This is no longer necessarily true when

beliefs have a direct effect on the probability of success, through for example confi-

dence (Compte and Postlewaite, 2004), or when social context has a direct effect on

someone’s chances of success through some form of discrimination or stereotype threat

(Steele, 2010). An ‘Asymmetric Equilibrium’ can also become suboptimal when agents

make systematic errors in learning their optimal strategy, when they do not correctly

compute the long-term pay-offs of choosing a Competence-Driven task, or when the

strategy Repress becomes costly. Most importantly, we may want to avoid an ‘Asym-

metric Equilibrium’ when it contributes to the persistence of inequalities across social

groups by reinforcing harmful stereotypes, social norms, or statistical discrimination.

Whether an Asymmetric Equilibrium of Degree k increases aggregate utility over a

Asymmetric Equilibrium of Degree k-1 depends on the following trade-off. On the one

hand, when agents have access to more social identity cues, the fraction of agents with

a mixed social type increases. This means that, on average, the set of agents that

can potentially improve decision making becomes larger, which has a positive effect

on aggregate utility. On the other hand, the degree of asymmetry along the lines of

a particular trait θk is driven by the asymmetry in the types of error subgroups can

potentially correct for. In an Asymmetric Equilibrium of Degree 1, this asymmetry is

driven by the behavior of all agents. In a Asymmetric Equilibrium of Degree k > 1,

this asymmetry is only driven by the agents with a one-sided social type. We therefore

observe smaller deviations of π∗
θk

from πθk as k increases. These smaller deviations lead

to smaller effects of the social identity cues on decision making, and decrease the po-

tential of agents to improve decision making. As we keep on adding dimensions to the

social type, this negative effect on aggregate utility starts to overtake. The deviations

of πθk from πθk decrease, until the share of agents in the population with a one-sided

social type is too small to make a Symmetric Equilibrium unstable.
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4.3 Adding Two-Dimensional Social Identity Cues

To simplify the exposition of the model, I assumed agents could only use one-dimensional

social identity cues. In this section, I show what the effects are of adding the option

of using the two-dimensional social identity cues πt on both individual and aggre-

gate choice behavior. The introduction of this option changes the strategy set to

σi ∈ {θA, θB,Θ, R}, where Θ refers to the strategy in which agents use the two-

dimensional social identity cue derived from their full social type Θi. When σi = Θ,

the corresponding response function can be defined as,

ηΘ = η(πΘi , πΘi)

The function ηΘ could in principal be different from ηθk . People could for example

react stronger to two-dimensional social identity cues than one-dimensional social

identity cues, because they identify stronger with people that have their entire social

type Θi in common, instead of only one trait θki . The strategy σi = Θ results in a

belief p̂Θ = ηΘα̂i or a threshold γΘ
i = γ

ηΘ
. We can similarly redefine

ηΘ = max(max
k

(ηθk), ηΘ) and η
Θ

= min(min
k

(ηθk), ηΘ)

Similarly, we define

κΘ = argmax
Θ,k

(ηθk , ηΘ) and κ
Θ

= argmin
Θ,k

(ηθk , ηΘ)

Hence, ηΘ ≥ ηΘ, while η
Θ
≤ η

Θ
. Adding the strategy Θ provides the following Corol-

lary to Proposition 1.

COROLLARY 3: The individually optimal strategies σ∗i given an agent’s type {αi,Θi}

with σi ∈ {θA, θB,Θ, R} and a social context Π are the following:

αi > γ αi < γ

ηΘ > 1 κΘ R

η
Θ
< 1 R κ

Θ

Corollary 3 shows agents will only use the option σi = Θ, when ηΘ provides a stronger

bias in the direction of their welfare-maximizing task than ηθk for any k.
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The extra strategy affects choice behavior at the aggregate level in the following ways.

Again, let t̃θk be the one-sided social type that has θki = θk for all k ∈ {A,B}, while

t̃θk′ is the one-sided social type that has θki = θk′ for all k ∈ {A,B}. Let Tmixed the

set of mixed social types. Assume πθk > πθk for all k ∈ {A,B}. First, when ηt̃θ′ < ηθk′

for k ∈ {A,B} and ηt̃
θk
> ηθk for k ∈ {A,B}, the introduction of the strategy σi = Θ

increases the type-specific population and selection effects.

Secondly, ηΘ may induce a stronger bias for a similar pair (π, π) than ηθk . Tt may

then become optimal for agents with a mixed social type to choose σi = Θ. This will

create an asymmetry in the potential to improve decision making across agents with

a mixed social type. Definition 6 helps analyze what happens at the aggregate level.

DEFINITION 6: An observable trait θk is dominant when πΘ > πΘ for all t : θki = θk,

while πΘ < πΘ for all t : θki = θk′.

In other words, we call an observable trait dominant, when agents with a mixed and

one-sided social type with one realization of this trait, e.g. all male students, are

overrepresented, while agents with a mixed and one-sided social type with the other

realization of this trait, e.g all female students, are underrepresented. For a trait that

is not dominant, for one realization agents with a one-sided social type are overrepre-

sented, e.g. male students with an Asian last name, while agents with a mixed social

type are underrepresented, e.g. female students with an Asian last name, and for the

other realization vice versa, e.g. male and female students with a Western last name.

When agents with a mixed social type choose σi = Θ, this increases the population

and selection effects along the lines of the dominant observable trait, while it decreases

the population and selection effects along the lines of the trait that is not dominant.

5 What fosters Persistent Identity-Driven Choices?

When we consider multidimensional social types, the list of traits one can think of can

be infinite. Yet, as we saw in the previous section, differences in choice behavior can
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only persist along the lines of a limited number of traits simultaneously. Moreover,

in reality, traits that drive choice behavior are often related to gender, ethnicity, age

or social class. In this section, I show what insights the model can provide regarding

what characteristics of a trait foster persistent differences in choice behavior.

5.1 The Ability to Self-Identify

People have a certain degree of control over their social type. Jia and Persson (2019)

shows how the choice of ethnicity for children in ethnically mixed marriages in China

is driven by the interaction between material benefits restricted to certain minorities,

and existing social norms of following the father’s identity. Qian and Nix (2015) shows

how the rate at which black Americans were ‘passing’ as white was correlated with

geographical relocation to communities with higher percentages of whites, and with

better political and socioeconomic opportunities for whites relative to blacks. Cassan

(2015) shows how the Punjab alienation of land act led to a movement of identity-

manipulation. Furthermore, there are many flexible traits that are easy for people to

adopt, think of fashion styles, belonging to certain subcultures or societies.

The model allows to study the ability to self-identify through enlarging the strat-

egy set. This ability may be costly for some traits, like gender, while more flexible

for others, like having a certain hair color. To guide intuition on how this affects the

equilibrium results, consider an extreme case in which agents can freely choose their

trait θki . This means we effectively endogenize this dimension of the social type. When

agents can pick and choose their social type as they like, they can decrease the likeli-

hood of making both a Type-I and Type-II error. This is beneficial for agents at the

individual level, as it will increase their expected utility. Yet, these benefits cannot be

persistent. At the aggregate level, when agents can fully self-identify, the whole pop-

ulation behaves as an agent with a mixed social type. Consequently, an Asymmetry

Equilibrium does not exist. As soon as agents benefit from any asymmetries along

the lines of this trait at the individual level, these asymmetries will disappear in the

next generation. As we restrict the ability of agents to self-identify, or make it more

costly, we move from this extreme case towards the case in which the social type is
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fully exogenous. This increases the size of the population that has a one-sided social

type. This makes it easier for an Asymmetric Equilibrium to exist and increases the

degree of asymmetry that can possibly persist in equilibrium.

Hence, the more restricted agents are in their ability to self-identify, the stronger

the population and selection effects in this dimension of the social type. This provides

intuition for why traits having persistent effects on choice behavior are traits that are

costly to manipulate, such as gender, race or social class, while traits that only have a

short-lived effect on behavior, such as fashion styles, are easy to adopt. Even if such

flexible traits may drive behavior for some time, the effects will eventually dissipate,

guiding agents’ focus back to less their flexible traits.

5.2 The Cost of Repressing

It may be costly to repress certain dimensions of the social type because of socially

imposed constraints. Specifically, one’s social identity is a composite view of the view

one has of oneself as well as the views held by others about one’s identity (Nagel, 1994).

The views held by others may be guided by stereotypes, narratives or stigmatization.

It can be difficult for agents to ignore the dimension of their social type that is made

salient by such social constraints (Major and O’Brien, 2005). Furthermore, it can be

difficult to identify with other social types, even if they have some traits in common.

For example, Crenshaw (1991) describes how black women are not able to identify

with white women nor black men, because their experience in society is so different.

The framework developed in this paper allows us to study the effects of social con-

straints through simple adjustments to the strategy set. To guide intuition, I again

consider various extreme cases in which the cost of repressing is infinite and agents

are not able to use certain identification strategies σi. In particular, I consider two

types of strategy restrictions; The first type is such that agents are not able to ignore

one dimension of their social type, while they are free to ignore the other dimension.

I summarize constraints of this type under the name Stigmatization. The second type

of restriction is such that agents can only use two-dimensional social identity cues in
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belief formation. Such Type-Specific Social Identification captures agents that cannot

identify with other social types, despite having some traits in common.

5.2.1 Stigmatization

I consider two versions of Stigmatization. In the first version, an entire trait θki is

stigmatized. I first analyze a Two-Strategy Model, in which agents can only use one-

dimensional cues. Consequently, I introduce the Three-Strategy Model, in which agents

can use both one-dimensional cues πθk and two-dimensional cues πt. In the second ver-

sion of stigmatization, only one value of a trait is stigmatized, meaning that only those

agents with that specific value of the trait cannot ignore the trait, e.g. women, while

agents with another value can, e.g. men. I call this model the Asymmetric Model. I

use the Two-Strategy Model to provide the main intuition and discuss the main take-

aways from the full analysis below. The complete analysis of the Three-Strategy Model

and the Asymmetric Model can be found in Appendix 2.

Two-Stategy Model - In a two-strategy model, agents only use one-dimensional so-

cial identity cues πθk and cannot repress one of their traits θki . Assume gender is

the stigmatized dimension of social identity. Hence, the strategy set is reduced to

σi ∈ {Gender,R}. In this case, there is no difference in the potential to improve

decision making between mixed and one-sided social types. Only students with mixed

types are disadvantaged by stigmatization in this model, while students with one-sided

types are not affected. Furthermore, students cannot use the dimension of their last

name in decision making. Because the traits θki and ability types αi are independently

distributed over the population, there can be no differences in choice behavior between

students with a Western and Asian last name. On the other hand, the differences in

choice behavior between male and female students are now driven by the behavior of

students with both one-sided social types and mixed social types. Therefore, stigma-

tization reinforces the population and selection effects in the dimension of gender.

The main take-aways from the full analysis are that, first, Stigmatization reinforces the

population and selection effects in the dimension of the stigmatized trait, and decreases
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these effects in the dimension of the non-stigmatized trait. Secondly, Stigmatization

mainly has a negative effect on the potential to improve decision making of agents

with a mixed social type. When the stigmatized trait is not dominant, the avail-

ability of two-dimensional social identity cues can partially mitigate these negative

effects, as agents with a mixed social type can substitute, at least to some extent, the

one-dimensional cue they can no longer use with their two-dimensional cue πΘ.

5.2.2 Type-Specific Social Identification

When agents can only focus on others with their social type Θ, this reduces the strategy

set to σi ∈ {Θi, R}. When we eliminate the option to use one-dimensional social

identity cues, all social types only have the ability to decrease the likelihood of making

one type of mistake. When gender is dominant, all male students can potentially

correct for a Type-II error, while all female students can potentially correct for a

Type-I error. This induces population and selection effects in the dimension of gender

that are driven by the behavior of agents with both one-sided and mixed social types.

On the other hand, in the dimension that is not dominant, male students with an

Asian last name can potentially correct for a Type-II error, while female students with

an Asian last name can potentially correct for a Type-I error. For male and female

agents with a Western last name, this is exactly the opposite. Hence, there will only be

asymmetry along the lines of the last names, when πMA 6= πMW and πFW 6= πFA. The

exact opposite happens when the last name is the dominant trait. Therefore, compared

to the benchmark case, Type-Specific Social Identification increases the population and

selection effects along the lines of the dominant dimension of the social type, while

decreases asymmetry along the lines of the trait that is not dominant.

5.3 Correlation

Correlated traits - When two socially more successful traits θA and θB are positively

correlated, there are relatively more agents with a one-sided social type than a mixed

social type in the population. This is the type of correlation we often observe. For

example, belonging to an underrepresented ethnic minority is often correlated with

belonging to a lower income group, while the opposite applies to overrepresented mi-
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norities (e.g. Asian origin) and higher income groups. Similarly, belonging to certain

social groups can be correlated with having certain physical aspects, or it can make

some attributes more easily accessible. This type of correlation has two effects. First,

because it increases the fraction of agents with one-sided social types in the popu-

lation, it increases the strength of the population and selection effects. Secondly, a

shock δ to social context in one dimension of the social type will simultaneously affect

social context in the correlated dimension. This will further reinforce the resulting

population and selection effects. This type of correlation makes it therefore easier for

an Asymmetric Equilibrium to exist. On the other hand, when the correlation is neg-

ative, this increases the fraction of agents with a mixed social type, which decreases

the degree of asymmetry in equilibrium.

Correlation with Ability - To isolate the mechanism through which the results

are obtained from other mechanisms, such as social learning, I assumed social types

Θi are uncorrelated with ability types αi. Yet, when there is a correlation between a

trait θk and ability, this has a direct and indirect effects on the induced population

and selection effects. Consider the case in which a trait θk, e.g. height, is correlated

with ability αi, playing basketball. That is, the fraction of agents in the population

that are tall and talented is larger than the fraction of agents that are small and tal-

ented. Therefore, the population and selection effects in a social context in which tall

people are overrepresented among those successful will be stronger than these effects

in a context in which small people are overrepresented. As a consequence, it is easier

for an Asymmetric Equilibrium to exist of the former type than the latter.

Secondly, if one socially more successful trait θA, e.g. height, is correlated with both

ability and another socially more successful trait θB, e.g. belonging to a certain ethnic

group, this increases both the fraction of talented agents in the population with a

socially more successful one-sided social type and the fraction of not talented agents

with a socially less successful one-sided social type. This reinforces the population and

selection effects and increases the degree of asymmetry observed in an Asymmetric

Equilibrium in which tall people from this ethnic group are relatively overrepresented
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among those successful in basketball. Contrary to the case in which there was no

correlation with ability, the social type is now a meaningful instrument for agents.

6 Policy Implications: Pitfalls and Opportunities

6.1 The Pitfalls

When it comes to designing policy, a multidimensional view is not only helpful, but

crucial. Recent literature challenges the effectiveness of the traditional one-dimensional

policy measures employed to achieve social diversity. Such approaches, like those cen-

tered on gender alone, can not only have limited impact, but can induce unintended

spillover effects on the representation of other social groups (See for example Cassan

and Vandewalle (2021), Beaman et al. (2012), Hughes (2011), Karekurve-Ramachandra

and Lee (2020), Folke et al. (2015) and Tan (2014)). When we analyze data on choice

behavior and outcomes with a one-dimensional view on social types, there are im-

portant aspects we would overlook. In this section, I show how these insights could

explain the pitfalls we encounter in the literature.

Externalities - The patterns in aggregate choice behavior in Corollary 1 induce ex-

ternalities in choice behavior and success rates along the lines of individual traits as

the result of changes in social context. For example, when we eliminate the differences

in representation among male and female students in a math contest, we would take

away the option of not talented female Asian students to bias beliefs downwards, and

of talented male Western students to bias beliefs upwards. This leads to an increase in

Asian students among those that participate and succeed, and a decrease in Western

students. This is consistent with what we find in the data. Results from the ATfoun-

dation Math Prize for girls shows the list of winners is almost entirely composed of

women of Asian origin.12 These externalities can explain the unwanted spillover effects

of gender quota we encounter in the literature. For example, Cassan and Vandewalle

(2021) shows a quota to increase the participation of women in leadership positions

in India reinforced the overrepresentation of people belonging to certain castes. The

12See https://mathprize.atfoundation.org/experience/past-events for more information.
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model would predict this being the result of not talented women belonging to already

overrepresented castes now being less able to bias beliefs downwards with social iden-

tity cues related to their gender. They are therefore more likely to enter leadership

positions, further strengthening the overrepresentation of these castes.

One-Dimensional Population and Selection Effects - When we look at Table 1

with a one-dimensional view along the lines of Gender, on average, male and female

students have the same potential to correct for the mistakes. There are nevertheless

more male students that can minimize the likelihood of making a Type-II error, while

there are more female students that can minimize the likelihood of making a Type-

I error. Figure 2 shows how, consequently, male students have on average a larger

probability to enter the competition than female students. At the same time, female

students have on average a higher success rate than male students conditional on en-

tering the competition. We have therefore one-dimensional population and selection

effects. Without a multidimensional view, we would nevertheless fail to understand

these effects are predominantly driven by the behavior of students with a one-sided

social type, caused by both the inequality in expected utility between agents with

a mixed and one-sided social type, and the asymmetry in the type of error agents

with a different one-sided type can potentially correct for. Crenshaw (1991) discusses

how gender quota affect white women disproportionately. This paper suggests we

could improve the effectiveness of this policy and reduce spillover effects by making

sure a quota affects all women proportionately, or even target minority women directly.

Stigma and Correlation - Restrictions on the strategy set induced by stigma or

correlation between traits have externalities on choice behavior across different groups.

When being female is stigmatized, this affects reactions to changes in social context

along the lines of ethnicity. Moreover, when African American women are stigma-

tized and poorly represented in a given task, this will undermine the prevalence of

women in general in that task, and, hence, negatively affect the option to bias beliefs

upwards for all talented women. Not being aware of the restrictions agents face and

the externalities they induce affects the effectiveness of policy. For example, when we
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want to avoid people to focus on ethnicity in a particular choice setting, for example

through no longer making this information available, then this policy will have little

to no effect when ethnicity is correlated with another variable on which agents do

have information, such as social class. A similar problem arises when social class is

stigmatized and we reduce asymmetries along the lines of ethnicity with a quota.

Welfare - Assume in university admissions we impose a measure that leads to an

equal representation of students from different high school districts. Let us analyze

the consequences of such a measure on choice behavior in the next generation using

the simplified framework developed in this paper. As a result of the policy, students

in the next generation will no longer focus on the role of the district they come from.

Instead, they may now only be able to focus on gender. Consequently, we have taken

away the option for agents with a mixed social type to use the high school district

dimension to improve their decision making. These agents will now be more likely to

make mistakes in decision making. Indeed, although the policy measure will result in

an equal representation of students from different districts, it is obtained through an

increase in not talented male students that apply and a decrease of talented female

students. As result of the policy, we may therefore have decreased aggregate welfare.13

6.2 Opportunities

This paper shows how agents can use social identity cues to improve decision making

on average. However, under certain conditions, these individual benefits come at a cost

at the aggregate level, where the resulting behavior may contribute to the persistence

of inequalities and harmful stereotypes. Optimally, we would like to eliminate the per-

13For simplicity, I did not consider the option that students know about the quota. This assumption

is realistic for this particular example, where prospective students are usually not aware of the partic-

ulars of the admission procedure. If agents would be aware of a quota, this could affect the results in

two ways. On the one hand, agents may believe social context is now less relevant in forming a belief

about their own ability. This would flatten the functions ησi
. On the other hand, agents targeted by

the quota may shift their beliefs about their chances of success systematically upwards, while agents

not targeted by the quota shift their beliefs systematically downwards. This would further decrease

asymmetries between the targeted and non-targeted subgroups.
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sistent effects at the aggregate level, while maintaining the benefits at the individual

level. A multidimensional view on social identity provides opportunities to achieve this.

On the one hand, with could eliminate asymmetries in social context along the lines

of traits that induce persistent effects with the use of well-designed multidimensional

quota as discussed in the previous section. On the other hand, we can use informa-

tional policy to nudge people to focus on different dimensions of their social type or on

different statistics, such that we avoid persistent negative effects at the aggregate level.

By making data available on certain traits and not others, we can guide attention

to traits that are accessible, easy to manipulate, and with a low cost to repress. We

could further enable agents to improve decision making when we direct focus to traits

that are correlated with ability. This has not only a larger effect on behavior at the

aggregate level, but also provides benefits in an informational sense. Secondly, by

influencing the statistics agents calculate and process, we can eliminate the persis-

tence of identity-driven choices. In particular, in Liqui Lung (2022), I show how social

identity cues cannot have persistent effects on choice behavior when agents focus on

within-group success rates. Third, we could influence agents’ reaction to social context

through their response function η. The more attention a certain trait receives through

for example the media, the stronger agents will react to deviations of the social iden-

tity cues from their benchmarks. Finally, the reaction of agents to social context also

depends on the benchmark they use. In Liqui Lung (2022), I show how a Symmetric

Equilibrium no longer exists when agents have misspecified beliefs about their bench-

mark. Providing data and information regarding the correct benchmark is therefore

another way in which we could avoid persistent asymmetries in choice behavior.

7 Conclusion

This paper provides a framework to analyze how the multidimensionality of social

identity affects choice behavior at both the individual and aggregate level. I show

how informationally irrelevant data about others can help agents improve decision

making on average when they are subject to noise in decision making that they have

limited tools to correct for. Agents can use social context to mechanically bias beliefs
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in a direction implied by their social type, and adopt the bias that best increases the

likelihood they undertake their welfare-maximizing task.

The key insight is that, although agents have the same set of social identification

strategies, social context translates this set of strategies into options to bias that are

different for agents with different social types. It is therefore not the representation of

a social group per se that affects behavior in this model, but rather the potential to

improve decision making social context induces for each social type. Differences in this

potential can induce persistent asymmetries in choice behavior across a priori identical

individuals with different social types. The first message of the paper is therefore that,

when we want to address identity-driven choice behavior, taking care of discrimination

and initial skill differences is not enough.

The model allows to integrate the effects of stigma, identity manipulation and self-

identification through changes in the set of social identification strategies. The insights

obtained shed light on why we always talk about gender, ethnicity, social class and

traits highly correlated with those, when it comes to occupational and educational

choices. Finally, the equilibrium results shed light on the different externalities across

traits that arise as a response to changes in social context. Knowledge of these exter-

nalities is key for the design of effective policy, and the second message of the paper is

that a multidimensional approach to address the underrepresentation of e.g. women

and minorities is crucial for effective policy design.

To conclude, social influences have a function in choice behavior and this paper

aims to make a step towards opening this black box. The insights point towards

various directions for future research. First, I assume homogeneity in the way agents

observe and process information. Social networks may nevertheless influence an agent’s

perception of the social environment. This could create heterogeneous cues that may

be correlated with traits such as income, neighborhood or education. Secondly, I

assume agents are perfectly able to learn their optimal strategies. Social context

could nevertheless influence this learning process, through for example discrimination,

social pressures or stereotype threat. This could induce learning traps that could be

asymmetric across social groups. A deeper understanding of these issues would allow

us to better make the step from the theoretical framework to the real world.
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Appendix 1: Mathematical Appendix

PROPOSITION 1 (Individually Optimal Belief Formation): The individually optimal

strategies σ∗i given an agent’s type {αi,Θi} and a social context Π are the following:

αi > γ αi < γ

ηΘ > 1 κΘ R

η
Θ
< 1 R κΘ

Proof. Agents choose σi to maximize Vi(σi|αi,Θi,Π) over all possible realizations of

α̂i. Consider first agents with αi > γ. The welfare-maximizing choice for these agents

is ai = C. Vi(σi|αi,Θi,Π) > Vi(R|αi,Θi,Π) for σi 6= R if and only if Φ(αi,Θi, σi,Π) >

Φ(αi,Θi, σi,Π) for some σi ∈ {θA, θB}. Since Φ(αi,Θi, σi,Π) = P (α̂i > γσi |αi,Θi,Π),

this is the case when γσi < γ. This is true if and only if πθki > πθki for some

k ∈ {A,B}. When multiple social identity cues satisfy this condition, agents maxi-

mize Vi(σi|αi,Θi,Π) by choosing σi to maximize γ − γσi . Hence, σ∗i = κΘ. Otherwise,

σ∗i = R.

The proof is vice versa for agents with αi < γ. Vi(σi|αi,Θi,Π) > Vi(R|αi,Θi,Π)

if and only if Φ(αi,Θi, σi,Π) < Φ(αi,Θi, σi,Π) for some σi ∈ {θA, θB}. This is the case

if and only if γσi > γ, meaning that we need πθki < πθki for some k ∈ {A,B}. When

multiple social identity cues satisfy this condition, agents maximize Vi(σi|αi,Θi,Π) by

choosing σi to maximize γσi − γ. Hence, σ∗i = κΘ. Otherwise, σ∗i = R.
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PROPOSITION 2 (Potential to Improve Decision Making): Asymmetry πθk 6= πθk

along the lines of at least two observable traits θA and θB leads to inequalities in

the potential to improve decision making across the different social types Θ. Specifi-

cally, agents with a mixed social type will have on average a higher expected pay-off

Vi(σ
∗
i |αi,Θi,Π) than agents with a one-sided social type.

Proof. Agents with a mixed social type can use their social identity cues to bias α̂i

both upwards and downwards. Agents with a one-sided social type can either bias α̂i

upwards or downwards. Therefore, they can either correct of a Type I or Type II error,

but not for both. Because Vi(σ
∗
i |αi,Θi,Π) > Vi(R|αi,Θi,Π) when σ∗i 6= R, agents for

whom it is optimal to not repress have a higher expected utility. For agents with a

mixed social type this is the case both when αi < γ and when αi > γ. For agents with

a one-sided type, this condition only holds for either αi < γ or αi > γ. For the other

case, Vi(σ
∗
i |αi,Θi,Π) = Vi(R|αi,Θi,Π). Therefore, when we aggregate all agents along

the lines of their social type Θi, conditional on σ∗, agents with a mixed social type

have on average a higher expected payoff Vi(σ
∗
i |αi,Θi,Π) than agents with a one-sided

social type.

COROLLARY 1: Let πθk > πθk for all k ∈ {A,B}. We have a type-specific popu-

lation effect, such that Φ(αi, t̃θk , σ
∗
i ,Π) > Φ(αi, t ∈ Tmixed, σ∗i ,Π) > Φ(αi, t̃θk′ , σ

∗
i ,Π),

and a type-specific selection effect, such that E(αi|ai = C, t̃θk) < E(αi|ai = C, t ∈

Tmixed) < E(αi|ai = C, t̃θk′).

Proof. If πθk > πθk for all k ∈ {A,B}, then for agents with social type t̃θk , we

have ηt̃
θk
> 1 and η

t̃
θk
> 1. Hence, when αi > γ, σ∗i = κt̃

θk
, and when αi < γ,

we have σ∗i = R. For all Θ ∈ Tmixed, we have ηΘ > 1 and η
Θ
< 1. Therefore,

σ∗ = κΘ when αi > γ and σ∗i = κΘ when αi < γ. According to Definition 1, when

σ∗ 6= R, then for agents with αi > γ, we have Φ(αi,Θi, σ
∗
i ,Π) > Φ(αi,Θi, R,Π).

Similarly, for agents with αi > γ, we have Φ(αi,Θi, σ
∗
i ,Π) < Φ(αi,Θi, R,Π). Now,

it follows that Φ(αi < γ, t̃θk , σ
∗
i ,Π) > Φ(αi < γ, t, σ∗i ,Π) for all t 6= t̃θk , while

Φ(αi > γ, t̃θk′ , σ
∗
i ,Π) > Φ(αi < γ, t, σ∗i ,Π) for all t 6= t̃θk′ . Hence, aggregating

agents over all ability types αi ∈ [0, 1] along the lines of social types t results in

Φ(αi, t̃θk , σ
∗
i ,Π) > Φ(αi, t ∈ Tmixed, σ∗i ,Π) > Φ(αi, t̃θk′ , σ

∗
i ,Π).
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If Φ(αi, t̃θk , σ
∗
i ,Π) > Φ(αi, t ∈ Tmixed, σ

∗
i ,Π) > Φ(αi, t̃θk′ , σ

∗
i ,Π), then on average γσ∗i

for agents with type t̃θk is lower than the average γσ∗i for agents with Θi ∈ Tmixed. And

the latter thresholds are on average lower than the thresholds for agents with type

t̃θk′ . Hence, agents with type t̃θk′ choose ai = C for on average the highest realizations

of α̂i. Because, according to Assumption 1, for each agent E(α̂i) = αi, these agents

will on average have higher ability types αi. It then follows that E(αi|ai = C, t̃θk) <

E(αi|ai = C, t ∈ Tmixed) < E(αi|ai = C, t̃θk′).

PROPOSITION 3: If a Symmetric Equilibrium is unstable in both dimensions

k ∈ {A,B}, then it co-exists with a stable Asymmetric Equilibrium of Degree 2.

Assume WLOG that in any Asymmetric Equilibrium of Degree 2 πθk > πθk for

k ∈ {A,B}. Then, with SΘ = pΘ

∫
αΦ(α,Θ, σ∗,Π)dα, the order on SΘ must be such

that,

St̃
θk
> STmixed > St̃

θk′

Proof. We infer a Symmetric Equilibrium always exists. When Π : πθk = πθk for all

k ∈ {A,B}, then, all strategies σ ∈ {θA, θB, R} are equivalent. Since αi and Θi are

independently distributed over the population, π̃θk(Π, σ) = πθk for all k ∈ {A,B}.

Now consider a perturbation of a Symmetric Equilibrium such that πδ
θk

= πθk + δ,

while πδ
θk′ = πθk′ − δ for all k ∈ {A,B}. Let Ssym be the set of all social contexts

Π in which the induced social identity cues π̃θk(Π, σ) are symmetric for k ∈ {A,B}.

Similarly, we can now define the set Ssymδ that contains all Π that are induced by a

perturbation δ such that πδ
θk

= πθk + δ, while πδ
θk′ = πθk′ − δ for all k ∈ {A,B}. It

follows that Ssymδ ⊂ Ssym and we have a non-empty, compact and convex set Ssymδ .

Secondly, we know π̃θk(σ
∗,Π) is some linear transformation of,∫

α>γ

αP

(
α̂ >

γ

η(πθk , πθk)

)
f(α̂|α)dα̂dα +

∫
α<γ

αP (α̂ > γ)f(α̂|α)dα̂dα (6)

When η(π, π) then π̃θk(σ
∗, π) is continuous in π. Furthermore, π̃θk(σ

∗, π) is increasing

in π. Then, when there exist π̂ > π and θk such that π̃θk(σ
∗, π̂) > π̂, then ∀π > π̂, we
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have π̃θk(σ
∗, π) > π̂. This condition holds when a Symmetric Equilibrium is unstable

according to Definition 5. If this is the case, we now have a non-empty, compact and

convex set Ssymδ , and a continuous function Π̃(σ, ·) : Ssymδ → Ssymδ . Therefore, follow-

ing Brouwer’s fixed point theorem, there exists a fixed point Π∗ ∈ Ssymδ such that,

Π∗ = Π̃(σ,Ssymδ ). According to Definition 4 and the definition of Ssymδ , such a fixed

point Π∗ is an Asymmetric Equilibrium of Degree 2.

Finally, because for any Π∗ ∈ Ssymδ , πδ
θk
> πθk , while πδ

θk′ < πθk′ for all k ∈ {A,B},

from Corollary 1 it follows we necessarily have that in any such fixed point Π∗,

St̃
θk
> STmixed > St̃

θk′

COROLLARY 2: Take two response functions η̂ and η, such that η̂(π, π) > η(π, π) for

all π > π. Assume WLOG that an ‘Asymmetric Equilibrium’ exists in which π > π.

Let π∗η be the equilibrium value of π given a response function η. Then, π∗η̂ > π∗η.

Proof. Let η(π, π) be a response function such that, given γ, the condition of Lemma 1

holds. Then, an Asymmetric Equilibrium also exists for any response function η̂(π, π),

such that η̂(π, π) > η(π, π) for all π > π. Let π̃η,θ(σ, π) be the induced value of π for

a response function η. Then, if η̂(π, π) > η(π, π) for all π > π, we have π̃η̂,θ(σ, π) >

π̃η,θ(σ, π) ∀π > π. Consequently, let π∗η be the equilibrium value of π that arises

in an Asymmetric Equilibrium for a response function η. Then, π(1) ≡ π̃η̂,θ(σ, π
∗
η) >

π̃η,θ(σ, π
∗
η) = π∗η, which implies that π(2) ≡ π̃η̂,θ(σ, π

(1)) > π̃η̂,θ(σ, π
∗
η) ≡ π(1) and π(3) ≡

π̃η̂,x(σ, π
(2)) > π̃η̂,1(σ, π(1)) ≡ π(2). This sequence converges to π∗η̂ = π̃η̂,σ(σ, π∗η̂) and is

everywhere above π∗η and below the upper bound πu on π. This shows that, for any

response function η̂(π, π) such that η̂(π, π) > η(π, π) for all π > π, in equilibrium

π∗η̂ > π∗η (7)
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COROLLARY 3: The individually optimal strategies σ∗i given an agent’s type {αi,Θi}

with σi ∈ {θA, θB,Θ, R} and a social context Π are the following:

αi > γ αi < γ

ηΘ > 1 κΘ R

η
Θ
< 1 R κ

Θ

Proof. The proof of this corollory is analogous to the proof of Proposition 1. Agents

choose σi ∈ {θA, θB,Θ, R} to maximize V (σi|αi,Θi,Π). Hence they will choose σi =

Θ if and only if Θ = argmaxσi∈{θA,θB ,Θ,R} V (σi|αi,Θi,Π). When αi > γ, maxi-

mizing V (σi|αi,Θi,Π) is equivalent to maximizing Φ(αi,Θi, σi,Π). We only have

Φ(αi,Θi,Θ,Π) = maxσi∈{θA,θB ,Θ,R}Φ(αi,Θi, σi,Π) when πΘ > πΘ and Θ = κt. Vice

versa, when αi < γ.

Appendix 2: Strategy Restrictions

The Three-Strategy Model - Agents can use both one-dimensional and two-dimensional

social identity cues. When gender is stigmatized, the strategy set becomes σi ∈

{Gender,Θ, R}. There are two different settings. In the first setting, gender is dom-

inant, and both female students with an Asian and Western last name are relatively

underrepresented among those qualified for the international final. In this case, both

talented female students with an Asian last name and not talented male students with

a Western last name cannot use σi = Θ to improve decision making. Consequently, the

Three-Strategy model has similar implications as the Two-Strategy model, where mixed

social types lose their ability to decrease the likelihood of making one type of mistake.

When agents with one-sided social types find it optimal to use πΘ instead of πGender,

the optimal strategy of agents with one-sided social types induces a larger bias than

the optimal strategy of agents with mixed social types. This induces differences in

choice behavior across students with different last names. Unlike in the Two-Strategy

Model, the availability of two-dimensional cues can therefore induce population and

selection effects in dimensions of the social type that are not stigmatized.
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In the second setting, the Name-dimension is dominant, and both female and male

agents with a Western last name are relatively underrepresented among those suc-

cessful. Here, students with a mixed social type maintain their ability to potentially

correct for both types of mistakes. In this setting, the availability of two-dimensional

cues can therefore enable agents with mixed social types to escape the negative effects

of the stigmatization of Gender. There will be a difference in the potential to improve

decision making across agents with mixed social types. To determine what happens in

equilibrium, we can use Corollary 3.

The Asymmetric Model - Assume WLOG that being female is stigmatized. This

means that for female students the strategy set is restricted to σi ∈ {θA,Θ, R}. Male

students, on the other hand, can use the complete strategy set σi ∈ {θA, θB,Θ, R}.

First, consider the setting in which the dimension of last name is dominant. In this

setting, female students with an Asian last name can potentially escape the negative

effects of stigmatization by using their two-dimensional cue πFA. If it is optimal to

choose σi = k for all agents with a mixed social type, then stigmatization only neg-

atively affects talented female students with an Asian last name. As a result, the

potential of male students and students with an Asian last name to improve decision

making slightly increases, while it slightly decreases for female students and students

with a Western last name. Hence, the population and selection effects in the dimension

of gender will be reinforced, while the strength of the population and selection effects

in the dimension of last names decreases. When gender is dominant, talented female

students with an Asian last name are no longer able to potentially correct for Type-II

error. This decreases the participation of both female students and Asian students

at the same time, increasing the population and selection effects in the dimension of

gender, while decreasing them in the dimension of last names.
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