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1 Introduction

Equally performing individuals belonging to different social groups can have systemati-
cally different beliefs about their own abilities. Recent studies have found evidence for
this phenomenon for male and female math students (Lippmann and Senik, 2018), black
and white college students (Hodge et al., 2008), men and women in the labor market
(Exley and Kessler, 2022) and socially more and less advantaged children in high school
(Guyon and Huillery, 2021), amongst others. Such differences in beliefs can be driven by
the social context in which these beliefs are formed, even when the information that can
be retrieved from this context is irrelevant in the belief formation process.! Furthermore,
these differences in beliefs are one of the main drivers of identity-driven choice behavior,
meaning a priori identical individuals belonging to different social groups making differ-
ent choices. This contributes to inequalities across social groups and negatively affects
social diversity in occupational and educational fields. It is therefore important to un-
derstand how such differences in beliefs arise. This paper contributes to the literature
by showing why agents may find it optimal to let their beliefs be influenced by irrele-
vant statistics about who is successful, and how this can lead to persistent differences
in choice behavior across a priori identical subgroups. I discuss how the insights this
paper provides can be useful to develop the appropriate informational policies needed
to achieve social diversity and fight harmful stereotypes.

I propose a model in which the effect of social context on belief formation is deter-
mined endogenously, without assuming social context directly affects utility. To analyze
the origin of identity-driven choice behavior, I analyze agents that attempt to form a
subjective belief about the individual-specific probability of success in a task. In this
process, they choose whether they let irrelevant statistics about the prevalence of their
social group among the successful individuals in the task influence their belief forma-
tion. These subjective beliefs induce choice behavior, and this choice behavior leads
to successes and failures that in turn give rise to statistics. To analyze the persistence
of identity-driven choice behavior, I use a novel static solution concept that tractably
captures the mutually stable choices of belief formation and tasks in this process.

In the model, agents choose between an ability-driven task with an individual-specific
probability of success and an outside option with a probability of success that is the same
for all agents. Examples of ability-driven tasks can be math-related tasks or leadership-
related tasks. The key assumption in the model is that agents only have a noisy percep-

tion of their probability of success in this ability-driven task®. This assumption aims to

!See for example Lippmann and Senik (2018), Coffman (2014) and Flory et al. (2010)
2T assume agents are not systematically over- or under confident. This assumption only serves to show



capture the fact that, driven by exogenous factors such as emotions, agents can some-
times be a bit too optimistic about their chances of success, while other times they may
be too pessimistic (see e.g. Fiedler and Bless (2000) and Elster (1996)). Agents attempt
to form a subjective belief about their probability of success in the ability-driven task
and derive utility from successfully completing either option. As is standard in subjective
Bayesian models, they choose a task to maximize subjective expected utility.

Agents are also described by an observable characteristic. This characteristic can
represent for example an agent’s gender, race or social class, and is independently dis-
tributed from the individual-specific probability of success in the ability-driven task. 1
envision agents that have an imperfect idea about their environment and think that using
social context could be useful to form a belief about their individual-specific probability
of success. Consequently, I assume agents observe social identity cues that stem from the
prevalence of their subgroup among the successful individuals in the task. In the spirit
of the ideas presented in Compte and Postlewaite (2019), agents choose between two
subjective belief-formation processes; one in which they naively follow their own noisy
perception, and one in which this noisy perception is influenced by their social identity
cue. This cue affects belief formation in a direction contingent on the agent’s observ-
able type. Specifically, when an agent’s social group is relatively overrepresented among
the successful individuals in the task, the cue can be used to bias the noisy perception
upwards, while vice versa when their social group is relatively underrepresented.

The choices of subjective belief formation induce choices of tasks, and, at the aggre-
gate level, these choices of tasks give rise to social identity cues. To study the mutually
stable choices of belief formation and tasks in this dynamic process, I use a static solution
concept?. Specifically, I define an individual optimality criterion that states a subjective
belief formation process is optimal when it maximizes expected utility on average over
all possible realizations of the agent’s noisy perception. I then analyze the existence
and stability of the fixed points in the social identity cues induced by these individually
optimal strategies. As in Compte and Postlewaite (2004) and Brunnermeier and Parker
(2005), individual optimality implies agents deviate from Bayesian updating when this
increases their expected utility. This can be justified with the view that agents learn

their optimal belief formation through their own experience with similar choices?.

that such a systematic bias is not what drives the results in this model. Furthermore, similar results can
be derived when the perception of the probability of success in both the ability-driven task and in the
outside option are noisy.

3A similar approach is used in Dekel et al. (2007)

4The dynamic story underlying the reduced-form analysis is the following. Agents make similar choices
throughout their lifetime of whether to undertake a task with a probability of success that depends on
a particular ability. For example, early in life people choose whether to ‘enter a math competition’ or



The idea that equilibrium is the result of people attempting to choose among strate-
gies according to their fitness value is standard. The non-standard aspects of this model
are that the set of strategies represents a limited set of belief-formation processes, and
that equilibrium beliefs are disciplined in a manner that is generally absent in equi-
librium concepts such as the Berk-Nash Equilibrium (Esponda and Pouzo, 2016), the
Self-Confirming Equilibrium (Fudenberg and Levine, 1993) or the Personal Equilibrium
(Spiegler, 2016). Specifically, in the latter concepts, equilibrium beliefs are consistent
with observational feedback, which ensures subjective beliefs being closest to the truth.
Because in this paper beliefs are consistent with fitness, this allows agents to make deci-
sions that are better aligned with welfare maximization. These beliefs are not consistent
with Bayesian updating, and the model raises the question whether there is legitimacy
for using Bayesian updating as a belief formation rule when perceptions are noisy to
start with and agents do not have the tools or instruments to correct for this noisiness.

The behavior implied by the individual optimality criterion allows us to shed light
on the origin of identity-driven choice behavior. Specifically, I show that, although
the social identity cues are irrelevant in a Bayesian sense, they become valuable when
their use generates a bias towards the welfare-maximizing choice of task. This is driven
by the asymmetric effect of the noisiness in the agent’s perception on expected utility.
When agents with relatively high chances of success in the ability-driven task are too
pessimistic, this may induce them to mistakenly choose to undertake the outside op-
tion. For these agents, biasing their noisy, and possibly over-pessimistic belief upward
is therefore welfare improving. For agents with relatively low chances of success, this
is the case when biasing their noisy, and possibly too optimistic belief downward. As a
result, agents with relatively high chances of success will wish to use their social iden-
tity cue when they belong to the socially more successful group, while they will wish
to avoid it when they belong to the socially less successful group. The opposite holds
for agents with relatively low chances of success. Consequently, when beliefs are noisy,
it becomes useful to incorporate cues in the decision function that would otherwise be
ignored, and social identity can drive choice behavior, even when it is uninformative

about performance and does not directly affect utility®

‘undertake a math-related major’, while later in life they choose whether to ‘pursue a career in a STEM
field’. Agents experiment with the different belief formation processes and learn what process leads to
choices that result in more successful outcomes on average, without knowing the exact relation between
their choice of belief formation process, their choice of task and the observed outcomes. Furthermore,
because I assume in the solution concept that agents play their individually optimal strategies, this
analysis is more suitable for settings that appear later in life, such as occupational choices.

SHence, the optimal strategy is driven by an agent type, of which the agent remains unaware. Besides
the earlier described coarse learning from experience, an alternative foundation for this behavior could



The current economic literature models the effect of social identity on decision making
through direct utility derived from self-image (Akerlof and Kranton (2000), Benabou and
Tirole (2011)) or from the psychological costs of interaction with others stemming from
the fear of being punished by peers for not complying with social norms (Akerlof and
Kranton, 2000), the fear of being rejected by peers (Austen-Smith and Fryer, 2005),
costly interaction with people different from yourself (Battu et al., 2007) or other forms
of social pressure® This model provides a different, but possibly complementary view,
where the use of social identity in belief formation can be a mechanism that gives agents
the option to manage confidence. Specifically, the use of social identity cues in belief
formation allows agents to manage the degree of over- or under-confidence regarding
their chances of success through the distinct processing of their noisy perception. The
optimal use of social context in belief formation results in the optimal management of
confidence to limit the adverse effects of holding inaccurate beliefs, and therefore, to
improve decision making. This approach could be extended to situations in which there
is a real value to biased confidence, as in Compte and Postlewaite (2004), Brunnermeier
and Parker (2005) or Benabou and Tirole (2002).

The options to manage confidence available to agents depend on their observable
characteristic, and, depending on social context, they can be asymmetric across different
social groups’. This asymmetry can potentially lead to different choices of tasks across
a priori identical subgroups. This could feed differences in the prevalence of a particular
subgroup among the successful people, which in turn fuels the differential use of social
identity cues in belief formation. I show the existence of a stable population equilibrium
in which the task allocation and the use of social identity cues in belief formation differ
between a priori identical subgroups. Therefore, even when agents manage to use their
social context in an optimal way from an individual perspective, identity-driven choice
behavior can persist. Depending on how agents process information, minority groups

can react more strongly to changes in social context than majority groups. This can

be in the spirit of Benabou and Tirole (2006), where there are two selves. A calm, rational self knows
the true ability type, while a less calm self can be biased in the moment. The first self may then decide
on a belief formation rule, while the second self chooses an action at a given point in time, given its
noisy perception of ability and the earlier chosen belief formation rule. The rational self ties the hands
of the ‘in the moment’ self to limit its adverse effects on choice. This foundation is also in line with the
more popular concept of ‘life hacks’ (Peters, 2021).

5See Busztyn and Jensen (2017) for a review.

"This is in line with results of experiments that show that, on average, men are more overconfident
than women in fields that have a strong male connotation, while the opposite is true in fields that have
a strong female connotation (e.g. Coffman (2014) and Flory et al. (2010)). Similarly, Exley and Kessler
(2022) show that, when women and men receive the same signal about performance related to a test
including analytical questions related to math and science, men rate themselves an average of 61 out of
100 while women only rated themselves a 46 out of 100.



lead to a larger relative under- or overrepresentation of the minority group among the
successful individuals compared to the majority group in equilibrium.

Interestingly, the differential use of social identity cues in belief formation induces
both a difference in the propensity to choose the ability-driven task across subgroups,
and a difference in mean competence: for agents belonging to the socially less successful
subgroup, choosing the ability-driven task requires a higher noisy perception, because
these agents cannot use the social identity cue to boost up beliefs. As a result, agents
belonging to this subgroup have a lower propensity to choose the ability-driven task, but,
conditional on choosing this task, they tend to be more competent on average than agents
belonging to the socially more successful group in the social context.® This result is in
line with Niederle and Vesterlund (2007), who show that too few high-skilled women and
too many low-skilled men enter competitive math-related tasks. Finally, I show that the
influence of the social context on beliefs especially drives choice behavior of agents with
average ability levels, because agents with extreme ability levels are always more likely to
make their welfare-maximizing choice, independent of social context. This could explain
why Buser et al. (2014) find that the gender gap in curriculum choice shows up precisely
at the mean: while average men choose highly mathematical curricula, average women
choose very humanities-intensive curricula, which causes women to be over-represented
in the latter, while men are overrepresented in the former.

The rest of the paper is organized as follows. Section 2 reviews the relevant literature.
Section 3 introduces the model. Section 4 presents the results. Section 5 discusses
the assumptions of the model. Section 6 presents possible applications, and Section 7

concludes. The formal proofs of the results can be found in Appendix 1.

2 Social Identity and Belief Formation

The idea that social context affects a person’s belief formation regarding her own chances
of success or abilities through social identity finds its origin in the field of social psy-
chology. Hogg and Grieve (1999) discuss how in the process of depersonalization, which
is associated with social identification, individual and concomitant unshared beliefs, at-
titudes, feelings, and behaviors are replaced by an in-group prototype that prescribes
shared beliefs, attitudes, feelings and behaviors. Similarly, Seligman (2006) argues how

people can interpret numerous failures from others like them as evidence that they will

8A study by S&P market intelligence shows that men outnumber women in the CFO job by about
6.5 to 1. Companies appointing female CFO’s saw nevertheless a 6% increase in profits and an 8% better
stock return compared to companies appointing male CFO’s. Moreover, female CFO’s brought in $1.8
trillion of additional cumulative profit and therefore significantly outperformed their male peers.



fail as well. Finally, Steele (2010) discusses how the psyche of the individual could get
damaged by bad images of the group projected in society. Repeated exposure to these
images causes these images to be internalized, which damages character by causing low
self esteem, low expectations, low motivation and self doubt.

There is also a large body of evidence showing that social identity affects choice
behavior and preferences. For example, Smith et al. (2007) shows that, when peo-
ple complete a high stereotype-threat test, they report decreased task interest. Davies
et al. (2002) argues 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, Banaji and Greenwald (2016) show how implicit associ-
ations picked up from social context by our automatic brain affect our behavior, such
as the intellectual pursuits we select, and Perry et al. (2003) discusses how people tend
to protect themselves against stereotype threat by ceasing to care about the domain in
which the stereotype applies. LeBoeuf et al. (2010) shows how the choices of the presents
we would like to receive depend on the identity made salient by the experimenter. Fi-
nally, Oh (2019) shows how Indian workers are willing to forego substantial payments
to avoid tasks that are associated with other castes.

Hogg and Grieve (1999) define two classes of motivation for social identification. The
first motivation is self-esteem. People are motivated to maintain or achieve positive dis-
tinctiveness for their own group relative to other groups, because intergroup evaluation
is self-evaluation. This idea is introduced in economics by Akerlof (2016a). He argues
that group pride facilitates collective action, and proposes a model in which agents will
be inclined to think in we-terms when the group is a source of pride and when agents
are individually accorded low self-esteem. Similarly, Akerlof (2016b) proposes a model
for the choice of values. In this paper, he argues that these choices result from the
conflicting desires of people to be esteemed by their peers, but at the same time wanting
to have self-esteem, which is often best satisfied by differentiating from peers.

Hogg and Grieve (1999) argue nevertheless that self-esteem may not be a necessary
nor sufficient motivation, and that subjective uncertainty reduction may be the critical
driver for social identification. Subjective certainty gives people confidence about how
to behave, and what to expect from their physical and social environment. Ben-Ner
et al. (2009) shows in an experiment how the importance of a source of identity varies
with the type of behavior under consideration, and Atkin et al. (2021) shows how ethnic
and religious identities in India are determined by group status, group salience and the

market cost of following a group’s prescribed behaviors.



Benabou and Tirole (2011) introduce the idea that the choice of identity is driven by
welfare maximization considerations, and that agents choose their identity to improve
decision making. They develop a model in which the demand side of motivated beliefs
is characterized by affective or functional benefits, such as self-esteem or self control,
while the supply side is characterized by imperfect memory or awareness, which gives
rise to identity investments as self signals. Agents select the way to manage memory, and
consequently their identity investments, as to avoid that decisions are driven by an inap-
propriate rule at the interim stage. In this paper, the use of identity is similarly driven
by welfare maximization considerations. The paper is therefore related to Benabou and
Tirole (2011) in the sense that memory management rules in Benabou and Tirole (2011),
and belief-formation rules here, are tools that agents have to improve a fitness criterion.
Furthermore, these tools are useful to the extent that in their absence, agents make
welfare inferior decisions; because of a systematic present bias in Benabou and Tirole
(2011), and because of noisy perceptions of the chances of success here. Finally, while
in both papers the mistakes agents make are determined endogenously, in Benabou and
Tirole (2011) agents misperceive signals, while in this paper they see information where
there is none. Furthermore, this paper shows that agents with relatively high chances
of success will only use their social identity, when they belong to the socially more suc-
cessful group. Pronin et al. (2004) provides evidence that is consistent with this result,
and shows that female students that care much about and are strong at math actively
disidentify with the character traits that they believe to be strongly related with the
negative math stereotype for women.

It is not clear whether people are aware of their social identification behavior and the
effects this has on their behavior. Purdie-Vaughns et al. (2008) and Marx and Goff (2005)
show that black professionals and students are often aware of the presence of stereotype
threat, and Steele et al. (2002) shows that some female undergraduates report in a math
and science report that they believe they have weak abilities because of their gender. At
the same time, Stone et al. (1999) and Leyens et al. (2000) show that white athletes and
men fail to report anxiety when they experience stereotype threat. Furthermore, Banaji
and Greenwald (2016) argue that the effect of social context on behavior is largely
determined by the automatic part of our brain, outside of our awareness. Our brain
makes automatic associations based on what we pick up from our social contexts, and
often these thoughts are reflected in our actions, even when they are at times completely
at odds with our conscious intentions. In the model, I make no assumptions regarding
whether people are aware of their choice of belief formation process, and the model can

be consistent with both scenarios.



I develop a model of endogenous belief formation, where the choice of belief forma-
tion process and social context are determined simultaneously, without assuming that
social context has any direct effects on utility. Shayo (2009) also proposes a model in
which social identification and social context are simultaneously determined. He defines
a social identity equilibrium that is in steady state when each individual’s behavior is
consistent with her social identity, social identities are consistent with the social envi-
ronment, and the social environment is determined by the behavior of individuals. The
difference is that, in his paper, social identity directly affects preferences through built-in
arguments that capture status and perceived similarity between an individual and the
other members of a group. Similarly, Carvalho and Pradelski (2019) present a model in
which the effect of the representation of an agent’s social group on choice behavior is
obtained through introducing an identity-based payoff in the utility function. Hoff and
Stiglitz (2010) provide a cognitive model to explain social rigidities. They assume that
people suffer from a confirmatory and preconfirmatory bias. Therefore, when groups
have been historically treated as inferior, this affects how they interpret failure, which
affects self-confidence. They then assume that self-confidence boosts performance as in
Compte and Postlewaite (2004). In their paper, social context therefore affects utility
directly through performance.

Finally, this paper is also related to the literature on evolutionary preferences, such
as Dekel et al. (2007), where preferences are determined in a dynamic process according
to their fitness with respect to the preferences in the rest of society. In this paper, pref-
erences are determined according to their fitness with respect to a certain task. Hoff and
Stiglitz (2016) discuss decision makers that are enculturated actors, meaning that their
preferences, perception and cognition are subject to social context and cultural mental
models. They discuss how these factors shape behavior through the endogenous determi-
nation of preferences and the lenses through which individuals see the world. Although
their model is very different, my paper is consistent with the general ideas they bring
forward. Furthermore, the model relates to the literature on stereotypes (Bordalo et al.,
2016) and narratives (Akerlof and Snower, 2016), where in this paper these concepts are
determined endogenously. Finally, the paper contributes to the literature on collectively
sustained beliefs (Piketty, 1995; Benabou and Tirole, 2006; Frick et al., 2018), discrim-
ination (Peski and Szentes, 2013), and affirmative action (Coate and Loury, 1993), by
showing how differences in beliefs across social groups can be collectively sustained and
create an equilibrium in which a priori identical individuals act differently without intro-
ducing any direct interaction between agents, nor having a common state of the world

or assuming direct effects of beliefs of others on an agent’s preferences.



3 The Model

3.1 The Environment

I consider a society with ¢ = 1, ..., NV agents, with N arbitrarily large. Each agent chooses
an action a € {C, NC}, where C and NC represent classes of tasks of respectively a
Competitive and a Non-Competitive type. The outcome of a can be either ‘success’ or
‘failure’ and is represented by the variable Y; € {1,0}. The probability of success for
a Competitive task depends on an agent’s individual characteristics. This probability is
represented by the continuous variable o € [0, 1], and is distributed over the population
following a distribution f,. For each agent i, the probability of a successful outcome

Y; = 1 conditional on choosing the Competitive task is fixed and given by,
p(Yi=1lla; =C) = (1)

The Non-Competitive task has a probability of success v € [0, 1] that is known and the

same for all agents. Therefore, for all 4,
p(Y; =1la; = NC) =~ (2)

More generally, v can be interpreted as the attractiveness of the Non-Competitive task
relative to the Competitive task. Agents make a series of choices during their lifetime
between Non-Competitive tasks and Competitive tasks of which the probability of suc-
cess depends on similar individual characteristics. For example, a; may be related to
a person’s mathematical ability or leadership qualities. Although it is realistic to allow
« and 7 to vary slightly from choice set to choice set, the main insights of this model
can also be transmitted with a simpler and more parsimonious model. Therefore, in the

following, I assume that the variables oy and v are fixed over the lifetime of agents®.

Noisy Perceptions - The probability «a; is unobservable, and agents only have a noisy
perception ¢&; regarding their own probability of success. I assume this perception stems
from a noisy inference process that is unbiased, but always incomplete. Consequently,
I pose that &; stems from a distribution g,,, such that E(&;) = a;. The assumption
that the noisy perception is unbiased can be challenged (See for example Mobius et al.
(2014)). The objective of this assumption is nevertheless to show that a systematic bias
in the individual-specific belief formation process is not the mechanism that drives the

results in this model.

9See Section 5.2 for a discussion regarding the consequences of this simplification.
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Social Context - Agents are described by an observable characteristic that represents
for example their gender, ethnicity or social class. This characteristic is public informa-
tion, meaning that both the agent herself and all other agents in the society can observe
it. T let the binary!® variable 6; with realizations = € {0,1} denote this characteristic.
Then, p, is the fraction of the population with an observable characteristic #; = x, and
each agent is fully described by her type {«;,6;}. To isolate the mechanism through
which social identity affects choice behavior in this model, I assume the probability «

and the observable characteristic are independently distributed over the population.!?

Agents have access to public data. This public data consists of the outcome variables and
the observable characteristics of other agents that have made a similar choice at some
earlier point in time. Society typically structures public information. To best illustrate
the mechanism that drives the results in this model, I focus on agents that pay attention
to the fraction of successful individuals in the Competitive task with their observable
characteristic among all successful individuals in this task. In the Section 4.3, I discuss

how different structures on information affect behavior.

Let Noy = {i € N,0; = x,a; = C'} be the set of all individuals of type 6; = x that have
chosen the Competitive task. Let No = {i € N,a; = C} be the set of all individuals
that have chosen the Competitive task, which implies N¢ ; C N¢. Society then provides

the statistic,
Zie/\/’c@ YL

e ZieNC Y;
which is the fraction of successful individuals with characteristic 6 = x among all success-
ful individuals in the Competitive task'?. I call this fraction 7, the ‘social identity cue’
for an agent with observable characteristic #; = x. The social context of the population
is defined as the vector Il = (7;),e(0,1}- Because a and ¢ are independently distributed
over the population, social context contains no information about the individual-specific
probability of success when undertaking a Competitive task. Instead, I introduce the

option to agents to bias their noisy perception &; using this public data.

10The model can also account for non-binary observable characteristics.

11n Section 5, I show that the results derived from this model are generally robust in a setting where
« is correlated with 6 or when social identity has a direct effect on success.

12 Agents only consider the successful individuals that have chosen the task and not all agents that
have chosen the task. This captures the survivors bias (Denrell, 2003), but this bias does not drive the
results.
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Subjective Belief Formation - 1 model agents that have an imperfect idea about their
economic environment and think that using their social context could be useful to form
a belief about their probability of success «;, even if they are not a priori sure of that. I
therefore introduce the following family of belief formation processes with which agents
form a subjective belief p; about their probability of success of a Competitive task «;,
and assume agents have some discretion in finding out which belief formation process
suits them best. Specifically, I have the following story in mind. Assume that agents
have a natural ‘urge’ to look at others like them when they are not sure what to do, and
people have the option to either Repress or Not Repress this urge. Let n be a ‘response

function’ that is non-decreasing, such that

>1 ifm, > ps
<1 ifm <pg

Furthermore, let 7, = n(m;, pz). Then, agents choose a strategy o; € {R, NR}, and

di if g; = R
pi = (4)
ne@; ifo; = NR

I envision agents that attempt to form a subjective belief p;, and depending on whether
they let their belief-formation process be influenced by social context, their subjective
belief can take two values'® ; p% or pVE. With a subjective Bayesian interpretation in
mind, o; = R corresponds to a world view in which private and observable character-
istics are uncorrelated, while o; = N R, corresponds to a world view in which private
and observable characteristics are correlated, with (75, p;) informing about the sign and
strength of that correlation'*. Consequently, when choosing o; = N R, the agent biases
her noisy perception &; in the direction contingent on her social type. When the agent’s
subgroup is overrepresented among the successful individuals at the Competitive task in

the society, Not Repressing the use of social identity cues in the belief-formation process

131 do not model precisely the agent’s thought processes leading to these two possible beliefs. The
objective is not to propose a particular functional form, nor to root it in a specific subjective Bayesian
model, but to investigate how properties of the response function can be conductive to the phenomenon
I mean to describe.

1411 this case, agents make themselves believe that the probability of success of agents like them has
some predictive value for their own probability of success, and the model can be interpreted as agents
exhibiting an attribution error.

12



leads to an optimistic interpretation of the noisy perception &, while this leads to a
pessimistic interpretation of the noisy perception when the agent’s subgroup is under-

represented among the successful individuals in the society!®.

Subjective Utility Mazimization - Agents derive utility from being successful and the
utility function can therefore be represented by u; = Y;. Each agent chooses her action
a; to maximize E(u;) given her subjective belief p¢, and will therefore choose the Com-
petitive task if and only if p7 > . One could say therefore that agents are subjectively
rational given the process that determines their subjective beliefs. Furthermore, the
model allows for two different interpretations. One interpretation is that the instrument
o; mechanically alters the agents’ subjective belief p7, where pJ € {ﬁlR, ﬁgv R1. Another
interpretation is that agents have the option to use the social identity cue to alter choice
in a direction contingent on their observable type. Formally, subjective expected utility
maximization implies that the agent is effectively comparing two thresholds, such that

agent ¢ chooses a = C' if and only if &; > ~;, where

v when o; = R
Vi = (5)
nlx when 0; = NR

The use of the social identity cue in the belief-formation process implies that the agent
inflates or deflates the threshold for & above which she thinks she is ‘good enough’ to
undertake the Competitive task. The strategy set can therefore also be directly specified
as the choice set v; € {7, nlz} This choice set is different for agents with different

observable characteristics 8, which will be the key driver of the equilibrium results.

3.2 The Solution Concept

Whether agents let social context affect their belief formation affects their choice of task.
This choice behavior leads to outcomes that induce social identity cues. These social
identity cues again affect the way agents form subjective beliefs. To tractably capture
the fixed points of such a dynamic process, I use a static solution concept in which I
assume that, given a social context, agents choose their strategy o according to its fitness
value. This fitness is determined by an individual optimality criterion I define and justify
below. I then define a population equilibrium as a fixed point in social context that is
induced by individually optimal strategy choices. This solution concept is in line with

the view that the optimal choice of the strategy o arises from a learning process that

1511 the specific case where m, = ps, the two strategies Repress and Not Repress are equivalent.
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operates faster than the dynamics in social context, 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 genera-

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

Individual Optimality - Let o 5o, 1 = P(a = Cla,z,04,1I) be the induced probabil-
ity that an agent of type {«, x} playing strategy o; given a social context II chooses the
Competitive task. Then,

Poz,00,1 = P(B7 > 7]a) (6)

This probability ® is determined objectively conditional on the choice of strategy o;.
From an outsiders perspective, the expected pay-off for agent i of type {a, 2} playing o;

given II over all possible realization of & is,

Vi(oi) = a®a,z0:,n +7(1 = Pa0,,11) (7)

with o; € {R, NR}. Individual optimality can then be defined as follows.

DEFINITION 1 (Individual Optimality): The strategy o is optimal for the agent from

an individual perspective when,

o; = argmax V(o)
(ex?
Individual optimality means that an agent uses her social identity cue to maximize her
expected pay-off on average over all possible realizations of &;. The fitness value of a

strategy o is therefore determined by an agent’s type {«, z} and the social context II.

I assume agents compare V;(R) and V;(NR), and choose their strategy o; according
to the individual optimality criterion. This assumption can be justified with the view
that agents have learned their optimal strategy from their own experience with similar
tasks in a similar social context through for example reinforcement learning or a sam-
pling process. The true probability «; determines the outcomes the agent observes in
this process, which enables her to learn whether it is optimal to Repress or Not Repress
without precise knowledge of the relationship between her choice of strategy, choice of

task and the observed outcome. Because the set of strategies is small, this is easy for
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agents to calculate.'® Finally, one could say that agents are boundedly rational in the
sense that not all belief formation processes can be compared, meaning not all possible
functions of & and m,. This aspect of bounded rationality should be considered as a
modelling device that helps to keep the model parsimonious. Because of the simplifying
assumption that o and ~ are fixed, if agents could compare all such belief formation pro-
cesses, they would behave as a Bayesian and choose a = C when « > 7. Because a and
0 are independently distributed, a Bayesian analysis would be degenerate in this case.
The model shows therefore the difference with a Bayesian model, by analysing whether,
when agents are not able to draw all inferences given the structure of the model, this
can open the door for agents to use information that is irrelevant, but that could still
improve decision making. We shall see in Section 5 how the results extend to the more
realistic case in which « and v vary or to the case in which such learning would be

imperfect.

Population Equilibrium - Let o be the collection of ;. Because NN is arbitrarily large,
each collection of strategies ¢ and social context II generates choices and successes that

in turn generate public data II such that,

Dz faq)a,m,o,ﬂf(a)da
ExE{O,l} Dz f Oéq)a,z,a,l_[f(a)da

(0, 11) = (8)
where f(«) is the probability density function of a and 7, (o, II) is the social identity
cue induced by strategies o and a social context II. An equilibrium in the model can

now be defined as follows.

DEFINITION 2 (Population Equilibrium): A pair of strategies and a social context
{o,11} constitutes a population equilibrium, when o = o* for all agents given 11, and
when II is such that,

11 = II(o, I1) (9)

In other words, a population equilibrium arises when all agents play their optimal strat-
egy given their social context, and when these individually optimal strategy choices

induce a fixed point in social context.

16 An alternative foundation for this behavior could be in the spirit of Benabou and Tirole (2006),
where there are two selves. The calm, rational self knows the true ability type, while a less calm self
can be biased by all sorts of things that can happen in the moment. The first self may then decide on
a belief formation rule, while the second self chooses an action at a given point in time, given its noisy
perception of ability and the earlier chosen belief formation rule. The rational self ties the hands of the
‘in the moment’ self to limit its adverse effects on choice.
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4 The Results

4.1 The Origin of Identity-Driven Choice Behavior

Definition 1 means that a strategy is individually optimal when it maximizes expected
utility over all possible realizations of the noisy perception &. I illustrate what the be-

havior implied by this criterion looks like with the following example.

Example - Consider a firm in which agents make a decision whether to pursue a career
in management (C') or to pursue a clerical job (NC'). Furthermore, assume these agents
can observe the current pool of successful managers and their gender, and that women
are underrepresented in this pool. Let 8; = 0 denote being a woman and 6; = 1 being
a man and assume p; = pg. Let pJ(a,x) denote the subjective belief p7 implied by an
agent of type {«a, z} playing strategy ;. To illustrate behavior, consider agents that have
a true probability a > v, where y represents the probability of success when choosing a
clerical job. Consequently, the welfare-maximizing choice for these agents is to pursue a
management career and therefore, to maximize expected utility, they should choose the
strategy o that most increases the likelihood to choose this career. It is therefore only
optimal to Repress the urge to look at others when P(pNF (o, z) > v) < P(pF(a, x) > 7).

- P(pi(a,1) > v) -

P(ﬁﬁ(j’(a) 1) > ’Y)

e
FR
2
St
e

(SN

P(ﬁfC(a7O) > 7)

«—— P(p) (e, 0) > v) —

Figure 1: An Illustration of the different probabilities to choose a = C for an agent with @ > 7 in a
social context such that mg < 7.

Figure (1) illustrates the implications of the strategies Repress and Not Repress. Be-
cause men are overrepresented among the current successful managers in the firm, Not

Repressing the use of the social identity cue in belief formation causes men to deflate the
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threshold above which they think they are ‘good enough’ to become a successful man-
ager. Consequently, choosing a management career becomes relatively more attractive
than choosing a clerical job. Individual optimality implies therefore that men with o >
should Not Repress the urge to look at others like them. For women the story is different.
Because women are underrepresented among the successful managers, Not Repressing
the use of the social identity cue in the formation of their subjective belief would inflate
the threshold above which they think they are ‘good enough’. This would make a man-
agement career relatively less attractive and individual optimality implies therefore that
women should Repress the urge to look at the outcomes of other women. The opposite
reasoning applies for agents with o < . In general, one can show that agents with
a relatively high true probability of success o will want to choose to take into account
their social identity when they belong to a socially more successful group, while they will
wish to avoid it when they belong to a socially less successful group, and vice versa for

agents with a relatively low probability of success a. Proposition 1 formalizes this result.

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

strategies o* given an agent’s type {c,x} are the following:

e The individually optimal strategy o* is ‘Not Repress’ for agents of type {c, x} such
that a > v and 7, > pg or a <y and 7 < Py

e The individually optimal strateqy o* is ‘Repress’ for agents of type {c, x} such that
a>vyand Ty < pp or o <y and Ty > Py

The use of social identity cues gives agents the option to nudge beliefs in a particular di-
rection determined by the social context. Proposition 1 demonstrates that, when beliefs
are biased towards the welfare-maximizing task, this enables agents to improve decision
making on average by increasing the likelihood that they choose the welfare-maximizing
task over all possible realizations of &.!7 This shows how choice behavior can be driven
by observable characteristics and social context, even when these observable character-

istics and social context have no direct effect on utility.

"One might argue that, if agents are able to learn their optimal strategy o conditional on «, they
should also be able to retrieve their true value of « from this optimal strategy. I believe this way of
thinking is too much driven by the simplification of the model in which a and v are fixed over the
lifetime of an agent, and I will elaborate more in the Discussion section on how the model can account
for sophisticated agents that understand what their fitness signals about their true probability of success.
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Talent will always find its way - The ability to improve decision making on average
using social identity cues is a function of the true probability «. Specifically, if we as-
sume the variance of & is uncorrelated with «, the model predicts that the behavior of
agents with true probabilities of success close to v will on average be influenced more
by social context than the behavior of agents with extreme ability levels. To illustrate
this, consider an agent with a > . The probability for such an agent to make the
incorrect decision when choosing Repress is given by P(& < ). Because & is unbiased,
the further away the true probability « is from -y, the lower the chances that the agent
has a belief & < '®. A similar reasoning applies to agents with a < 7. Therefore, the
use of social identity cues in belief formation is on average most beneficial to those who
have a true probability of success « close to 7, while agents with extremely low or ex-
tremely high values of a are always more likely to take the correct choice, independent of

their observable characteristics and the social context in which they make their decisions.

Confidence Management - Proposition 1 implies that, when agents use their social iden-
tity cue in belief formation, this leads to an either optimistic or pessimistic processing of
their noisy perception &; that is always welfare improving. This optimism or pessimism
gives agents therefore the option to manage their over- or under-confidence regarding
their chances of success, as captured in their perception &;. The use of social identity
cues can be interpreted as an instrument that gives the agent the option to manage
confidence, and Proposition 1 shows that the optimal use of social identity cues results
in the optimal management of confidence to improve decision making on average. The
model therefore sheds light on the instrumental value of both over- and under-confidence
to improve decision making.!? Because the option to manage confidence using the social
identity cue depends on the observable characteristic of the agent, the option to improve

decision making using the social identity cue can be asymmetric across agents.

18The larger the difference (a—"), the more the area below v moves towards the tail of the distribution
and the lower the probability Ga (7).

9 At the same time, the model does not contradict the fact that agents also derive a form of hedonic
value from self-esteem through their self-image. (Mobius et al., 2014) describe how this applies to
agents who use optimistic processing that leads to over-confidence. For agents that use pessimistic
processing that leads to under-confidence, this can be explained using self-affirmation theory (Sherman
and Cohen, 2006). Self-affirmation theory states that agents have a sort of psychological immune system
that protects their ego or self-image from information that could lead to a negative evaluation of oneself.
This psychological immune system creates all kinds of reactions to possible threats to the self that make
it possible for the individual to process the information in a way that will not hurt their self image. In
this model, by identifying as a group member, agents attribute the fact that they are not good enough
to undertake the task to group characteristics, instead of to individual-specific factors. Through this
type of causal attribution, agents are able to acknowledge that they are ‘not good enough’ to undertake
the competitive task, while still keeping their self-image intact.
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4.2 The Persistence of Identity-Driven Choice Behavior

When agents choose o} in a social context where one subgroup is overrepresented among
the successful individuals, this affects both how many and what type of agents choose
the Competitive task. Specifically, when 6; = x implies a more pessimistic processing
of the noisy perception &;, then those who choose the Competitive task despite this,
tend to have a larger success rate on average than those who choose Competitive task
with a characteristic implying an optimistic processing of &;. This is what we call the
‘selection effect’. On the other hand, the population of those that belong to the socially
less successful subgroup choosing the Competitive task tends to be smaller than the
population of those choosing the Competitive task belonging to the socially more suc-

cessful subgroup. This is what we call the ‘population effect’. Corollary 1 formalizes this.

COROLLARY 1: Let ' € {0,1} be the complement of x and assume WLOG that
my > 7. The optimal use of social identity has both a population effect, such that
P 20011 > Poar o, and a selection effect, such that E(ala = C,z) < E(ala = C,2').
The strength of both effects is such that the order w, > ww will always be preserved.

Example - To illustrate the selection and population effect, consider again the firm
in which agents have to choose to pursue a career in management or a clerical job.
When we assume agents choose their strategy o; according to the Individual Optimality
criterion, Proposition 1 implies that men with o > + will choose Not Repress, while
women with a > ~ will choose Repress. Similarly, women with a < v will choose Not

Repress, while men with a < v will choose Repress.

- P(pic(a>7,1) > 1)

P(pc(a > 7,0) > 7)

[oN

gl X 1
)

P(pic(a <v,1) >7)

SRt
o

— P(plc(a <7,0) > 9) —

Figure 2: Optimal Decision-Making in a social context such that mo < 7. The part above the axis
describes for which realizations of & agents correctly choose a = C, while the part under the axis shows
for which realizations of & agents incorrectly choose a = C.
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Figure (2) shows the realizations of & for which men and women choose to pursue a
career in management or a clerical job. Because the number of agents in the society is
arbitrarily large, the probabilities depicted in the figure can be interpreted as popula-
tion fractions. Women with an ability level o > ~ will only choose to pursue a career
in management when & > ~, while men with an ability level a > + will choose to do so
when & > 77—1 Because % < 7, more men with a > v will choose to pursue a career in
management than women. Similarly, more women with o < v will choose a clerical job
than men with o < 7. Furthermore, men with o < ~ will mistakenly choose a career
in management when they receive a realization & > «, while women with o < v will
only choose to do so when they receive a realization & > nlo Since v < 77—0, the latter
probability is smaller. Similarly, women with o > « will mistakenly choose a clerical
job when they receive a realization & < =, while men with a > v will only mistakenly
choose a clerical job when they receive a realization & < 77—1 Again, Figure (2) shows
that the latter event is less likely. We therefore conclude that more men will, both op-
timally and suboptimally, choose to pursue a management career, while more women
will, both optimally and suboptimally, choose a clerical job. This demonstrates the
‘population effect’. Finally, because the noisy perception is unbiased, higher realizations
of & are more likely for agents with higher true probabilities a. Because v > nll’ men
choose the management task for on average lower realizations of & than women and
therefore, E(ala = C,1) < E(ala = C,0). In other words, the average success rate of
men in a management career will be lower than the average success rate of women. This
demonstrates the ‘selection effect’ ?°. The intuition behind the result that the selection
and population effect will not reverse the order m; > g, is the following. Because «
and 6 are independently distributed, the number of men with & > ~ in an arbitrary
large population is equal to the number of women with & > . The population of men
that optimally choose a management career consists therefore of the men that have a
belief & > v plus the more able men that have a belief such that % < & < 7, while
the population of women that optimally choose a management career only consists of
the more able women that have a belief & > . Therefore, even though the women
that choose a management career have on average a higher success rate, the expected

number of successful men is always larger than the expected number of successful women.

29The selection effect is driven by the earlier described result that observable characteristics especially
drive the choice behavior of people with true ability levels close to . Agents with extreme ability levels
are more likely to make the correct choice independent of their observable characteristic.
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Ezistence and Stability of Population Equilibria - Whether the identity-driven choice be-
havior induced by agents choosing their individually optimal strategies can be persistent,
depends on whether the population and selection effect reinforce or shrink differences
between 7, and 7. There are two foreseeable scenarios that could appear in equilib-
rium. On the one hand, there could be a population equilibrium in which social identity
does not drive choice behavior. Since o and 6 are independently distributed, such a
population equilibrium implies a symmetric allocation of agents belonging to different
subgroups over tasks. On the other hand, identity-driven choice behavior could also
induce persistent asymmetric allocations over tasks across a priori identical subgroups.

The two different scenarios are defined in Definition 3.

DEFINITION 3 (Equilibrium Regimes): In a ‘Neutral Regime’ the allocation of in-
dividuals over the different tasks is symmetric across different subgroups, and 7z = pg.
In a ‘Non-Neutral Regime’ the allocation of individuals over the different tasks is

asymmetric across different subgroups, and wy # py.

A ‘Neutral Regime’ always exists. The intuition behind this result is the following.
Assume that we are in a social context such that m, = p,. In this case, the strate-
gies Repress and Not Repress are equivalent. Therefore, no matter what strategy o
agents choose, there will be no differential influence of the social context on belief for-
mation across different social groups, and 7, (o, 7,) = 7,. Consequently, I use a stability
criterion to analyze when a set of individually optimal strategies and a social context
and p = Ta(0e) - Thep the

Tt (0mz)

Tz

constitute together a stable configuration. Let p = =

stability criterion is defined as follows.
DEFINITION 4 (Stability): An equilibrium regime is unstable, when,
= >1 (10)

In the following example, I illustrate how a ‘ Neutral Regime’ becomes unstable, and how

the social identity cue 7, (o, II) induced by a social context II is bounded from above.

Example - Consider again the example of a firm with the same share of male and

female agents who choose between pursuing a management career and a clerical job.
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Now, also assume agents have the following extreme response function,

4oo if mp > ps
n(ﬂm,pm) =41 if e = Pz (11)

—o0  if T, < py

When g = m = %, the strategies Repress and Not Repress are equivalent, and this
social context induces a social context such that 71 (o™, %) = % In other words, a ‘ Neutral
Regime’ exists. Nevertheless, as soon as agents observe slightly more men than women
among the successful managers, such that m; > mg, then, under the assumption that
agents choose o according to the individual optimality criterion, the extreme response
function n(my;, p;) causes all men with a > = to choose to pursue a management career,
while all women with « < « will choose the clerical job. Consequently, 71(c*,71) > 71,
while 7o(0*,m9) < mo and the ‘Neutral Regime’ becomes unstable. In this extreme
case, we can show that the induced social identity cue 71 (o, II) is bounded from above.
Specifically, let S7 = limy 00 % be the fraction of successful male managers. The upper
bound S on S; is characterized by the fact that all men with o > 7 and all men with

a < 7, but & > v choose to pursue a management career, and is equal to,

Si=n [ [ am(@f@dida+p [ afa)da (12)
a<y Ja>y a>y

Similarly, let Sy = limy_s oo % be the fraction of successful female managers. The lower
bound S, on Sy is characterized by the fact that only women with o > v and & > v and

no women with o < v will choose to pursue a management career. Consequently,
So=m [ [ ag(@);(@)dada (13)
a>y Ja>y

The upper bound on the induced social context 7 (o, II) is now given by

S

= 14
S1+ 95, (14)

1 (07 H)
Because S, > 0, it follows that 7 (o, IT) is always strictly below 1. This illustrates that,

even with an extreme response function, in a ‘ Non-Neutral Regime’ the pool of successful

managers will always consist of both female and male agents.
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Because 7y(o, IT) is bounded from above, I derive a sufficient condition for the existence
of a stable ‘Non-Neutral Regime’ by analyzing when a ‘Neutral Regime’ becomes unsta-

ble when we perturb it slightly. This condition is presented in Proposition 2.

PROPOSITION 2 (Existence Non-Neutral Regime): Let pg = p1, and let § > 0 be

a small value with which we disturb a ‘Neutral Regime’. A sufficient condition for the

co-existence of a stable ‘Non Neutral Regime’ with a ‘Neutral Regime’ is as follows,
oyNE V%:j

% s * (15)

where yVE = nlz and S = [ aGy(7)f(a)da.

Proposition 2 shows there are two ingredients that contribute to making a ‘Neutral
Regime’ unstable. First of all, a change of § in II away from a ‘Neutral Regime’ must
have a sufficiently large effect on the choice behavior of agents at the individual level.
Specifically, the induced change in the threshold 4V# of agents that choose to ‘Not Re-
press’ the use of the social identity cues must be large enough. This change depends
first of all on the derivative of the response function n(m,py) at the ‘Neutral regime’.
Furthermore, because of the linearity of vV in ~, this change is multiplicative in 7. The
second ingredient that contributes to the instability of a ‘Neutral Regime’ is driven by
the effect of a change ¢ on the outcomes at the aggregate level. This is captured by the
elasticity of .S in -, where S is the total number of successful people at the Competitive
task. The absolute value of this elasticity is increasing in -, since the more attractive the
outside option, the lower the number of agents S that tries and succeeds at the Competi-
tive task. Furthermore, the higher -, the higher the « of agents that choose the task and
do ‘Not Repress’ the use of social identity cues. The intuition behind the positive effect

XS
oy
S

of this elasticity on the instability of a ‘Neutral Regime’ is therefore as follows. The
higher ~y, the higher the expected success rate of those who change their choice behavior
due to small changes in the social context away from the ‘ Neutral Regime’. Furthermore,
the higher ~, the smaller the total number of successful people and the larger the effect
of a change in behavior of a small group of agents on the induced social identity cues
(o, II). Whether a ‘Non-Neutral’ is unstable depends therefore on 4 and the properties

of the response function n(7;, py).
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Minority Effect - There are two different ways in which agents can process 7, and p, in
their response function. They can either process the difference m, — p, or the proportion
g—z. When pg = p1, the local effect of a small change in a ‘Neutral Regime’ for a response
function in which agents process the difference or the proportion are the same. This
is nevertheless not true when py # p;. The effects of a change away from the ‘Neutral
Regime’ are symmetric for both social groups when agents process the difference m, — p,,
independent of the values of p,, and therefore, even when py # p1, Proposition 2 is still
correct. When agents process the proportion Z—i in their response functions, the effects
of a change in the social context on 7, and 7,s are not symmetric anymore. Specifically,
with such a response function, the minority group will react more strongly to changes
in the social context than the majority group, which is also reflected in the sufficient

condition that can be derived for this case.

Degree of Asymmetry - The more strongly agents react to their social context in their
belief formation process, the more the social context will drive their choice behavior.

Corollary 2 shows how this affects the asymmetry we observe in a ‘ Non-Neutral Regime’.

COROLLARY 2: Take two response functions 7) and n, such that 7(7z, pe) > 9(7g, Pz)
for all m > p,. Assume WLOG that a ‘Non-Neutral Regime’ exists in which m > p1.

Let 7y 1 be the equilibrium value of w1 given a response function n. Then, o1 > Tyt

Corollary 2 shows that the function 1 determines the degree of asymmetry we observe
across the different social groups in a ‘Non-Neutral Regime’, where the difference be-
tween 7, and p, is larger, the stronger agents let their subjective beliefs be influenced by
their social identity cues. This also implies that, when the minority group reacts more
strongly to changes in the social context than the majority group, their social identity
cue in equilibrium will be further away from the ‘ Neutral Regime’ than the social identity

cue of the majority group.

Welfare - If we consider a social planner that aims to maximize the aggregate utility of
all agents in the society, then a ‘Non-Neutral Regime’ creates a Pareto improvement with
respect to a ‘Neutral Regime’. In a ‘Neutral Regime’, the strategies Repress and Not
Repress are equivalent, and all agents form beliefs in the same way. In a ‘Non-Neutral
Regime’, only those agents for whom it is strictly optimal will take the asymmetries in
the social context into account. Those agents, for whom it is no improvement to let their

social context influence their belief formation, will not change their behavior. There-
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fore, a ‘Non-Neutral Regime’ makes the agents that can use their social identity cue to
improve decision making better off compared to a ‘Neutral Regime’, but the agents that
cannot use their social identity cues to improve decision making will not be made worse
off by a ‘Non-Neutral Regime’. The Pareto optimality of a ‘Non-Neutral Regime’ should
nevertheless be considered as a result that is driven by the simplifying assumptions made
in the model, and can be easily contested. For example, a ‘Non-Neutral Regime’ is not
necessarily Pareto optimal when beliefs have a direct effect on the probability of success,
through for example confidence (Compte and Postlewaite, 2004), or when social context
has a direct effect on someone’s chances of success through some form of discrimina-
tion or stereotype threat (Steele, 2010). Finally, a ‘Non-Neutral Regime’ can become
suboptimal when agents make systematic errors in learning their optimal belief forma-
tion process, when they do not correctly compute the long-term pay-offs of choosing a

Competitive task, or when the strategy Repress becomes costly.

4.3 Social Identity Cues: Structure and Information

In this section, I provide insights into how different structures on the social identity
cues affect the equilibrium results. When introducing the social identity cues, I assumed
that people could not observe those who tried but failed. Although this assumption
may be justified in a variety of settings, there are also settings in which this assumption
may not hold. The key aspect is that what matters is not whether agents can observe
those who tried but failed, but how they use this information. There are two different
ways in which agents can take this information into account. First of all, they can put
a similar structure on the public information as in the in exposition of the model, but
change the denominator of the social identity cue to consider all agents that have tried the
Competitive task, instead of only considering agents that have tried and succeeded. It can
be shown that this structure on the social identity cues does not eliminate the existence
of a ‘Non-Neutral Regime’. On the other hand, agents may also use the information of
the number of agents that tried but failed to calculate the within-group average success
rate. Specifically, let S, be the number of agents with characteristic §; = x that has
tried the Competitive task and succeeded, while F), is the number of agents that has

tried but failed. Then,
Sz

- Sy + F,

With this different structure on m,, the individually optimal strategies are determined

(16)

Ty

similarly by an agent’s type {«,z} and by whether 7, > 7,/ or vice versa, and, at the

aggregate level, choice behavior would look as depicted in Figure (2). The effect of the

25



aggregate choice behavior on the induced social identity cue 7, (o, 7,) will nevertheless
be very different. To illustrate, consider an example in which the average success rate
of men, 7, is higher than the success rate of women, 7y. Figure (2) shows that such a
social context induces more men to choose the Competitive task than women, but that
this induces simultaneously a higher average success rate for women than for men. Con-
sequently, the new social identity cues will induce more women to choose the Competitive
task than men, which will induce a higher average success rate for men, and so forth.
Therefore, asymmetries in choice behavior induced by social identity cues reflecting the

within-group average success rates cannot be persistent.

Finally, agents could also process statistics that only include those who try the Competi-
tive task, because it may take too long for a ‘successful outcome’ to be realized, or it may
not be universally clear what a ‘successful outcome’ looks like, which drives agents to
look for more objective statistics. In this case, the story behind why agents believe the
social identity cues are relevant could be more of an imitation story. For example, they
might believe that the fraction of people that try the Competitive task among those in
their social group is indicative for their suitability to the task, or the degree of hostility
in the environment (Chung, 2000). Although various statistics reflecting those who try

could be considered, all of these statistics allow the existence of a ‘ Non-Neutral Regime’.

In general, this discussion sheds light on what structures on information drive the per-
sistence of identity-driven choice behavior in this model. The key aspect that causes
asymmetry in the social identity cues is the population effect induced by identity-driven
choice behavior. To enable the existence of a ‘ Non-Neutral Regime’, the structure agents
put on their public information must be able to reflect this effect. The within-group aver-
age success rates only reflect the selection effect, and therefore, when people focus on this
statistic, a ‘Non-Neutral Regime’ cannot exist. In all other cases discussed, the induced
social identity cues are driven by the population effect, and therefore a ‘Non-Neutral

Regime’ can arise.

5 Discussion

5.1 Imperfect Learning

The assumption that agents choose their individually optimal strategies can be justi-
fied with the view that agents learn these strategies through their own experience with

similar tasks. In the previous sections, I assume that agents are perfectly able to learn
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these individually optimal strategies. The main objective of this assumption is to pro-
vide a benchmark and show that, even when agents are able to perfectly learn how to
optimally use the social identity cues, asymmetries in choice behavior can still persist in
equilibrium. It is nevertheless likely that agents are only able to learn imperfectly. In
this section, I discuss that, as long as the probability to learn something is positive, a

‘Non-Neutral Regime’ can still exist.

The equilibrium model can be adjusted to allow for imperfect learning as follows. The
induced probability to choose the Competitive task for an agent of type {«, 0} in a social

context II, playing strategy o; as presented in Equation (6) can be written as,
Do 20011 = Loe(rNryP(0i = ola, z, I P(p7 > v]a) (17)

In the case of perfect learning, P(o; = ol|a,z,II) € {0,1}, while in the case of im-
perfect learning, P(o; = ol|a,x,1I) € [0,1]. Let A be an exogenous learning process.
Then, any such learning process implies a probability P*(o; = o|a,z,II). For exam-
ple, let V(o) be the expected pay-off of playing strategy o and let A = QR represent
a quantile response model. Then, P?%(0; = o|a,z, 1) = czp(BV(2)) and the

Y,c{r,NR}eTP(BV(0))’
larger 3, the better the agent is able to learn. Similarly, we can assume A = S repre-

sents a sampling model in the spirit of Osborne and Rubinstein (1998). In that case,
P3(0; = ola, z,I) = P(i(c) > ©(0")), where ©(0) = V(o) + € represents the noisy value
that agents observe through sampling. The larger the number N of samples the agent

takes into account, the smaller the value of € and the better the agent is able to learn.

As long as the probability to learn is strictly positive, there will be a discrepancy be-
tween @, ;i for different values of ¢, which will automatically induce differences in
choice behavior. Furthermore, a strategy o; only has instrumental value when playing
0; = R implies a choice of action a; € {C, NC} that is different from the choice implied
by playing o; = NR. Therefore, only in these instances agents will be able to learn
from experience. When the variance of & is uncorrelated with «, this is on average more
likely to happen to agents with ability levels close to . As discussed earlier, these agents
also happen to be the agents whose decision making will be most affected by the social
context. Therefore, the agents through whom the optimal use of social identity has the
largest effect at the aggregate level, will also be the agents that will most likely learn

best in a case of imperfect learning.
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Finally, to discuss the effect of imperfect learning on the possible equilibrium outcomes,
we also need to discuss how we assume agents learn. In the exposition of the model, 1
assume that agents have a natural ‘urge’ to look at others when they are not sure what
to do or believe. If failing to learn means failing to Repress the influence of the social
context when this is optimal, imperfect learning implies that more agents than optimal
use their social identity cue in belief formation. In this case, imperfect learning would
increase the strength of the population effect. If failing to learn implies that agents
make random mistakes, imperfect learning decreases the strength of the population ef-
fect. How people learn is eventually an empirical question, and I talk more about how

this issue provides interesting directions for future research in the Conclusion.

5.2 Inference based on the Individually Optimal Strategy

To simplify the exposition of the model, I assume that the true probability a and the
probability of success of the outside option v are fixed over an agent’s lifetime. Although
this assumption allows me to show the mechanism through which the social context af-
fects decision making in the simplest way, it may also raise the question why, if agents
are able to learn their individually optimal strategy conditional on their true value of «,
they are not able to retrieve their true probability of success from this information. In-
deed, a sufficiently sophisticated agent could interpret her individually optimal strategy
as an extra signal regarding her true probability of success. In the simplified version of
the model, this signal would be a perfect signal regarding the true «, and, because o and
~ are fixed, it becomes optimal to either always choose the Competitive task or always
choose the Non-Competitive task. Therefore, agents that are sophisticated enough to
know the structure of the model could be able to find out which choice of task is optimal
from learning their optimal strategy. This reasoning is nevertheless too much driven by

the simplifying assumptions in the exposition of the model.

In a more realistic model, the values of a and ~ vary over the lifetime of an agent,
and agents learn from a series of related, but slightly different tasks. For example,
an agent learns the strategy o* used to make the decision whether to choose a STEM
major from earlier experiences with STEM related tasks throughout high school. The
individually optimal strategy is in this case conditional on whether on average during
the learning process « has been above or below v. When modelling the choice to enter
a STEM major, we will therefore have a fraction of agents with o > - that belong to
the socially more successful group that will choose Not Repress, but also a fraction that

will play Repress.

28



Consequently, the optimal strategy becomes an imperfect signal regarding «. Sophisti-
cated agents will therefore no longer be able to retrieve their true « from this signal.
They may still want to use this extra signal to improve upon their decision, which even-
tually means forging a third belief: ]3{ , the resulting belief from the inference process
I?'. This sophisticated agent, who thinks further about the consequence of finding out
wheter Repress is a good strategy and is willing to test ]3;-’ , is just an agent that ends up
comparing three possible beliefs; ﬁZR, ﬁfv R or ]31-[ . Without further information to exploit,
she will not be able to further improve decision making??. The model can therefore
account for this type of sophistication, which simply amounts to enriching the set of

strategies that is considered??.

To analyze the effects of such an enriched set of strategies on the equilibrium results,
consider again the example of the firm. If the belief p results from a correct inference
process, then a man that learns that Not Repress is optimal for him, will be able to
make the inference that, on average, he is good enough to choose leadership-related
tasks, while a man that learns that Repress is optimal, will make the inference that, on
average, he is not good enough to choose leadership-related tasks. The opposite applies
to women. In this case, the key aspect that causes a ‘Non-Neutral Regime’ to exist,
namely the fact that the belief-formation process is type-contingent, disappears. One
could argue nevertheless that the latter inference process seems much more difficult to
make than the former, since it requires a more elaborate thinking. It seems easier for a
man to realize that, when he should use the fact that males are overrepresented among
the successful individuals, then he is probably also likely to succeed. But it is much less
straightforward for a man to conclude that, if it is not optimal to use the male-driven
bias, then it must be that he has low chances of success. He may simply interpret this
information as the statistic not providing useful or relevant information regarding his
own abilities. Similarly, for a female, if she learns Not Repress is a better strategy than
Repress, it may be easy for her to conclude that, like all other women, her chances of
success are not that great either. It is much less straightforward for her to conclude
that, if Repress is the better strategy, then she must be good. Therefore, if the belief ]51-1

follows from a correct and complete inference process, a ‘Non-Neutral Regime’ can no

21This inference process does not have to be accurate nor based on the correct model for the world.

22The same reasoning applies to agents that can only imperfectly learn their individually optimal
strategy in the simplified model.

23This would limit the degree to which agents can compare these strategies, since one cannot compare
more strategies without at the same time altering the accuracy with which one can compare them.
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longer exist. On the other hand, a partial inference process, like the one described above,
would exacerbate the phenomenon, as in this case all high probability male choose the
Competitive task, along with all low probability males that have a good draw, while all
low probability women choose the Non-Competitive task, along with all high probabil-
ity women that have a bad draw. Again, this discussion emphasizes the key aspect of
the model, namely that the ‘Non-Neutrality’ appears when the belief-formation rules or

heuristics are built on type-contingent statistics.

5.3 A Misspecified Response Function

In the exposition of the model, I assume agents hold correct beliefs about the fraction p,,
of the population that has an observable characteristic 6; = x. It is not always obvious

that this is the case. Corollary 3 shows what happens when these beliefs are incorrect.

COROLLARY 3: Assume WLOG that agents hold a belief p, > p,. Then there only

exists a ‘Non-Neutral Regime’ in which mp < py. A ‘Neutral Regime’ no longer exists.

Example - Corollary 3 can be illustrated as follows. Consider again the firm in which
male and female workers have to make a choice between pursuing a career in management
or a clerical job. Assume that there are less women than men that have the qualifications
to pursue a management career, but that agents fail to take this into account. In other
words, people hold a belief py > po about the fraction of qualified women in the popula-
tion. Specifically, let the belief be py = %, while the true fraction is pg < % In this case,
agents expect to observe the same fraction of men and women in the pool of successful
managers, while in reality this is not what a ‘Neutral Regime’ looks like. Consequently,
when a ‘Neutral Regime’ appears, agents will not interpret it as such and they will per-
ceive women to be underrepresented, while men are perceived to be overrepresented.
Individual optimality then induces women with « > v to Repress the influence of the
social context on their beliefs, while men with « > ~ will not. This drives the population
towards a ‘ Non-Neutral Regime’ in which women are indeed underrepresented among the

successful managers.

5.4 Correlated Chances of Success and Observable Characteristics

To isolate the effect of the optimal use of social identity on decision making, I assume
the probability « and the observable characteristic § are independently distributed over

the population. In practice, a high probability of success often results from the degree
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to which a certain ability has been developed by the agent. The economic literature
provides plenty of empirical evidence for a correlation between observable characteristics
and the available opportunities to develop certain abilities, that leads to correlated
(developed) chances of success and observable characteristics®*. Such a correlation can
also be due to nature, such as muscular strength and gender (Alesina et al., 2013). This
type of correlation will not affect the potential gains of using the social context in belief
formation at the individual level, and will therefore not affect the individually optimal
strategies as presented in Proposition 1. It will nevertheless affect the outcomes observed
at the aggregate level. In most empirical examples, having high chances of success is
correlated with belonging to the socially more successful subgroup in the social context.
In this model, such a correlation increases the total number of agents that can use their
social identity to improve decision making, which increases the strength of the population
effect. Therefore, the use of social identity cues in belief formation would exacerbate any
differences in the prevalence of the different subgroups among the successful individuals
that are caused by an unequal distribution of skills over different social types. Although
less likely, the correlation could also work in the opposite direction, where having low
chances of success is correlated with belonging to the socially more successful subgroup.
In this case, the correlation decreases the strength of the population effect, and, at
the aggregate level, the effect of the individually optimal strategies and the effect of

correlated chances of success and observable characteristics work in opposite directions.

5.5 Direct Effects of the Social Context on Success and Utility

Social identity also has direct effects on utility. Agents can derive for example utility
from the acceptance by peers (Austen-Smith and Fryer, 2005) or they can lose utility
due to the punishment of other agents for not complying with social norms (Akerlof and
Kranton, 2000). Furthermore, agents’ beliefs can directly affect performance (Compte
and Postlewaite, 2004), and the chances of success can be affected by statistical discrim-
ination based on the social context (Coate and Loury, 1993) or by differential network
effects (Lalanne and Seabright, 2011). This implies that the probability of success « is
not only a function of individual-specific characteristics, but also of the observable char-
acteristic . Consequently, the social context contains real information and the agent’s
belief formation process represents a process of social learning. Furthermore, when using
the model of Compte and Postlewaite (2004), the optimal confidence management fol-

lowing from the individually optimal strategy will affect the true probability of success

218ee for example Carneiro et al. (2003), who provide evidence of differences in premarket skills across
different race groups.
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in a way that will reinforce the population and selection effect. Therefore, in this model,
any direct effects of the social context on utility and performance will be complementary
to the effects of the individually optimal strategies, and both effects will be simultane-
ously and endogenously determined through the social context II. The results presented
in Propositions 1 and 2 are therefore robust in this context, and any direct effects of the

social context on utility and performance increase the strength of the population effect.

5.6 Correlation Noise in Beliefs and True Probabilities of Success

One could argue that the individual beliefs & could be noisier for agents with low true
chances of success than for agents with high chances of success, because agents with high
probabilities o are more likely to undertake similar tasks and will therefore receive more
feedback regarding their underlying abilities. The noise in & could also be correlated
with the observable characteristic, because agents with an observable characteristic that
makes them less likely to choose a Competitive task conditional on their value of « are
also less likely to receive feedback about their underlying abilities. Finally, one could
pose that agents with extreme true probabilities of success have beliefs & that are less

noisy than agents with average values of a.

Agents with beliefs & that are more noisy can potentially gain more from the optimal use
of the social context, because they are more likely to make mistakes. Those agents that
can indeed use their social context to improve decision making can therefore compensate
this higher degree of noisiness with an optimal management of confidence. Agents that
cannot use their social context to improve decision making will not have an instrument
to off-set their higher likelihood to make mistakes. Because the social context drives
choice behavior more when there is more noise in &, the effect of all above-mentioned

correlations between the noise in & and « will strengthen the population effect.

6 Applications and Possible Tests of the Model

6.1 Perceptions and Role Models

The model predicts that, when people are uncertain about their chances of success, their
choice behavior can be driven by what they perceive in their social context. Moreover,
depending on how people process the information stemming from their social context,
these perceptions can become self-fulfilling in equilibrium or not. This result has interest-

ing policy implications. It implies that people can be nudged towards desirable behavior
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by influencing the statistics that people take into account, or by making hidden data,
such as those who tried but failed, more visible. This can be a policy complementary to
a real and maybe more costly change of the social context, through for example affirma-
tive action policy. The model also supports the belief that it is important to shed light
on more women and minority people that are successful in areas in which these groups
are underrepresented, which makes the paper related to the literature on role models.
The effect of role models on decision making can work through the same mechanism as
in Chung (2000), where agents use role models to retrieve information about the degree
of hostility of the environment they will work in. Another way to interpret the effect
of role models on decision making in this model is that agents believe they can retrieve

information regarding their individual-specific chances of success from people like them.

6.2 Individual Feedback

Because the options to manage confidence using the social context are asymmetric across
social types, similar types of individual feedback can have different effects on choice be-
havior for agents belonging to different social groups. One could exploit these differences
to create more diversity in educational and professional environments. Specifically, the
effects of a ‘Non-Neutral’ social context could be offset by creating a similar bias in
the noisy belief for exactly those agents that cannot optimally bias their decision mak-
ing using the social identity cues. For example, if men are overrepresented among the
successful managers, only men have the option to bias their estimate of success in a man-
agement career upwards using the social context. If one wants to induce more women to
choose a career in management, this could be achieved by giving those women, that have
the capabilities to become good managers, systematically more positive feedback regard-
ing their abilities than men. This would bias their individual-specific noisy perception
upwards in a similar way as what men can achieve with the use of the social context.
These insights can be useful for the development of programs that aim to enhance the

confidence of underrepresented groups to increase diversity.

6.3 Stereotypes

Bordalo et al. (2016) define stereotypes as the subgroups that are most representative
for a certain task. This model shows how stereotypes can be determined endogenously
through the interaction between the choice behavior of agents and the social context in
which they make these choices. The driving forces behind this process are the differential

use of social identity cues in belief-formation, and the incompleteness of the learning
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process of the chances of success. The asymmetries in choice behavior across different
social groups that are induced by belief formation that is contingent on social types,
can be reinforced by discrimination, social pressure and other direct effects of social
identity on utility, and provide the public data from which stereotypes will be derived.
The model has a similar prediction to Hoff and Stiglitz (2016) and Steele (2010), namely
that stereotypes cannot survive in a society, unless they are a reflection of what people
observe in their social context. Where the current literature predicts that the only way
to effectively fight harmful stereotypes is to change the reality in which people make
decisions, this model provides an extra insight, namely that nudging people towards the
use of desirable statistics or a desirable way to process the information in the social

context could also be effective.

6.4 Affirmative Action

The model sheds light on the necessary conditions for temporary affirmative action to
have long-run effects. Specifically, the model provides a theoretical interpretation of the
phenomenon ‘critical mass’. This term refers to the point at which there are enough
successful minorities in a setting, such that individual minorities no longer feel an in-
terferencing level of identity threat (Steele, 2010). In this model, a ‘critical mass’ is
defined as the quantity of successful minorities, for which minorities no longer perceive
themselves as underrepresented among the successful individuals. This quantity is de-
termined by the response function of agents, by their sensitivity to changes in the social
context, and by their beliefs p, about what a ‘Neutral Regime’ should look like. If
temporary affirmative action increases the representation of minorities among the suc-
cessful individuals, but minorities still consider themselves as being underrepresented,
then, as soon as the policy is removed, choice behavior driven by type-contingent belief-
formation processes will automatically bring the society back to a ‘Non-Neutral Regime’.

Such temporary affirmative action will therefore not have any long-run effects.

Furthermore, when agents are perfectly able to learn their optimal strategies, the ef-
fects of a quota in this model are probably not achieved in the way policy makers would
desire. Specifically, the changes in the representation of social groups are obtained
through a loss of agents belonging to the socially more successful group with o >  that
choose the Competitive task, and a gain in agents belonging to the socially less successful
group with o < v that choose the Competitive task. This sheds light on how affirmative
action policy can potentially hurt the decision making of both agents, which decreases

aggregate welfare.
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6.5 Oppositional Identities

The phenomenon of oppositional identities describes why, in some minority groups,
agents tend to reject the dominant culture. This type of behavior is for example ob-
served in schools, and modelled using social pressure (Austen-Smith and Fryer, 2005)
or cultural transmission (Bisin et al., 2011). This model proposes an alternative view
on the phenomenon. Specifically, within this framework, an oppositional identity can
be defined as follows. Assume the ‘Competitive’ task represents a task that is the social
norm according to the dominant culture in society, for example ‘working hard in school’,
while the ‘Non-Competitive’ task is something that is frowned upon, for example ‘shirk-
ing in school’. The model shows that, even in the absence of social pressures or cultural
transmission, we could observe a disproportionate part of the minority students reject
the dominant culture when these students observe that students like them are under-
represented among the successful students that work hard in school. The model argues
therefore that minorities adopting an oppositional identity can also be the result of what
these minorities observe in their social context. Specifically, choosing an oppositional
identity when it is not optimal for one to do so, is in this model driven by exhibiting a
lack of confidence regarding one’s own chances of success and not having the option to

offset this lack of confidence using information from the social context.

7 Conclusion

This paper analyzes the origin and persistence of identity-driven choice behavior using
an equilibrium model of endogenous subjective belief formation in social context. To
shed light on the origin of identity-driven choice behavior, the model shows how so-
cial identity cues that are informationally irrelevant in decision making can be used to
optimally bias noisy perceptions to limit the adverse effects of these perceptions being
incorrect. The model tells therefore the following story. We are often not sure whether
we are ‘good enough’ to successfully complete a Competitive task. Because we have ac-
cess to a sample of successful people and we can observe several traits of these successful
people, we can convince ourselves there exist correlations between success and certain
observable characteristics. The model shows that, if we manage to attribute success or
failure to certain observable characteristics in an optimal way, then this would enable us

to form beliefs that improve our decision making on average.
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The options available to bias beliefs depend on social context, and can be asymmet-
ric across agents with different observable characteristics. At the aggregate level, this
asymmetry can create the existence of a population equilibrium in which the use of social
identity cues and the allocation over tasks of individuals belonging to a priori identical
subgroups is different. Therefore, even when agents manage to behave optimally from
an individual perspective, asymmetries in choice behavior across a priori identical sub-

groups can persist.

The results imply that choice behavior driven by observable characteristics is not neces-
sarily caused by the explicit preferences of agents with these observable characteristics,
but could driven by the social context in which these agents make their decisions. This
suggests that behavior following from social norms or stereotypes, as described in Ak-
erlof and Kranton (2000), does not have to be driven by the internal manifestations of an
identity, but can rather be an adaptation to what people see around them. The model
predicts therefore that choice behavior is, at least partially, socially constructed. This
implies that, when we want to eliminate asymmetries across a priori identical subgroups
with different social identities, taking care of discrimination, skill-differences or social
pressure is not enough. We have to take into account the biases in belief formation that
are induced by the social context, biases that may help people at the individual level,
but are not necessarily beneficial for society. This paper provides insights that can help
to develop the adequate informational policies that could limit the harmful effects of

these biases at the aggregate level.

Finally, the insights provided in this paper point to several areas for future research
to better understand the impact of identity-driven choice behavior in our society. First,
an important limitation of this model is that it assumes homogeneity in both the in-
formation agents perceive in the social context and in the way in which agents process
this information. People’s individual-specific social networks could nevertheless play
an important role in the formation of perceptions and this could lead to heterogenous
perceptions of social context across agents. Moreover, this heterogeneity in perceptions
could be correlated with observable characteristics through variables such as income,
neighborhood or education. An interesting way in which this model could therefore be
extended is by introducing heterogeneity and network effects in the perceptions of the

social identity cues, and analyze what the effect would be on the equilibrium results.
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Secondly, the results in this paper are derived under the assumption that agents are
perfectly able to learn their optimal belief formation strategies. The goal of this as-
sumption was to simplify the exposition of the behavioral phenomenon I introduce, and
to create a benchmark for the equilibrium results. The process in which agents learn
how to interpret and use social context is nevertheless an interesting research topic on its
own. For example, social context could influence this learning process directly, through
for example stigmatization, discrimination, implicit biases and expectations, social pres-
sures or stereotype threat, which could induce learning traps that could be asymmetric
across social groups. Psychological factors may also play a role, such as the shame to
learn you are not good enough to undertake a task, even though you belong to socially
more successful group. This could affect the set of belief formation heuristics people
choose from. To better understand how identity-driven choice behavior plays a role in
the inequalities we observe in our society, we need to obtain a deeper understanding of
this learning process with the use of both theoretical and empirical research. This would
allow us to better make the step from the theoretical framework to the real world and

derive more concrete policy implications.
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Appendix 1: Proofs

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

strategies o* given an agent’s type {c, 0} are the following:

e The indwidually optimal strategy o* is ‘Not Repress’ for agents of type {a, x} such
that a > v and mp > Py or a <y and 7, < Py

e The individually optimal strategy o* is ‘Repress’ for agents of type {c, x} such that
a>vyand Ty < pgp ora <y and Ty > Py

Proof. Agents choose o; to maximize V; over all possible realizations of &;. Consider
first agents that have an o > . The welfare-maximizing choice for these agents is to
take action a = C'. Therefore, V; is larger when playing N R than when playing R if and
only if the probability that these agents choose a = C' is larger when choosing o; = NR
than when choosing 0; = R. This means that we need ®, . Np11 > Paz,rm. Since
Pozon = P(@& > 47|a), this is the case when YV < 4% This is true if and only if
my > pg. Therefore, NR is only an optimal strategy for agents with a > v when their
observable characteristic #; = x is such that the social identity cue m, > p,. If this is not
the case, they are better off choosing strategy o; = R. Vice versa for agents with o < 7,
the welfare-maximizing choice is to take action a = NC. Therefore, V; i larger when
playing N R than when playing R if and only if the probability that these agents choose
a = NC is larger when choosing o; = NR than when choosing o; = R. This means
Do NRTT < Po g rm- This is the case if and only if ANVE > 4R meaning that we need
7y < pg. Therefore, agents with « should only choose strategy o; = INR, when their
observable characteristic is such that 7, < p,. Otherwise, they are better off choosing

strategy o; = R. |
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PROPOSITION 2 (Existence Non-Neutral Regime): Let po = p1, and let 6 > 0 be a
small value with which we disturb a ‘Neutral Regime’. A sufficient condition for the

co-existence of a stable ‘Non Neutral Regime’ with a ‘Neutral Regime’ is as follows,

07" 155
a6 S

>4 (18)

where yNE = nlz and S = [ aGy(7)f(a)da.

Proof. The social identity cue 7 (71, 0) that is induced by the collection of strategies o

and 7 is given by,

- S1+ Sy

(71, 0) (19)
where S1 = p1 [ a®q 1 0nf()da and Sy = py [aPqa0011f()da denote the number of
successful agents at the Competitive task with respectively § = 1 and 6 = 0. First
of all, one can directly infer that m; = p; is an equilibrium, because in that case, the
strategies NR and R are equivalent. Since a and 6 are independently distributed, there

will be no difference in choice behavior across different social groups, and 71 (ps, o) = ps.

Furthermore, one can show that S; is bounded from above. Let S; be the upper bound
on S7. This upper bound arises in the extreme case in which all agents with 6; = 1 and

a > v choose to undertake the Competitive task, and is equal to
Si=m [ [ ag(@f@)dadatp [ aft@)a (20)
a<y J &>y a>y

Similarly, one can show that Sy is bounded from below. Let S, be the lower bound on
So. This lower bound arises in the extreme case in which no agents with 6; = 0 and

a < v choose to undertake the Competitive task, and is equal to
Sy = po/ / ago (@) f(a)dada (21)
a>y Ja>y

Consequently, 71 (o, IT) has an upper bound, that is given by

Si

fl(O’,H) = m <1
20

(22)
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875(13(:1,11) ‘7‘r1:p1 > 1, then there exists a stable ‘Non-

It is now sufficient to show that, if

Neutral Regime’.

In a ‘Neutral Regime’, we have,
S1 m
So po
with S1 = p1 [ aGa(7)f(a)da and Sy = po [ aGo(7)f(a)da. Let us now analyze the
effect of a slight perturbation of a ‘Neutral Regime’, such that m; = p; + 4, while

(23)

Ty = po — 6 and,
Iy} (24)
So ~ po
In this case, Proposition 1 shows that all agents with 6; = 1 and « > + move from the
choice rule in which ¢ = C' when & > ~ to the rule a = C when & > 77—1, while all agents
with 6; = 0 and o < v move from the choice rule in which ¢ = C when & > ~ to the rule
a = C when & > ?710‘ Assume that the response function is continuous and such that

agents process the difference m, — p,. Then,

m = n(m +6 —p1) =n(0) +71'(0)[r1 + 3 — p1] (25)
Therefore,
v o
= 0) 700 20)
7 1(0)
~ 0 o) (&)
Because 1(0) =1,
L 41— (0)9] (28)
m

and we can write the change in the threshold vV for agents moving from 7 to nl1 as,

Y
v—— 2= (0)0 (29)
m
This shows that this change is multiplicative in . Furthermore, let A, = v — nlz Then,

there is a symmetry, such that Ay = —Ay. Let S/, = 8856”. Then,

512514-]91/

a>y

of(a)da / g0 (6)déx (30)

YA <a<y
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where [\ 4o, 9a(@)da % go(7)A. Similarly,

Si=Si-m [ aflya |  ga(@)da (31)
a<y Y<a<y—Ag
where f'y<d<'y—A0 9o (&)da =~ go(v)Ag. For Ay arbitrarily small,
S1 prSH AL asy @9a(1)f () (32)
Sh " 05— B, aga(f()
Jo @9 (1) f(a)da }
1+ A= 33
" o [ S (33
151
== |1+ A 34
- < (34)
with A = ~7/(0)d. A ‘Neutral Regime’ becomes unstable when,
|a | p1+ )
1+A 35
» 5|7 m—o (%)
When p; = py = %, this is the case when
‘ﬁ
777’(0)5% > 45 (36)
|iS
7 (0) =5 > 4 (37)
. / 8(77%) 8’YNR . el . .
Finally, we note that vn'(0) = —552~ = “55—. This condition is also sufficient when
po = p1, and agents process the proportion ”z Note that,
4] 4]
m_pnto_y, 20 (38)
P P Y41
and,
5 )
T _pto_y_ 0 (39)
Po Po Po
Then, when p; = pg, A1 = —Ag. Because A = §1/(0)~, locally we have,
Ty
)~ (1 +2(my — pa)) (40)
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Therefore, in the case pg = pi, the sufficient condition in (37) also applies when agents

process the fraction g—: instead of the difference m, — p,. |

COROLLARY 1: Let ' € {0,1} be the complement of x and assume WLOG that
my > 7. The optimal use of social identity has both a population effect, such that
Py z0,m1 > Poa o, and a selection effect, such that E(ala = C,z) < E(ala = C, ).
The strength of both effects is such that the order my > mp will always be preserved.

Proof. Assume WLOG that m; > my. Then, nl < 7, while 77—0 > . Therefore, all
agents with a > v and 6; = 1 will choose ~v; = —1, while all agents with o > ~ and
0; = 0 will choose 7; = 7. Consequently, ®o 1 vr11 > Poo,rn for all a. Because N
is arbitrarily large, these probabilities can be interpreted as population fractions, which
proves the population effect. Furthermore, because 1711 < 7, we know that agents with
0; = 0 will choose the Competitive task for on average higher realizations of &. Because
E(&) = «, these agents will on average also have higher true ability levels, which leads

to the selection effect E(a|pVF > ~,1) < E(a|p® > 7,0). Finally, we can show that,

oS 98
Oy (my,0) M [871 - 370} 1)
omy - S

where S1 = p1 [ a®q10nf()da and Sy = py [aPa0011f()da denote the number of
successful agents at the Competitive task with respectively 6; = 1 and 6; = 0. Further-

more, % for m € [p1,1] is given by,

054 0
o aﬂ_lpl/aq)oz,l,a,ﬂf(a>da

0
=D </ a®q 1, veuf(a)da +/ a@a,lﬁ,nf(a)da)
T a<ly

—pl / / aga (@ )d&da+/ / aga(@) f(a)dado
omy a>y a>A’ a<y Ja>y

_ na Y On(m1, p1)
—m/wvaga( >771 o, f(a)do

Similarly,
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071 (m1,0)

Therefore, % > 0, while % < 0. Therefore, =5~ > 0 and the selection and
1 ™1 T1
population effect will not reverse the order m > . [ |

COROLLARY 2: Take two response functions 1 and n, such that 7(7z, ps) > (g, Dz)
for all 1y > p,. Assume WLOG that a ‘Non-Neutral Regime’ exists in which w3 > p;.

Let my, | be the equilibrium value of 1 given a response function n. Then, o1 > Ty

Proof. Assume (7, p;) is a response function such that, given a value of v, the sufficient
condition for the existence of a ‘Non-Neutral Regime’ of the form m; > p; and my < pg
is satisfied. Then, it follows from Proposition 2 that a ‘Non-Neutral Regime’ also exists
for any response function 7(7, pz), such that 7(my, pz) > (7, pe). Let Ty 1(m1,0) be
the induced value of 71 for a response function n. Then, if 7(71,p1) > n(71,p1) for all

™ > P1,
Tpa(mi,0) > Tpa(m, o) Y > pr (42)

Consequently, let 77 ; be the equilibrium value of 7; that arises in a ‘Non-Neutral

Regime’ for a response function n. Then,

W) = f1(m) 1, 0) > Fpalmhy,0) =m0, (43)
which implies that,

@ = ﬁﬁyl(w(l),a) > 7(my1,0) = e (44)
and,

7® = ﬁﬁ,l(ﬁ(Q),U) > 7~Tﬁ’1(7r(1), o) =72 (45)

*

n
the upper bound 7 on ;. This shows that, for any response function 7(7,,p,;) such

This sequence converges to 7 | = 7~rﬁ71(7r;;71, o) and is everywhere above 7, ; and below
that (w1, p1) > n(m1,p1) for all w1 > p1, in equilibrium

Tp1 > Ty (46)
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COROLLARY 3: Assume WLOG that agents hold a belief p, > p,. Then there only

exists a ‘Non-Neutral Regime’ in which mp < py. A ‘Neutral Regime’ no longer exists.

Proof. Assume WLOG that py > pg. This means that,

>1 ifmy > ]50
n(mo,p0) = 1 if 1o = po (47)
<1 ifmy < po

and consequently, when 7y = pg, 9 < 1. This implies that 7o(pp, o) < po and 7 = po
is not an equilibrium. Furthermore, because n(my,po) < 1 implies n(mw,p1) > 1, it
follows that 71(p1,0) > p1. As shown in the proof of Proposition 2, 71 is bounded from
above and therefore there exists a population equilibrium with a ‘Non-Neutral Regime’

in which mg < pg. |
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