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Abstract

In three distinct, yet interrelated essays I examine real-world phenomena at

the intersection of microeconomic theory and behavioural economics. To do so,

I modify longstanding concepts in information economics, including signalling

and games of incomplete information, to include non-standard preferences, non-

standard beliefs, and non-standard decision-making. As a result, I obtain novel

theoretical predictions that provide insights for policy.

In the first essay, I develop a game-theoretic framework to study the repercus-

sions of an evaluator’s bias against a specific group of applicants. The evaluator

wants to hire a highly able applicant who delivers a high-quality performance;

at the same time, he prefers hiring a male over a female. The evaluator decides

upfront between holding an informed or a blind audition. In the latter, the eval-

uator learns neither the applicant’s ability nor the gender. I show that, above

a threshold bias, the evaluator prefers a blind audition to provide high effort

incentives exclusively for high-ability applicants. Consequently, committing to

no information can be beneficial for the evaluator. I also show that a highly

biased evaluator’s preferences align with those of a highly able female. I extend

the framework to performance uncertainty and gender-blind CVs, and compare

blind auditions to affirmative action. The framework is relevant for auditory-

based applications: my results can explain why blind auditions have increased

the probability of a female orchestra musician being hired via taste-based dis-

crimination and challenge explanations grounded in statistical discrimination.

Although online marketplaces for handmade products persist, little theoretical

research has been undertaken to explain why firms choose a handmade strategy.

In the second essay, I develop a model that can explain the persistence through

a handmade effect on the consumer side. I show that when consumers are

willing to pay a sufficiently high handmade premium, the monopolistic firm

chooses production by hand over superior machine production. When the firm

is part of a duopoly, the existence of consumers who care about the conditions

under which a product is manufactured can explain the firms’ specialisation and,



thus, the observed co-existence of handmade and machine-made products in the

economy. Such specialisation is efficient, and can be robust to collusion. The

presence of shoppers who are uncertain about the appropriate behaviour may

enable the monopolist to use a handmade strategy to signal a social norm of

conscious consumption.

In the third essay, we study heuristic decision-making in social settings with-

out communication. Players trade off conforming to the average action and

matching their private type, which is correlated with the state of the world.

We contrast individual and aggregate behaviour under two heuristics as well as

rationality: credulous players posit others truthfully reveal their types whilst

sceptical players reflect on predecessors’ actions, discounting any action in the

history of play that could be a falsification; in contrast, rational players take into

account the extent to which others wish to conform and may, thus, not choose

to truthfully reveal. We apply our results to organisational decision-making and

social engineering, and show that, by making a credulous player sceptical, a pol-

icy maker can increase truth telling. Making a player rational, in contrast, does

not guarantee that more players truthfully reveal. At the aggregate level, ratio-

nality is not only necessary to incentivise players to adopt the action matching

the state, but also preferable given a utilitarian objective. Making the state

common knowledge can be a viable alternative whenever a policy maker prefers

truth telling if and only if a player’s type matches the state.
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Chapter 1

Introduction

A fundamental tenet of microeconomic theory is that information has economic value: in-

dividuals increase their expected payoffs when making more informed decisions. While it

tends to hold that better information is more costly to acquire, many aspects of the “alge-

bra of information” differ from that of ordinary goods – complicating the economic analysis

through, inter alia, increasing returns to information or the cheap reproduction of pieces

of information following their production (Arrow, 2017, p.126). Amid those complications,

the development of an economics of information (Stigler, 1961) over the latter half of the

twentieth century has boosted the relevance of the profession to society in a number of

ways.

First, situations in which one party has more information than the other are ubiquitous

in the economy, and the profession’s study of such information asymmetries has provided

insights as to when we would expect this to lead to a change in behaviour and what ineffi-

ciencies might arise through adverse selection or moral hazard (as in my first essay). While

adverse selection characterises a situation when the better-informed party selectively par-

ticipates in an economic exchange at the expense of the less informed party, moral hazard

can arise when a more informed party (the agent) acts on behalf of another less informed

party (the principal). If their incentives do not align, the more informed party tends to act

in a too risky manner from the viewpoint of the less informed party. Akerlof (1970) first

examined the role of adverse selection in the market for used cars, illustrating how a market

can fail when buyers and sellers have different information. Holmström (1979) considered

the role of moral hazard in contracting and how the parties settle contractual arrangements

amid fears of free riding of the more informed party.

The profession has not only devised a formalisation of information asymmetries and a

framework to analyse their implications for economic exchange, bargaining and contracting,

it has also equipped policy makers with ingenious tools for solving inefficiencies, such as

market failure, arising from information asymmetries. Steps to eliminate or mitigate the

3



impact of informational asymmetries include signalling (used in my first and second essay)

and screening, consumer protection laws, and warranties, as well as the allocation of control,

property, or decision rights between parties. Spence (1973) first showed that under certain

conditions, the more informed party can signal their private information to the less informed

party to improve the outcome for both sides. Stiglitz (1975) showed that a less informed

party can screen the more informed party; that is, capture the information of the more

informed party by providing choices from a menu of contracts.

A second way in which information economics has boosted the relevance of the profession

to society is the insight that economic situations can often be approximated as games of

incomplete information. This is because a variety of features of the economic environment

are often not commonly known: the parties engaging in an economic exchange may be

uncertain about the others’ payoffs or their identity, what the other parties know, what

actions they can take or how outcomes depend on the action taken. Amid uncertainty

about the structure of the game, the parties can, however, oftentimes form some beliefs

about these features; for example, based on their own longstanding experience. Harsanyi

(1967, 1968a,b) recognised this as an opportunity to apply aspects of Bayesian probability.

He considered how parties make decisions in these situations by modelling nature as a player

that chooses the game’s parameters upfront according to some commonly known probability

distribution. Instead of maximising payoffs, this new player uses a fixed mixed strategy.

While nature remains a theoretical construct in these games to incorporate, for example,

the players’ private information or types (used in my first and second essay) or the state

of the world (used in my third essay), it converts an incomplete information game to one of

complete, but imperfect, information. Among the seminal papers in information economics,

Harsanyi’s works seize a unique place due to the generality of his approach, which can be

applied to the economic modelling of various informational problems (Myerson, 2004).

1.1 From Homo Economicus to Behavioural Agents

While the profession developed information economics for a rigorous study of information

asymmetries, tools for solving inefficiencies arising from these asymmetries, as well as games

of incomplete information, the field failed to recognise that human reasoning need not con-

form to statistical principles - including the effects of sample size, correlation or base rate.

An individual’s statistical intuition can persistently differ from their statistical knowledge

(Kahneman, 2002). What is more, they may simplify the complex task of assessing proba-

bilities and predicting values through heuristic rules, such as representativeness, availability,

and anchoring. Specifically, the availability heuristic (used in my third essay) is a rule-of-

thumb that relies on the memory of specific instances that are easily recollected – usually

4



something that happened recently or looms large in one’s mind. While heuristics are eco-

nomical and usually effective because they allow us to decide quickly, they come at the risk

of inducing bias; that is, settling on a suboptimal or inefficient outcome due to systematic

and predictable errors in an individual’s estimation (Tversky and Kahneman, 1974). In

music, for example, adjudicators have been shown to be “blinded by their sight”: their

performance evaluation relies primarily on visual cues while it is the sound that is agreed

to be central to the evaluation (Tsay, 2013, 2014). Such a vision heuristic (used in my first

essay), thus, risks overlooking a highly qualified candidate because the musician’s perceived

ability is affected by their appearance (Griffiths, 2008).

It took the economics profession three decades to formally recognise the contributions of

Tversky and Kahneman’s (1974) “heuristics and biases approach” to an applied economic

modelling of decision-making under uncertainty. Only in October 2002 did psychologist

Daniel Kahneman join the ranks of renowned economists to win the Nobel memorial Prize

in Economics for his works that challenge the assumption of human rationality in economic

theory. By applying psychological insights to judgment and decision-making under uncer-

tainty, he transformed our understanding of how people actually make economic decisions.

His research served as a reality check to the orthodox neoclassical economic theory and

revealed the need for the formulation of a new branch of economics. This new branch,

called behavioural economics, builds on the existing framework but also models the human

limits to rationality and the need to use “fast and frugal” heuristics in light of limited

information-processing abilities (Gigerenzer et al., 1999).

Richard Thaler stepped into Tversky and Kahneman’s seminal work, advancing the

study of simple rules-of-thumb or heuristics to make decisions. He took the risk to pursue

a new way of doing economics which entertains the possibility that not everyone in the

economy is necessarily rational - that people may only be boundedly rational (Simon, 1955).

This included advocating for an economic theory of the consumer that does not only specify

how a consumer should choose but also describes how they do choose. Such a descriptive

theory allows the consumer to underweight opportunity costs, be affected by sunk costs,

search until the expected amount saved as a proportion of the total price of the purchase

equals some critical value,1 voluntarily restrict their choices to avoid regret, or precommit

to solve self-control problems (Thaler, 1980). Through his regular column on ‘Anomalies’

in the Journal of Economic Perspectives, Thaler helped popularise behavioural economics

among young readers and established economists alike.2

1Rather than searching for additional prices until the expected saving from the purchase equals the cost
of visiting one more store (Stigler, 1966).

2According to Thaler (2015, p.258), the essential elements of behavioural economics are “the three
bounds”: bounded rationality, bounded willpower, and bounded self-interest.
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Of particular interest is the insight that “[p]eople like to do what most people think is

right to do; people like to do what most people actually do” (Thaler and Sunstein, 2008,

p.182). It has profound implications for our understanding of both consumer decision-

making at the microeconomic level, as well as fashions and fads at the macroeconomic level.

First, herd mentality can determine a consumer’s buying habits. For example, technolo-

gies are oftentimes experience products. Therefore, an individual may find it difficult to

determine a new gadget’s benefits. Faced with uncertainty, they may, thus, decide to use

a heuristic or shortcut of discounting their own beliefs and instead imitate their friends in

the adoption decision of Amazon’s Kindle, Apple’s iPhone, as well as Web 2.0 technologies

(Sun, 2013). Second, herd mentality can explain why the sales of a product skyrocket even

when not many people (intend to) actually use it. Examples include the Hula Hoop toy

fad in the 1950s with an estimated 20 million lightweight plastic circles sold in the first six

months of production alone (Internicola, 2009), or “Tupperware parties” in the 1960s and

1970s where housewives gathered together to purchase an increasingly unnecessary moun-

tain of Tupperware - failing to resist the ‘burp & seal’ feature of these plastic containers

(Nostalgia Central, n.d.). What this discussion suggests is that organisations tap into the

insights from behavioural economics and understand that they need to create perceptions

about their products (such as the party-plan selling strategy of Tupperware) to set a trend

(used in my second essay).

1.2 My Contribution

In my thesis, I build on longstanding concepts in microeconomic theory and information

economics, as well as the recent branch of behavioural economics to examine real-world

phenomena through a different lens: in my first two essays, I combine, inter alia, the

concept of signalling (Spence, 1973) and Lancaster’s (1966) product characteristics ap-

proach with non-standard preferences; my third essay combines the theoretical framework

of preference falsification (Kuran, 1987a,b, 1995) with non-standard beliefs and non-standard

decision-making.3 By introducing deviations from the standard models in various steps of

the decision-making process, I obtain novel predictions that provide insights for policy.

My first essay is inspired by the observation that many U.S. symphony orchestras moved

to blind auditions in the 1970s and 1980s (Goldin and Rouse, 2000). The use of curtains

has been marketed as a fairer form of audition and equal opportunity policy, protecting

women and minorities against discrimination (Karl Schiebler in The Economist, 1996). The

3DellaVigna (2009) argues that behavioural economics considers three classes of deviations from the
standard theory: non-standard preferences, non-standard beliefs, and non-standard decision-making.
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practice is often credited to have its origins in 1970 with the request of the late African

American bassist Art Davis for candidates to play behind a curtain when auditioning for

the New York Philharmonic. The increasing focus on equal opportunity in the performing

arts has spawned more unconventional entertainment formats. The singing competition

franchise “The Voice”, adapted in 129 regions across the world, uses blind auditions in the

first round. When the judges listen, they face the audience rather than the contestant.

Only if a judge commits to taking on the contestant can she press a button which turns her

chair around. According to creator John de Mol, this allows the judges to focus on quality

alone and identify genuine singing talent (Universal Music Group, 2011).

In this essay, I address the two polarised views on the use of blind auditions to hire the

most talented candidate. Proponents like Gladwell (2005) argue that blind auditions have

helped evaluators avoid misleading first impressions. He bases his argument on the preju-

dices that women have encountered in the past when auditioning for orchestra positions.

Two examples of such are not possessing the physical strength for instruments traditionally

considered “male”, or an inferior attitude and resilience compared to males. Opponents

fear that, while avoiding bias, the evaluator also loses valuable information that can screen

applicants by ability. As a result, top talent may be lost in an increasingly large applicant

pool and standards of fairness may actually deteriorate (Holland, 1981).

I develop a game-theoretic framework to study the repercussions of an evaluator’s bias

against a specific group of applicants. The evaluator decides upfront between holding an

informed or a blind audition. Only in the former can the evaluator learn the applicant’s

ability and their gender. For an informed audition, I draw upon the literature on cognitive

biases, arguing that the evaluator is likely subject to different types of biases, summarised

in a reduced-form parameter as a non-standard preference. Potential drivers are intergroup

bias (Hewstone et al., 2002; Anwar, 2012; Bagues and Perez-Villadoniga, 2012), gender

associations with instruments (Abeles, 2009; Stronsick et al., 2018; Sergeant and Himonides,

2019), and extraneous factors like attractiveness or accent (Purkiss et al., 2006). At the same

time, I deploy longstanding concepts from information economics. An informed audition

is characterised by verifiable disclosure (Milgrom, 1981; Grossman, 1981) as the applicant

cannot misrepresent their gender or ability on a CV. A blind audition is akin to the signalling

model of Spence (1973) where the applicant’s effort decision may be informative about the

ability dimension of their type while gender cannot be signalled.

I show that, above a threshold bias, the evaluator prefers a blind audition to provide

high effort incentives exclusively for high-ability applicants. Consequently, committing to no

information can be beneficial for the evaluator. Moreover, above this threshold bias, there is

no trade-off between implementing blind auditions as a policy to counteract first impression
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biases and efficiency due to adverse effects on targeted effort provision. Perhaps surprisingly,

a highly biased evaluator’s preferences align with those of a highly able female. I extend

the framework to a situation in which an applicant’s performance quality is stochastically

determined by effort and one additional uncertainty parameter, as well as as the option

to request a gender-blind CV that contains valuable information about ability prior to a

blindfolded performance, and compare blind auditions to affirmative action.

My framework is relevant for auditory-based applications: my results can explain why

blind auditions have increased the probability of a female orchestra musician being hired

via taste-based discrimination. However, going forward, blind hiring could be adapted in

industries other than the performing arts; for example, to address the lower success rates of

female applicants for funding schemes such as ERC grants (Vernos, 2013). The technology

company GapJumpers, for example, offers blind hiring to firms in preliminary rounds. The

Silicon Valley start up has developed software that withholds information about ethnicity,

gender, age or educational background. An online test tailored to the skills in the job

specification allows candidates to essentially blind-audition for a job, and employers to

signal that “[i]f you can show me your skills in this role, I am willing to interview you,

regardless of where you come from, what you look like or who you are” (CEO Kedar Iyer

in Cain Miller, 2016).

Policy makers can learn from my framework that – contrary to conventional wisdom –

equal opportunity and efficiency need not be conflicting policy objectives. Under certain

conditions, blind auditions as an equal opportunity policy outperform more drastic policies,

such as quotas and subsidies, aimed at mitigating first impression biases. The framework

provides policy makers with the insight that blind auditions may need to be coupled with

ability-targeting policies when the environment is characterised by randomness in order to

stimulate the acquisition of skills and prevent market failure.

My second essay is inspired by the success of Etsy’s “handmade” business model in

the twenty-first century. Founded only in 2005 as a marketplace for handmade products,

Etsy registered its one-millionth sale just two years later (Walker, 2007). Everything listed

in the marketplace must be “handmade or unique and assembled with production partners,

vintage or craft supplies” (Etsy, Inc., 2019a, p.11). Hence, Etsy can essentially be described

as an infinitely large virtual craft fair, open 24/7 to anyone anywhere in the world, which

allows consumers to participate in the DIY movement even if they do not have the enthu-

siasm to get crafty themselves (Walker, 2007). The success of Etsy underlines that crafts

in the twenty-first century are being rediscovered as a desirable enterprise (Jakob, 2012);

going so far that the UK government since 2010 has been deploying creative industries

policies to revitalise local manufacturing through the promotion of craftsmanship and hand
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skills (Jakob and Thomas, 2017). However, amid Etsy’s success, little theoretical research

has been undertaken to explain why firms choose a handmade strategy in an era of tech-

nological advancement, which would allow for automated production processes in a wide

range of categories - including jewellery, clothing, toys and furniture - potentially resulting

in improved quality and fewer defective products.

In this essay, I develop a model that can explain the persistence of this traditional sector

of the economy through a handmade effect on the consumer side. Shoppers in my model

come in two types: quality shoppers, and conscious shoppers. I assume that all shoppers

value product quality equally but they differ in the weight given to the production pro-

cess. In assuming that conscious shoppers have non-standard preferences, I build upon the

growing economic literature on ethical consumption where a group of consumers have prefer-

ences over how a good is produced and distributed rather than its physical properties alone

(e.g., Stiefenhofer, 2019), and the empirical microeconomics literature that estimates con-

sumers’ willingness to pay a premium for ethical products (e.g., Galarraga and Markandya,

2004; Loureiro and Lotade, 2005; Arnot et al., 2006). At the same time, my assumption

draws upon Lancaster’s (1966) well-known microeconomic demand theory as shoppers do

not choose between different goods but between the characteristics they provide. As in my

first essay, I deploy longstanding concepts from information economics when I extend the

baseline model to a signalling model in the spirit of Sliwka (2007): conformist shoppers as

a third shopper type are influenced by social norms because they are uncertain about the

appropriate consumption behaviour.

In the baseline model, I show that when consumers are willing to pay a sufficiently high

handmade premium, the monopolist chooses production by hand over superior machine

production, irrespective of whether hand production is also characterised by constant or

instead characterised by increasing per-unit cost. If not limited to one product for a credible

handmade effect, the monopolist adds a handmade product line in this case. When the firm

is part of a duopoly, the existence of consumers who care about the conditions under which

a product is manufactured can explain the firms’ specialisation and, thus, the observed co-

existence of handmade and machine-made products in the economy. Such specialisation is

efficient, and can be robust to collusion. Finally, I show in the extension that the presence

of shoppers who are uncertain about the appropriate behaviour may enable a monopolist

to use a handmade strategy to signal a social norm of conscious consumption.

My model can shape our intuitions on ethical production and the development of policy

that fosters conscientious consumption behaviour. First, firms rationally weigh the addi-

tional costs against the expected benefits when deciding whether to sell, say, a Fair-Trade

product. The Fair-Trade premium that the firms can charge is the consumers’ maximum
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willingness to pay for the subjective services of the Fair-Trade label. Moreover, premium-

priced Fair-Trade products need not deliver any extra physical quality to co-exist alongside

conventional products in the economy, and their label is crucial for market segmentation

and third-degree price discrimination. Finally, building positive attitudes and removing

scepticism towards Fair Trade can positively impact conscientious buying behaviour. The

existence of impressionable consumers that are influenced by social consumption norms can

explain the rising demand for and the mainstreaming of Fair Trade in Europe in the late

1990s (Renard, 2003) and social movements such as “buyhandmade.org” (Walker, 2007)

through a crowding-in effect.

My third essay is inspired by a long-known insight from psychology: as actors, individ-

uals tend to attribute their own behaviour to situational causes, but as observers, explain

the identical behaviour of others through their inherent qualities or traits (Jones and Nis-

bett, 1971; Nisbett et al., 1973).4 This might be familiar to any teacher of intermediate

microeconomics. An intuitive approach to introducing the concept of price elasticity of de-

mand can lead to misunderstandings in the case of linear demand (Daskin, 1992); however,

a calculus-based approach requires some degree of mathematical sophistication (Wei, 2013).

Hence, under either approach, some students in the classroom are likely to require further

explanations to understand the material. A mindful professor may, therefore, ask the class

if there are any clarifying questions. Rather than being inundated with questions, however,

the typical response from students is silence. Students tend to interpret their peers’ silence

heuristically at face value as a signal that their peers have understood the concept. The

heuristic causes students to ignore the possibility that they are not the only one requiring

a different approach to understand the concept, so that ultimately the heuristic paralyses

the whole class from asking their burning questions.

In this essay, we study the implications of such heuristic decision-making in social set-

tings without communication. We set out a model in which players trade off conforming to

the average action and matching their private type, which is correlated with the state of the

world. After being sorted into a random order, each player chooses a publicly observable

action given her type and the history of actions. We contrast individual and aggregate be-

haviour under two heuristics as well as rationality: credulous players posit others truthfully

reveal their types whilst sceptical players reflect on predecessors’ actions to edit the history

of play; in contrast, rational players take into account the extent to which others wish to

conform. Borrowing Thaler’s (2015) terminology, we essentially compare what an “Econ”

4This actor-observer difference is related to, but distinct from, a self-serving bias whereby the actor
would attribute cause for success to themselves but cause for failure to situational factors. In light of a
self-serving bias, we would expect an actor-observer difference primarily after failure (Gioia and Sims Jr.,
1985).
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would do with what a “Human” would do, assuming they (i) have non-standard beliefs in

the sense of overestimating the extent to which some or all players are concerned with being

truthful to their private type, and (ii) make non-standard decisions in the sense of using a

heuristic that discounts any action in the history of play that could be a falsification.

Our specification draws upon experimental literature in social psychology that people

tend to underestimate the influence of social pressure on others’ public actions (e.g., Miller

et al., 1974). In particular, we assume that this underestimation is a consequence of using a

heuristic to simplify a decision problem under uncertainty. What is more, our assumption

that players’ heuristics do not correct themselves over time draws upon empirical evidence

in economics that a lack of communication can sustain incorrect judgment about others’

beliefs (Bursztyn et al., 2020). We adapt the modelling of preferences in Kuran (1987a,b,

1995) when assuming that players face a trade-off between social approval and personal

autonomy: conforming may preclude truthfully revealing one’s type. However, our play-

ers move sequentially rather than simultaneously to study how heuristic decision-making

interacts with an informational asymmetry to trigger an action that differs from one’s type.

This essay contributes several insights for policy. In our analysis of individual behaviour,

we show that a policy maker can boost a credulous player to scepticism if his goal is to

increase truth telling. In contrast, a boost to rationality does not guarantee that more

players truthfully reveal their type. An intervention that lowers the pressure to conform in

the presence of heuristic decision-making may be more effective. In our analysis of aggregate

behaviour, we show that a boost to rationality is not only necessary to incentivise players

to take the action matching the state irrespective of their types, but also preferable given

a utilitarian objective. Finally, making the state of the world common knowledge can be a

viable alternative when a policy maker prefers a player to tell the truth if her type matches

the state and to falsify if it does not.

We highlight the implications of our results and the welfare impact of heuristic decision-

making in two applications that vary the nature of players’ actions and types – organisational

decision-making and social engineering. A board or committee, for example, may reach a

consensus at all costs without critical appraisal of alternatives given their members’ desire

for conformity. In this situation, a policy maker may want to boost credulous players to

scepticism or reduce conformity to limit the erroneous “infer[ence] that the identical actions

of the self and others reflect different internal states” (Miller and McFarland, 1987, p.298),

thereby improving the board’s collective decision-making. In other situations, rationality,

an informative environment, or even common knowledge of the state will be optimal for

positive social change: locking in an action early on may be desirable to maximise social
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welfare. This may allow a policy maker to incentivise a re-thinking on important issues,

such as climate change in the community.

Each of my essays is motivated by the observation of a real-world phenomenon that

warrants a better understanding through economic modelling. The models they inspire

do not only provide testable predictions and insights for policy, but connect in two ways.

First, all include behavioural elements through biases, heuristics, or an enlarged set of

preferences. Second, all deploy longstanding concepts from microeconomic theory and in-

formation economics, including verifiable disclosure, signalling, and private types. Through

this connection, I contribute to a way of doing economics that is relevant to society.

12



Chapter 2

First Impression Biases in the
Performing Arts: Taste-Based
Discrimination and the Value of
Blind Auditioning∗

2.1 Introduction

“I’ve been in auditions without screens, and I can assure you that I was prejudiced.

I began to listen with my eyes, and there is no way that your eyes don’t affect your

judgment. The only true way to listen is with your ears and your heart.”

– Julie Landsman in Gladwell, Blink: The Power of Thinking Without Thinking

Auditions are common practice in the performing arts to hire the best candidate. The

evaluator, who makes the hiring decision, chooses upfront between two audition forms. If

informed, the evaluator requires applicants to submit information prior to the audition.

This often takes the form of a CV which contains valuable information about ability. One

proxy for ability is the school an applicant went to, such as Juilliard, which leads the

evaluator’s belief about her ability to increase. A CV, however, also contains irrelevant

information about gender or race.1 This may result in first impression biases which dis-

count more relevant information obtained at a later stage (Thorngate et al., 2010). If blind,

the evaluator receives no information and, because the evaluator cannot see the applicant

during her performance, the hiring decision is based purely on sound. Given the audition

∗Published (excl. additional materials in Section A.1) in the Journal of Cultural Economics on 8 Septem-
ber 2021.

1In countries like France, Belgium or Germany, it is common to include a photograph that likely reveals
gender or race. Even in countries like the UK where it is advised against the inclusion of a photograph or
personal details like birthplace due to equal opportunity legislation, the first and last name may reveal gender
or race; see Bertrand and Mullainathan (2004) for an experiment that randomly assigns African-American-
or White-sounding names to CVs.
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form, the applicant decides whether to participate and how much effort to invest in prepar-

ing a performance. Importantly, this sequential decision-making of the potentially biased

evaluator and the applicant allows the audition form to affect effort incentives.

In this paper, I analyse the repercussions of the evaluator’s bias against a specific group

of applicants. I examine whether, and under which conditions, it can be rational for the

evaluator to commit to ignore supplementary information about an applicant to avoid mis-

leading first impressions. I ask whether the move to a blind audition can lead to better

candidates being hired; in essence, can a blind audition provide better effort incentives

exclusively for highly able applicants?

My main contribution lies in providing a theory for Goldin and Rouse’s (2000) finding

that the use of blind auditions in U.S. orchestras has lead to a severalfold increase in the

probability that a female will be hired. Furthermore, I address the two polarised views on

the use of blind auditions to hire the best candidate. Proponents argue that blind auditions

have helped evaluators avoid misleading first impressions (Gladwell, 2005).2 In fact, blind

auditions have often been marketed as a fairer form of audition and equal opportunity policy

(Karl Schiebler in The Economist, 1996).3 Opponents fear that, while avoiding bias, the

evaluator loses valuable information that can screen applicants by ability (Blasko in Makoff-

Clark, 2019). Consequently, top talent may be lost in an increasingly large applicant pool

and standards of fairness may even deteriorate (Holland, 1981). My second contribution

is to show that the two polarised views are not mutually exclusive. I argue that a blind

audition comes with a fundamental trade-off: it grants impartiality to the evaluator but

may prohibit the screening of applicants by ability.

I develop a game-theoretic framework in which the evaluator is biased against females

and his bias is common knowledge. The evaluator commits to a blind or an informed audi-

tion given an exogenously determined wage. He always fills the position with an applicant

or a random outside option. His revenue is determined by performance quality and ability

whereas the applicant cares only about being hired. In the benchmark model, effort maps

one-to-one into performance quality. In an extension, I allow for moral hazard by consid-

ering a setting where low effort can result in low or high performance quality. I focus on

a gender bias and frequently use the context of an orchestra to build intuition. This focus

also emphasises that artistic auditions are a key application as the underrepresentation of

2Gladwell (2005) bases his argument on the prejudices that women have encountered in the past when
auditioning for orchestra positions. Two examples are not possessing the physical strength for instruments
traditionally considered “male”, or an inferior attitude and resilience compared to males.

3John de Mol, the creator of the singing competition “The Voice”, for example, argues that the TV show’s
blind auditions allow the judges to focus on quality alone and identify genuine singing talent (Universal Music
Group, 2011).
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women in virtually all the arts provides evidence for some degree of discrimination (Hell-

manzik, 2020).4 However, my framework pertains to a broader range of contexts in which

the evaluator requires the applicant to prepare a project for review, and possibly submit

additional information susceptible to bias, before deciding upon acceptance. In particu-

lar, technology companies like ‘GapJumpers’ (Cain Miller, 2016) or ‘Applied’ (Glazebrook,

2019) allow firms to implement blind hiring through software that withholds personal infor-

mation.5 Academia may be another application if blind auditioning can help to address the

lower success rates of female applicants for funding schemes such as ERC grants (Vernos,

2013).6

My main result is that there exists a threshold bias above which the evaluator prefers

a blind audition to provide targeted effort incentives: high effort incentives for highly able

applicants while low-ability applicants do not participate. Consequently, committing to

no information can be beneficial for the evaluator. Moreover, above the threshold bias,

equal opportunity and targeted effort incentives are complementary objectives: there is no

trade-off between implementing blind auditions as a policy to counteract first impression

biases and efficiency due to adverse effects on targeted effort provision. If anything, the

implementation of equal opportunity is effort-enhancing for high-ability applicants above

this threshold. Perhaps surprisingly, the preferences of a highly biased evaluator align with

the preferences of high-ability females: a blind audition provides targeted effort incentives

and, as a side effect, plays out in favour of high-ability females, as they prefer to conceal

their gender. My model sheds light on the forces underlying the empirical findings on the

use of blind auditions and shows that the gains from being able to conceal one’s gender

need not be uniform. For a low bias, the gains from moving to a blind audition accrue to

low-ability females. If the bias is high, the gains accrue to high-ability females.

I show in an extension that a blind audition cannot provide targeted effort incentives

if performance uncertainty exceeds some threshold. Consequently, for a highly biased eval-

uator, a blind audition is no longer guaranteed to be more profitable than an informed

audition. Moreover, there is the sizeable risk of market failure: for certain parameter com-

binations, neither a blind nor an informed audition is profitable and the evaluator might

not want to hold an audition at all. Interventions that ensure the applicant pool to be of

sufficiently high ability under performance uncertainty guarantee the profitability of a blind

4See Chapter 5 in Hellmanzik (2020) for an excellent case study of discrimination in artistic labour
markets and a discussion of the classic work by Goldin and Rouse (2000).

5With a commonly known gender bias, such intermediaries may also serve as a commitment device to
blind hiring.

6The act of withholding applicants’ names may already have a significant effect; see, for example,
Bertrand and Mullainathan’s (2004) experiment. For an example of name-blind hiring, see the UK Civil
Cervice (Manzoni, 2015).
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audition when the evaluator is highly biased and avoid market failure. Finally, I show that

a policy maker may want to allow a moderately biased evaluator to request a gender-blind

CV prior to a blind audition.

2.1.1 Related Literature

My paper relates to several strands of literature. I draw upon the literature on cognitive

biases: I argue that the evaluator in an informed audition is likely subject to different types

of biases which may be summarised in a reduced-form parameter. One potential driver

is intergroup bias: the evaluator may judge members of his own group more favourably

(Hewstone et al., 2002; Anwar, 2012; Bagues and Perez-Villadoniga, 2012). In orchestras,

gender associations with instruments may drive bias (Abeles, 2009; Stronsick et al., 2018;

Sergeant and Himonides, 2019). A third potential driver is due to interaction effects of

gender and race: in experimental judging sessions, videotaped males tend to score lowest

among black performers; females lowest among whites (Elliott, 1995). Extraneous factors

warrant the modelling of bias in performance evaluation. This can be as subtle as the

strength of the applicant’s handshake at the audition if this opening ritual influences the

evaluator’s belief about her character strength.7 Other examples are attractiveness or accent

(Purkiss et al., 2006).8

I draw upon contract theory by assuming verifiable disclosure (Milgrom, 1981; Gross-

man, 1981): in an informed audition the applicant cannot misrepresent her gender nor

ability on her CV. Conversely, the evaluator cannot commit to cherry-pick relevant infor-

mation. Effort incentives are, therefore, influenced by the evaluator’s bias via his hiring

rule. This feature is similar to implicit incentives arising in a dynamic setting (Meyer and

Vickers, 1997). The evaluator has a menu of audition forms available to hire the best can-

didate and, given his commonly known bias, needs to choose the optimal form (Laffont and

Tirole, 1986).9 Moreover, the blind audition is akin to a signalling model à la Spence (1973)

as the applicant’s effort decision may be informative about the ability dimension of her type

while gender cannot be signalled.

7In particular, “[b]ecause men tend to have greater upper body strength than do women, a male’s
handshake is likely to be firmer than a female’s handshake”. As a result, “if the [evaluator] shakes a
woman’s hand, it is more likely the shake will fail the [evaluator]’s character test”, leading him to discount
more relevant information obtained from the female’s subsequent performance (Thorngate et al., 2010, p.51).

8There is evidence for a vision heuristic: evaluators consistently report to value sound as central in
performance. However, they select different winners if they have visual information about the applicant
(Tsay, 2013).

9In Laffont and Tirole (1986), the evaluator would be the agent. The principal would be a regulator
in charge of what audition forms are available to the evaluator; for example, the admission of gender-blind
CVs (Section 2.9).
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My paper builds on literature in the economics of discrimination. In models of statistical

discrimination (Phelps, 1972; Arrow, 1973), the evaluator has to believe that women are,

on average, less productive than men to use gender in the hiring decision as a proxy for

unobservable ability. In taste-based models (Becker, 1971), the evaluator instead has a

preference for hiring members of the dominant group; say, men. Also an evaluator’s self-

image bias (Siniscalchi and Veronesi, 2020) or type-based mentoring (Athey et al., 2000) can

perpetuate gender imbalance. I draw on experimental evidence that discrimination widens

labour market differences between women and men in male occupations (Riach and Rich,

2006), and that women can suffer from discrimination based on their physical appearance

(Alaref et al., 2020).

Blind auditions are studied by Taylor and Yildirim (2011), focusing on the effort and

selection effects when the evaluator observes a signal of performance quality. Their model

can explain the association of blind auditions with an increased probability of hiring females

through a form of statistical discrimination, as a blind audition forces the evaluator to ignore

the applicant’s ability. Similar to Taylor and Yildirim (2011), I study the conditions under

which a blind audition provides better effort incentives. However, I allow for taste-based

discrimination of the evaluator so that a blind audition forces him to ignore the applicant’s

ability and gender. In my model, females and males are equally productive for the same

level of ability. This assumption stresses that prejudices against female musicians (Seltzer,

1989), social attitudes (Allmendinger and Hackman, 1995) and self-identity (Starr, 1974)

are key in explaining the findings of Goldin and Rouse (2000).

When the evaluator in Taylor and Yildirim (2011) can commit to an acceptance thresh-

old prior to the audition and the observed quality signal is verifiable, he is forced to reject

performances that he knows to be of high quality with positive probability to provide effort

incentives. Such a trade-off at the high end of the quality spectrum does not arise in my

informed audition; rather, applicants with low ability may be screened as they anticipate a

lower probability of being hired. Moreover, in Taylor and Yildirim’s (2011) blind audition,

the evaluator uses a uniform acceptance threshold. My blind audition, in contrast, allows

for signalling concerns: a uniform hiring probability only arises when applicants pool on

high effort.

In Taylor and Yildirim (2011), if the applicant pool is of mainly high ability, the evalua-

tor prefers a blind audition as assessing performance quality is less important than providing

effort incentives; if the applicant pool is of predominantly low ability, the evaluator prefers

an informed audition as selecting high-quality performances is crucial. Taste-based discrim-

ination, in contrast, allows for richer predictions: if there is little bias and the applicant

pool is highly able, my blind audition attracts low-ability applicants rather than providing
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targeted effort incentives. For a high bias, the evaluator prefers a blind audition irrespective

of the applicant pool’s ability composition.

In Taylor and Yildirim (2011), if the signal of performance quality is precise, the eval-

uator prefers a blind audition as the incremental information from observing ability is low;

if imprecise, he prefers an informed audition as observing ability has a large incremental

informational value. My model, in contrast, makes more nuanced predictions about the

effect of performance uncertainty: if there is little bias, informed auditions are preferred

irrespective of the degree of performance uncertainty. If the bias is high and performance

uncertainty is above a threshold, the ability composition of the applicant pool determines

the evaluator’s preferences. For a very low prior about ability, it is paramount to include

ability in the hiring policy. While blind auditions provide better effort incentives for the

highly able, these types are infrequent. For a sufficiently high prior, high effort incentives

for the highly able are paramount, making blind auditions preferable.

The remainder of this paper is structured as follows. Section 2.2 sets out preliminaries

common to both auditions. In Section 2.3 and Section 2.4, I solve for equilibrium in the

informed and blind audition. Section 2.5 details my main results on the evaluator’s and

applicant’s audition preferences. I introduce asymmetric uncertainty in Section 2.6. I

compare blind auditions to quotas and subsidies in Section 2.7. I briefly highlight the

agency cost in the two audition forms in Section 2.8. I discuss the use of gender-blind CVs

in Section 2.9, and conclude with avenues for further research in Section 2.10.

2.2 Preliminaries

In this section, I set out the timing, preferences of players, assumptions and solution con-

cepts.

2.2.1 Timing

Two risk neutral parties, an applicant (she) and an evaluator (he) play a three-stage game.

In the first stage, the evaluator commits to a blind (B) or an informed (I) audition

given an exogenously determined wage. If the audition is informed, the evaluator learns

the applicant’s type θ :“ pη, gq, where η P tηL, ηHu is ability10 and g P tm, fu :“ t0, 1u is

gender. If the audition is blind, the evaluator does not learn the applicant’s type. He only

knows the type distribution: the applicant is female or male with equal probability and the

10Ability may equate to an artist’s creativity (Towse, 2006). See also Duff’s (1767) classic work on original
genius: a highly able applicant may have the right combination of imagination, judgment and taste to (i)
prepare an original performance for the audition, and (ii) reduce the investment needed to attain a given
level of mastery.
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applicant is of high ability with PrpηHq :“ p P p0, 1q. It is common knowledge that ability

and gender are independent.

In the second stage, the applicant moves, knowing her type and whether it is a blind

or informed audition. She chooses how much costly effort11 to invest in preparing a perfor-

mance, where effort e P teL, eHu can be low or high and effort costs are cpeq. There is an

outside option for the applicant that yields a zero payoff.

In the third stage, the applicant delivers her performance. It can turn out to be of low

or high quality; that is, q P tqL, qHu. The evaluator makes the hiring decision based on

type θ (i.e. ability and gender) and performance quality q if the audition is informed, and

based on performance quality q alone if the audition is blind.12 In either audition form,

the evaluator has a random outside option Ū , which he can revert to instead of hiring the

applicant. I describe the evaluator’s outside option and the determination of performance

quality in more detail in Section 2.2.3.

2.2.2 Preferences of Players

The evaluator is assumed to be biased against female applicants. This is represented in

form of a bias parameter β P r0, qL ` ηLs. The level of bias β is common knowledge in

either audition form. I formalise the evaluator’s preferences with a gross utility function

consisting of two parts:

V pq, η, gq “ fpq, ηq ´ βg “ q ` η ´ βg. (2.1)

The first part fpq, ηq “ q`η is a production function.13 The evaluator, therefore, prefers to

hire an applicant who is of high ability and delivers a high-quality performance in stage 3.

In particular, given the applicant’s ability η, which the evaluator may learn in stage 1, and

her performance quality q, always observed in stage 3, the evaluator earns revenue fpq, ηq by

hiring the applicant. The assumption that performance quality and ability jointly determine

revenue may be justified if fpq, ηq is regarded more broadly as an applicant’s marketable

11In the performing arts, an applicant’s effort includes the time spent studying the set audition repertoire
to determine which excerpt is appropriate, the time spent rehearsing the selected excerpt, etc. Without an
effort choice, the game would reduce to a decision problem of the evaluator, forbidding the study of incentive
effects in light of bias.

12An alternative interpretation of the game involves two evaluators: the senior management with a zero
bias chooses the audition form in stage 1; the evaluator with a possibly non-zero bias chooses whom to hire
in stage 3. The senior management may have learned the bias only after assigning the evaluator to the task.

13Under a multiplicative form of the production function, fpq, ηq “ qη, most of the results remain
qualitatively unchanged. If the applicant’s ability did not enter the production function directly, there
would not be a motive to signal high ability in the blind audition, providing targeted effort incentives at
high biases in Section 2.4. Under fpqq “ q, the evaluator would, however, not be indifferent between audition
forms: for a moderate bias, he would prefer a blind audition for targeted effort incentives; for biases above
a certain threshold, he would not hold an audition at all. The proofs are available on request.
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talent, consisting of an endogenous component q and an exogenous component η.14 The

inclusion of ability allows for revenue-generating reputation effects from hiring highly able

star soloists15 that have been shown to attract fans (Hart, 1973, p.390) and additional

single-ticket buyers (Kamakura and Schimmel, 2013). Furthermore, the functional form of

fpq, ηq implies that males and females are perfect substitutes in production: gender does

not enter. The second part βg captures the evaluator’s bias against female applicants.16

The evaluator faces four types of applicants in this game, Θ “ tpηL,mq, pηH ,mq, pηL, fq,

pηH , fqu. The applicant, whether of low or high ability, female or male, wants to be hired to

receive a wage wθ net of effort costs. In particular, by choosing e P teL, eHu she maximises

her expected utility U , taking into account how her effort choice influences the probability

of being hired via its effect on performance quality:

Upe, η, gq “ Prphired|¨qwθ ´
e2

2η
. (2.2)

In an informed audition, the hiring probability depends on performance quality, gender and

ability; that is, Prphired|q, η, gq. In a blind audition, in contrast, the hiring probability never

directly depends on gender or ability; that is, Prphired|qq. The applicant’s effort costs are

given by cpeq “ e2

2η . Thus, ability determines the marginal cost of exerting high rather than

low effort, with high ability corresponding to lower marginal costs. The applicant receives

a zero payoff if she is not hired and her outside option gives zero utility.

2.2.3 Assumptions and Solution Concept

I assume that the evaluator’s revenue from a high level of ability and performance quality

is twice as large as from a low level, and that ability and performance quality are equally

valuable to the evaluator.

Assumption 1. ηL “ eL “ qL “ 1 and ηH “ eH “ qH “ 2.

Given that the bias is bounded such that a maximally biased evaluator’s gross utility from

hiring a low-ability female with a low-quality performance is zero, I can normalise the pa-

rameter levels in Assumption 1 without loss of generality: my model would deliver identical

results if ηL “ eL “ qL “ x and ηH “ eH “ qH “ 2x, where x ą 0. Assumption 1 keeps my

14See Tsay and Banaji (2011) for the two sources of talent and how they are perceived by expert decision-
makers: “naturals” are characterised by early evidence of high innate ability; “strivers” by high motivation
and perseverance. Their substitutability is in line with Galenson’s (2006; 2009) finding that there are two
equally successful types of artists: experimental artists improve their work by trial and error; conceptual
artists work with deductive certainty.

15See also the economics literature on the phenomenon of superstars (Adler, 1985; Rosen, 1981).
16This form of the utility function is inspired by (Becker, 1971, chapter 3, p.39): an employer has a

taste parameter d (“coefficient of discrimination”) so that the wage of a member of the minority group N is
effectively wN ` d.
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model tractable but rules out general conclusions on the effect of blind auditions: my model

provides insights when the relationship between ability, effort and performance quality is

balanced from the evaluator’s perspective.17

I assume that the evaluator always fills the position by either hiring the applicant at

a wage wθ or a uniformly distributed outside option at a wage wŪ . An unfilled orchestra

position during the playing season, for example, would be prohibitively costly. As concert

schedules are planned far in advance, ticket sales tend to start months before the perfor-

mances and orchestral parts need to be acquired and allocated prior to rehearsals (Towse,

2010, chap. 8), the evaluator is unlikely to leave such a position unfilled.

Assumption 2. Ū „ Ur2 ´ β, 4s.

The value of Ū is unknown to the evaluator when making the hiring decision. The bounds

on the outside option in Assumption 2 may be justified if Ū is thought of as the possibility

to engage a substitute from an agency. This substitute generates gross utility of at least

2 ´ β if she is of type θ “ pηL, fq and provides a low performance quality. The substitute

generates at most 4 if he is of type θ “ pηH ,mq and provides a high performance quality.

Because the evaluator cannot contract upon the substitute’s type and performance quality

with the agency, Ū is essentially a gamble that may turn out to be better or worse than the

applicant considered in stage 3 of the game. Given this interpretation, a greater bias against

female applicants naturally reduces the minimum value of the outside option. In fact, the

outside option may turn out to be of no value to a maximally biased evaluator. Continuity

is assumed for tractability; however, it implies a discrepancy between the number of types

of the outside option and the applicant in the model.

I assume that the evaluator pays wage w whether he hires an applicant of type θ or

the outside option, and that the wage received by the applicant and the outside option is

exogenously determined by the outside option’s expected value ErŪ s.

Assumption 3. w :“ wθ “ wŪ for all θ P Θ and w “ ErŪ s.

17A more general framework where high talent (ηH and qH) can be more or less than twice as valuable
allows for qualitatively different equilibria: a low value coupled with a high bias, for example, will discourage
all females from participating in an informed audition while attracting all males with no incentive to exert
high effort given their possibility to identify themselves as male. A blind audition in this setting will not
provide targeted effort incentives either but may at least achieve gender balance in the applicant pool
that participates in the audition. A more general framework where a given level of ability and performance
quality need not be equally valuable eliminates the symmetry Prph|qL, ηH , ¨q “ Prph|qH , ηL, ¨q in an informed
audition: when performance quality becomes slightly more valuable, low-ability males are attracted at even
lower biases but the highly able exert high effort at greater biases. In this setting, the evaluator’s bias must
be more severe before a blind outperforms an informed audition, and at extreme biases the blind audition
may increase the applicant pool that participates rather than reducing it to the highly able.
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Assumption 3 is in line with orchestras’ practice to specify a base pay according to which

positions are remunerated, standardising wages across audition forms for applicants and

the outside option.18 Furthermore, fixing the wage at the expected value of the outside

option captures that trade unions tend to be integrated in the setting of the base pay to

performers (Towse, 2010): the base pay reflects the market value of the outside option

ex-ante and is the evaluator’s maximum willingness-to-pay when negotiating with unions.

Given Assumption 3, I can abstract from wages in the evaluator’s utility function (2.1).

Wage costs are sunk and do not affect his hiring decision in stage 3. Later, I will refer to

the evaluator’s utility net of wage costs as Π.

In the benchmark model, I focus on the interaction of the strength of the evaluator’s

bias and the information structure of the audition.

Assumption 4. Prpqi|eiq “ 1 for i P tL,Hu.

Assumption 4 abstracts from any moral hazard considerations: effort maps one-to-one into

performance quality, so can be perfectly inferred by the evaluator. In Section 2.6, I relax

this assumption and allow for moral hazard by considering a setting where low effort can

result in low or high performance quality. Given Assumption 4, an informed audition is

a game of complete information, and the solution concept is backward induction. A blind

audition is a game of incomplete information, and the solution concept is perfect Bayesian

equilibrium, refined by the D1-Criterion when necessary.

2.3 Informed Audition

If the evaluator has committed to an informed audition, stage 2 and 3 are a game of complete

information with four proper subgames, one for each applicant type. I, therefore, solve the

game by first considering the evaluator’s hiring decision in stage 3. Using this decision, I

then determine the applicant’s optimal effort choice in stage 2.

2.3.1 Hiring Decision of Evaluator

The evaluator compares the utility from hiring the applicant to the value from hiring the

outside option. Therefore, he hires the applicant in stage 3 with probability

Prphired|q, η, gq :“ PrpŪ ď V pq, η, gqq “
V pq, η, gq ´ p2 ´ βq

4 ´ p2 ´ βq
“

q ` η ` βp1 ´ gq ´ 2

2 ` β
.

(2.3)

18In the UK, for example, employment agreements are negotiated by the Musicians’ Union (n.d.) and
applicable to members employed with major orchestras. The assumption also eliminates the screening
aspect that wage setting would otherwise have in stage 1. In particular, endogenising wages would make a
blind audition preferable even for an unbiased evaluator due to significant wage savings. Furthermore, the
evaluator would then be best off setting w “ 0, always hiring the outside option because Ū does not respond
to incentives in this model.
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Intuitively, the evaluator considers how likely it is that the substitute from an agency

will deliver a gross utility less than V pq, η, gq from hiring the applicant, and makes this

probability his hiring rule.

Given Assumption 4 and the hiring rule (2.3), there are eight possible hiring probabilities

in an informed audition:

Prph|qL, ηL, fq “ 0, Prph|qL, ηL,mq “
β

2 ` β
,

Prph|qH , ηL, fq “ Prph|qL, ηH , fq “
1

2 ` β
, Prph|qH , ηL,mq “ Prph|qL, ηH ,mq “

1 ` β

2 ` β
,

Prph|qH , ηH , fq “
2

2 ` β
, Prph|qH , ηH ,mq “ 1.

Importantly, the evaluator never hires a low-ability-low-effort female in an informed audi-

tion: by reverting to the outside option, he can never do worse but may be lucky to engage

a substitute of higher ability, higher effort or different gender. On the other hand, the eval-

uator always hires a high-ability-high-effort male: by reverting to the outside option, the

evaluator cannot do any better. The remaining hiring probabilities depend on the strength

of the evaluator’s bias. Intuitively, for females, the hiring probabilities are decreasing in β.

For males, those are increasing in β.

2.3.2 Effort Decision of Applicant

Given the hiring probabilities, the applicant chooses effort to maximise her expected utility

(2.2). To determine her optimal effort response as a function of the bias, I compare the

participation and incentive constraint for each applicant type.

Lemma 1. The effort responses of the four applicant types partition the evaluator’s bias β P

r0, 2s into three regions: (i) For a low bias, β P βL
I :“ r0, 5´

?
17

2 q, only high-ability applicants

participate and exert high effort.19 (ii) For a moderate bias, β P βM
I :“ r5´

?
17

2 , 65 s, low-

ability males also participate and exert low effort. (iii) For a high bias, β P βH
I :“ p65 , 2s,

all applicants except low-ability females participate and exert low effort.

Proof. Detailed proofs of all results are in Section B.1.

0 qL ` ηL

βL
I βM

I βH
I

Figure 2.1: Partition of the evaluator’s bias in an informed audition.

19Note that 5´
?
17

2
« 0.44.
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The partition of the evaluator’s bias into three regions is illustrated in Figure 2.1. The

low and moderate bias cover roughly 21.9 and 38.1 percent of the parameter space, respec-

tively. The high bias is the largest interval, covering 40 percent.

2.3.3 Expected Utility of Evaluator

The evaluator’s prior is that the applicant is equally likely to be a female or male when

committing to the audition form. Furthermore, he knows that the applicant is of high

ability with probability p P p0, 1q, and that ability is independent of gender. Hence, all

four proper subgames are reached with nonzero probability and are, thus, relevant when

deriving the evaluator’s expected net utility for different values of β.

Proposition 1. (i) Suppose β P βL
I where βL

I is defined as in Lemma 1(i). Then,

ErΠI |β P βL
I s :“ ErV |β P βL

I s ´ w “
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ą 0. (2.4)

(ii) Suppose β P βM
I where βM

I is defined as in Lemma 1(ii). Then,

ErΠI |β P βM
I s :“ ErV |β P βM

I s ´ w,

“
1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ż 0. (2.5)

(iii) Suppose β P βH
I where βH

I is defined as in Lemma 1(iii). Then,

ErΠI |β P βH
I s :“ ErV |β P βH

I s ´ w,

“
1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

1

2 ` β

ˆ

´
β

2

˙

`
1 ` β

2 ` β

ˆ

β

2

˙ȷ

ż 0. (2.6)

If the evaluator’s bias is low, he breaks even in subgame pηL, fq and pηL,mq, and expects

positive net utility in subgame pηH , fq and pηH ,mq. Intuitively, when the evaluator is

almost impartial, requiring a CV acts as an effective means to screen applicants by ability

and to provide targeted effort incentives: high effort incentives exclusively for high-ability

applicants while low-ability applicants do not participate. If the bias is moderate, the

evaluator instead expects negative net utility in subgame pηL,mq as low-ability males exert

low effort rather than dropping out. Low-ability males essentially exploit the evaluator’s

bias: when they know the bias to be moderate, the probability of being hired conditional

on exerting low effort and identifying themselves as male is sufficiently high to make the

cost of low effort worthwhile. If the evaluator is highly biased, he also expects negative net

utility in subgame pηH , fq. Intuitively, when high-ability females know the evaluator’s bias

to be substantial, the marginal cost from putting in high rather than low effort outweighs

the marginal benefit from being hired more often. They are deterred from exerting high
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effort at such a high bias.20 Moreover, high-ability males rest on their laurels and have

little incentive to exert high effort. Their benefit from exploiting the bias and being able to

identify themselves as male makes the increase in cost from exerting high rather than low

effort not worthwhile.

Proposition 1 highlights the role of ability. For a low bias, the evaluator’s expected net

utility (2.4) is increasing in the prior that the applicant is of high ability. An increasingly

able applicant pool makes it more likely that the evaluator faces the profitable subgame

pηH , fq or pηH ,mq relative to the subgames in which he breaks even with the outside option.

For a moderate bias, the increase in the evaluator’s expected net utility (2.5) is more

pronounced: as subgame pηL,mq becomes less likely, the evaluator is able to avoid the

losses from potentially hiring low-ability males who participate in the audition. For a high

bias, the increase in the evaluator’s expected net utility (2.6) is more attenuated: as p

increases, the evaluator faces both the unprofitable subgame pηH , fq and the profitable

subgame pηH ,mq more often.

2.4 Blind Audition

In a blind audition, the evaluator does not learn the applicant’s type θ in stage 1. He

only observes her performance quality q in stage 3. Thus, there are no proper subgames

but two information sets: qL and qH . Each information set contains four nodes when the

evaluator has to make the hiring decision in stage 3. Because these information sets are

non-singletons, stage 2 and 3 in a blind audition are a game of incomplete information.

Therefore, I specify beliefs for the evaluator: a probability distribution over the nodes in

both qL and qH . Intuitively, this probability distribution constitutes the evaluator’s revised

beliefs how likely it is, upon hearing a low- or high-quality performance, that he is facing a

particular applicant type behind the curtain. In what follows, I focus on the case when the

bias is either sufficiently low to induce all applicants to exert high effort or sufficiently high

to induce only the highly able to exert high effort.21 I refer to the former case as pooling

and the latter case as separating.

20The mechanism is similar to stereotype threats (Günther et al., 2010).
21I do not consider applicants pooling on low effort as my focus is on whether, and under which conditions,

blind auditions can be superior. To see why this can never obtain in a low-effort pooling equilibrium, compare
it to the worst-case scenario in an informed audition; that is, for β P βH

I , all applicants except low-ability
females exert low effort. This scenario gives the evaluator still a higher payoff because attracting low-ability-
low-effort females is never profitable. The evaluator could have broken even with the outside option and,
therefore, is worse off.
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2.4.1 Pooling Equilibrium

Suppose the evaluator’s bias is sufficiently low to induce all applicants to exert high effort.

However, when observing a low performance quality off the equilibrium path, the evaluator

believes the applicant to be of low ability. Upon observing a low-quality performance, the

evaluator can, therefore, infer the applicant’s ability from her action and expects gross

utility

ErV |qLs “ qL ` 1 ´
β

2
“ 2 ´

β

2

from hiring the applicant.22 Upon observing a high-quality performance, the evaluator

cannot infer the applicant’s ability and holds a belief that is equal to his prior. He expects

gross utility

ErV |qHs “ qH ` Erη|qHs ´
β

2
“ 2 ` rp1 ´ pq ` 2ps ´

β

2
“ 3 ` p ´

β

2

from hiring the applicant. The evaluator compares the expected utility from hiring the

applicant to the value from hiring the outside option. Therefore, he hires the applicant at

each information set with probability

Prphired|qq :“ PrpŪ ď ErV |qsq “
ErV |qs ´ p2 ´ βq

4 ´ p2 ´ βq
“

q ` Erη|qs ´
β
2 ´ p2 ´ βq

2 ` β
. (2.7)

Given Assumption 4 and the hiring rule (2.7), there are two possible hiring probabilities for

both female and male applicants:

Prph|qLq “ Pr

ˆ

Ū ď 2 ´
β

2

˙

“
β

4 ` 2β
,

Prph|qHq “ Pr

ˆ

Ū ď 3 ` p ´
β

2

˙

“
2p1 ` pq ` β

4 ` 2β
.

Compared to an informed audition, female and male applicants now face the same hiring

probabilities as the evaluator cannot bias gender. Similarly, high- and low-ability applicants

face the same hiring probabilities as they cannot identify themselves in a pooling blind

audition. Furthermore, an increasingly skilled applicant pool raises the evaluator’s expected

revenue from hiring at qH . Hence, he finds it optimal to hire more often at this information

set.

22The evaluator cannot infer gender in a pooling or separating blind audition because, with η fixed,
females and males have the same payoff structure. In effect, the evaluator now faces only two applicant
types, ηL and ηH .
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2.4.1.1 Effort Decision of Applicant

Given the two hiring probabilities, the applicant chooses effort to maximise her expected

utility (2.2). I now show that the prior determines whether a high-effort pooling equilibrium

can be supported, and that p places an upper bound on the evaluator’s bias in any such

pooling equilibrium. I define βppq :“ tβ : UpeH , ηLq “ 0u.

Lemma 2. (i) For p ă 1
3 , no high-effort pooling equilibrium exists. (ii) For p “ 1

3 , a

high-effort pooling equilibrium exists if the evaluator is unbiased. (iii) For 1
3 ă p ă 1, a

high-effort pooling equilibrium exists if β P βL
B :“ r0, βppqs, where β1ppq ą 0. As p Ò 1,

the upper bound on the pooling equilibrium βppq approaches the infimum beyond which a

separating equilibrium exists (Lemma 3).

With the observation that it is always optimal for high-ability applicants to exert high

effort if it is optimal for low-ability applicants to exert high effort, pooling on high effort

is possible if the prior that the applicant is of high ability is sufficiently large and the

evaluator’s bias is not too high. Furthermore, an increasingly able applicant pool makes it

easier for the fewer low-ability to hide behind the more-and-more high-ability applicants.

2.4.1.2 Expected Utility of Evaluator

While the evaluator does not learn the applicant’s type, the applicant’s payoff structure is

common knowledge. In particular, for the evaluator’s qH -belief that all applicants exert high

effort to be consistent with the applicants’ effort decision, he needs to have a sufficiently

low bias.

Proposition 2. Suppose β P βL
B with 1

3 ď p ă 1 where βL
B is defined as in Lemma 2. Then,

ErΠB|β P βL
Bs :“ ErV |β P βL

Bs ´ w “ p
2p1 ` pq ` β

4 ` 2β
ą 0. (2.8)

The evaluator’s expected net utility (2.8) is increasing in the prior that the applicant

is of high ability because, ceteris paribus, an increasingly skilled applicant pool raises the

evaluator’s expected revenue from hiring in a pooling blind audition. Intuitively, the revised

belief of the evaluator upon observing a high-quality performance takes into account that it

is ex-ante more likely to face a high-ability female or a high-ability male behind the curtain.

2.4.2 Separating Equilibrium

Suppose the evaluator’s bias is sufficiently high that only high-ability applicants exert high

effort. As before, the evaluator believes the applicant to be of low ability when observing a

low performance quality. Therefore, the evaluator has degenerate posterior beliefs at both
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information sets. Upon observing a low-quality performance, he holds the belief that the

applicant is of low ability with probability one, and male or female with equal probability.

Upon observing a high-quality performance, he believes the applicant to be of high ability

with probability one, and male or female with equal probability. At qL, the evaluator’s

expected gross utility ErV |qLs “ 2 ´
β
2 from hiring the applicant is unchanged. At qH , the

evaluator can now infer the applicant’s ability from her action and expects gross utility

ErV |qHs “ qH ` 2 ´
β

2
“ 4 ´

β

2

from hiring the applicant. As before, the evaluator compares the expected utility from

hiring the applicant to the value from hiring the outside option. Given Assumption 4 and

the hiring rule (2.7), there are two possible hiring probabilities for both female and male

applicants:

Prph|qLq “ Pr

ˆ

Ū ď 2 ´
β

2

˙

“
β

4 ` 2β
,

Prph|qHq “ Pr

ˆ

Ū ď 4 ´
β

2

˙

“
4 ` β

4 ` 2β
.

2.4.2.1 Effort Decision of Applicant

Given the two hiring probabilities, the applicant chooses effort to maximise her expected

utility (2.2).

Lemma 3. For β P βH
B :“ p

?
17 ´ 3, 2q, a separating equilibrium exists in which only

high-ability applicants exert high effort and low-ability applicants do not participate.

Separation is possible if the bias is sufficiently high so that it is too costly for low-

ability applicants to participate. Moreover, for β ă 2, the outside option dominates low

effort for low-ability applicants. For β ď 2, high effort dominates low effort for high-ability

applicants.

2.4.2.2 Expected Utility of Evaluator

For the evaluator’s qH -belief that only high-ability applicants exert high effort to be con-

sistent with the applicants’ effort decision, he needs to have a sufficiently high bias. In this

case, low-ability applicants do not participate and qL is not reached. Therefore, the evalu-

ator’s belief at this information set is not determined by the applicant’s equilibrium play.

I provide a robustness check in Section A.1.1: two refinements based on either deviation

payoffs or the D1-Criterion show that the evaluator’s belief that the applicant is of low

ability when observing a deviation to qL constitutes a reasonable restriction.
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Proposition 3. Suppose β P βH
B where βH

B is defined as in Lemma 3. Then,

ErΠB|β P βH
B s :“ ErV |β P βH

B s ´ w “ p
4 ` β

4 ` 2β
ą 0. (2.9)

As before, the evaluator’s expected net utility (2.9) is increasing in the prior that the

applicant is of high ability. However, the channel through which an increase in the prior

leads to an increase in the evaluator’s profit is less pronounced. This is because, in a pooling

blind audition, an increase in the prior also implied a reduction in the probability that, upon

observing a high-quality performance, the evaluator faced a low-ability female or low-ability

male behind the curtain.

2.5 Comparison of Auditions

Having discussed the evaluator’s net utility in both audition forms, I can conclude under

which conditions on the bias and the prior the evaluator prefers a blind or informed audition

to maximise his expected net utility.

Proposition 4. (i) For 1
3 ď p ă 1, if the evaluator’s bias against female applicants is low,

β P βL
B, he prefers an informed audition over a pooling blind audition. (ii) For 0 ă p ă 1, if

the evaluator’s bias against female applicants is high, β P βH
I X βH

B , he prefers a separating

blind audition. (iii) For 0 ă p ă
2´β
2 , if the evaluator’s bias against female applicants is

moderate, β P βM
I X βH

B , he prefers a separating blind audition. (iv) For 2´β
2 ă p ă 1,

if the evaluator’s bias against female applicants is moderate, β P βM
I X βH

B , he prefers an

informed audition.

Proposition 4 details my main result on the evaluator’s audition preferences: there

exists a threshold bias above which the evaluator is better off having no information about

the applicant’s type. In this case, a blind audition provides targeted effort incentives. In

an informed audition, in contrast, the evaluator’s bias would distort effort incentives: all

applicants except low-ability females would exert low effort. Consequently, committing to

no information can be beneficial for the evaluator. This prediction of my model echoes the

insight of Gladwell (2005) regarding first impression biases: “by fixing the first impression

at the heart of the audition - by judging purely on the basis of ability - orchestras now hire

better musicians, and better musicians mean better music” (p.253).

Conversely, the evaluator is better off having more information if his bias against female

applicants is low. An informed audition allows him to attract a pool of exclusively high-

ability applicants. Moving to a blind audition would also induce low-ability applicants to

participate and exert high effort if the evaluator’s prior is sufficiently high (Figure 2.2a and

Figure 2.2b). Moreover, a blind audition would prevent the evaluator from discriminating
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between applicants of different characteristics: when all exert high effort, the evaluator

has no means of distinguishing them behind the curtain. Specifically, he can no longer

hire a high-ability-high-effort male with probability one. However, reverting to the outside

option with positive probability when high-ability males exert high effort can only make

the evaluator worse off due to the upper bound on Ū . This prediction of my model is in

line with Holland (1981) observing that “equal opportunity has unloosed such an avalanche

of auditionees that standards of selection and fairness are sometimes actually lowered” and

that “[a]s a result, top talent is sometimes lost in the shuffle”.

pool
ErΠBs

ErΠIs

β

ErΠs

171
200

9
10

βL
B βH

I X βH
B

(a) PrpηHq “ 0.9.

pool
ErΠBs

ErΠIs

β

ErΠs

1
2

3
8

βL
B βH

I X βH
B

(b) PrpηHq “ 0.5.

ErΠBs

ErΠIs
β

ErΠs

1
10

βH
I X βH

B

(c) PrpηHq “ 0.1.

Figure 2.2: Evaluator’s expected net utility in a blind and informed audition.

In Taylor and Yildirim’s (2011) statistical discrimination model, an unbiased evaluator

can prefer a blind audition as it provides better effort incentives than an informed audition.

In my benchmark without taste-based discrimination pβ “ 0q, in contrast, the evaluator

prefers an informed audition: if at least one in three applicants is expected to be of high

ability, a blind audition would lead to an avalanche of auditionees; a blind audition only

provides better (i.e. targeted) effort incentives if there is at least some taste-based discrim-

ination, and β exceeds some threshold.
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For a small range of moderate biases, β P βM
I XβH

B , both a blind and informed audition

provide high effort incentives for high-ability applicants. However, the evaluator faces the

distortion that an informed audition also attracts low-ability males, who exert only low

effort. The prior determines the size of the loss from potentially hiring those types and,

thus, whether the evaluator may be better off in a separating blind audition. First, for

a range of priors from 2
5 to 5´

?
17

2 « 0.44, the evaluator’s preferences over auditions are

non-monotonic in his bias (Figure 2.3). Intuitively, this is because equation (2.5) is upward-

sloping whereas equation (2.9) is downward-sloping on the interval βM
I XβH

B . However, if the

applicant pool is of predominantly low ability, the evaluator always prefers a blind audition

for this range of moderate biases: it is an effective means to provide targeted incentives while

reaping the benefits from breaking even with the outside option (Figure 2.2c). The evaluator

avoids substantial losses which he would have incurred in an informed audition from hiring

low-ability males relatively frequently. As the applicant pool becomes increasingly able,

however, this concern becomes less important. In particular, for a sufficiently high prior,

the benefit from being able to hire high-ability females and high-ability males with differing

probabilities outweighs the loss from potentially hiring a low-ability-low-effort male in an

informed audition.

To gain some intuition behind the evaluator’s distribution of preferences, suppose that

the bias and the prior on high ability are drawn uniformly from their respective supports. In

other words, all points in Figure 2.3 are equally likely before the three-stage game is played.

Therefore, I can calculate the ex-ante percentage with which a blind audition (red area) is

preferred relative to an informed audition (blue area). In so doing, I discount the white areas

for which no comparison is possible. The evaluator prefers a blind audition approximately

sixty-four percent and an informed audition only approximately thirty-six percent of the

time. Therefore, a simple form of heterogeneity in the bias across evaluators and in the

ability composition across applicant pools, may rationalise the observed co-existence of blind

and informed auditions in the economy. Furthermore, it may rationalise that the majority

of U.S. symphony orchestras use a blind audition as an outcome of optimisation (Goldin

and Rouse, 2000).
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Figure 2.3: Evaluator’s preferences over auditions for different biases and priors.

2.5.1 Applicant Preferences over Auditions

To complement the discussion of the evaluator’s optimal audition form, I consider the

applicant’s audition preferences. In particular, having solved for optimal effort levels in

both audition forms, I can conclude under which conditions on the bias and prior each type

prefers a blind or an informed audition to maximise her expected utility.

Proposition 5. (i) A low-ability female prefers a blind audition if the evaluator’s bias

against female applicants is low; that is, β P βL
B. (ii) She is indifferent if the evaluator’s

bias against female applicants is high; that is, β P βH
B .

Intuitively, a low-ability female benefits from the move to a blind audition under the

condition that the applicant pool is predominantly of high ability and the evaluator’s bias

is sufficiently low; for example, she benefits for biases weakly below βp0.5q « 0.37 when the

prior is one-half (Figure 2.4a). It allows her to pool with high-ability applicants, concealing

her low ability and gender, and, thus, be hired with nonzero probability. In an informed

audition, she would never participate because having to reveal both gender and ability

would play out against her. When the evaluator’s bias is instead high, she is indifferent

since her best response is not to participate in either audition form.

Proposition 6. (i) A high-ability female prefers an informed audition if the evaluator’s

bias against female applicants is low. (ii) She prefers a blind audition if the evaluator’s bias

against female applicants is high; that is, β P βH
B .

To gain some insight, fix a prior that is sufficiently high such that the range of biases for

which a high-ability female prefers an informed audition is determined by the intersection of
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UB and UI (Figure 2.4b). Then, as the prior that the applicant is of high ability approaches

one, the range of biases for which a high-ability female prefers an informed audition is

shrinking and approaches zero. Intuitively, for this applicant, it becomes relatively more

important to conceal her gender as the evaluator already knows that she is likely to be of

high ability. Submitting a CV prior to the audition is of little value to her.

Proposition 7. (i) A low-ability male prefers a blind audition if the evaluator’s bias against

female applicants is low. (ii) He prefers an informed audition if the evaluator’s bias against

female applicants is high; that is, β P βH
B .

For a very low bias, the intuition behind Proposition 7 is akin to that for low-ability

females. A low-ability male benefits from the move to a blind audition under the condition

that the applicant pool is predominantly of high ability and the evaluator’s bias is sufficiently

low (Figure 2.4c). For this applicant, it is attractive to conceal his low ability in a pooling

blind audition. He is, in essence, benefiting from an informational externality because the

applicant pool is increasingly able. However, beyond a critical value of the bias, he trades

off this advantage and rather identifies himself as low-ability male to reap the benefits of

the evaluator’s bias against female applicants.

Proposition 8. A high-ability male prefers an informed audition for all levels of bias.

Intuitively, a high-ability male never wants to conceal either his ability or gender, because

his type always plays out in his favour. Under the condition that the evaluator’s bias is

strictly positive, even if the applicant pool was predominantly of high ability, he would

benefit from submitting his CV to identify himself as a male. Graphically, this means that,

for any strictly positive bias, UB will always be below UI , even if the prior approaches one

(Figure 2.4d). This result contrasts with high-ability females whose preferences change to

a blind audition as the applicant pool becomes increasingly skilled.
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Figure 2.4: Expected utilities in a blind and informed audition.

2.5.2 Discussion of Results

Having discussed the preferences of the four applicant types, I conclude that, if the evalua-

tor’s bias is low, applicants’ audition preferences differ along the ability dimension of their

types. The highly able prefer to identify themselves as such in an informed audition whereas

the less able prefer to pool with them in a blind audition. In contrast, if the evaluator is

highly biased, applicants’ audition preferences differ along the gender dimension. Males

prefer an informed audition as the bias plays out in their favour. High-ability females, on

the other hand, prefer a blind audition: they rather trade off not being able to reveal their

high ability for not having to reveal their gender.

Not surprisingly, the evaluator’s preferences align with the preferences of high-ability

applicants if his bias against females is low. The evaluator wishes to screen applicants

by their ability. In this case, requiring a CV results in targeted effort incentives. High-

ability applicants favour this policy as they want to distinguish themselves from low-ability

applicants. More surprisingly, the evaluator’s preferences align with the preferences of
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high-ability females if his bias is high. In this case, to provide targeted effort incentives,

the evaluator does not require a CV and holds the audition behind a curtain. This deters

low-ability applicants and, as a side effect, plays out in favour of high-ability females.

The predictions of my model are qualitatively in line with Goldin and Rouse’s (2000)

findings that “the switch to blind auditions can explain 30 percent of the increase in the

proportion female among new hires and possibly 25 percent of the increase in the percentage

female in the orchestras from 1970 to 1996” (p.738). Yet, my model sheds light on the

underlying forces. First, if there is at most a low bias against female applicants, such

that audition preferences differ along the ability dimension, the authors’ findings may be

driven by the possibility of hiring low-ability females in a blind audition. In fact, the

nonzero probability of hiring low-ability females outweighs the reduced probability of hiring

high-ability females in a blind audition when the bias is low. To see this, note that the

reduced probability is essentially the driver for why high-ability females prefer an informed

audition, as their effort level remains unchanged. In other words, for the same effort cost

they are less likely to be hired in a blind audition. Second, if the bias is high, such that

audition preferences differ along the gender dimension, their findings may be driven by the

increased probability of hiring high-ability females in a blind audition, with no change for

their low-ability counterparts.

2.6 Auditions under Performance Uncertainty

Does a highly biased evaluator still prefer relying on a blindfolded performance if there is

randomness in the environment? In the performing arts, such randomness is common; for

example, due to varying temperature and humidity of the venue (Levinson, 2017). Hence,

it is important to understand whether the evaluator’s audition preferences are affected

by how strongly the applicant’s performance quality correlates with her effort. I, thus,

relax Assumption 4 in this section and provide an extension to asymmetric performance

uncertainty.

Assumption 5. PrpqH |eHq “ 1 and PrpqL|eLq “ 1 ´ ε.

Performance quality is stochastically determined by the applicant’s effort and one additional

uncertainty parameter ε P r0, 12q. As this parameter gets close to zero, the extended model

approaches the benchmark model.

The asymmetry is motivated by the observation that high effort in the performing arts

commonly takes the form of deliberate practice (Ericsson et al., 1993; Ericsson, 2006),

and learning about performance-controlling factors (McPherson and Schubert, 2004). Per-

formers often describe the process as one of overlearning and overpreparation (Hays and
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Brown, 2006). Thus, deliberate practice removes the element of randomness in the mapping

from high effort to high performance quality because it allows “the performance to become

sufficiently part of oneself such that the response becomes automatic, regardless of what

happens” (ibid., p.99). Low effort, in contrast, does not have a deterministic outcome.

In this case, “heat, light, noise, as well as any other conditions that might interfere with

obtaining a fair assessment of an individual’s performance” (Castiglione, 1985, p.34) can

play a major role. Assumption 5 may also capture the inherent subjectivity in performance

evaluation: the evaluator can identify who engaged in deliberate practice but his standards

are too lenient to always identify at the margin those applicants who did not.23

2.6.1 Comparison of Auditions under Performance Uncertainty

I solve the model under performance uncertainty and discuss the effect on the evaluator’s net

utility in both audition forms in Section A.1.2. In what follows, I summarise under which

conditions on the bias, the prior and the degree of performance uncertainty my results on

the evaluator’s preferences continue to hold.

First, given performance uncertainty above a certain threshold, full separation in a blind

audition is not possible. There is partial separation: highly able applicants exert high effort

and the less able exert low effort. Therefore, this audition form does not have the same fully

fledged effect as under certainty; that is, a blind audition cannot provide targeted effort

incentives when the evaluator is highly biased. This dampens the evaluator’s expected

net utility. For a fixed prior, compare, for example, the evaluator’s full separation net

utility when ε0 “ 0 in Figure 2.5a with his partial separation net utility when ε1 “ 1
10 in

Figure 2.5b: while a highly biased evaluator still finds a blind audition more profitable for

this ability composition of the applicant pool and this degree of performance uncertainty,

the expected net gain is smaller.

Second, with uncertainty exceeding the threshold, blind auditions are not guaranteed to

be more profitable than informed auditions when the evaluator is highly biased (Figure 2.6).

However, blind auditions are still guaranteed to be more profitable for a sufficiently high

prior approximately greater than 0.46. Intuitively, while the less able participate in the

blind audition, the highly biased evaluator can, at least, provide effort incentives for close

to the majority of the highly able.

Third, full separation insured the highly biased evaluator against negative net utility

in a blind audition. With uncertainty above the threshold and partial separation, the

23A different interpretation is that the applicant may be lucky, or have mastered the “inner game”
(Gallwey, 1974).
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evaluator’s net utility may be negative for very low priors. In fact, there are bias-prior-

uncertainty combinations for which neither blind nor informed auditions are profitable. For

ε1 “ 1
10 , these combinations are the grey-shaded areas in Figure 2.6.
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Figure 2.5: Evaluator’s expected net utility in a blind and informed audition under perfor-
mance uncertainty.

To gain some intuition behind the evaluator’s distribution of preferences, suppose that,

if the degree of performance uncertainty ε1 is moderate, the evaluator’s bias and the prior

on high ability are drawn uniformly from their respective supports. Thus, all points in

Figure 2.6 are equally likely before the three-stage game under performance uncertainty is

played. As in Section 2.5, I discount the white areas for which no comparison is possible

when calculating the ex-ante percentage with which a blind audition (red area) is preferred

relative to an informed audition (blue area), or neither (grey area). The evaluator prefers a

blind audition approximately fifty percent and an informed audition approximately forty-

five percent of the time. Neither audition is preferred approximately five percent of the time

(Figure 2.6). First, this highlights the sizeable risk of market failure under performance un-

certainty: the evaluator might prefer to not hold an audition at all. Second, this highlights

that an informed audition gains only about nine while a blind audition loses about fourteen

percentage points in the move from a certain to a moderately uncertain environment. In

other words, the evaluator is worse off as the performance uncertainty reduces the attrac-

tiveness of a blind audition by more than it increases the attractiveness of an informed

audition. Taken together, the welfare loss of asymmetric performance uncertainty comes

from the possibility of market failure: the no-audition scenario did not exist under Assump-

tion 4 in Figure 2.3. Further, the combination of moderate performance uncertainty with a

simple form of heterogeneity in the bias across evaluators as well as in the ability composi-

tion of applicant pools may rationalise the co-existence of blind and informed auditions in
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more equal proportions.
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Figure 2.6: Evaluator’s preferences over auditions for different biases and priors for ε1 “ 1
10 .

2.6.2 Policy Recommendations under Performance Uncertainty

If performance uncertainty is an inherent feature of the environment and cannot be al-

leviated, then policy should ensure that the applicant pool is of sufficiently high ability.

Examples could be early childhood interventions to identify talent and to build perfor-

mance excellence gradually via deliberate practice and, thereafter, merit scholarships for

formal training to secure a steady influx of highly able musicians into the applicant pool.

Direct interventions could target artistic poverty and the necessity for multi-jobbing, often

in teaching, to earn a subsistence income as main barriers to human capital investment later

in life. One could ask whether “auditioning, networking, keeping fit, practising and unpaid

rehearsing [should] be counted as part of the artists’ labo[u]r supply” (Towse, 1996, p.102)

to reward human capital investment.

Under performance uncertainty, such ability-targeting policy is beneficial for two rea-

sons: first, it guarantees the profitability of the partially separating blind audition when the

evaluator is highly biased. Second, it guarantees that blind auditions outperform informed

auditions. This may be desirable for equality of opportunity. Intuitively, under perfor-

mance uncertainty, an applicant pool of sufficiently high ability helps counteract that blind

auditions only achieve partial separation. Furthermore, it helps avoiding market failure,

which may arise if neither informed nor blind auditions are profitable. In this case, it would

seem natural for the evaluator to revert to the outside option immediately without holding

an audition at all. This would lead to continual subcontracting or zero-hour contracts in
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the performing arts, reinforcing gender inequality via the difficulty of combining precarious

employment with motherhood and caring responsibilities (Conor et al., 2015).

The recommendation for government to stimulate the acquisition of skills is in line with

existing research on effective interventions in the presence of low-skill bad-job equilibria

(Snower, 1994): when there is a small proportion of highly able types, the evaluator has

little incentive to fill the position permanently, which, in turn, reinforces the underprovision

of skilled labour. Furthermore, a training supply externality arises because an increase in

the number of high-ability types in the population raises the probability that the evaluator

will face and hire a highly able applicant, which raises his expected payoff from holding the

audition. There may also be a rationale for speed if market failure leads the intervention to

be less effective (Oberholzer-Gee, 2008). The policy recommendation to promote efficiency

and equity under performance uncertainty finds long-standing empirical support in a number

of countries: state-run music conservatoires and departments of music and drama as part of

more general educational institutions provide education opportunities. Training orchestras

support the professional aspects of the performing arts (Throsby and Withers, 1979).

Market failure may have adverse and wide-ranging consequences for welfare beyond

gender inequality. One mechanism could be reduced civic engagement. Research by the

National Endowment For The Arts (2009) finds that“Americans who create or perform art

are more civically active than the general U.S. adult population” (p.6). A second mechanism

could be reduced spillover effects accruing to the neighbourhood in which musicians reside

and work. Research by the Social Impact of the Arts Project (2017) at the University of

Pennsylvania, School of Social Policy and Practice, finds that cultural resources positively

affect a neighbourhood’s health and crime rate, and the outcomes of its schools. While this

is not a causal relationship, cultural resources, such as artists, are argued to be vital for an

environment that promotes social wellbeing.

2.7 Blind Audition vs Affirmative Action

A blind audition serves as a policy to counteract first impression biases. As a measure

that eliminates the effect of the evaluator’s taste for male applicants on his hiring deci-

sion, it creates an environment of equal opportunity for females and males: conditional on

ability and performance quality, females and males have the same hiring probability. Yet,

government policy often goes further, imposing affirmative action: “any measure, beyond

simple termination of a discriminatory practice, adopted to correct or compensate for past

or present discrimination or to prevent discrimination from recurring in the future” (U.S.

Commission on Civil Rights, 1977, p.2). Examples are reverse discrimination, preferential
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treatment and quotas. A natural question is, therefore, how blind auditions as an equal

opportunity policy compare to these more drastic policies aimed at mitigating biases.

2.7.1 Simple Quota

A number of governments impose quotas to increase female representation in the labour

market. Since 2006, for example, Norway enforces a previously voluntary quota of 40

percent for the boards of directors of publicly listed companies (Bertrand et al., 2019). In

my benchmark model, such a simple quota may be implemented as the constraint that a

female applicant is guaranteed to be hired with some probability x ď 1
2 . This puts a floor

on the hiring probabilities of females in an informed audition:

Prph|qL, ηL, fq “ x,

Prph|qH , ηL, fq “ max

"

x,
1

2 ` β

*

,

Prph|qL, ηH , fq “ max

"

x,
1

2 ` β

*

,

Prph|qH , ηH , fq “ max

"

x,
2

2 ` β

*

“
2

2 ` β
@ β P r0, 2q.

Specifically, if x “ 4
10 , then low-ability females exerting low effort are always hired with

this probability; that is, the quota always binds. Furthermore,

Prph|qH , ηL, fq “ Prph|qL, ηH , fq “

#

1
2`β if β ď 1

2 ,
4
10 otherwise.

As a result, the simple quota affects the participation and incentive compatibility constraints

of female applicants. In particular, for low-ability females,

UpeL, ηL, fq “
4

10
w ´

1

2
, UpeH , ηL, fq “

#

1
2`βw ´ 2 if β ď 1

2 ,
4
10w ´ 2 otherwise,

where w “ ErŪ s “ 3 ´
β
2 . The quota alters the participation constraint of low-ability

females: low effort yields a positive payoff for all biases. High effort, in contrast, always

yields a negative payoff. A policy of guaranteeing females a hiring probability of 40 percent,

therefore, induces low-ability females to exert low effort for all levels of bias, and forces a

loss on the evaluator in this subgame. What is more, a simple quota may go beyond equal

opportunity for low-ability females and males; that is, for β ă 4
3 , it results in reverse

discrimination or preferential treatment:

Prph|qL, ηL,mq “
β

2 ` β
ă

4

10
“ x “ Prph|qL, ηL, fq if β ă

4

3
.
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For high-ability females,

UpeL, ηH , fq “

#

1
2`βw ´ 1

4 if β ď 1
2 ,

4
10w ´ 1

4 otherwise,
UpeH , ηH , fq “

2

2 ` β
w ´ 1,

where w “ ErŪ s “ 3 ´
β
2 . The quota alters the incentive compatibility constraint of

high-ability females: low effort yields a higher payoff than high effort for biases exceeding
51´

?
1929

8 « 0.89. As a result, the threshold bias beyond which effort incentives for a highly

able female are distorted is lower. For moderate biases, β P p51´
?
1929

8 , 65 s, the quota, thus,

has unintended consequences: highly able females are hired less often due to the quota’s

effect on effort incentives. Moreover, this hiring probability is precisely the quota for such

moderate biases (Figure 2.7).

x “ 0

x “ 4
10

β

Prph|q, ηH , fq

1

4
10

Figure 2.7: Effect of a simple quota on the hiring probability of a high-ability female via
her effort response.

In consequence, simple quotas cannot provide equal opportunity and targeted effort

incentives in my benchmark model. Moreover, my results echo the findings of Coate and

Loury (1993) and Moro and Norman (2003) in that quotas can hurt the intended benefi-

ciaries. In my setting, the quota causes the hiring probability of highly able females to fall

for a moderate range of biases before it achieves its aim of putting a floor on the hiring

probability for higher biases.

2.7.2 Beyond Simple Quotas

Simple quotas are not sufficient for equal opportunity and targeted effort incentives when

they affect the behaviour of the target group and, as a consequence, the behaviour of the

evaluator. An alternative is to force the evaluator to hire females a priori (across subgames)

with some probability x. The evaluator then has discretion to adjust the hiring probabilities

within subgame pηL, fq and pηH , fq to provide targeted effort incentives. In particular, to

avoid attracting low-ability females, he can hire exclusively highly able females more often
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than demanded by the hiring rule (2.3) in order to fulfil the quota. Given effort responses

in stage 2, the probability of hiring female applicants across subgames is

Prph|fq “

#

2p
2`β if β ď 6

5 ,
p

2`β otherwise.

For low biases, therefore, the quota is binding if x ą
2p
2`β . For example, when x “ 4

10 and

p “ 1
2 , the quota is binding for biases exceeding one-half, and the evaluator is forced to

hire highly able females with probability x{p in subgame pηH , fq to fulfil the quota. As a

corollary, such a quota is only feasible if it does not exceed the prior that the applicant is

of high ability.

2.7.3 Employment Subsidy

An alternative practice is to pay subsidies to firms who employ a certain type of worker

(e.g., Card et al., 2010, 2017). In my benchmark model, this may be implemented as a

subsidy of at most β conditional on hiring a female applicant in the audition. The outside

option remains unchanged; that is, the evaluator does not receive the employment subsidy

if he hires a substitute that turns out to be a female. The evaluator’s gross utility (2.1)

changes to

V pq, η, gq ` αβg “ fpq, ηq ´ p1 ´ αqβg,

where α “ 1 represents a full employment subsidy. Given the altered gross utility and

no change in the outside option, as α Ò 1, the conditional hiring probabilities of females

approach the ones of males. In fact, under a full subsidy, if β P βL
I , only high-ability ap-

plicants participate and exert high effort. If β P βM
I , low-ability applicants also participate

and exert low effort. If β P βH
I , all applicants participate and exert low effort. For low

biases, the full employment subsidy can, therefore, achieve both targeted effort incentives

and equal opportunity. For moderate and high biases, equal opportunity is achieved at the

expense of attracting low-ability females and males alike.

2.8 Agency Cost

Equal opportunity and efficiency are commonly argued to be conflicting policy objectives

(e.g., Sowell, 2004). To analyse whether this trade-off arises under taste-based discrimina-

tion, I measure efficiency through the evaluator’s agency cost in the two audition forms.24

In particular, for a given bias, this agency cost is the difference between the evaluator’s

24In the literature, agency cost is defined as the sum of the principal’s monitoring expenditures, the
bonding expenditures by the agent, and the residual loss that arises from a divergence between the agent’s
decisions and those decisions which would maximise the principal’s welfare (Jensen and Meckling, 1976). In
my model, the agency cost is purely driven by the residual loss arising from distorted effort incentives.
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hypothetical payoff when only highly able applicants participate and exert high effort in

the audition form and the evaluator’s actual expected net utility. In an informed audition,

the hypothetical payoff is derived from extrapolating ErΠI |β P βL
I s to higher biases. In a

blind audition, the hypothetical payoff is derived from extrapolating ErΠB|β P βH
B s to lower

biases in the absence of performance uncertainty.25

In the absence of performance uncertainty, if the evaluator’s bias against female appli-

cants is low, the agency cost is zero in an informed audition due to targeted effort incentives.

In contrast, when the bias is moderate, there is an agency cost from attracting low-ability

males who exert low effort. When highly biased, the agency cost increases further due to

the provision of low rather than high effort incentives for highly able applicants. In a blind

audition, the agency cost is zero if the evaluator’s bias is high. Conversely, when the bias is

low, an agency cost arises from attracting also low-ability applicants who exert high effort.

Figure 2.8a depicts the agency cost (AC) in both audition forms for a prior of one-half.
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4
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(b) PrpηHq “ 0.5 and ε1 “ 1
10 .

Figure 2.8: Agency cost in a blind and informed audition.

Consequently, above a certain threshold bias, a blind audition is an efficient mechanism

to screen applicants by ability and to provide targeted effort incentives. What is more, equal

opportunity and targeted effort incentives are complementary objectives: there is no trade-

off between implementing blind auditions as a policy to counteract first impression biases

and efficiency due to adverse effects on targeted effort provision. For a low bias, in contrast,

an informed audition poses an efficient mechanism. In this case, equal opportunity and

targeted effort incentives are conflicting objectives: while blind auditions serve as a policy

to counteract biases, they may lead to an avalanche of applicants and efficiency loss as

unintended consequences.

25A formal definition of agency cost and a formal statement of this section’s results is in Section A.1.3.
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Under asymmetric performance uncertainty, however, a blind audition no longer poses an

efficient mechanism: partial separation leads to a positive agency cost for a highly biased

evaluator (Figure 2.8b). Given that this agency cost is decreasing in the prior, ability-

targeting interventions reduce the inefficiency. The agency cost in an informed audition for

a moderate and high bias is lower relative to certainty. Intuitively, the evaluator prefers to

hire an applicant who delivers a high-quality performance. Under certainty, this objective

coincides with the provision of high effort incentives. Under performance uncertainty, this

is no longer the case and the agency cost from a low effort decision is reduced due to the

possibility that low effort still results in a high-quality performance. Due to the asymmetry

in Assumption 5, the agency cost in the high-effort pooling equilibrium remains unchanged.

2.9 Gender-blind Curriculum Vitae

In my model, concealing the applicant’s gender necessitates concealing the applicant’s abil-

ity. Even with such a trade-off, I show that a blind audition can be optimal for the evaluator.

Yet, with advanced technology and software able to edit out selected pieces of information

on a CV, the evaluator could design the blind audition: he may choose to neither learn

ability nor gender, or ask for a gender-blind CV that contains valuable information about

ability.

Therefore, an important question for policy is whether a gender-blind CV coupled with

a blindfolded performance can serve as an improved equal opportunity policy. In other

words, if the evaluator was bound to hold a blind audition to create an environment of

equal opportunity, would he prefer to see a gender-blind CV prior to the blindfolded per-

formance?26 If the evaluator decides to obtain information about ability beforehand, he

preempts signalling: given a gender-blind CV, low-ability applicants cannot pool with the

highly able in the blind audition.27 The submission of a gender-blind CV prior to the blind-

folded performance motivates highly able applicants to exert high effort for biases below

a certain threshold. Further, low-ability applicants never participate when the evaluator

requires a gender-blind CV. Consequently, for low biases, a blind audition coupled with

a gender-blind CV does not have the unintended consequences of a blind audition that

conceals both gender and ability.

The addition of gender-blind CVs to a blind audition reverses the results in Lemma 3:

a blind audition without any form of CV provides targeted effort incentives for high biases;

a blind audition with gender-blind CVs provides targeted effort incentives for low biases.

26A formal statement of this section’s results is in Section A.1.4.
27As before, gender cannot be signalled so that the evaluator will always believe the applicant to be a

female or a male with equal probability.
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Thus, if the evaluator was bound to hold a blind audition for equal opportunity, he would

choose to see a gender-blind CV for a low bias, β P βL
B|pÒ1. He would be indifferent for a

moderate bias, β P βL
G X βH

B . For a high bias, β P βH
G , he would choose not to see a CV in

any form. A highly biased evaluator takes advantage of the need to signal ability in a blind

audition without any form of CV: the belief that a low-quality performance comes from a

less able applicant motivates the highly able to exert high effort.

Given an optimally designed blind audition, I can compare the evaluator’s expected

net utility across the blind and informed audition for essentially all bias-prior combinations

(Figure 2.9a). If the evaluator’s bias against female applicants is low, he prefers an informed

audition over a blind audition with ability revealed. For high biases, the evaluator prefers

a blind audition with ability concealed over an informed audition. For moderate biases,

the prior about ability determines whether the evaluator prefers an informed or a blind

audition with ability revealed through gender-blind CVs. Consequently, Proposition 4 is

robust to the introduction of audition design in stage 1. Further, the evaluator’s distribution

of preferences is similar if he can design the blind audition: the optimally designed blind

audition is preferred approximately sixty-two percent of the time. These insights extend

to performance uncertainty when a blind audition with ability concealed cannot provide

targeted effort incentives (Figure 2.9b).
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Figure 2.9: The effect of gender-blind CVs on the evaluator’s preferences over auditions.

2.10 Conclusion

In this paper, I developed a game-theoretic framework in which the evaluator is biased

against females and his bias is common knowledge. I showed that, above a threshold

bias, the evaluator prefers a blind audition to provide high effort incentives exclusively for

high-ability applicants. I also showed that a highly biased evaluator’s preferences align

with those of a highly able female. The introduction of performance uncertainty may lead

to market failure or may render informed auditions more profitable, rationalising ability-

targeting interventions. While a full employment subsidy can be a viable alternative to a

blind audition for low biases, a simple quota cannot provide equal opportunity and targeted
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effort incentives in my benchmark model. Finally, I showed that it can be optimal to reveal

ability through a gender-blind CV.

My paper opens up intriguing avenues to study in more depth the potential trade-off

between policies mitigating biases and effort incentives for applicants. In Section 2.7, I

have taken a first look at quotas and subsidies. Another example is a setting in which the

evaluator’s bias is not common knowledge: what if applicants are uncertain or underestimate

the evaluator’s bias? Specifically, applicants perceiving their identity more strongly may

attend to the evaluator’s bias more (Antecol and Cobb-Clark, 2008). What if the evaluator

is partially sophisticated or naive about his bias when choosing the audition form? This

enquiry is motivated by evidence that many forms of bias work at a subconscious level;

for example, via a vision heuristic (Footnote 8). Few studies examine the implications of

competition among applicants, allowing for potentially more complex biases in an informed

audition (Page and Page, 2010). A first point of departure may be a tournament model à la

Cornell and Welch (1996). Another promising avenue is to microfound the evaluator’s bias;

for example, via a categorical model of cognition (Fryer and Jackson, 2008). Finally, future

research could consider situations in which deliberate practice does not allow an applicant to

deliver a high-quality performance with certainty; overlearning and overpreparation could

arguably make an applicant more adept at responding to factors outside of her control.
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Chapter 3

The Handmade Effect: A Model of
Conscious Shopping in an
Industrialised Economy∗

3.1 Introduction

“We believe that human connection is central to buyer engagement. On Etsy, we

emphasize that the items listed for sale are brought to life by real people.”

– Etsy, Inc., 2018 Annual Report.

The e-commerce website Etsy was founded in 2005 as a marketplace for handmade products.

In an era of technological advancement, Etsy’s business model is notable: Everything that

is listed in the marketplace must be “handmade or unique and assembled with production

partners, vintage or craft supplies” (Etsy, Inc., 2019a, p.11). In a wide range of categories

– including jewelry, clothing, toys and furniture – the sellers’ production processes could

readily be automated, which could potentially result in improved quality and fewer defective

products. Nevertheless, the number of buyers and sellers on Etsy has been rising with gross

merchandise sales (GMS) surpassing 2.5 billion U.S. dollars in the second quarter of 2020

(Figure 3.1). It is, therefore, worth understanding why this sector of the economy can

persist in the twenty-first century.

∗Published (excl. additional materials in Section A.2) in the Review of Industrial Organization on 2
November 2021.
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Figure 3.1: Business activity on Etsy since 2014 (data source: Etsy, Inc.).

In this paper, I offer an explanation for the observed puzzle. I argue that a handmade

effect on the consumer side (Fuchs et al., 2015) can explain why some firms – like those

selling on Etsy – do not adopt superior production processes and instead choose to produce

and advertise their products as handmade. I present a model that features a unit mass

of shoppers. They come in two types: quality shoppers, and conscious shoppers. In this

setting, product differentiation has two dimensions (e.g., Economides, 1989): All shoppers

value product quality equally, but they differ in the weight that they give to the production

process. From a firm’s perspective, there are nontrivial interactions: Hand production comes

at a higher effort cost, and may be inferior at translating any given effort into quality.

I show that when a fraction of shoppers is sufficiently concerned about the conditions

under which the product is manufactured and, therefore, is willing to pay a handmade

premium, the firm adopts a handmade strategy. A minimum quality standard, however,

can alter the firm’s behaviour and induce switching to machine production. When hand

production is associated with increasing marginal cost, I show that a niche handmade

product can be perceived to be of higher quality than a mass market machine-made product.

I extend the model to settings in which two ex-ante identical firms decide simultaneously

on the production process, pricing strategy, and per-unit effort. I show that the existence of

sufficiently conscious shoppers can explain the specialisation of firms and, thus, the observed

co-existence of handmade and machine-made products in the economy. I show that such

specialisation is efficient, and robust to collusion if the proportion of conscious shoppers in

the market is not too large and their concern about the conditions under which the product

is manufactured is not too high.
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I then introduce conformist shoppers who behave exactly like conscious or quality shop-

pers depending on their beliefs. In this setting, a monopolist may be able to use a handmade

strategy to signal a social norm of conscious consumption. When credible, this strategy

generates a crowding-in effect and explains sales growth even in markets where conscious

shoppers are believed to be in the minority. Finally, I show that my model can shape

intuitions also on ethical production, and can explain the mainstreaming of Fair Trade in

Europe in the late 1990s (Renard, 2003) through such a crowding-in effect.

3.1.1 Related Literature

My paper relates to the growing economic literature on ethical consumption (e.g., Stiefen-

hofer, 2019). The empirical literature has focused on estimating consumers’ willingness to

pay a premium for ethical products (e.g., Galarraga and Markandya, 2004; Loureiro and

Lotade, 2005; Arnot et al., 2006). For example, when buying more expensive Fair-Trade

products, consumers reveal their preferences for ethical products. They are inferred to

obtain additional utility from the product’s Fair-Trade label. My model builds on these

insights: conscious shoppers gain utility from buying a handmade product whereas quality

shoppers care only about product quality.

My extension to two firms relates to how product differentiation can relax price com-

petition. In his classical work on monopolistic competition, Chamberlin (1933) notes that

product differentiation leads buyers to pair with sellers according to their preferences. Firms

evade price competition by focusing buyers’ attention towards a trade-mark, or by compet-

ing on the basis of quality. In my model, attention is focused on the production process:

A handmade strategy relaxes price competition. Champsaur and Rochet (1989) obtain a

similar result by allowing firms to choose non-overlapping qualities followed by prices. Se-

bald and Vikander (2019) consider a related signaling game in which a monopolist faces a

fraction of consumers who care about what other consumers believe.

The rest of the paper is organised as follows: Section 3.2 introduces the model. I discuss

my main results when the firm acts as a monopolist in Section 3.3, and when the firm is

part of a duopoly in Section 3.4. In Section 3.5, I explain how a monopolist may use a

handmade strategy to signal a social norm of conscious consumption. Section 3.6 concludes

with an application to Fair Trade, and avenues for future research.

3.2 Model

The key mechanism in my model is the handmade effect : Some consumers perceive that

handmade products symbolically contain the producer’s love for the product and its produc-

tion process (Fuchs et al., 2015). In particular, they may value that the product is crafted
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and touched by someone with a passion for the product (Argo et al., 2008). Moreover,

the handmade label imbues the product with the producer’s personality or “face” (John-

ston and Baumann, 2007). The product may be perceived to embody the creator’s unique

personal expression (Kreuzbauer et al., 2015). Conversely, machine-made products cannot

absorb the producer’s passion given that the product is often not touched at all during its

production (Markoff, 2012).

A second value channel is the “authenticity” of the producer: Some consumers may

value that the producer of a handmade product assumes responsibility for the production

process; business decisions under machine production do not convey a producer’s values but

are perceived as marketing strategy (Carroll and Wheaton, 2009; Lehman et al., 2019). I

formalise the handmade effect on the consumer side through a fraction C of shoppers being

conscious of this handmade effect. These conscious shoppers care about the conditions

under which the product is manufactured: They value production by hand h over machine

production m. Thus, conscious shoppers base their buying decision on an enlarged set

of product attributes compared to the other shoppers (Lancaster, 1966): price, product

quality, and the production process.

3.2.1 Timing and Actions

The firm F and a unit mass of shoppers (the market) play a two-stage game: In the first

stage, the firm chooses the production process k P th,mu, the product’s per-unit price pk,

and the per-unit effort level xk ě 0. I assume that product quality is jointly determined by

the production process and effort, which I will describe in more detail below.

In the second stage, having observed the firm’s decision, the shoppers choose whether

to buy one unit of the product. They have an outside option that yields a zero payoff. Let

C and Q “ 1´C be the fraction of conscious shoppers and quality shoppers in the market,

respectively. Let ai P t0, 1u, i “ C,Q, be their buying decision.

3.2.2 Firm’s Payoffs

For a given k, the firm chooses the per-unit price and the per-unit effort level to solve the

profit maximisation problem

max
ppk,xkqPR2

`

Πppk, xk; kq “ max
ppk,xkqPR2

`

paCC ` aQQq

„

pk ´
ck
2
x2k

ȷ

.

The firm’s per-unit cost is cpxkq “
ck
2 x

2
k. Therefore, the firm’s profit depends on the cost

parameter ck ą 0, where ch ą cm. Intuitively, it is more costly to produce one unit of

the product by hand. For example, for a given effort level, it requires more time to knit a

pair of socks by hand. The assumption that ch ą cm then captures the firm’s opportunity
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cost of time in a reduced form. Note that for tractability the per-unit cost increases in

effort but remains constant in the level of output produced. I will relax this assumption in

Section 3.3.1.

3.2.3 Quality Shoppers’ Payoffs

Quality shoppers choose to buy one unit of the product if it maximises their utility:

max
aQPt0,1u

VQpaQ; kq “ max
aQPt0,1u

aQrqpxk, kq ´ pks.

Not buying yields a zero payoff. Conversely, buying one unit yields a payoff of qpxk, kq ´pk.

The value qp¨q represents the benefit from consuming one unit. Following the literature

on vertical differentiation (e.g., Mussa and Rosen, 1978), the benefit rises linearly with the

product’s quality.1

Assumption 1 (Product Quality). qpxk, kq “ Akxk with Am ě Ah ě 1.

I assume that the product’s per-unit quality is increasing at a constant rate Ak in the

firm’s effort level. The production process, therefore, scales the shoppers’ benefit for a given

amount of effort, where qp0,mq “ qp0, hq and qpx,mq ě qpx, hq for all x ą 0: Production

by hand results in weakly lower product quality and, thus, in a weakly lower benefit for

quality shoppers.2

This could be due to physical and mechanical variance, or the possibility of human

error in the production of h. Compared to the potentially inconsistent quality of handmade

products, machine production allows for uniform product quality (Liebl and Roy, 2003),

and increased precision (Markoff, 2012). Watches are one example: Machine-made quartz

watches are “significantly more precise than the most expensive Swiss mechanical watches

made by the hands of a skilled watchmaker in Geneva” (Kreuzbauer et al., 2015, p.764).

Intuitively, the quality shoppers choose to buy one unit of product k if the quality is

weakly greater than the price set by the firm in the first stage. What is more, quality

shoppers only care about the end product: They shop for the highest quality. Thus, for a

given price, they weakly prefer the firm to offer a machine-made product.

Arguably, some handmade products are of higher quality than mass-produced products.

One example is the high-value niche wine production in France: Compared to the machine

harvesting in the Australian wine industry, France’s handcrafted artisan methods yield a

1A diminishing marginal benefit, qpxk; kq
z with z P p0, 1q, will not change the result in Section 3.3 that

the firm would sell m to the whole market and h only ever to C as long as z is common to all shoppers.
However, it does not always make a handmade strategy relatively more attractive for the firm: A lower z
does not necessarily reduce the difference between the optimised profit (or quality) of m and h.

2Given ch ą cm, my results do not hinge on k “ h being worse at translating any given effort into
quality.
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limited quantity of high quality (Aylward and Carey, 2009). A second example is Aston

Martin: Its limited number of expensive hand-built cars are recognised as authentic and

well designed (Carney, 2016). The extension to convex production cost in Section 3.3.1 will

accommodate these settings.

3.2.4 Conscious Shoppers’ Payoffs

Conscious shoppers choose to buy one unit of the product if it maximises their utility:

max
aCPt0,1u

VCpaC ; kq “ max
aCPt0,1u

aCrqpxk, kq ´ pk ` θνpkqs.

The exogenous parameter θ ą 0 measures their sensitivity to the production process.3 The

designation of a product as handmade to trigger θ for segment C is exogenously determined;

for example, through the enforcement of a Handmade Policy (Etsy, Inc., 2019b).

Assumption 2 (One-sided Concern). νpkq “ Ipk “ hq.

Let Ipx “ yq be an indicator function that is equal to unity if its argument holds true, and

zero otherwise. I normalise the conscious shoppers’ utility gain from consuming a handmade

product to unity. Moreover, I assume that their utility loss from consuming a machine-made

product is zero. A one-sided concern of conscious shoppers is a natural assumption given

that most firms that usem do not mention the production process explicitly when marketing

their product (Fuchs et al., 2015). Consequently, only production by hand is salient when

conscious shoppers make the buying decision.

Intuitively, conscious shoppers care about more than product quality: They are also

concerned about the conditions under which the product is manufactured. Depending on

their sensitivity to the production process, buying one unit of a product that is marketed

as handmade may be more important than the product’s quality. Carfagna et al. (2014,

p.165) provide empirical support for my choice of utility function: Consumers who are strong

supporters of the Do-It-Yourself ethic are “less concerned about quality and outcome and

more oriented to the process”.

3.2.5 Solution Method and Preliminary Results

I solve the model by first considering the shoppers’ decision problem. The shoppers buy

one unit of the product if Vip1; kq ě Vip0; kq, i “ C,Q. Therefore, conscious shoppers’

maximum willingness to pay is pC,k :“ qpxk, kq ` θνpkq, and quality shoppers are willing

3My results are robust to heterogeneity in θ. When the firm faces a single type of conscious shopper,
however, it is able in equilibrium to extract all of the surplus from those who buy. With two or more types,
the firm is not able to extract all of the surplus by charging one price as long as the firm does not cater
exclusively to the most conscious type.
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to pay pQ,k :“ qpxk, kq for k “ h,m: Quality shoppers are always willing to pay a weakly

higher price for the machine-made product. Depending on the conscious shoppers’ concern

about the conditions under which the product is manufactured, they may be willing to pay

a higher price for the handmade product: qpx,mq ż qpx, hq ` θ for x ą 0.

In the first stage, the firm infers that quality shoppers are willing to pay less for a

handmade product than are conscious shoppers. In particular, the firm sets a price of

p˚
h “ pQ,h to sell one unit of the handmade product to the whole market. Quality shoppers

are indifferent between buying and not buying at p˚
h. The firm sets a price of p˚˚

h “ pC,h

to sell one unit of the handmade product to a fraction of the market. Conscious shoppers

are indifferent at p˚˚
h . Conversely, under Assumption 2, quality shoppers’ and conscious

shoppers’ willingness to pay for a machine-made product coincides. Thus, the firm always

sells one unit of the machine-made product to the whole market. The optimal price p˚
m “

pQ,m “ pC,m makes all shoppers indifferent.

3.3 The Firm’s Production Decision

In this section, I analyse the implications of a handmade effect on the firm’s optimal pro-

duction process: Can the presence of conscious shoppers lead to situations in which the

firm prefers producing h? Specifically, how strong does the handmade effect have to be to

make h preferable?

Proposition 1 (Equilibrium). If

Cθ ą p1 ´ CqΠpp˚
m, x˚

m;mq ` C
“

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq

‰

, (3.1)

the firm sells h to conscious shoppers only and makes profit

Πpp˚˚
h , x˚˚

h ;hq “ CrΠpp˚
h, x

˚
h;hq ` θs “ C

„

A2
h

2ch
` θ

ȷ

ą 0,

where p˚˚
h “ p˚

h ` θ “ Ahx
˚˚
h ` θ and x˚˚

h “ x˚
h “ Ah{ch. Otherwise, the firm sells m to the

whole market and makes profit

Πpp˚
m, x˚

m;mq “
A2

m

2cm
ą 0,

where p˚
m “ Amx˚

m and x˚
m “ Am{cm.

Proof. Detailed proofs of all results are in Section B.2.

If production is by hand, k “ h, the conscious shoppers’ sensitivity to the production

process and the comparative size of segment C determines whether the firm: (i) sells to the

whole market at p˚
h; or (ii) sells to conscious shoppers only at a higher price p˚

h ` θ. The
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optimal quality of the handmade product is unaffected by this decision. Moreover, given

that profit turns out to be positive for a given production process, the firm always chooses

to produce.

Therefore, when conscious shoppers’ concern θ is below a certain threshold that decreases

in the size of segment C, the firm compares its profit from selling h orm to the whole market.

In this case, however, a handmade strategy can never be optimal: The firm cannot charge

a handmade premium but faces increased marginal cost and potentially reduced product

quality for a given effort level.

For a concern θ above this threshold, the firm compares its profit from selling h to

conscious shoppers only with its profit from selling m to the whole market. In this case, a

handmade strategy can be optimal if the market segment of conscious shoppers is sufficiently

large and concerned enough about the production conditions. This allows the firm to extract

a sufficiently high handmade premium from this fraction of the market.

In particular, condition (3.1) in Proposition 1 says that the total premium needs to

outweigh the loss from: (i) not serving market segment 1´C; and (ii) selling to segment C

under increased marginal cost and reduced product quality for a given effort level. Thus,

a handmade product that is sold in equilibrium classifies as a specialised product (Pepall,

1992): It is targeted to those shoppers whose willingness to pay for the special handmade

feature is particularly high.

Church and Oakley (2018, p.894) provide empirical support for the handmade premium

on Etsy: “Handmade products sold for an average of 78% more than their traditionally

manufactured counterparts, even after controlling for shop size, reputation and social media

performance”. Fuchs et al. (2015) provide experimental evidence: Participants were, on

average, willing to pay 17 percent more when a bar of soap was presented as handmade

rather than machine-made.

Johnson and Myatt (2006) obtain a similar result: Optimal product design relates to

whether a firm uses a mass market or a niche production strategy. They show that when

valuations are relatively homogeneous, the firm prefers to serve a large fraction of potential

consumers through a product design that has universal appeal. Under heterogeneity, in

contrast, the firm restricts sales to a relatively small niche through a product design that

caters to specialised tastes. In my model, given Assumption 2, a change from machine to

hand production is likewise associated with a dispersion in the distribution of shoppers’

willingness to pay, which is profitable for the firm if θ is sufficiently large.

Due to the assumption that Am ě Ah ě 1 and ch ą cm ą 0, the firm chooses to

produce a higher quality product under machine production. If the firm nonetheless finds

it optimal to sell a handmade product to conscious shoppers, regulators may be concerned

55



that the firm substitutes a handmade label for quality, which would leave conscious shoppers

ill-informed (Leland, 1979).

Therefore, regulators may introduce a minimum quality standard q̄ that will be binding

for production by hand, q̄ ą qpx˚˚
h , hq, but will not be binding for machine production,

qpx˚
m,mq ą q̄. In other words, regulation affects only the firm that produces by hand, and

forces this firm to increase the handmade product’s quality to q̄. Under what conditions

does such regulation alter the firm’s behaviour? Specifically, when does q̄ induce the firm

to switch to producing m, reversing the handmade effect? How does q̄ impact welfare?

Proposition 2 (Minimum Quality Standard). Suppose condition (3.1) holds: If regulation

enforces q̄ P pqpx˚˚
h , hq, qpx˚

m,mqq and the enforced quality standard exceeds q̌, where

q̌ :“ qpx˚˚
h , hq `

c

qpx˚˚
h , hq2 ´

qpx˚
m,mqqpx˚˚

h , hq

C
` 2qpx˚˚

h , hqθ ą qpx˚˚
h , hq,

then the firm switches to producing m.

Proposition 2 highlights that regulation may have unintended consequences if the en-

forced quality standard exceeds a certain threshold q̌, and this threshold falls below qpx˚
m,mq.

Moreover, a minimum quality standard can alter the firm’s behaviour even without produc-

tivity differences: The higher effort cost for handmade products induces the firm to choose

qpx˚˚
h , hq ă qpx˚

m,mq also when Ah “ Am. A natural measure of welfare in this setting is

the economic surplus from trade: the sum of the firm’s profit and the consumer surplus.

As the firm increases the price p̄ “ q̄ ` θ one-for-one with increases in the quality standard,

the consumer surplus remains constant in q̄ and is equal to zero. Therefore, the economic

surplus is

ES :“

#

Cθ ` C
`

q̄ ´
ch
2A2

h
q̄2
˘

if qpx˚˚
h , hq ă q̄ ď q̌,

A2
m

2cm
if q̌ ă q̄ ă qpx˚

m,mq.

Intuitively, as long as the minimum quality standard does not induce the firm to switch to

producing m, a more stringent standard causes the firm’s profit, and thus economic surplus,

to fall. For a standard that exceeds a certain threshold, the firm switches; and given that

the standard is not binding for machine production, economic surplus remains constant.

Thus, my result contrasts with the possibility to create welfare-improving standards when

there is competition in the dimension of quality (Economides, 1993).

3.3.1 Convex Production Cost

In my benchmark model, I assumed that the per-unit cost remains constant in the level

of output produced. I focus on the effect of the production process on optimal effort and
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product quality, and provide conditions under which the handmade effect induces the firm

to produce by hand.

In some settings, however, the workforce may become exhausted when hand production

is scaled up due to the manual handling of materials whereas machine production prevents

fatigue through mechanisation (ILO, 2010). Also, managerial coordination may become

more complex at higher volumes. Thus, I relax the assumption of constant per-unit cost for

h in this section. I show that increasing marginal cost reinforces my result that a handmade

strategy is associated with lower sales. Moreover, it allows a niche handmade product to

be of higher quality than a mass market machine-made product.

I model the firm’s profit maximisation problem in such settings as

max
ppk,xkqPR2

`

Πppk, xk; kq “ max
ppk,xkqPR2

`

paCC ` aQQqpk ´ paCC ` aQQqαk

„

ck
2
x2k

ȷ

,

where αh ą αm “ 1. Unlike the benchmark model, the above specification permits: (i) the

firm’s marginal production cost for the handmade product to be lower than for the machine-

made product whenever sales of the handmade product fall short of s1 :“
”

1
αh

cm
ch

`

xm
xh

˘2
ı

1
αh´1

;

and (ii) the firm’s total production cost for the handmade product to be lower for a given

level of output below s2 :“ α
1

αh´1

h s1; see Figure 3.2.

αh “ 1

αh ą 1

αm “ 1

aCC ` aQQ

ckx
2
k

2 paCC ` aQQqαk

0 1s2s1

Figure 3.2: Production cost as a function of output.

If production is by hand, k “ h, the firm’s optimal effort x˚
h and profit Πpp˚

h, x
˚
h;hq

remain unchanged when selling the handmade product to the whole market. When selling

to conscious shoppers only, the optimal effort level becomes x˚˚
h “ C

Cαh

Ah
ch

ą x˚
h, and the

firm makes profit Πpp˚˚
h , x˚˚

h ;hq “ C
”

C
Cαh

A2
h

2ch
` θ

ı

ą 0, where p˚˚
h “ Ahx

˚˚
h ` θ. Therefore,

the firm chooses to sell a handmade product to conscious shoppers only at p˚˚
h over the

whole market at p˚
h if

θ ě
1 ´ C2´αh

C
Πpp˚

h, x
˚
h;hq. (3.2)
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Under increasing marginal cost, a niche handmade product has two advantages: First,

the firm can charge conscious shoppers a handmade premium. Second, the firm can offer a

product of higher quality when selling to conscious shoppers only, rather than to the whole

market.

The second effect offsets the decrease in profit from lower sales independent of conscious

shoppers’ concern: A handmade strategy can be beneficial for the firm even when θ is

low: The firm charges a slightly higher price to segment the market, and exclude quality

shoppers. This slightly higher price allows the firm to meet demand with a high-quality

product. In fact, given θ ą 0, the firm will never choose to sell a handmade product to the

whole market for αh ě 2: The deterioration in quality and, thus, the reduction in shoppers’

willingness to pay would be too large.

As before, a handmade strategy cannot be optimal if condition (3.2) does not hold. If

the condition holds, or if αh ě 2, the firm compares its profit from selling a mass market

machine-made product with a niche handmade product. In particular, condition (3.1) in

Proposition 1 modifies to

Cθ ą p1 ´ CqΠpp˚
m, x˚

m;mq ` C

„

Πpp˚
m, x˚

m;mq ´
C

Cαh
Πpp˚

h, x
˚
h;hq

ȷ

.

The total handmade premium that induces the firm to choose a handmade strategy is lower

under increasing than under constant marginal cost. Moreover, the handmade product that

is sold in equilibrium is of higher quality than the machine-made product if the fraction of

conscious shoppers is sufficiently small: C ă rC, where rC :“
´

Ahcm
Amch

¯
1

αh´1
P p0, 1q. Thus,

increasing marginal cost can accommodate handmade products that are associated with

higher quality and attention to detail (Dickson and Littrell, 1998).

3.3.2 Multi-Product Monopolist

In my benchmark model, I implicitly assume that the firm is limited to one product for

the handmade effect to be credible. When conscious shoppers learn that the firm produces

both, they are willing to pay as little as quality shoppers for the handmade product as the

firm loses its authenticity. Alternatively, the firm has to commit to having divisions m and

h behave as independent profit maximisers to generate the handmade effect (Baye et al.,

1996). This divisionalisation induces competition within the firm, and will be analysed in

Section 3.4.4

4The divisionalisation could also be imposed by a regulator due to antitrust concerns. For example, the
U.S. Department of Justice judged Grupo Modelo – the producer of the specialty beer “Corona” – to be a
“maverick” that is effective at keeping prices low in an oligopolistic market (Davidson, 2013). Therefore, the
merger between Modelo and Anheuser-Busch InBev (ABI) was approved conditional on ABI and Modelo
divesting Modelo’s entire U.S. business to create an independent competitor to ABI (U.S. Department of
Justice, 2013).
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The restriction that the firm is limited to one product fits, for example, the U.S. craft

beer market. U.S. craft breweries are mostly independently owned and are outside larger

corporate ownership: “less than 25 percent of the craft brewery is owned or controlled

[...] by a beverage alcohol industry member that is not itself a craft brewer” (Brewers

Association, n.d.). The world’s largest tea company – Unilever – provides an example in

the application to Fair Trade (Section 3.6.1): The company has switched to sustainable

sourcing of its entire tea supply, including the conversion of its leading tea brand Lipton

(Poret, 2010).

There exist, however, counterexamples, such as the banana company Dole, which offers

shoppers a standard product and an organic option that is Fair-Trade certified. Thus, I

relax the restriction in this section: I show that the unrestricted monopolist always sells to

the entire market, and that it adds a second product line h to its standard product line m

if the total handmade premium is sufficiently large.

First, note that if the monopolist produces both products and sets prices p˚
m “ qpxm,mq

and p˚˚
h “ qpxh, hq ` θ, then conscious and quality shoppers are indifferent between buying

and not buying m, but only conscious shoppers are indifferent between buying and not

buying h. Quality shoppers would not buy h at a premium: pQ,h ă p˚˚
h . Therefore, offering

two product lines with pricing schedule pp˚
m, p˚˚

h q is incentive-compatible for all shoppers as

long as I assume that conscious shoppers buy h when indifferent between the two products

and not buying.

Moreover, due to the lower marginal cost and the potentially higher product quality

under machine production the monopolist always chooses to sell m to quality shoppers to

maximise profit. Therefore, the monopolist needs to consider whether it is profit-maximising

to add a second product line h in order to sell a handmade instead of a machine-made

product to conscious shoppers.

If the firm adds a second product line h, it makes profit Πpp˚˚
h , x˚˚

h ;hq “ CrΠpp˚
h, x

˚
h;hq`

θs from selling to segment C; if it offers only one standard product line m to the entire

market, the firm makes profit CΠpp˚
m, x˚

m;mq from selling to segment C. Comparing the

profits in the segment of conscious shoppers, the firm adds product line h if

Cθ ą C
“

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq

‰

. (3.3)

Compared to condition (3.1), the total handmade premium now only needs to outweigh the

loss from selling to segment C under increased marginal cost and reduced product quality for

a given effort level. Therefore, the model with a restricted monopolist and an unrestricted

monopolist make identical predictions if the total premium is so low that condition (3.3)

does not hold: All shoppers are served a machine-made product. If the total premium is
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moderate so that condition (3.3) but not (3.1) holds, the unrestricted monopolist sells h

rather than m to segment C. If the total premium is high, a niche production strategy is

optimal only for the restricted monopolist. The unrestricted monopolist offers two product

lines to serve the entire market.

In contrast to Mussa and Rosen (1978) and Deneckere and McAfee (1996), the unre-

stricted monopolist in my model does not cannibalise some of its high-quality market m

when introducing the lower-quality product h because my shoppers have identical valua-

tions for quality. Intuitively, the firm does not face a negative externality that would limit

its possibilities for capturing all of the consumer surplus when adding a second product

line. Hence, the unrestricted monopolist achieves perfect discrimination instead of imper-

fect discrimination in my model.

3.4 Duopoly

In many product categories – such as soap and ceramic tableware – the availability of high-

quality machine production does not prevent firms from selling handmade products (Fuchs

et al., 2015): Consumers are given the choice of buying a handmade or a machine-made

product. What is more, there is specialisation: The products tend to be sold by different

firms. I model this setting with the above framework extended to two firms, Fi and Fj :

Each firm can specialise in m or h, and can sell to both segment C and Q. The firms

choose the production process, the product’s per-unit price, and the per-unit effort level,

simultaneously. Shoppers continue to have unit demand.

When is specialisation an equilibrium outcome such that both the handmade product

and the machine-made product are offered in the market? Specifically, under which con-

ditions does Fi produce and sell h to conscious shoppers, and Fj produce and sell m to

quality shoppers? What are the equilibrium prices and profits under specialisation?

Proposition 3 (Specialised Equilibrium). There exists an equilibrium in which Fi sells h

to conscious shoppers at p˚˚
h ´ ε̄, and Fj sells m to quality shoppers at p˚

m if

θ ě

ˆ

C `
1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq ě

ˆ

C

1 ´ C
`

1 ´ C

C

˙

Πpp˚
h, x

˚
h;hq. (3.4)

Under specialisation, Fi and Fj make the same profit and the price discount offered on h is

ε̄ “ θ ´

„ˆ

1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq

ȷ

ă θ.

Specialisation is an equilibrium outcome if the conscious shoppers’ sensitivity to the

production process is sufficiently high. Specifically, condition (3.4) prevents a profitable
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deviation for Fj and Fi, respectively.
5 Only a one-sided price reduction on h but not m can

be a specialised equilibrium: Fj charges p
˚
m, while Fi charges p

˚˚
h ´ ε̄. Given Assumption 2,

conscious shoppers would want to deviate to buying a machine-made product if Fj reduced

p˚
m while Fi charged p˚˚

h .6 The discount offered on h is strictly positive and bounded above

by θ, which prevents a profitable deviation for quality shoppers. The price discount on

h leaves conscious shoppers with strictly positive utility, whereas quality shoppers are left

with zero utility: They are indifferent at p˚
m “ pC,m.

Proposition 3 highlights that the presence of conscious shoppers and the choice of pro-

duction process k P th,mu can break the usual price competition. Instead of a Bertrand

duopoly in which the two firms target overlapping market segments and compete prices

down to marginal cost to capture shoppers, Fi and Fj choose to act as monopolists in

distinct market segments. The firms can act as monopolists because the segments do not

adjust in response to relative price changes.

My result is in line with d’Aspremont et al. (1979, p.1149), who note that “oligopolists

should gain an advantage by dividing the market into submarkets in each of which some

degree of monopoly would reappear”. A similar result has been obtained by Shaked and

Sutton (1982) in a different setting: When consumers are identical in tastes but differ in

income, price competition is relaxed through product differentiation. Mohliver et al. (2019)

obtain differentiation in a counter-positioning equilibrium. Firms take opposing stances on

a social issue that is characterised by: (i) how much people care about the issue; and (ii)

what proportion of the population supports the issue.

The intuition behind Proposition 3 is akin to the one of Mussa and Rosen (1978): A

sufficiently strong sensitivity allows the two firms to choose a price-quality schedule that

allocates the two shopper types to the two different products h and m by a process of self-

selection. Furthermore, given that conscious shoppers focus more on production conditions

than on quality, tastes have to be sufficiently diverse for the handmade product to co-exist

alongside the machine-made product of higher quality (Eaton and Lipsey, 1989).

An important question for policy is whether such specialisation is efficient. I define

an outcome as efficient if it maximises the economic surplus from trade between the firms

and the shoppers. The surplus is the sum of those shoppers’ marginal benefits that buy

a product in equilibrium minus the production costs; equivalently, this is the sum of the

firms’ profits and the consumer surplus. Therefore, the economic surplus in the specialised

5If condition (3.4) does not hold, specialisation with a two-sided price reduction can be an equilibrium.
The specialised equilibrium in Proposition 3 is robust to k being chosen before pk and xk. The results are
available in Section A.2.1.

6If instead νpmq ă 0, a one-sided price reduction ε̂ P p0, νpmqθs on m would be incentive-compatible for
C.
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equilibrium is

ESS :“ QAmx˚
m ` CpAhx

˚
h ` θq ´ Qcpx˚

mq ´ Ccpx˚
hq

“ QΠpp˚
m, x˚

m;mq ` CΠpp˚
h, x

˚
h;hq ` Cθ “ 2QΠpp˚

m, x˚
m;mq ` Cε̄.

Given that conscious shoppers obtain the handmade product and quality shoppers obtain

the machine-made product in the specialised equilibrium, a scenario in which the two firms

compete in selling h to conscious shoppers only cannot be more efficient. Furthermore, it

follows from Proposition 1 that competing in selling h to the whole market cannot be more

efficient either. Therefore, I can focus on Fi and Fj competing in selling m to the whole

market to establish the specialised equilibrium’s efficiency.

Proposition 4 (Efficiency). The specialised equilibrium is efficient.

Intuitively, the existence of a specialised equilibrium implies its efficiency: The conscious

shoppers’ sensitivity to the production process and its associated surplus Cθ is so high in

the specialised equilibrium that it trumps the loss CrΠpp˚
m, x˚

m,mq´Πpp˚
h, x

˚
h;hqs in surplus

from selling a lower-quality product to conscious shoppers.

Some of the gains from efficiency are passed along to conscious shoppers because Fi’s

pricing behaviour is disciplined by the presence of a potential competitor (Bain, 1949): The

discount ε̄ serves as a means to deter the switching of Fj into hand production, and thereby

coordinates the firms’ behaviour on specialisation. Consequently, the potential competition

moderates Fi’s profit but falls short of more vigorous competition (Gilbert, 1989): The

discount is smaller than the conscious shoppers’ surplus that would be created by perfect

competition.

In my analysis so far, I have made the implicit assumption that Fi and Fj play non-

cooperatively. I now relax this assumption and allow the two firms to collude in order to

study the robustness of the specialised equilibrium in Proposition 3. Under which conditions

do the firms not have an incentive to merge to a monopolist, selling a single product k, when

sharing the monopolist’s profit equally? In particular, either Fi can merge with Fj to sell

m to the whole market, or Fj can merge with Fi to sell m to a fraction of the market.

Proposition 5 (Stability). The specialised equilibrium is stable if θ ď
2p1´Cq

C Πpp˚
m, x˚

m;mq´

Πpp˚
h, x

˚
h;hq and C ď 1

2 .

Corollary 1 (Collusion). In the specialised equilibrium, there exists C̄ :“
?
5´1
2 ą 1

2 such

that Fi and Fj can profitably collude as (i) h- or m-monopolist for C ą C̄, and (ii) m-

monopolist for C̄ ě C ą 1
2 .
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Intuitively, the specialised equilibrium is robust to collusion if the proportion of conscious

shoppers in the market is not too large and the conscious shoppers’ concern about the

conditions under which the product has been manufactured is not too high. Specifically,

merging to sell m to the whole market is profitable for Fi and Fj when conscious shoppers

are in the majority. Merging to sell h to a fraction of the market requires a larger critical

mass C̄.

3.5 Signaling a Social Norm of Conscious Consumption

The baseline model with conscious and quality shoppers explains why a firm chooses pro-

duction by hand over machine production through a handmade effect on the consumer side.

However, the baseline model does not capture the rising demand for and the mainstreaming

of costly handmade products (Richards, 2018), the sales growth on dedicated marketplaces

like Etsy (Figure 3.1), and social movements such as “buyhandmade.org” (Walker, 2007).

In this section, I consider how the firm’s handmade strategy can be indicative of a social

norm of conscious consumption. As a consequence, shoppers who are not conscious to begin

with convert into conscious shoppers and also buy premium-priced handmade products. I

develop a signaling model with a single firm in the spirit of Sliwka (2007): quality and

conscious shoppers’ decision criteria are fixed from the outset, whereas conformist shoppers

are influenced by social norms. Under which conditions can the firm credibly signal a social

norm of conscious consumption, inducing those conformist shoppers to buy premium-priced

handmade products in equilibrium?

3.5.1 The Extended Model

Shoppers come in three types: As before, quality shoppers care only about product quality

whereas conscious shoppers also care about the conditions under which the product is

produced. Following Sliwka (2007), I refer to these two types as the steadfast shoppers:

Their decision criteria are fixed from the outset. The fraction of conscious shoppers among

the steadfast is given by φ, and is drawn from some prior distribution.

Conformist shoppers constitute the third type. Because these shoppers are uncertain

about the appropriate consumption behaviour, they are influenced by social norms. For

example, if the firm is selling a handmade product, conformist shoppers will take the pro-

duction conditions positively into account only if they believe that many other shoppers

also do. I model this as follows: The production process is payoff-relevant for a conformist

shopper if and only if she believes that sufficiently many other steadfast shoppers are also

conscious about the production process. In particular, the utility of a conformist shopper is
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equal to VCpaC ; kq if she believes that the median steadfast shopper is conscious, and equal

to VQpaQ; kq otherwise.7

As an established firm, it will typically have learned from previous shoppers’ behaviour

or will have undertaken market research. Therefore, I assume that the firm knows the

fraction of conscious shoppers among the steadfast to be either high or low, φ P tφH , φLu.

Moreover, I assume that the firm’s private information about the fraction of conscious

shoppers is pivotal: φH ą 1{2 ą φL.

Consequently, when conformist shoppers are able to infer the firm’s private information

from its production process, they revise their preferences. Conversely, when conformist

shoppers cannot infer the firm’s private information, then Epφq “ γφH ` p1 ´ γqφL ž 1{2

with commonly known prior γ :“ Prpφ “ φHq P p0, 1q determines whether conformist

shoppers behave like conscious or quality shoppers. The fraction of conformist shoppers in

the market has mean η according to the common prior expectation; see Figure 3.3.

0 1

φp1 ´ ηq p1 ´ φqp1 ´ ηq η

= steadfast

conscious quality conformist

Figure 3.3: The extended market.

The timing is as follows. In the first stage, the firm privately observes φ P tφH , φLu. As

before, the firm chooses the production process k P th,mu, the product’s per-unit price pk,

and the per-unit effort level xk ě 0. In the second stage, the shoppers choose whether to

buy one unit of the product. All shoppers have unit demand irrespective of the production

process.

Given that the firm’s choice of the production process may reveal its private information,

the extended model is a signaling game. Moreover, depending on a conformist shopper’s be-

lief about φ, her action will always correspond exactly to either that of a steadfastly quality

shopper or a steadfastly conscious shopper. Hence, the firm’s profit in the extended model

depends on its production process k and whether conformist shoppers act like conscious or

quality shoppers.

Assumption 3. Πpp˚
h, x

˚
h;hq ` θ ą Πpp˚

m, x˚
m;mq.

7Conformist shoppers may pay attention only to steadfast shoppers if the latter segment consists of
public persona. These steadfast shoppers are visible through the news (e.g., celebrities) or social media
(e.g., bloggers, influencers). In an alternative version, a conformist shopper notices anyone behaving like a
conscious shopper. If I assume that the firm’s private information is important to coordinate conformist
shoppers to convert, φH ą p1 ´ 2ηq{p2 ´ 2ηq ą φL, where η ă 1{2, Proposition 6 still applies. However, for
φH ă 1{p2 ´ 2ηq, the separating equilibrium is “less stable”, since a conformist shopper is only indifferent
between buying and not buying h at a premium if her segment buys h, too.
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Before deriving the key result, I make the assumption that the firm would be better off

using a handmade strategy if the market consisted entirely of steadfastly conscious shoppers.

3.5.2 Separating Equilibrium

The key idea is that it may be attractive for the firm to choose a handmade strategy to

signal its private information that most shoppers are conscious. However, even a credible

handmade strategy comes with a trade-off: While the firm is better off when conformist

shoppers convert into conscious shoppers, quality shoppers do not buy a premium-priced

handmade product.

The handmade strategy will be a credible signal when there is separation in equilibrium:

A firm that privately observes φH produces by hand, and a firm that privately observes

φL uses machine production. Specifically, when the conformist shoppers believe that the

handmade strategy is indeed a credible signal, neither firm can have an incentive to deviate

from this strategy. If φ is the firm’s private information about the fraction of conscious

shoppers among the steadfast, its expected profit under machine production is given by

Πpp˚
m, x˚

m;mq “ rφp1 ´ ηq ` p1 ´ φqp1 ´ ηq ` ηs
A2

m

2cm
“

A2
m

2cm
. (3.5)

Given Assumption 2, the firm sells to the whole market at price p˚
m “ Amx˚

m. Intuitively,

under a one-sided concern of conscious shoppers, the market composition is irrelevant for

the firm’s pricing decision under machine production.

When the firm produces by hand, it must prefer losing out on the fraction of quality

shoppers. This follows from Proposition 1: A handmade strategy can never be optimal for

a firm that sells to the whole market of shoppers. The firm would have an incentive to

deviate. Hence, I assume that η ě η̃pφHq in the separating equilibrium, where

η̃pφHq :“
1

1 ´ φH

„

Πpp˚
h, x

˚
h;hq

Πpp˚
h, x

˚
h;hq ` θ

´ φH

ȷ

,

which implies that p˚˚
h “ Ahx

˚
h `θ and x˚˚

h “ x˚
h “ Ah{ch are optimal. As quality shoppers’

maximum willingness to pay is p˚
h “ Ahx

˚
h, this type will not buy the handmade product.

Simultaneously, the firm benefits from an amplified handmade effect : Because conformist

shoppers become conscious, they are willing to pay the handmade premium. Hence, there

is greater demand for the premium-priced handmade product. The firm’s expected profit

under hand production is given by

Πpp˚˚
h , x˚˚

h ;hq “ rφp1 ´ ηq ` ηs

„

A2
h

2ch
` θ

ȷ

. (3.6)
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Comparing equation (3.5) and equation (3.6), and solving for η highlights that the firm

will use a handmade strategy when the fraction of conformist shoppers is larger than the

threshold

η̂pφq :“
1

1 ´ φ

«

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φ

ȷ

.

This threshold is decreasing in φ, since higher values imply a lower fraction of steadfastly

quality shoppers who do not buy the premium-priced handmade product. As a result, a

handmade strategy becomes more attractive. I use the threshold to derive the separating

equilibrium.8

Proposition 6 (Separating Equilibrium). If θ ă Πpp˚
m, x˚

m;mq{φL ´ Πpp˚
h, x

˚
h;hq, a sep-

arating equilibrium exists in which the firm sells a premium-priced handmade product to

steadfastly conscious and conformist shoppers after observing φH , and sells a machine-made

product to the whole market after observing φL if and only if

η P rmaxt0, η̂pφHqu, η̂pφLqs,

where η̂pφHq ă η̂pφLq ă 1 and η̂pφLq ą 0.

The conscious shoppers’ sensitivity to the production process and the fraction of con-

formist shoppers jointly determine whether the separating equilibrium in Proposition 6

exists. The greater is the fraction of conformists, the smaller is the range of concerns θ for

which separation is possible: A handmade strategy becomes more appealing because the

firm’s expanded market for a premium-priced handmade product grows faster than its base

market shrinks.

Moreover, if θ is small, a separating equilibrium exists when there are neither too few

or too many conformists. Specifically, when θ ă Πpp˚
m, x˚

m;mq{φH ´Πpp˚
h, x

˚
h;hq, the lower

bound is given by η̂pφHq. When there are few conformist shoppers, even a firm that privately

observes φH prefers to sell a machine-made product. The higher is the fraction of conformist

shoppers, the more attractive it is to signal optimism about the social norm of conscious

consumption. But when there are too many conformist shoppers, even a firm that privately

observes φL would want to imitate this signal, and it would no longer be credible.

If the conscious shoppers’ sensitivity is above this value, the total handmade premium

from selling to steadfastly conscious and conformist shoppers is so high that a firm that

8There can be other pure-strategy equilibria where the φL- and φH -firm pool on selling h or m, and a
hybrid equilibrium where the φH -firm sells h with certainty and the φL-firm sells h with probability x P

p0, 1q. However, separation is the unique pure-strategy equilibrium in the parameter space of Proposition 6.
Moreover, the φL-firm pools more often with the φH -firm on h in this game of private information relative
to when φ is observable. My analysis extends to a situation in which conformists’ willingness to pay is
increasing smoothly in Epφ|kq. The results are available in Section A.2.2.
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observes φH would never want to deviate to machine production. In this case, the separating

equilibrium exists when there are not too many conformists and θ ă Πpp˚
m, x˚

m;mq{φL ´

Πpp˚
h, x

˚
h;hq.

Intuitively, the fewer are the number of steadfastly conscious shoppers, the higher is the

cost of using a handmade strategy in the absence of conformists: The firm cannot offset

the loss in sales to quality shoppers through higher prices that are charged to conformists.

Hence, a firm that knows that the fraction of conscious shoppers among the steadfast is

low may want to avoid a handmade strategy even if such a strategy could increase the

conformists’ willingness to pay. In other words, separation is possible when this firm does

not find it profitable to convert conformists as there are too few.9

The key result in Proposition 6 is that the firm can use a handmade strategy to cre-

ate a credible social norm of conscious consumption: The firm that observes φH is able

to expand its market and mainstream costly handmade products. In essence, a credible

signal generates sales growth through a crowding-in effect : Conformist shoppers convert

into conscious shoppers when observing the firm’s handmade strategy. Importantly, this

crowding-in effect can operate in a market in which the firm that observes φH believes that

steadfastly conscious shoppers are in the minority. Specifically, even when the fraction of

steadfastly conscious shoppers is arbitrarily small (i.e. η Ñ 1), a handmade strategy may

credibly signal a social norm of conscious consumption.

Norm-based interventions and marketing campaigns (e.g., Cialdini et al., 2006) provide

empirical support for my result. The credibility problem that limits a campaign’s effec-

tiveness is highlighted by Benabou and Tirole (2011). The interaction between conscious

shoppers’ concern and credibility is also observed by Melloni et al. (2019): In a cheap-talk

model, CEO activism is more likely to be a credible and, thus, profitable strategy when

shoppers care greatly about the type of firm that they buy from.

3.6 Discussion

In this paper, I developed a model that explains a handmade strategy of firms in an era of

technological advancement through a handmade effect on the consumer side.

3.6.1 Further Applications: Fair Trade

My model generates insights whenever a firm chooses between a conventional production

process and an alternative production process. The latter includes Fair Trade, organic pro-

duce, and local produce. To demonstrate, I relate my assumptions to Fair-Trade production

and underline my predictions with empirical evidence in Fair Trade.

9I thank an anonymous referee for inspiring this intuition.
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My assumptions capture several key characteristics of Fair Trade: First, Fair-Trade

products and conventional products – such as coffee and chocolate – are functional substi-

tutes for shoppers: “Fair Trade and traditionally marketed products show at most very little

divergence and hardly differ with respect to their functional utility” (Mohan, 2010, p.34).

Second, Fair Trade may be less productive in the short-run. While higher environmental

standards ensure sustainability, land may not be farmed as extensively. Farmers are also

encouraged to reduce their use of pesticides (Nicholson, 2018). Fair Trade is more costly

for the same per-unit effort level: Firms pay a licence fee for the Fair-Trade label, and pay

a living wage to workers, which may exceed the legal minimum.10 Moreover, providing a

safe working environment may increase costs.

Conscious shoppers obtain utility from buying a product with a Fair-Trade label.11

Importantly, these shoppers “care about the production process not because of its effects on

the quality of the product itself but for other attributes of the process, such as environmental

impacts, effects on animal welfare, country of origin, and so on” (Antle, 1999, p.1002). In

essence, the Fair-Trade firm sells a bundle: The conventional product, plus a contribution

to a social or ecological production process (Steinrücken and Jaenichen, 2007) or a donation

to the farmer (Reinstein and Song, 2012). As is argued by Richardson and Stähler (2014),

the mechanism may be a warm glow from the knowledge that a Fair-Trade firm pays its

growers a wage premium.

In my baseline model, selling a Fair-Trade product is the outcome of a profit maximi-

sation problem: The firm weighs the additional costs against the expected benefits. In

particular, the firm faces the trade-off that it can charge a Fair-Trade premium but only

caters to a niche market of conscious shoppers. In my model, this Fair-Trade premium

is the conscious shoppers’ maximum willingness to pay for the subjective services of the

Fair-Trade label.12 My model is in line with the observation that Fair-Trade products are

more expensive than conventional products but do not deliver any extra physical quality

(Mohan, 2010).

When the firm is part of a duopoly, conventional and Fair-Trade products may co-

exist, as is observed in the economy. Moreover, the firms’ specialisation leads to market

segmentation and allows for third-degree price discrimination: The Fair-Trade label prevents

10A study of Fair-Trade workers in the South African wine industry, for example, finds that wages exceed
the legal minimum (Granville and Telford, 2013). Moreover, wages in Fair Trade-certified firms in Ghana
are about 38 percent higher than wages in non-certified firms (Krumbiegel et al., 2018).

11Using data from the Understanding Society UK survey, Busic-Sontic et al. (2017) show that conscien-
tiousness, which could be one possible motivation for conscious shoppers, positively affects buying locally
sourced goods, organic or green products, and products with recyclable packaging.

12See Dragusanu et al. (2014) for a literature review on how much consumers are willing to pay for
knowing that a product’s production complies with Fair-Trade standards. See Bjørner et al. (2004) for
environmental labels.
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conventional products from entering the Fair-Trade market. When the firm faces conformist

shoppers, my model predicts a growth in Fair-Trade sales if the firm can use a Fair-Trade

strategy to create a credible social norm of conscious consumption. In particular, the

conversion of conformist shoppers into conscious shoppers resembles the increased public

awareness and understanding of the Fair-Trade rationale, and its mainstreaming in Europe

in the late 1990s (Renard, 2003).13

The predicted crowding-in effect aligns with the finding that building positive attitudes

and removing skepticism positively impacts Fair-Trade buying behaviour (De Pelsmacker

and Janssens, 2007). Consequently, my model not only predicts that “consumers of Fair

Trade products form a kind of speciality market club, which can be joined voluntarily by

those who are willing to pay extra for the Fair Trade product bundle” (Mohan, 2010, p.43),

but also that the sales growth of Fair-Trade products in Europe can be explained through

a credible signal that most steadfast shoppers care.

3.6.2 Concluding Remarks

In my analysis, I made several simplifying assumptions: While a one-sided concern of con-

scious shoppers kept my model tractable, one could envisage situations in which regulation

enforces firms to state their production process on the packaging. As a result, both hand

and machine production are salient when conscious shoppers make the buying decision:

νphq ą 0 ą νpmq. A firm that chooses machine production may then not want to serve

all shoppers because conscious shoppers’ maximum willingness to pay falls short of quality

shoppers’ maximum willingness to pay: pC,m ă pQ,m.

I also assumed that conscious shoppers and quality shoppers do not interact. However,

when quality shoppers buy a handmade product that is also purchased by conscious shop-

pers, they may incur positive spillovers. For example, quality shoppers may value being

perceived as conforming to a social norm of green consumerism (Carlsson et al., 2010).

Future research could adapt the baseline model to a setting in which quality shoppers are

willing to pay more than what is warranted by the handmade product’s quality if they are

likely to meet a conscious shopper who bought the handmade product in stage 3.14 Con-

sequently, a handmade strategy may also be optimal for a firm that caters to the whole

market.

13See Friedrichsen and Engelmann (2018) for experimental evidence that consumers who choose a con-
ventional product in private increase the premium that they are willing to pay for a Fair-Trade product in
a public setting.

14See Sebald and Vikander (2019) for a model where shoppers are matched pairwise after the buying
decision, and where the peer’s beliefs about the purchased product’s popularity affects a shopper’s social
image.
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Finally, future work could endogenise conscious shoppers’ sensitivity to the production

process through a handmade spectrum (Etsy, Inc., 2019b): At one end would be producers

literally making products with their own hands; and producers designing products with

partners physically producing them would fall into an intermediate range. Instead of a

binary choice k of the production process, a firm would then choose θ P r0, θ̄] to position

itself on the spectrum, where θ “ 0 corresponds to the machine production of all components

and per-unit cost cpxθq increases in θ.
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Chapter 4

Conform or Reveal? The Effect of
Heuristics on Behaviour∗

4.1 Introduction

Figure 4.1: Lucy and Linus in Peanuts (25 April 1989; United Feature Syndicate, Inc).

In the syndicated comic strip Peanuts, Lucy van Pelt is quick to make trait attributions

when asked about the behaviour of her younger brother Linus; yet, when reflecting upon

her own behaviour, she is focused on the situation (Figure 4.1). The comic strip summarises

a long-known insight from psychology: individuals tend to attribute their own behaviour

to situational causes but explain the identical behaviour of others through their inherent

qualities or traits (Jones and Nisbett, 1971; Nisbett et al., 1973).1 Despite using others’ ac-

tions to guide their decisions, individuals often overlook that others also examine the social

evidence (Cialdini, 1984). Under uncertainty, such trait attributions serve as a heuris-

tic because they allow individuals to reduce the difficulty of their decisions (Tversky and

Kahneman, 1974).

In this paper, we study the implications of the above heuristic when individuals (i)

compare their behaviour with others’, but (ii) have no means of communicating with them.

∗Co-authored with Dr Matthew J. Robertson.
1One reason may be that individuals observe others but not themselves (Taylor and Fiske, 1975). Trait

attributions may also be easier to make than situational attributions (Newman and Uleman, 1989), and the
former may be needed to make sense of an event (Read, 1987).
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We set out a model in which players face a trade-off between conforming to the average

action taken by others and matching their own type. A player’s type is private information

and the unknown state of the world determines which type is more likely held by the

majority of players. After being sorted into a random order, each player chooses a publicly

observable action given her type and the history of actions.

We contrast individual and aggregate behaviour under two heuristics and rationality.

A credulous player posits that she alone is influenced by social comparison: she presumes

that every other player truthfully reveals their type. Similarly, a sceptical player posits that

each of her successors will truthfully reveal; however, she reflects on the salient actions of

her predecessors and discounts those for which there was a majority at the time the action

was taken. A fully rational player takes into account the extent to which others wish to

conform to the group’s behaviour.

We begin our analysis of individual behaviour with a characterisation of the conditions

under which a player using a heuristic falsifies her type, and how her decision is affected by

the number of predecessors in agreement with her type. We use this result to understand

how the two heuristics affect individual behaviour: when do sceptical players behave dif-

ferently from credulous players? To build towards our analysis of aggregate behaviour, we

study whether, compared to heuristic decision-making, rationality reduces a player’s incen-

tive to falsify. We then answer our main research question on aggregate behaviour: does a

more complex heuristic make an outcome in which everyone agrees on a certain action less

likely?

We contribute several insights for policy. In our analysis of individual behaviour, we

show that a policy maker can boost a credulous player to scepticism if his goal is to increase

truth telling.2 In contrast, a boost to rationality does not guarantee that more players

truthfully reveal. An intervention that lowers the pressure to conform in the presence of

heuristic decision-making may be more effective. In our analysis of aggregate behaviour,

we show that a boost to rationality is not only necessary to incentivise players to take the

action matching the state irrespective of their types, but also preferable given a utilitarian

objective. Finally, making the state of the world common knowledge can be a viable alter-

native when a policy maker prefers a player to tell the truth if her type matches the state

and to falsify if it does not.3

2Boosts develop an individual’s competences through decision tools like procedural routines or decision
trees to enable specific behaviours (Hertwig and Grüne-Yanoff, 2017). Nudges, in contrast, target behaviour
directly through a change in the choice architecture.

3For intuition how a policy maker may know the state and can make it common knowledge, consider
ideological voting. In this setting, the state of the world determines which of two candidates is more factual;
a player’s type is her political ideology, which is more likely aligned with the more factual candidate. The
player’s objective is not to vote for the more factual candidate but to hold true to her ideology. The policy
maker is an independent watchdog who knows the state of the world by fact-checking candidates’ election
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We apply our insights to organisational decision-making and social engineering. We

consider how the desire for conformity may lead a board or committee to reach a consensus

at all costs without critical appraisal of the alternatives.4 We then discuss how this tendency

to agree may be reduced by (i) encouraging credulous players to reflect on the history of

actions in a more critical way, or (ii) reducing individuals’ desire to conform. In the latter

application, we discuss how a policy maker can incentivise a re-thinking on important issues

such as climate change by (i) reducing the uncertainty regarding the majority opinion, (ii)

revealing the state of the world, or (iii) making credulous players rational.

4.1.1 Related Literature

Our model draws upon literature in social psychology: there is extensive experimental

evidence that individuals underestimate the influence of social pressure on people’s public

actions. For example, in Miller et al.’s (1974) adaption of the Milgram (1963) experiment,

subjects witnessed teachers obeying instructions to deliver electric shocks to individuals

and were then put in the role of teachers themselves. Yet, when predicting how other

teachers would behave based on these two experiences, subjects heavily underestimated the

influence of the social environment. We take these insights and model this underestimation

as a consequence of using a heuristic to simplify a decision problem under uncertainty.

We also build on empirical evidence in economics that a lack of communication can

sustain incorrect judgments about others’ beliefs. Bursztyn et al. (2020), for example, find

that most Saudi men privately support that women should be allowed to work outside

the home (WWOH) but substantially underestimate the proportion of men sharing their

view. What is more, men whose male friends and relatives discuss WWOH rarely or very

rarely underestimate the level of support for WWOH by a significantly greater amount (40

percent) than men who communicate often or very often (4 percent).

Our players’ preferences are similar to those in Kuran (1987a,b, 1995). A player may

suffer a loss in utility when deviating from the arithmetic mean of others’ actions. We

abstract from the exact mechanism underlying this loss, such as disapproving gestures of

others, being denied opportunities, or losing one’s social status (Kuran, 1995). Moreover, a

player may have a need for self-assertion: she may suffer a loss in utility from not matching

her own private opinion in public. Given these two objectives, our players face a similar

trade-off between social approval and personal autonomy: conforming may preclude truth-

fully revealing one’s type. By adapting Kuran’s (1995) concept of preference falsification,

we derive a condition under which a player chooses an action that differs from her type. In

programmes. The watchdog can make the state common knowledge by disseminating information on which
programme makes more scientifically sound claims.

4This phenomenon is known as groupthink and is discussed in the context of our model in Section 4.6.1.
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Kuran (1987a,b), however, players move simultaneously. The resulting informational sym-

metry justifies his assumption that all players have the same point estimates of the share

of players taking each of the two actions. In our model, in contrast, players move sequen-

tially, gaining additional information as the history evolves. This allows us to study how

heuristic decision-making interacts with an informational asymmetry to trigger preference

falsification.

The hierarchical model of bounded rationality in Stahl and Wilson (1995) is similar in

that each player type is incrementally more rational: level-0 resemble credulous, and level-1

resemble sceptical players who think everyone else is credulous. A worldly player resembles

a sceptical player in the alternative specification of Section A.3.2 as she believes she faces a

naive type with probability ε, and effectively a level-1 type with probability 1´ε. However,

Stahl and Wilson (1995) assume that all types compute their expected utility with error to

test the theory experimentally.

Our discussion of (i) organisational decision-making and (ii) social engineering con-

tributes to the literature on interventions to mitigate conformist groups’ tendency to agree

(e.g., Benabou, 2013) and incentivising political correctness (e.g., Morris, 2001), respec-

tively.

In Section 4.2, we introduce the model. In Section 4.3 and Section 4.4, we compare

individual and aggregate behaviour under two heuristics as well as rationality. In Section 4.5,

we analyse the implications of changes to the informational environment. We conclude with

two applications in Section 4.6. All proofs are in Section B.3.

4.2 Model

Consider a set N :“ t1, . . . , Nu of players who interact over N periods. Let i and j

denote generic players in N . In period ´1, the uniformly distributed state of the world

ω P t0, 1u is realised. In period 0, the players are randomly indexed from 1 to N . A

player’s index determines the period in which she moves; for example, player i “ 3 moves

in period 3. Each player also privately learns her type θi P t0, 1u. The players’ types are

independent, identically distributed and linked to the state by the conditional probability

Prpθi “ 0|ω “ 0q “ Prpθi “ 1|ω “ 1q :“ π P
`

1
2 , 1

˘

. Consequently, π measures the

informativeness of a player’s type about the state, and ω is more likely to produce groups

with majority type θ “ ω. Both the distribution of the state and the parameter π are

common knowledge.

In periods 1 to N , each player takes an action that is publicly observable. Player i

chooses si P t0, 1u in period i after observing her type θi and the history hi “ ts1, . . . , si´1u
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to solve maxsiPt0,1u ErUpsi; θi, λiqs “

max
siPt0,1u

´p1 ´ λiqE
“

psi ´ s̄´iq
2|hi, θi, si

‰

´ λipsi ´ θiq
2, (4.1)

where λi P r0, 1s and s̄´i :“ 1
N´1

ř

j‰i sj . Each player is concerned with fitting in: she

prefers to be viewed as conforming to the average action in the group. Being perceived as

deviant by the other group members is costly. However, each player also prefers to choose

an action that corresponds to her type: dissonance between one’s action and type is costly.

The weight λi determines the importance of conforming relative to matching one’s type.

We assume that a player does not care about the state of the world per se. This

assumption is appropriate in settings where a single player is too inconsequential to have

an impact (Downs, 1957). Kahan (2013, p.409) provides climate change as an example of

such a setting: amid scientific consensus on the reality of climate change, an individual’s

denial will not affect her utility. What matters for her is whether her position on climate

change disagrees with the predominant position in her social group as this may compromise

her relationships or status and, thus, her welfare.5

4.2.1 Players’ Presumptions

Let λ̂ij denote player i ‰ j’s presumption about player j’s conformity motive, where λ̂ij

need not coincide with player j’s true conformity motive λj .

Definition 1 (Credulity). Player i is credulous if λ̂ij “ 1 for all j ‰ i P N .

A credulous player posits that every other player reveals her type. Therefore, she also

presumes that every other player believes that she reveals her type. In reality, however, each

player’s action is determined by both her type and the actions of others. Consequently, from

a credulous player i’s perspective, each player j ‰ i solves maxsjPt0,1u Upsj ; θj , 1q, which

has the unique solution s˚
j pθjq “ θj .

Given Definition 1, a credulous player can simplify her inference problem. She presumes

that her action does not affect the actions of the other players.6 Thus, she can use a

summary statistic Mi :“
ř

jPhi
Itsj “ θiu that keeps track of the number of predecessors

5The debate can continue in public discourse amid scientific consensus because faith in the truth (of
global warming) is undermined for ideological reasons by a small number of contrarian “experts” (Oreskes
and Conway, 2010).

6A credulous player provides the same answer to the questions “How will my community think of me
if I fail to endorse its dominant position?” and “What is the dominant view within my society?” (Kuran
and Sunstein, 1999), thereby blending a reputational motive (e.g., Bernheim, 1994; Kuran, 1995) with an
informational motive (e.g., Banerjee, 1992; Bikhchandani et al., 1992). Hence, when players use heuristics,
these two drivers of conformist behaviour identified in the economics literature can overlap.
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that have publicly agreed with her type, where M1 :“ 0. Hence, the decision to truthfully

reveal, ErUpθi; θi, λiqs ě ErUp1 ´ θi; θi, λiqs reduces to λi ě λipMi, θiq,
7 where

λipMi, θiq :“ 1 ´
1

2
`

θi ` p1 ´ 2θiqErs̄´i|Mi, θis
˘ .

Our motivation for Definition 1 is twofold. First, individuals often use a mental shortcut

to reduce the difficulty of decisions under uncertainty (Tversky and Kahneman, 1974). The

availability heuristic, in particular, may induce a player to solve a simplified version of

(4.1): because the history of actions is readily recalled when having to forecast successors’

actions, a credulous player i acts on the notion that hi must be important to the task at

hand (Esgate and Groome, 2005). Without other readily accessible information, she is led to

make the simplifying assumption in Definition 1 to apply a straightforward forecasting rule

that uses the distribution of actions in hi as a predictor of the distribution of the following

N ´ i actions. Second, when confronted with uncertainty, individuals tend to use others’

actions to decide how they themselves should behave. Yet, in so doing, they overlook that

their peers are likely examining the social evidence as well (Cialdini, 1984). In our model,

players use their predecessors’ actions to reduce both the uncertainty about the state and

the behaviour of succeeding players while neglecting that others may do so, too.

Definition 2 (Scepticism). Player i is sceptical if (i) she forms an edited history hSi Ď hi

by removing any action for which there was a majority at the time that action was taken,

and (ii) λ̂ij “ 1 ě λj for all j “ i ` 1, . . . , N .

A sceptical player reflects on which of her predecessors could have falsified without

taking their conformity motives into account, and removes any action that could represent

a falsification. However, she still believes that her successors will be truthful.8 She is,

thus, truthful if λi ě λiph
S
i , θiq :“ 1 ´ r2

`

θi ` p1 ´ 2θiqErs̄´i|h
S
i , θis

˘

s´1. To build intuition,

consider Example 4.1, where Kj :“
řj´1

l“1 Itsl “ sju. Player 10 observes history h10 and, if

sceptical, she removes actions ts4, s5, s6, s8, s9u.9

7See Section A.3.1 for a derivation of the threshold.
8Importantly, neither a sceptical nor a credulous player is myopic: both are imperfectly forward-looking

in using a heuristic to simplify the forecasting of successors’ actions.
9Implicit in our definition of how the sceptical player edits the history is that she posits her predecessors

do not edit the history and are, thus, credulous. If instead the sceptical player presumed that a certain
predecessor was sceptical and used the same editing rule, there could be cases in which she should not
eliminate this predecessor’s action although the editing rule tells her to. In Section A.3.2, we provide an
alternative model of scepticism that places a sceptical player on a continuum between a fully rational and
credulous player.
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j 1 2 3 4 5 6 7 8 9

sj 0 1 0 0 0 0 1 0 0
Kj 0 1 2 3 4 1 5 6
Kj{pj ´ 1q 0 1/2 2/3 3/4 4/5 1/6 5/7 6/8

Remove if
Kj

j´1 ą

1
2

No No No Yes Yes Yes No Yes Yes

hS10 0 1 0 1

Example 4.1: Editing history h10 to hS10.

For arbitrary histories, we denote the number of removed actions that match, and do not

match, player i’s type by A“
i :“

ři´1
j“1 Itsj “ θi|Kj{pj ´ 1q ą 1{2u and A‰

i :“
ři´1

j“1 Itsj ‰

θi|Kj{pj ´1q ą 1{2u, respectively. Compared to an interior credulous player i P t2, . . . , N ´

1u who underestimates the prevalence of her type based on the history, scepticism decreases

the threshold for truth telling: λipMi, θiq ą λiph
S
i , θiq if A‰

i ą A“
i . Conversely, scepticism

increases the cut-off whenever she overestimates the prevalence her type based on hi.

The concept of salience renders Definition 2 a natural heuristic between credulity and

rationality: a player finds it easier to critically reflect on her predecessors’ actions as these

are salient to her whereas predicting successors’ actions remains a difficult task. One reason

why past actions may be more salient is due to mental time travel (Tulving, 1985). Past

events are typically also viewed more negatively, whilst future events tend to be positively

biased (Rasmussen and Berntsen, 2013; Beaty et al., 2019). This negative interpretation of

past events may lead a sceptical player to be more critical of the history of play, whilst still

believing that her successors will truthfully reveal. Definition 2 also builds on experimental

evidence that subjects do make situational attributions for others’ behaviour when they

can take their role and see the world as they saw it (Taylor and Fiske, 1978). Given

knowledge of the history, a sceptical player can reconstruct a predecessor’s point of view. A

successor’s point of view, in contrast, remains inaccessible because a sceptical player suffers

an informational deficit relative to the successor. This informational deficit in historical

data leads a sceptical player to make trait rather than situational attributions for successors’

behaviour (Jones and Nisbett, 1987).

Definition 3 (Rationality). Player i is rational if (i) λ̂ij “ λj for all j P N , and (ii) she

knows λ̂ji for all j P N .

A rational player takes into account every other player’s true conformity motive as well

as every other player’s presumption about her conformity motive. Hence, in contrast to

credulous and sceptical players, a rational player takes into account that a later player’s

action is determined by both her type and the average action of others’. A rational player
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is, thus, unable to use the heuristics employed by credulous and sceptical players to simplify

(4.1). Instead, the decision to truthfully reveal is equivalent to λi ě λR
i phi, θiq,

10 where

λR
i phi, θiq :“

E
“

pθi ´ s̄´iq
2|hi, θi, θi

‰

´ E
“

p1 ´ θi ´ s̄´iq
2|hi, θi, 1 ´ θi

‰

1 ` E
“

pθi ´ s̄´iq
2|hi, θi, θi

‰

´ E
“

p1 ´ θi ´ s̄´iq
2|hi, θi, 1 ´ θi

‰ .

Dual-process theories render Definition 3 the natural complement to the two preceding

heuristics, arguing that there exists two modes of information processing (e.g., Chaiken and

Trope, 1999). In addition to a fast, heuristic-driven System 1 reasoning style, a player may

have the time and ability to deploy a slow System 2 reasoning style.

4.3 Individual Behaviour

To study the effect of boosting in various environments, we begin with a characterisa-

tion of individual behaviour. We focus on the conditions under which a player using

a heuristic falsifies her type, and how the number of predecessors in agreement with a

player’s type interact with her heuristic to influence her willingness to falsify. Define

π̂pNq :“ tπ|λiph
S
i , θiq “ 0, pi´1q{2 ď Mi ă pi´2`A“

i ´A‰
i q{2u and π̌pNq :“ tπ|λiph

S
i , θiq “

0, pi ´ 2 ` A“
i ´ A‰

i q{2 ă Mi ă pi ´ 1q{2u.

Lemma 1. In period i P t1, 2, . . . , Nu, if

C (i) Mi ě pi ´ 1q{2, a credulous player i truthfully reveals her type;

(ii) Mi ă pi ´ 1q{2, a sufficiently conformist credulous player i falsifies her type.

S (i) Mi ě maxtpi ´ 1q{2, pi ´ 2 ` A“
i ´ A‰

i q{2u, a sceptical player i truthfully reveals her

type;

(ii) pi ´ 1q{2 ď Mi ă pi ´ 2 ` A“
i ´ A‰

i q{2, a sufficiently conformist sceptical player i

falsifies her type in an informative environment π ą mintπ̂pNq, 1u;

(iii) pi ´ 2 ` A“
i ´ A‰

i q{2 ă Mi ă pi ´ 1q{2, a sufficiently conformist sceptical player i

falsifies her type in an uninformative environment π ă mintπ̌pNq, 1u;

(iv) Mi ď mintpi ´ 2q{2, pi ´ 2 ` A“
i ´ A‰

i q{2u, a sufficiently conformist sceptical player

i falsifies her type.

Lemma 1 highlights that the first player, whether credulous or sceptical, always truth-

fully reveals her type. Similarly, any credulous player i ą 1 always takes an action that

matches her type if it matches the present majority. In other words, a simple majority is

10See Section A.3.1 for a derivation of the threshold.
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sufficient for a credulous player i to be truthful; a universal consensus is not required. Con-

versely, when the majority of predecessors disagrees with i’s type, Mi ă pi´1q{2, the social

pressure can be strong enough for a credulous player i to falsify: as long as player i thinks

herself to be in the minority at period i, she falsifies her type if her weight on conforming

is sufficiently high. Our result resonates with Miller and McFarland (1987) in the context

of social norms: for widespread conformity to conventions and customs that lack private

support, it is only necessary for the majority to think that the majority supports it.

The necessary weight for a credulous player i to falsify is decreasing in the size of the

minority. To build intuition, consider an example with N “ 100. Figure 4.2a shows the

cut-off for the tenth player: for all π, she needs to be relatively more conformist to falsify her

type when one, two or three predecessors agree with her type rather than none (M10 “ 0).

Moreover, when the tenth player can pivot a present majority into a tie by revealing her

type (M10 “ 4), her weight on conforming needs to be very large: s˚
10pθ10q “ 1 ´ θ10 if

λ10 ă λ10p4, θ10q “ 1{100. In general, λipMi, θiq approaches 1{N as Mi tends to pi ´ 1q{2.

Therefore, this comparative static highlights that player i is less likely to falsify her type

when she belongs to a sizeable current minority.

The same conclusion need not hold for a sceptical player i.11 A more sizeable minority

can increase the cut-off in moderately informative environments: Figure 4.2b provides an

example when the first player in the history h10 “ t0, 1, 0, 0, 0, 0, 0, 0, 0u instead announces

unity so that the edited history hS10 “ t0, 1, 0u changes to hS
1

10 “ t1, 0, 0, 0u.

Mi “ 0
Mi “ 1
Mi “ 2
Mi “ 3

Mi “ 4
π

λi

1
2

0
1
2

1

(a) If credulous.

Mi “ 1

Mi “ 2

π

λi

1
2

0
1
2

1

(b) If sceptical.

Figure 4.2: The cut-off for player i “ 10 when N “ 100.

11Importantly, a sceptical player cares about Mi in calculating the expected average action. She uses the
edited history only for calculating conditional state probabilities.
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4.3.1 Effect of Informativeness

We use Lemma 1 to analyse how individual behaviour depends on the informativeness of a

player’s type about the state. This allows us to answer our first research question: do more

informative environments cause a credulous and a sceptical player to behave differently? If

so, a policy maker may be able to use a targeted scepticism boost to increase truth telling.

Such a boost could be implementable as it does not require the policy maker to know the

players’ conformity motives.

To boost a credulous player, she could be provided with a decision tree to assist in

editing the history (Martignon et al., 2011b,a, Figure 4.3). Alternatively, she could be

encouraged to reflect on the history of actions in a short essay. To trigger situational rather

than trait attributions provided the action was in the majority at the time, a player could

be instructed to consider which of her predecessors she would have expected to behave

identically, and which differently, if that player had only cared about fitting in. The essay

would help a player to understand whether her presumption λij “ 1 and the alternative

presumption λij “ 0 about predecessor j would be observationally equivalent.

s2 in majority at t “ 2?

s3 in majority at t “ 3?

s4 in majority at t “ 4?

hS
5 “ ts1u hS

5 “ ts1, s4u

s4 in majority at t “ 4?

hS
5 “ ts1, s3u hS

5 “ ts1, s3, s4u

s4 in majority at t “ 4?

hS
5 “ ts1, s2, s3u hS

5 “ ts1, s2, s3, s4u

yes

yes

yes no

no

yes no

no

yes no

Figure 4.3: Scepticism boost for a credulous player 5 via a decision tree.

The first observation when we compare the behaviour of a credulous player to her

sceptical counterpart is that limπÓ1{2 λipMi, θiq “ limπÓ1{2 λiph
S
i , θiq. When players’ types

are uninformative about the state, they cannot use their predecessors’ actions to predict

their successors’ actions. Therefore, editing the history has no effect on behaviour.

If Mi ě maxtpi ´ 1q{2, pi ´ 2 ` A“
i ´ A‰

i q{2u, player i always chooses the action that

matches her type. The behaviour of a credulous and sceptical player coincide for any

degree of informativeness and any group size. The credulous player could have under- or

overestimated the prevalence of her type based on history hi. Any overestimation, however,

is not severe: the sceptical player still believes the state that matches her type to be weakly

more likely based on her edited history and type. If pi ´ 1q{2 ď Mi ă pi ´ 2 ` A“
i ´ A‰

i q{2,

the credulous player is always truthful; however, the sceptical player may falsify her type

in sufficiently informative environments, given a large enough group size. In particular,
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for the sceptical player to falsify we require that π ą π̂pNq. Given that this threshold on

the informativeness is decreasing in N , there exists a minimum group size N̂ such that for

N ą N̂ , we have π̂pNq ă 1. The minimum group size that solves π̂pN̂q “ 1 is N̂ “ 2Mi `1.

If pi ´ 1q{2 ą Mi, a credulous player may choose the action that falsifies her type.

Therefore, scepticism may induce this player to change from truth telling to falsification, or

vice versa. A change to falsification necessitates an overestimation of the prevalence of her

type based on the unedited history; a change to truth telling necessitates an underestima-

tion. If the underestimation is severe, pi ´ 2 ` A“
i ´ A‰

i q{2 ă Mi ă pi ´ 1q{2, a sufficiently

informative environment, given a large enough group size, ensures that the sceptical player

is truthful. To guarantee truthful play we require that π ą π̌pNq. When the minority of

preceding actions match the credulous player’s type, π̌pŇq “ 1 is solved by minimum group

size Ň “ 2pi ´ 1 ´ Miq ` 1.

Taken together, the above observations lead to the following result.

Proposition 1. Suppose the group is sufficiently large, N ą N̂ . If

(i) pi´1q{2 ă Mi ă pi´2`A“
i ´A‰

i q{2 for type θi, there exists a range of environments,

π P pπ̌pN ; 1 ´ θiq, π̂pN ; θiqs, in which both types of the sceptical player i tell the truth;

(ii) maxtpi ´ 1q{2 ` ε, pi ´ 2 ` A“
i ´ A‰

i q{2u ď Mi ă pi ` A“
i ´ A‰

i q{2 for type θi, there

exists a range of environments, π P pπ̌pN ; 1´θiq, 1q, in which both types of the sceptical

player i tell the truth.

To build intuition about the effect of scepticism on behaviour in Proposition 1(i), con-

sider h12 “ t0, 0, 0, 0, 1, 0, 0, 1, 0, 0, 1u with hS12 “ t0, 1, 1, 1u. For the low type of player 12,

N̂ “ 2 ˆ 8 ` 1; for the high type, Ň “ 2p12 ´ 1 ´ 3q ` 1. Therefore, the minimum group

size such that type θ12 “ 0 may falsify for π ą π̂pN ; 0q and type θ12 “ 1 is always truthful

for π ą π̌pN ; 1q is 17. The informativeness threshold of type θ12 “ 1 is lower compared to

type θ12 “ 0 when player 12 is part of a group with more then 17 players.

Given this insight, a policy maker can boost a credulous player to become sceptical to

increase truth telling.12 The policy maker does not need to know the player’s type or her

conformity motive. He only needs to know the informativeness of the environment, which

is assumed to be common knowledge. However, the degree of informativeness is crucial for

the success of the boost. If the environment is relatively informative, the boost can have

unintended consequences if the targeted player turns out to have the low type. She may then

falsify if her concern about fitting in is high (Figure 4.4a). Similarly, for less informative

12In boardrooms and on committees a policy maker may wish to increase truth telling, as discussed further
in Section 4.6.1. We admit, however, that a policy maker does not necessarily wish to increase truth telling
universally and, thus, provide a formal social welfare analysis given a utilitarian objective in Section 4.4.2.
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environments, the boost may not sway a relatively conformist player with the high type

into truth telling (Figure 4.4b). Therefore, for the boost to be effective, the environment

must be moderately informative.

Example 4.1 illustrates Proposition 1(ii). Because the edited history ties, the low type of

player 10 is always truthful. In this case, the boost can also be effective in highly informative

environments.

λ12pM12, 0q

λ12phS
12, 0q

π

λi

0
π̂p25; 0q π̂p17; 0q “ 1

(a) Sceptical θ12 “ 0 may falsify for π ą π̂p25; 0q.

λ12pM12, 1q

λ12phS
12, 1q

π

λi

0

switch to truth

π̌p25; 1q π̌p17; 1q “ 1

(b) Sceptical θ12 “ 1 is always truthful for π ą

π̌p25; 1q.

Figure 4.4: The effect of scepticism on behaviour for N “ 25 (dashed line for N̂ “ Ň).

4.3.2 Comparison to Rational Players

To build towards our main result in Section 4.4, we benchmark our preceding analysis

against a rational player who faces other rational players. We focus on individual behaviour

in a group of four players for several reasons: (i) given the strategic externality that a

rational player understands herself to have on later players’ actions, the backward and

“forward” induction quickly becomes intractable;13 (ii) the smallest number of players that

allows us to derive interesting insights while keeping a rational player’s inference problem

tractable is four because only then does there exist an interior player who can have at least

one predecessor who did not necessarily truthfully reveal. Given N “ 4, we compare the

behaviour of a credulous player to her rational counterpart to predict whether rationality

reduces a player’s incentive to falsify.14

13To prove Lemma 2 for N players, solving backwards, we would have to consider 2N´2 histories to
calculate the last player’s possible cut-offs.

14We could also compare the behaviour of a sceptical player to her rational counterpart. As player 2
and 4 do not edit the history, only the analysis of player 3 would differ in Lemma 2(iii) with λ3phS

30, θ3q “
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Lemma 2. Under rationality:

(i) player 1’s behaviour is unchanged.

(ii) player 2’s cut-off is weakly higher when M2 “ 0.

(iii) player 3’s cut-off

(a) is weakly higher when s˚
2pθ2q “ θ2 and M3 “ 0.

(b) can be higher or lower when s˚
2pθ2q “ θ1 and M3 “ 0.

(iv) player 4’s cut-off is unchanged.

A rational player 1 also tells the truth due to evidence in favour of the state that matches

her type and the symmetric environment. When every successor is highly conformist, player

1 does not face a trade-off between matching her type and matching the average action.

When her successors are instead relatively nonconformist, player 1 maximises the probability

of matching her action to her successors’ types by revealing truthfully. Simultaneously,

she avoids disutility from falsifying her type. When player 2 is always truthful, s1pθ1q “

θ1 is optimal because it maximises the probability of matching player 2’s type, thereby

maximising the probability of a history that induces later conformist players to agree.

When player 2 always agrees with player 1, s1pθ1q “ θ1 increases the probability of her

action matching some later nonconformist player’s type while avoiding the disutility from

falsifying.

Given this insight, a rational player 2 is in a special position: contrary to player 3,

her predecessor always tells the truth. Therefore, the use of a heuristic does not alter the

conditional state probabilities in the calculation of player 2’s expected utility. Moreover,

when player 2 disagrees with player 1, her action does not have an effect on her direct

successor. Whether later successors falsify depends on the evolution of the history. Given

that each state is equally likely and the symmetric environment, player 2 expects Erps2 ´

s̄´2q2|s1 ‰ s2 “ θ2s to take on the same value as if all successors were truthful. In contrast,

when a rational player 2 agrees with player 1, she realises that someone after her with the

same type might also falsify. This reduces the expected distance between s̄´2 and action

s2 “ s1 ‰ θ2. As a result, the rational player 2’s cut-off is higher as long as her successors do

not always tell the truth. Therefore, the use of a heuristic does not exacerbate falsification

for player 2: the rational player 2 can be less conformist and still falsify.

A rational player 3 takes into account when she can infer player 2’s type from her

action. If she considers that player 2 is truthful, she is in the same position as player 2 with

2{5 ă λp0, θ3q: the rational cut-off is strictly higher than the sceptical if s˚
2 pθ2q “ θ2, and weakly higher if

s˚
2 pθ2q “ θ1.
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a higher rational cut-off as long as her successor does not always tell the truth (Figure 4.5a).

If she considers that player 2 always agrees with player 1, she has less evidence in favour of

the state that contradicts her type. If player 4 always agrees with the majority (λ4 ă 1{4),

credulity reduces the cut-off; if player 4 always tells the truth (λ4 ě 1{2), credulity increases

the cut-off (Figure 4.5b). Hence, credulity exacerbates falsification if there is no strategic

externality on successors’ actions so that this heuristic amounts to inferential naivety (Eyster

and Rabin, 2010) - a player positing that her predecessors’ actions only reflect their types.

Put differently, the presence of a strategic externality on successors’ actions in addition to

a potential informational externality arising from incorrectly inferring the state voids the

conclusion that the use of heuristics always exacerbates falsification (Bohren, 2016).

λ3p0, θ3q

λ4 ě 1{2
1{4 ď λ4 ă 1{2

λ4 ă 1{4

π

λR
3

0
1
2 1

(a) If s˚
2 pθ2q “ θ2.

λ3p0, θ3q

λ4 ě 1{2
1{4 ď λ4 ă 1{2

λ4 ă 1{4

π

λR
3

0
1
2 1π̃

(b) If s˚
2 pθ2q “ θ1.

Figure 4.5: The cut-off for player 3 under rationality when N “ 4.

The change to rationality does not affect player 4’s cut-off. Her ability to observe the

actions of all other players means that, whether she presumes all other players to truthfully

reveal or not, her incentive to falsify remains unchanged. The observation that the last

player’s cut-off is not affected by the use of a heuristic generalises to any group size as the

last player does not need to calculate conditional state probabilities, and cannot mispredict

successors’ actions.

Lemma 2(ii)-(iii) suggest a general pattern for interior players. If a credulous player

i P t2, . . . , N ´ 1u correctly interprets her predecessors’ actions but neglects the social

pressure of a sufficiently uniform history on her successors’ actions, then the rational cut-

off is higher than the credulous cut-off. Intuitively, underestimating the social pressure

on successors leads the credulous player i to feel less social pressure herself. If instead

a credulous player i neglects the social pressure in determining her predecessors’ actions,
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but correctly infers that neither she nor her predecessors have a strategic externality on

her successors’ actions, then the rational cut-off is lower. Intuitively, overestimating the

prevalence of type 1´θi based on the history leads the credulous player i to feel more social

pressure.

Said pattern complements Kahan’s (2013) finding that, relative to a heuristic reasoning

style, an effortful System 2 reasoning style tends to magnify identity-protective cognition -

the fitting of one’s action to the group’s expected average action. In particular, we show

that when players move sequentially, the validity of this conclusion depends on whether the

heuristic reasoning style affects a player’s understanding of the history or forecasting of the

future. Moreover, the pattern corroborates Kuran and Sunstein’s (1999) prediction that an

(availability) heuristic interacts with the boundaries of acceptable nonconformism.

Lemma 2 provides insights for policy. A rationality boost only affects the behaviour

of interior players. Moreover, this boost can have heterogeneous effects: a boost that

induces player 2 to always agree with player 1 instead of truthfully revealing her type

does not necessarily have the same effect on later players. Given 1{4 ď λ4 ă 1{2 and

π ą π̃, if λR
3 ph30, θ3q ď λ3 ă λ3p0, θ3q and λ2p0, θ2q ď λ2 ă λR

2 ph20, θ2q, where h30 “

t1´θ2, 1´θ2u and h20 “ t1´θ2u, respectively, player 3 switches from falsifying to truthtelling

but player 2 switches from truthtelling to falsifying. Therefore, the elimination of heuristic

decision-making does not guarantee that more players truthfully reveal their types. An

intervention that lowers the pressure to conform in the presence of heuristic decision-making

(Section 4.6.1) may be more effective. If nonetheless chosen by a policy maker, a rationality

boost could, in practice, be implemented by disseminating infographics (e.g., Spiegelhalter

et al., 2011); for example, a unit interval displaying where a player’s conformity motive lies

relative to each of her peers’.

4.4 Aggregate Behaviour

We use our results on individual behaviour from Section 4.3 to derive aggregate behaviour

in a group of four players. Given that piq the group is small, which could model close

friends, and piiq individuals tend to associate with others who are similar to themselves so

that they share behavioural characteristics (McPherson et al., 2001), we consider players

with homogeneous conformity motives: λ :“ λi “ λj for all i ‰ j P N . This assumption

also allows us to focus entirely on the role of players’ presumptions in order to answer our

main research question: does a more complex heuristic make uniform behaviour less likely?

To compare outcomes across credulous, sceptical and rational groups, we first introduce the
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concept of locking in an action from period k.15

Definition 4 (Lock-in). An action is locked in from period k if, and only if,

(i) s˚
j pθjq “ s˚

kpθkq for all j P tk ` 1, . . . , Nu, and

(ii) Kk ą pk ´ 1q{2.

Lock-in necessitates players k to N to take the same action. This action has to have a

majority at period k: condition (ii) delays lock-in to a period k in which sk could be taken

by a credulous player of either type. A direct implication of condition (ii) is that lock-in

cannot occur in period 1 because the first player always tells the truth. Further, condition

(ii) implies that the edited history does not change under lock-in: sceptical players k to

N face the same edited history. Consequently, the increase in social pressure from moving

one period later after that an action has been locked in is lower for sceptical than for

credulous players. The effect of lock-in under credulity formalises Kuran and Sunstein’s

(1999) argument that the availability heuristic interacts with social mechanisms to generate

a cascade that (i) “progressively frees public discourse of voices out of tune with the evolving

chorus”, and (ii) “facilitates [players’] participation in the evolving consensus” by “making

their private preferences seem increasingly unusual” (p.731).

Theorem 1. The mapping between types and actions, pθ, θ2, θ3, θ4q ÞÑ ps1, s2, s3, s4q, is:16

(i) pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq if

#

λ P
“

0, λ2p0, θ2q
˘

when credulous or sceptical,

λ P
“

0, λR
2 ph20, θ2q

˘

when rational,

where λR
2 ph20, θ2q ą λ2p0, θ2q.

(ii) pθ, θ, θ3, θ4q ÞÑ pθ, θ, θ, θq and pθ, 1 ´ θ, θ3, θ4q ÞÑ pθ, 1 ´ θ, θ3, θ4q if
$

’

’

&

’

’

%

λ P
“

λ2p0, θ2q, λ3p0, θ3q
˘

when credulous,

λ P
“

λ2p0, θ2q, λ3phS30, θ3q
˘

when sceptical,

λ P
“

λR
2 ph20, θ2q, λR

3 ph30, θ3q
˘

when rational,

where λR
3 ph30, θ3q ą λ3p0, θ3q ą λ3phS30, θ3q.

(iii) pθ, θ, θ, θ4q ÞÑ pθ, θ, θ, θq and tpθ, θ, 1 ´ θ, θ4q, pθ, 1 ´ θ, θ, θ4q, pθ, 1 ´ θ, 1 ´ θ, θ4qu ÞÑ

pθ, θ2, θ3, θ4q if
$

’

’

&

’

’

%

λ P
“

λ3p0, θ3q, λ4p0, θ4q
˘

when credulous,

λ P
“

λ3phS30, θ3q, λ4p0, θ4q
˘

when sceptical,

λ P
“

λR
3 ph30, θ3q, λ4p0, θ4q

˘

when rational.
15We show in Section A.3.3 that the insights from Section 4.4 are robust to heterogeneity in the level of

rationality within the group.
16To simplify the exposition, we set θ1 “ θ. For example, pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq means that piq player

1 truthfully reveals, s˚
1 pθq “ θ, and piiq players 2, 3 and 4 agree with player 1, no matter what their types

are: s˚
j pθjq “ θ for j “ 2, 3, 4.

86



(iv) pθ, θ2, θ3, θ4q ÞÑ pθ, θ2, θ3, θ4q if λ P
“

λ4p0, θ4q, 1
‰

when credulous, sceptical or rational.

Theorem 1(iii) highlights that a change from credulity to scepticism may delay the

possibility of lock-in by one period to k “ 4. Furthermore, for λ3phS30, θ3q ď λ ă λ3p0, θ3q,

the probability of observing uniform behaviour falls by πp1´ πq. While a more informative

environment increases the range of conformity motives for which lock-in can be delayed, the

effect on the probability of observing uniform behaviour is smaller (Figure 4.6a).

Theorem 1(i) highlights that a change from credulity to rationality may bring forward

the possibility of lock-in by one period to k “ 2. Furthermore, for λ2p0, θ2q ď λ ă

λR
2 ph20, θ2q, the probability of observing uniform behaviour increases by 2πp1 ´ πq. The-

orem 1(ii) highlights that a change to rationality can also bring forward the possibility of

lock-in to k “ 3. For λ3p0, θ3q ď λ ă λR
3 ph30, θ3q, the probability of observing uniform

behaviour increases by πp1´πq. In this case, a less informative environment increases both

the range of conformity motives for which lock-in can be brought forward and the effect on

the probability of observing uniform behaviour (Figure 4.6b).

λ3phS
30, θ3q

λ3p0, θ3q

π

λ

0

2
5

1
4

πp1 ´ πq

delay

11
2

(a) Scepticism boost.

λR
3 ph30, θ3q

λ3p0, θ3q

λ2p0, θ2q

λR
2 ph20, θ2q

π

λ

0

1
2

forward

πp1 ´ πq

2πp1 ´ πq

11
2

(b) Rationality boost.

Figure 4.6: Effect of boosts in parameter space pπ, λq.

The preceding discussion reveals that a scepticism boost in the aggregate only ever has

an effect in a moderately conformist group. This result contrasts with the effectiveness of a

targeted scepticism boost in Section 4.3.1, where a policy maker only needed to know the

informativeness of the environment. For effectiveness at the aggregate level, he also needs

to know the common conformity motive. A rationality boost has a close-to-maximal effect

in a relatively or moderately conformist group when the environment is uninformative.

87



The comparison of the boosts highlights that scepticism is not sufficient to incentivise

players to adopt a positive social norm, such as pro-climate behaviour: to lock in the action

corresponding to the state of the world, a boost to rationality is necessary. In addition,

policy maker needs to know, or be able to influence, what type of player moves first.

We can use Theorem 1 to derive the ex-ante probability of uniform behaviour. This

summary statistic allows us to analyse the expected effect of a boost to scepticism or

rationality prior to the interaction. To facilitate the result, we assume that the common

conformity motive is drawn from a continuous distribution F with full support.

Corollary 1. For any F , a scepticism (rationality) boost reduces (increases) the probability

of uniform behaviour.

Given that F is strictly increasing on the unit interval, uniform behaviour is always

more (less) likely in a credulous than a sceptical (rational) group. Hence, a policy maker

can use a scepticism boost to reduce the ex-ante probability of uniform behaviour and a

rationality boost to increase it. Depending on the distribution of conformity motives, the

effect of a rationality boost can be larger or smaller than the effect of a scepticism boost.

In the special case that all conformity motives are equally likely prior to the interaction,

λ „ Ur0, 1s, the change in the ex-ante probability of uniform behaviour from a rationality

boost is larger.

4.4.1 Pluralistic Ignorance

If players are credulous, lock-in can generate a false consensus effect: when k “ 2 (Theo-

rem 1(i)), a credulous player who chooses an action that matches her type concludes that

all other players share her type. She mistakenly concludes her type to be the consensus.

Every credulous player who falsifies her type, in contrast, concludes that she is the only de-

viant. While she falsifies her type, she concludes that no one else does, so that the heuristic

triggers “illusory feelings of deviance” (Miller and Prentice, 1994).

Credulous players who falsify their types suffer from pluralistic ignorance: credulity

leads them to “infer that the identical actions of the self and others reflect different internal

states” (Miller and McFarland, 1987, p.298).17 To formalise pluralistic ignorance, we adopt

a broad definition that is based on an underestimation of the prevalence of one’s type at

the time of one’s choice.

Definition 5 (Pluralistic ignorance). Player i’s strategy to falsify her type is pluralistically

ignorant if λipMi, θiq ą λi ě λiph
S
i , θiq.

17Pluralistic ignorance has also been shown to arise when players adhere to a social norm based on the
false presumption that others will enforce it (Centola et al., 2005).
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A player’s strategy is pluralistically ignorant if she only falsifies her type because she

takes the history of play at face value. In our model, pluralistic ignorance is, thus, essentially

a form of social availability error (Kuran and Sunstein, 1999), triggered by the interaction of

an (availability) heuristic and the social mechanism of conformity. A number of implications

follow from Definition 5. First, a credulous player has to be in the minority when she makes

her choice. She would never choose to falsify her type when Mi ě pi ´ 1q{2. Second, a

credulous player must underestimate the prevalence of her type.18

4.4.2 Social Welfare

So far, we discussed informally the possibility that a policy maker wishes to (i) increase truth

telling, or (ii) incentivise players to adopt a positive social norm. We now use Theorem 1

to offer a more formal welfare analysis in the group of four players with homogeneous

conformity motives when the policy maker’s objective is to maximise the sum of players’

utilities.

This utilitarian objective may be appropriate if the policy maker has no agenda of his

own, say, to elicit the true distribution of types in the group to preserve diversity in public,

or remain capable of acting given the principle of unanimity.19 Hence, when ex-ante neither

extreme of universal truth telling nor uniform behaviour with certainty is preferable to the

other possible outcomes, a policy maker may wish to treat all players equally by defining

W “
ř

iPN ErUpsi; θi, λiqs.

Corollary 2. A utilitarian policy maker prefers

(i) pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq if λ P r0, λ1q,

(ii) pθ, θ, θ3, θ4q ÞÑ pθ, θ, θ, θq and pθ, 1 ´ θ, θ3, θ4q ÞÑ pθ, 1 ´ θ, θ3, θ4q if λ P pλ1, λ2q,

(iii) pθ, θ, θ, θ4q ÞÑ pθ, θ, θ, θq and tpθ, θ, 1 ´ θ, θ4q, pθ, 1 ´ θ, θ, θ4q, pθ, 1 ´ θ, 1 ´ θ, θ4qu ÞÑ

pθ, θ2, θ3, θ4q if λ P pλ2, λ3q,

(iv) pθ, θ2, θ3, θ4q ÞÑ pθ, θ2, θ3, θ4q if λ P pλ3, 1s,

18Our insights echo Bicchieri (2005, p.187-188):

pluralistic ignorance occurs when individuals engage in social comparison and other people’s
behavior is observable, but there is no transparent communication, in that public stances
may differ from private attitudes and preferences. Individuals, however, will assume that the
observed behavior is consistent with the actors’ underlying attitudes and preferences. Hence,
when the observed behavior points to the existence of a shared norm, people in the grip of
pluralistic ignorance will tend to conclude that the norm is widely endorsed and feel compelled
to conform.

19The Council of the EU (2020), for example, has to vote unanimously on a number of matters which the
member states consider to be sensitive.
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where λ1 :“ r6 ` 4πp1 ´ πqs{r15 ` 4πp1 ´ πqs ą λR
2 ph20, θ2q, λ2 :“ r12 ` 8πp1 ´ πqs{r21 `

26πp1 ´ πqs ą λR
3 ph30, θ3q and λ3 :“ 4{7 ą λ4p0, θ4q.

Given that λ1 ą λR
2 ph20, θ2q, a utilitarian policy maker prefers uniform behaviour

with certainty, that is, the first mapping in Theorem 1, more often than it obtains in

the interaction - whether players are credulous, sceptical or rational. This observation

also implies that a utilitarian policy maker prefers the four players to be rational for

λ P
“

λ2p0, θ2q, λR
2 ph20, θ2q

˘

. Hence, for this range of conformity motives, a utilitarian policy

maker achieves the welfare-maximising mapping through a rationality boost.

Similarly, for λ P
“

λ3p0, θ3q, λR
3 ph20, θ3q

˘

, a utilitarian policy maker prefers the four play-

ers to be rational to bring forward the possibility of lock-in to period 3 and increase the

probability of uniform behaviour. For this range of conformity motives, a rationality boost

improves the outcome of the interaction from the policy maker’s perspective but does not

necessarily achieve the welfare-maximising mapping. For sufficiently uninformative environ-

ments, the policy maker ideally would want to forward lock-in even further to period 2. For

sufficiently informative environments, a rationality boost does maximise social welfare. As

an implication of this observation, a scepticism boost cannot be optimal from a utilitarian

policy maker’s perspective.

4.5 Complete Information

In our analysis so far, players faced uncertainty about the state. An important question for

policy is, thus, whether incomplete information is necessary for heuristic decision-making to

have its full effect on individual and aggregate behaviour. If complete information about the

state is sufficient for preference falsification and lock-in of a certain action, a policy maker

may be able to adjust the information structure rather than altering players’ presumptions.20

Therefore, we now revisit our results from Section 4.3 and Section 4.4 under complete

information.

When the state is known, it ceases to matter whether a player’s predecessors are truthful

as their actions are not used for predicting successors’ actions. A credulous or sceptical

player may only underpredict how uniform her successors’ play will be given the history

and her action. As editing the history becomes unnecessary, the complete information cut-

offs of credulous and sceptical players coincide. Thus, the following characterisation applies

20Common knowledge of the state implies independence of players’ types but the probability of the types
need not be one-half. Alternatively, we could study an uninformative environment (i.e., π Ñ 1{2). However,
this approach is less flexible as one would approach independence with a uniform probability of the two
types.
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to both a credulous and sceptical player i. Define π :“ rN ´ 1 ´ 2Mis{r2pN ´ iqs and

π̄ :“ rN ` 1 ´ 2pi ´ Miqs{r2pN ´ iqs.

Lemma 1 (Complete information). In period i P t1, . . . , N ´ 1u, if θi “ ω and

(i) Mi ě pi ´ 1q{2, player i truthfully reveals her type;

(ii) p2i´N ´ 1q{2 ă Mi ă pi´ 1q{2, a sufficiently conformist player i falsifies her type in

an uninformative environment π ă π;

(iii) Mi ď p2i ´ N ´ 1q{2, a sufficiently conformist player i falsifies her type;

In period i P t1, . . . , N ´ 1u, if θi ‰ ω and

(iv) Mi ě pN ´ 1q{2, player i truthfully reveals her type;

(v) pi ´ 1q{2 ă Mi ă pN ´ 1q{2, a sufficiently conformist player i falsifies her type in an

informative environment π ą π̄;

(vi) Mi ď pi ´ 1q{2, a sufficiently conformist player i falsifies her type.

Lemma 1 (Complete information) highlights that the first player may falsify her type

under complete information. If she knows her type to differ from the state and neglects

her successors’ conformity motive, she expects to match most successors’ actions through

falsification. Hence, knowledge of the state prevents a sufficiently conformist first player

from locking in the action that does not match the state from period 2.

Compared to when the state is unknown, complete information introduces more factors

in a credulous player’s decision rule. Cases piq and pviq are similar to Lemma 1C: when at

least half of the preceding players have agreed with player i’s type that matches the state,

she truthfully reveals; conversely, when at least half have disagreed with the type that does

not match the state, a sufficiently conformist player falsifies. As long as at least half of all

other players have agreed with player i’s type that does not match the state (case pivq),

even a conformist player is guaranteed to truthfully reveal. Moreover, as long as player i is

in a relatively small minority (case (iii)), falsification is possible in any environment even

when player i knows her type to match the state.

When the number Mi of agreeing predecessors is in an intermediate range, falsifica-

tion is possible in certain environments. When player i’s type does match the state (case

piiq), she needs to be sufficiently conformist and the environment needs to be sufficiently

uninformative for the probability of many successors announcing θi to be perceived to be

low. When player i’s type does not match the state (case pvq), she needs to be sufficiently
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conformist and the environment needs to be sufficiently informative for the probability of

many successors announcing θi to be perceived to be low.

Player N ’s decision whether to falsify is independent of her type matching the state.

She observes the full history of play, and does not have to predict her successor’s based on

the realisation of the state. Therefore, her behaviour reduces to that in Lemma 1.21

We can now compare the cut-off of a credulous player i P t1, . . . , N ´1u under complete

and incomplete information: if her type matches the state, the complete information cut-

off is lower; if it does not match, the cut-off is higher. To show this, fix θi “ 1 without

loss of generality. The incomplete information cut-off is λipMi, 1q with Ers̄´i|Mi, 1s “

Mi{pN ´ 1q ` qpN ´ iq{pN ´ 1q, where q :“ Prpω “ 1|Mi, 1qπ ` Prpω “ 0|Mi, 1qp1 ´ πq.

Under complete information, q is replaced by π if the player’s type matches the state, and by

1´π if it does not. Given that 1´π ă q ă π, we have Ers̄´i|Mi, 1;ω “ 0s ă Ers̄´i|Mi, 1s ă

Ers̄´i|Mi, 1;ω “ 1s which implies λipMi, 1;ω “ 0q ą λipMi, 1q ą λipMi, 1;ω “ 1q.

Further, if the number of predecessors agreeing with a player remains constant, Mi “

Mi`1, the distance between the complete and incomplete information cut-offs is smaller

when player i moves in period i ` 1. Intuitively, the state has less importance in the

expected average action: there are fewer actions to predict, and only for those actions does

knowledge of the state matter. For example, when θi “ ω “ 1, the expected average action

falls by π{pN ´ 1q under complete information, but only by q{pN ´ 1q under incomplete

information from period i to period i`1. Together with the concavity of the player’s cut-off

in the expected average action and the expected average action being higher under complete

information, the conclusion follows.22

Given the insights for player 1 to N ´ 1, a policy maker who prefers (i) truth telling if

a player’s type matches the state, and (ii) falsification if it contradicts the state, can make

common knowledge which type is more likely held by the majority. Given heuristic decision-

making, this intervention will be more effective in sufficiently informative environments.

Under incomplete information, Definition 1 had two effects: an informational externality

whenever a credulous player incorrectly inferred the state, and the neglect of a strategic

externality on successors’ actions. Due to the interaction of the two effects, a rational

player’s cut-off in Lemma 2 could be higher or lower.

Lemma 2 (Complete information). Let i “ N ´ 1 and ω be known. Compared to her

credulous or sceptical counterpart, the rational player’s cut-off is

(i) weakly greater if Mi ă pi ´ 1q{2;

21In particular, when i “ N , cases piq and pivq become equivalent, as do cases piiiq and pviq. Moreover,
the intervals in cases piiq and pvq no longer exist.

22The same conclusion follows when θi “ 1 ‰ ω as Ers̄´i|Mi, 1;ω “ 0s is lower and falls by less.
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(ii) weakly lower if Mi ą pi ´ 1q{2;

(iii) weakly lower (greater) if her type does not match (matches) the state and Mi “ pi ´

1q{2.

Under complete information, the first effect is absent. Rationality only corrects for

strategic externalities. Hence, Lemma 2 (Complete information) suggests that a rational

player may act differently because she takes into account that social pressure can alter

later players’ actions. She considers that the social pressure on her successors increases

(decreases) when she agrees (disagrees) with most of her predecessors. When her type is in

the majority (minority) at hi, this understanding lowers (increases) her cut-off to truthfully

reveal her type. The absence of the first effect, therefore, leads to a clear-cut adjustment

following a rationality boost, depending on whether a player’s type is in the majority at

the time of her decision. In contrast to incomplete information, a policy maker can, thus,

unambiguously predict the effects of a rationality boost on individual players’ behaviour.

We use our preliminary results to provide new insights on aggregate behaviour under

complete information and homogeneous conformity motives.

Theorem 1 (Complete information). (i) The mapping between types and actions is

pθ, θ2, . . . , θN q Ñ pω, ω, . . . , ωq if λ P
“

0, p2π ´ 1q{p2πq
˘

in a group of credulous or scep-

tical players.

(ii) The mapping pθ, θ2, . . . , θN q Ñ pθ, θ, . . . , θq does not exist if π ě pN ´ 1q{p2N ´ 3q

in a group of credulous or sceptical players.

First, disseminating information about the state of the world can be an effective alterna-

tive to an aggregate rationality boost (Figure 4.6b) to incentivise the adoption of a positive

social norm: to ensure lock-in of the action corresponding to the state, a policy maker

needs to know that the homogeneous group is sufficiently conformist. In highly informative

environments, it suffices to know that the group cares relatively more about conforming

than matching one’s type.

Second, under incomplete information, a highly conformist group always followed the

first player (Theorem 1(i)). Under complete information, in contrast, a sufficiently infor-

mative environment prevents lock-in of the action corresponding the the first player’s type

from period 2. In a four-player example, this informativeness threshold is π “ 3{5. Further,

the threshold is decreasing in the number of players so that lock-in of θ from period 2 under

complete information becomes essentially impossible in very large homogeneous groups.
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4.6 Concluding Remarks

In this paper, we analysed heuristic decision-making. To understand its effect on individual

behaviour, we first derived the conditions under which a credulous, sceptical or rational

player falsifies her type. Whilst a credulous player is less likely to falsify when she belongs

to a sizeable current minority, the same conclusion does not need to hold for a sceptical

player. We showed that, by changing the informativeness of the environment, the behaviour

of credulous and sceptical players may diverge: credulous players boosted to scepticism

may switch from conforming to revealing. Moreover, compared to rationality, credulity

does not necessarily exacerbate falsification. Our results suggest that correctly interpreting

predecessors’ actions but neglecting the social pressure on successors leads a credulous player

to feel less social pressure; conversely, neglecting the social pressure on her predecessors but

correctly predicting successors’ behaviour leads her to feel more.

To understand the effect on aggregate behaviour and answer our main research question,

we characterised the mapping between types and actions when four players have homoge-

neous conformity motives. We showed that a boost from credulity to scepticism can delay

the possibility of an action being locked in, whilst a boost to rationality can bring this

possibility forward. Scepticism can also reduce the probability of uniform behaviour, whilst

rationality can increase it. Moreover, the relative effect of rationality on the probability

of uniform behaviour is greater than that of scepticism when all conformity motives are

ex-ante equally likely.

Our final analysis examined the implications of making the state of the world common

knowledge. Under complete information, credulous and sceptical players’ behaviour coin-

cides because predecessors’ actions are not used to predict successors’ actions. Unlike under

incomplete information, the first player may falsify when the state is known. If her type

differs from the state, the use of a heuristic may lead her to falsify to match most successors’

actions. Generically, if a player’s type matches the state, the degree of conformity required

for her to falsify is higher; if it does not match, it is lower. Moreover, under complete

information, a sufficiently informative environment prevents an action from being locked in

from the second period.

Throughout the paper, we considered a setting where players are aware of their type.

However, literature in behavioural economics has shown that due to, inter alia, dynamic

inconsistency (Laibson, 1997), or context dependency and framing effects (Tversky and

Kahneman, 1981), players may not always know their true type. As March (1978) pointed

out, “[l]imitations of memory organization and retrieval and of information capacity affect

information processing about preferences just as they affect information processing about
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consequences”. Thus, the inclusion of uncertainty about one’s type is a promising direction

for future research to fully understand the effects and potential interdependencies of these

two types of cognitive limitations (i.e., attribution bias and limited recall).

To highlight the implications of our results and the welfare impact of heuristic decision-

making, we conclude with two applications that vary the nature of players’ actions and

types. In some situations, a policy maker will want to boost credulous players to scepticism

or reduce conformity to limit pluralistic ignorance, thereby improving collective decision-

making. In other situations, rationality, an informative environment, or even common

knowledge of the state will be optimal for positive social change: locking in an action early

on may be desirable to maximise social welfare.

4.6.1 Avoiding Misinformation

Our model sheds light on organisational decision-making: in boardrooms and on commit-

tees, a player’s action is naturally interpreted as her public opinion. She also holds a fixed

private opinion on the debated issue. In these situations, it is conventional wisdom that, if

the chair opens the meeting by declaring what she expects its outcome to be, the attendees

are almost guaranteed to agree with her, whether or not they believe the chair’s plan to be

sensible (Hill, 2018). The attendees are victims of groupthink : their “strivings for unanim-

ity override their motivation to realistically appraise alternative courses of action” (Janis,

1972, p.9).

Lemma 1C captures three symptoms of groupthink: self-censorship takes the form of

falsification, the illusion of unanimity is a false consensus, and pressure on dissenters is

a form of social pressure. Given that groupthink is commonly associated with inferior

decision-making, illustrated by the Challenger disaster (Janis, 1991), a policy maker may

wish to generate a situation in which players feel less pressure to conform.

One option discussed in Section 4.3.1 and Section 4.4 is to boost credulous players

to reflect on the history of play without knowing their predecessors’ conformity motives.

Alternatively, a policy maker can aim to reduce credulous players’ weights on conforming.

Lemma 1C gives the target weight for arbitrary histories. To induce attendees with a view

differing from the chair to speak their mind, they need to care less about being judged.

Their desire to conform may be diminished through secret ballots, blind vetting, or diversity

(Kets and Sandroni, 2021). More generally, small-group interventions include safe spaces

and confidential conversations with counsellors. In large groups, indirect survey techniques

may help diminish biases from social desirability such as underreporting (Rosenfeld et al.,

2016). The surveyor may, for example, guarantee a respondent anonymity.
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4.6.2 Social Engineering

A player’s decisions to falsify her type creates inefficiencies when an inferior status-quo

is locked in. The very same mechanism, however, can enhance welfare (Kuran, 1995) by

creating cohesion, silencing minor disagreements, or levering social change; for example,

when individual positive behaviour is costly and requires widespread adoption to pay off

for society at large. Such social engineering can incentivise a re-thinking on important

issues like climate change, tax compliance and political correctness, which can lock in a

welfare-enhancing equilibrium.

One example is a shared commitment to pro-climate behaviour. As noted by Milden-

berger and Tingley (2019), second-order beliefs structure people’s climate-related behaviours:

what one believes everyone else believes determines whether one acts green. They show that

people underestimate both pro-climate beliefs and the support for pro-climate policies, and

that support increases after people update their second-order beliefs. Here, we interpret

public support for pro-climate policies as a player’s action, and second-order beliefs as

players’ presumptions about other players’ types.

In our model, the underestimation can be indicative of little public information regarding

the distribution of types: a low informativeness of each player’s type about the state. In this

case, disseminating information about the distribution of types is required. The intervention

reduces the uncertainty about the majority type, and makes collective behaviour change

more likely. From the cut-offs derived in Lemma 1C, it follows that credulous players in a

large group only need to care relatively more about conforming than matching their types

to alter their behaviour in highly informative environments. Consequently, a policy maker

can either induce a norm of pro-climate behaviour or avoid a “welfare-damaging equilibrium

condition where individuals fail to coordinate even though all desire some form of political

action because they believe that others do not share their willingness to act” (Mildenberger

and Tingley, 2019, p.1285).

Empirical evidence on the intervention’s effectiveness is provided by Geiger and Swim

(2016): individuals are more willing to discuss climate change when they are made aware

of others’ concern. Similar interventions have been shown to be effective at increasing

charitable donations (Frey and Meier, 2004) and public good contributions (Ostrom, 2000),

as well as moving voters to more moderate political positions (Ahler, 2014).

Whenever the pro-climate behaviour corresponds to the state of the world, it can be

more effective to disseminate publicly which type is more likely held by the majority (Sec-

tion 4.5). Whenever a policy maker knows or can influence what type of player moves

first, a rationality boost (Section 4.4) can have a similar effect to information dissemination

about the distribution of types.
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Chapter 5

Conclusion

Information asymmetries are a salient factor in determining individuals’ incentives – with

profound implications for the outcomes in economic exchange. Therefore, developing a

deeper understanding of the value of information for decision-makers has long played a cen-

tral role in economic theory, including the development of a general framework of Bayesian

games for applied economic modelling of information asymmetries, a formalisation of con-

cepts like adverse selection or moral hazard, as well as tools such as screening and signalling.

In this thesis, I built on these longstanding concepts in microeconomic theory and in-

formation economics. I combined those with behavioural elements to examine real-world

phenomena through a different lens. Specifically, by introducing non-standard preferences,

non-standard beliefs, and non-standard decision-making into the standard models of sig-

nalling (Spence, 1973), Lancaster’s (1966)’s product characteristics approach, and the the-

oretical framework of preference falsification (Kuran, 1987a,b, 1995), I contributed to a way

of doing economics that is relevant to society.

In the first essay, I developed a game-theoretic framework in which an evaluator is

biased against females and his bias is common knowledge. I showed that, above a threshold

bias, the evaluator prefers a blind audition to provide high effort incentives exclusively for

high-ability applicants. I also showed that a highly biased evaluator’s preferences align

with those of a highly able female. The introduction of performance uncertainty may lead

to market failure or may render informed auditions more profitable, rationalising ability-

targeting interventions. While a full employment subsidy can be a viable alternative to a

blind audition for low biases, a simple quota cannot provide equal opportunity and targeted

effort incentives in my benchmark model. Finally, I showed that it can be optimal to reveal

ability through a gender-blind CV.

The framework I developed in this essay opens up intriguing avenues to further examine

the potential trade-off between policies mitigating biases and effort incentives for applicants.

For example, I assumed throughout that the evaluator’s level of bias is common knowledge.
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However, applicants may be uncertain or may underestimate the evaluator’s bias. Moreover,

the evaluator himself may only be partially sophisticated or naive about his bias when

choosing the audition form. Besides the limitation that the framework currently cannot

capture forms of bias that work at a subconscious level, I used a reduced-form bias parameter

throughout. Hence, a promising avenue for research is to microfound the evaluator’s bias.

Another important avenue for further research is to introduce competition among applicants,

for example, through a tournament model. The extension to competition among applicants

would also provide an opportunity to compare blind auditions to affirmative action policies

more broadly. For example, one could consider “plus factoring” as a mandated tie-breaking

rule in a point-system for an informed audition that requires that, if two applicants came

along and both had the same qualifications and experience, the evaluator would choose the

female applicant as part of the affirmative action policy (Cornell Law School LII, n.d.).

In the second essay, I developed a model that explains a handmade strategy of firms

in an era of technological advancement through a handmade effect on the consumer side.

I deployed the model to generate insights whenever a firm chooses between a conventional

production process and an alternative production process – including Fair Trade, organic

produce, and local produce. I showed that when consumers are willing to pay a sufficiently

high handmade premium, the monopolist chooses production by hand over superior machine

production. When the firm is part of a duopoly, the existence of “conscious” shoppers can

explain the firms’ specialisation and, thus, the observed co-existence of handmade and

machine-made products in the economy. Finally, through the introduction of shoppers

uncertain about the appropriate consumption behaviour, a monopolist may be able to use

a handmade strategy to signal a social norm of conscious consumption.

As I made several simplifying assumptions to model the “handmade” phenomenon, the

essay opens up intriguing avenues to examine in greater detail a situation in which conscious

shoppers and quality shoppers interact. For example, I assumed that quality shoppers gain

utility only from product quality; they are not concerned about their reputation when mak-

ing the buying decision. More realistically, however, while not caring about the production

process per se, quality shoppers may incur a positive spillover when buying a handmade

product that is also purchased by conscious shoppers. One could also envisage a situation in

which regulation forces firms to state their production process on the packaging. This would

modify my Assumption 2 to a “two-sided concern” as both hand and machine production

would be salient to the conscious shopper. Moreover, in the baseline model, I limit my firm

to producing a single type of product – handmade or machine-made. Given the significance

of this assumed restriction, I already devoted Section 3.3.2 to a robustness check that anal-

ysed the monopolist’s production decision when not limited to producing only one type of
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product. However, one could study more fully how relaxing this restriction would affect,

say, the duopoly or the signalling game. Finally, my additional materials in Section A.2

provide a starting point to: (i) further study other equilibrium candidates in the class of

subgames in which the duopolists use different production processes (i.e., specialise), as

well as sequential moves in the duopoly, which is arguably a better fit for many applications

where firms are aware of whether their competitors are engaging in handmade production;

and (ii) consider more extensively pooling and hybrid equilibria in the signalling game, as

well as a specification where conformists’ willingness to pay is increasing smoothly in the

expected fraction of conscious shoppers.

In the third essay, we analysed heuristic decision-making in social settings without com-

munication. To understand its effect on individual behaviour, we first derived the conditions

under which a credulous, sceptical or rational player falsifies her type. To understand the

effect on aggregate behaviour and answer our main research question, we then characterised

the mapping between types and actions in a group of four players. Finally, we considered

the implications of making the state of the world common knowledge.

Throughout the analysis, we assumed that players are aware of their type. However,

similar to the first essay, due to dynamic inconsistency, context dependency and framing

effects, this need not be the case. Thus, the inclusion of uncertainty about one’s type

is a promising direction for future research to fully understand the effects and potential

interdependencies of these two types of cognitive limitations (i.e., attribution bias and

limited recall). Finally, my additional materials in Section A.3.2 provide a starting point

to further explore an alternative model of scepticism that places a sceptical player on a

continuum between a fully rational and credulous player. This may provide a more intuitive

definition of sophistication where a sophisticated player i believes that there are two kinds

of players in the population (i.e., individualistic and moderately conformist players) when,

in fact, all players are conformist to some degree. Another restriction in the baseline model

is that the groups considered are homogeneous in their level of rationality. Given the

significance of this assumed restriction, we already devoted Section A.3.3 to a generalisation

of four-player groups featuring any combination of rationality levels. A starting point for

examining in more depth the effect of heterogeneity in the level of rationality may be the

alternative model of scepticism set out in Section A.3.2: by varying the probability with

which a fellow player is believed to be only concerned with matching their type amongst

sceptical players 2 and 3 (i.e., ε2 and ε3), we have a mixture of rationality levels within the

four-player group. This highlights that in this alternative model of sophistication we would

need to address higher-order beliefs by assuming εi to be common knowledge.
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Appendix A

Additional Materials

A.1 Chapter 1 Additional Materials

A.1.1 Refinements in Separating Blind Audition

For the evaluator’s belief that only high-ability applicants exert high effort to be consistent,

he needs to have a sufficiently high bias; that is, β P βH
B :“ p

?
17 ´ 3, 2q. In this case, low-

ability applicants do not participate and the information set qL is not reached. Therefore,

the evaluator’s belief at qL is not determined by equilibrium play; in other words, perfect

Bayesian equilibrium does not place restrictions on this belief as it is off the equilibrium

path.

Furthermore, note that the Intuitive Criterion (Cho and Kreps, 1987) is moot. In the

separating blind audition, exerting low effort is equilibrium dominated for all types. In

particular, for a low-ability applicant, the equilibrium payoff from dropping out is greater

than the highest possible payoff from exerting low effort. For a high-ability applicant, the

equilibrium payoff from exerting high effort is greater than the highest possible payoff from

exerting low effort. Therefore, the requirement that the evaluator’s belief at qL places zero

probability on nodes that are reached only if an applicant plays an equilibrium dominated

strategy does not apply. It is not possible for the belief at qL to place zero probability on

all four nodes simultaneously.

A.1.1.1 Refinement based on Deviation Payoffs

I argue, however, that the evaluator’s belief that the applicant is of low ability when observ-

ing a deviation to qL is a reasonable restriction. Suppose to the contrary that, for a given

bias β P βH
B , in the separating blind audition, the evaluator also believes the applicant to

be of high ability if she delivers a low-quality performance behind the curtain. This essen-

tially means that, if a low-quality performance is to be observed, it is because a high-ability

applicant has trembled and chosen an easy piece by accident, or she rests on her laurels of
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being believed to be of high ability irrespective of the difficulty of the piece performed. In

other words, a low-quality performance is not observed because a low-ability applicant is

attracted to the audition to exploit the evaluator’s belief at qL. This perturbation of the

evaluator’s belief implies that, he expects a higher gross utility of

ErV |qLs “ qL ` Erη|qLs ´
β

2
“ 1 ` 2 ´

β

2

from hiring the applicant at qL. Therefore, the probability of being hired at this information

set changes to

Prphired|qLq “ Pr

ˆ

Ū ď 3 ´
β

2

˙

“
2 ` β

4 ` 2β
.

Note that the hiring probability at qL is higher than the one under the evaluator’s original

belief, β
4`2β . Intuitively, if the evaluator believes the applicant behind the curtain to be of

high ability when hearing an easy piece, he should be more willing to hire her and overlook

her mistake. Due to the altered hiring probability, the applicant’s effort incentives change

to

UpeL, ηLq “
2 ` β

4 ` 2β
w ´

1

2
,

UpeH , ηLq “
4 ` β

4 ` 2β
w ´ 2,

UpeL, ηHq “
2 ` β

4 ` 2β
w ´

1

4
,

UpeH , ηHq “
4 ` β

4 ` 2β
w ´ 1,

where w :“ ErŪ s “ 3 ´
β
2 .

First, consider a low-ability applicant under the perturbed belief at qL. Before, this

type was deterred from participating for β P βH
B . Now, exerting low effort is worthwhile for

all biases in this interval (Figure A.1a). The low-ability applicant is, in fact, exploiting the

evaluator’s belief; it plays out in her favour. For β P βH
B , the utility gain from deviating

from O to eL is given by

“

UpeL, ηLq ´ UpO, ηLq
‰

“ 1 ´
β

4
,

which is monotonically decreasing in the bias for all possible values. Therefore, the lowest

possible utility gain from deviating to eL occurs as β approaches its maximum:

lim
βÒ2

“

UpeL, ηLq ´ UpO, ηLq
‰

“
1

2
. (A.1)

Second, consider a high-ability applicant under the perturbed belief at qL. Before, this

type was exerting high effort for β P βH
B . Now, exerting high effort is only worthwhile if the
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bias does not exceed 6
5 . Exerting low effort is optimal for any bias exceeding this threshold

(Figure A.1b). The high-ability applicant essentially avoids the higher cost of effort and

rests on her laurels by preparing an easy piece. For β P βH
B , the utility gain from deviating

from eH to eL is given by

“

UpeL, ηHq ´ UpeH , ηHq
‰

“
5

4
´

4

2 ` β
,

which is monotonically increasing in the bias for all possible values. Therefore, the greatest

possible utility gain from deviating to eL occurs as β approaches its maximum:

lim
βÒ2

“

UpeL, ηHq ´ UpeH , ηHq
‰

“
1

4
. (A.2)

eH

eL

β

U

?
17 ´ 3 2

1
2

1

(a) Low-ability applicant.

eH

eL

β

U

6
5

2
?
17 ´ 3

1
2

3
4

2

(b) High-ability applicant.

Figure A.1: Effort choices in a separating blind audition.

Finally, observe that for β P p65 , 2q, both high- and low-ability applicants gain from

deviating to low effort under the perturbed belief. The utility gain for low-ability from

deviating, however, is always greater than the utility gain for high-ability applicants from

deviating. This follows immediately because the lowest possible utility gain for the former

in equation (A.1) exceeds the largest possible utility gain for the latter in equation (A.2).

As a result, the evaluator should say to himself that the applicant behind the curtain is

more likely to be a low-ability applicant exploiting his belief. Put differently, a high-ability

applicant trembling to an easy piece or resting on her laurels of being believed to be of high

ability irrespective of the difficulty of the piece is less likely.

Observe also that for β P p
?
17 ´ 3, 65 s, only low-ability applicants have an incentive to

deviate to low effort under the perturbed belief. High-ability applicants exert high effort.

For this range of bias, by the Intuitive Criterion, the evaluator should believe the applicant

to be of low-ability with probability one when observing a low-quality performance.
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A.1.1.2 Refinement based on D1-Criterion

Under D1, similar to the Intuitive Criterion, deviations of the applicant emerge as the

consequence of a rational decision. D1, however, is capable to put more structure on the

evaluator’s belief at qL in the separating blind audition: it restricts the off-path belief to

be a point belief with all mass on the type who is most likely to deviate.

Define Dpθ, T, eLq to be the set of the evaluator’s mixed strategy best responses to action

eL and beliefs concentrated on T that make type θ strictly prefer eL to her equilibrium

strategy. Let D0pθ, T, eLq be the set of mixed best responses that make type θ exactly

indifferent.

Definition 1. A type θ is deleted for strategy eL under the D1-Criterion if there is a θ1

such that

tDpθ,Θ, eLq Y D0pθ,Θ, eLqu Ă Dpθ1,Θ, eLq.

From Definition 1 follows that, if the set of the evaluator’s mixed best responses (that

is, the range of hiring probabilities) that make high-ability applicants willing to deviate to

low effort is strictly smaller than the set of best responses that make low-ability applicants

willing to deviate, then the evaluator should believe that low-ability applicants are infinitely

more likely to deviate to low effort than their high-ability counterparts are. In other words,

D1 tests a deviation to low effort for a given type with respect to each particular mixed

best response of the evaluator (Fudenberg and Tirole, 1991, p.451-452).

Proposition 1. After observing qL, the set of the evaluator’s best responses improving the

expected equilibrium utility of low-ability applicants is a superset of the set of best responses

improving the expected equilibrium utility of high-ability applicants. Therefore, the evaluator

should infer that he deals with the former and put zero weight on the latter.

Proof of Proposition 1. First, consider low-ability males and females in the separating

blind audition. The minimal hiring probability at the low-performance information set

that induces these types to deviate from O to eL is given by

Prphired|qLqw ´
1

2
ě 0,

ñ Prphired|qLq ě
1

6 ´ β
. (A.3)

Second, consider high-ability males and females in the separating blind audition. The

minimal hiring probability at the low-performance information set that induces these types

to deviate from eH to eL is given by

Prphired|qLqw ´
1

4
ě Prphired|qHqw ´ 1,
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ñ Prphired|qLq ě
4 ` β

4 ` 2β
´

3

12 ´ 2β
, (A.4)

where the probability of being hired at the high-performance information set is fixed at its

equilibrium value, 4`β
4`2β .

Finally, for a given bias, compare inequality (A.3) with inequality (A.4) to conclude

that

tDppηH , ¨q,Θ, eLq Y D0ppηH , ¨q,Θ, eLqu Ă DppηL, ¨q,Θ, eLq.

Figure A.2 shows graphically that the set of the evaluator’s mixed best responses to

eL that make low-ability applicants prefer low effort to their equilibrium strategy (light

and dark grey area) strictly contains the set of mixed best responses for their high-ability

counterparts (dark grey area) for all possible values of bias. By Definition 1, therefore, a

deviation to low effort must be interpreted as coming from low-ability applicants.

β

U

ηL

ηH

?
17 ´ 3 2

3
4

1
6

Figure A.2: Set of the evaluator’s mixed best responses to low effort inducing a deviation
of low- and high-ability applicants.

A.1.2 Solution under Performance Uncertainty

A.1.2.1 Informed Audition under Performance Uncertainty

The introduction of performance uncertainty changes the ex-ante hiring probabilities when

effort is low: they are a convex combination of low effort mapping into low performance

quality as well as the ε chance of attaining high performance quality as a consequence of

randomness. Intuitively, such performance uncertainty makes exerting low effort relatively

more attractive and alters the applicant’s participation and incentive constraints. That,

in turn, affects the applicant’s optimal effort choice in the second stage as well as the

partitioning of the evaluator’s bias in Lemma 1. I define β̄LM pεq :“ tβ : UpeL, ηL,mq “

0, β ě 0u and β̄HApεq :“ tβ : UpeL, ηH , ¨q “ UpeH , ηH , ¨qu.
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Lemma 11. Under Assumption 5, for ε ă ε̄ :“ 1
3 , the applicants’ effort responses partition

the evaluator’s bias β P r0, 2s into three regions: (i) For a low bias, β P βL
I pεq :“ r0, β̄LM pεqq,

only high-ability applicants participate and exert high effort. (ii) For a moderate bias, β P

βM
I pεq :“ rβ̄LM pεq, β̄HApεqs, low-ability males also participate and exert low effort. (iii) For

a high bias, β P βH
I pεq :“ pβ̄HApεq, 2s, all applicants except low-ability females participate

and exert low effort.

Proof of Lemma 11. First, note that, when taking into account the performance uncer-

tainty in the mapping from low effort to performance quality, the expected utilities of the

four types of applicants are

UpeL, ηL, fq “
ε

2 ` β
w ´

1

2
, UpeL, ηL,mq “

„

βp1 ´ εq

2 ` β
`

p1 ` βqε

2 ` β

ȷ

w ´
1

2
,

UpeH , ηL, fq “
1

2 ` β
w ´ 2, UpeH , ηL,mq “

1 ` β

2 ` β
w ´ 2,

UpeL, ηH , fq “

„

1 ´ ε

2 ` β
`

2ε

2 ` β

ȷ

w ´
1

4
, UpeL, ηH ,mq “

„

p1 ` βqp1 ´ εq

2 ` β
` ε

ȷ

w ´
1

4
,

UpeH , ηH , fq “
2

2 ` β
w ´ 1, UpeH , ηH ,mq “ w ´ 1

in an informed audition, where w :“ ErŪ s “ 3´
β
2 . Next, I consider the effect of performance

uncertainty on incentive compatibility and participation constraints for all four types of

applicants.

For low-ability females, a combination of high performance uncertainty and low bias

makes participating and exerting low effort in an informed audition worthwhile. In partic-

ular, low-ability females exert low effort instead of dropping out if

UpeL, ηL, fq ě 0 ñ 0 ď β ď
2p3ε ´ 1q

ε ` 1
.

Given that the bias is constrained to be non-negative, this results in the threshold β̄LF pεq :“
2p3ε´1q

ε`1 for ε P r13 ,
1
2q and β̄LF :“ 0 for ε P r0, 13q. At ε̄ :“ 1

3 , low effort is worthwhile if the

evaluator is impartial. Beyond this critical value, the threshold bias for participation is

increasing in ε:
dβ̄LF pεq

dε
“

8

pε ` 1q2
ą 0 @ ε P

„

1

3
,
1

2

˙

.

In other words, beyond a critical level of performance uncertainty, the evaluator can be

increasingly biased against female applicants and still make low effort worthwhile. This is

depicted in Figure A.3a, where ε0 “ 0.

In contrast, performance uncertainty has an adverse effect on high-ability females. In

particular, high-ability females exert low rather than high effort if

UpeL, ηH , fq ě UpeH , ηH , fq ñ β ě
6 ´ 12ε

5 ´ 2ε
.
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Thus, β̄HF pεq :“ 6´12ε
5´2ε for ε P r0, 12q. For all levels of performance uncertainty, this threshold

bias is decreasing in ε:

dβ̄HF pεq

dε
“ ´

48

p5 ´ 2εq2
ă 0 @ ε P

„

0,
1

2

˙

.

In fact, as ε Ò 1
2 , the threshold bias approaches zero (Figure A.3b). Intuitively, the more

uncertain the environment, the lower the bias has to be to distort effort incentives for a

highly able female.

For low-ability males, the threshold bias, beyond which participating and exerting low

effort is worthwhile, falls with the introduction of performance uncertainty to the environ-

ment. In particular, low-ability males exert low effort instead of dropping out if

UpeL, ηL,mq ě 0 ñ β ě
5 ´ ε ´

?
ε2 ` 14ε ` 17

2
ě 0.

Thus, β̄LM pεq :“ 5´ε´
?
ε2`14ε`17
2 for ε P r0, 13q and β̄LM :“ 0 for ε P r13 ,

1
2q. For ε ă ε̄, this

threshold bias is decreasing in ε:

dβ̄LM pεq

dε
“ ´

1

2

„

1 `
ε ` 7

?
ε2 ` 14ε ` 17

ȷ

ă 0 @ ε P

„

0,
1

3

˙

.

For ε ě ε̄, low-ability males are always induced to participate and exert low effort even if

the evaluator is impartial (Figure A.3c).

Performance uncertainty has an adverse effect on high-ability males. In particular,

high-ability males exert low rather than high effort if

UpeL, ηH ,mq ě UpeH , ηH ,mq ñ β ě
6 ´ 12ε

5 ´ 2ε
.

Thus, β̄HM pεq :“ 6´12ε
5´2ε for ε P r0, 12q. Because this threshold bias coincides with the

one derived for high-ability females, it follows immediately that β̄HM pεq is decreasing

in ε. Similarly, as ε Ò 1
2 , the threshold bias approaches zero (Figure A.3d). I define

β̄HApεq :“ β̄HF pεq “ β̄HM pεq to highlight that the thresholds for high-ability females and

males coincide.
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(a) Low-ability female.

eLpε̄q

eH

eLpε0q

β

U

6
5

2

2

5
4

(b) High-ability female.
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U
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2

(c) Low-ability male.
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eH
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β

U

6
5

2

2

5
4

(d) High-ability male.

Figure A.3: Effort choices in an informed audition under performance uncertainty.

To get some intuition behind Lemma 11; that is, how the applicants’ effort responses

under rising performance uncertainty partition the evaluator’s bias, fix ε0 “ 0 and ε1 “ 1
10 .

First, Figure A.4 illustrates that the interval βH
I pεq is expanding to the left as the degree of

performance uncertainty increases. Second, an increase in performance uncertainty causes

the interval βL
I pεq to shrink at a faster rate than the interval βM

I pεq. As a result, ε̄ marks

the threshold beyond which βL
I pεq vanishes. These two observations are intuitive: the more

uncertain the environment, the lower the bias of the evaluator needs to be to distort effort

incentives for the highly able. This is exacerbated by the fact that performance uncer-

tainty attracts low-ability applicants. The threshold ε̄ determines which gender benefits

from rising performance uncertainty: as the degree of performance uncertainty approaches

the threshold from below, low-ability males benefit and participate for a greater range of
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biases, with no change for low-ability females. Beyond this threshold, as the degree of per-

formance uncertainty approaches its supremum, low-ability females benefit and participate

more often.

0 2

βL
I pε0q βM

I pε0q βH
I pε0q

(a) ε0 “ 0

0 2

βL
I pε1q βM

I pε1q βH
I pε1q

(b) ε1 “ 1
10

0 2

βM
I pε̄q βH

I pε̄q

(c) ε̄ “ 1
3

Figure A.4: Partition of the evaluator’s bias for different degrees of performance uncertainty.

In what follows, I assume ε ă ε̄. While this restriction is not without loss of generality,

it ensures that low-ability females never participate and that the results are comparable to

those derived under Assumption 4.

Proposition 11. Suppose Assumption 5 holds and ε ă ε̄. (i) Suppose further that β P βL
I pεq

where βL
I pεq is defined as in Lemma 11(i). Then, the evaluator’s expected net utility (2.4)

is unchanged. (ii) Suppose β P βM
I pεq where βM

I pεq is defined as in Lemma 11(ii). Then,

ErΠI |β P βM
I pεqs ż 0. (iii) Suppose β P βH

I pεq where βH
I pεq is defined as in Lemma 11(iii).

Then, ErΠI |β P βH
I pεqs ż 0.

Proof of Proposition 11. Suppose the evaluator’s bias against female applicants is low; that

is, β P βL
I pεq where βL

I pεq is defined as in Lemma 11(i). Then, the evaluator’s expected

net utility (2.4) is not affected by performance uncertainty because the bias-uncertainty

combination is sufficiently low as to provide targeted effort incentives.

The proof for a moderate and high bias follows the steps detailed in the proof of Propo-

sition 1 when there is no performance uncertainty. In particular, suppose the evaluator is

moderately biased against female applicants; that is, β P βM
I pεq where βM

I is defined as in

Lemma 11(ii). Then,

ErΠI |β P βM
I pεqs “

1 ´ p

2

„

p1 ´ εq
β

2 ` β

ˆ

β

2
´ 1

˙

` ε
1 ` β

2 ` β

ˆ

β

2

˙ȷ

`
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ż 0.
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Suppose the evaluator is highly biased against female applicants; that is, β P βH
I pεq

where βH
I is defined as in Lemma 11(iii). Then,

ErΠI |β P βH
I pεqs “

1 ´ p

2

„

p1 ´ εq
β

2 ` β

ˆ

β

2
´ 1

˙

` ε
1 ` β

2 ` β

ˆ

β

2

˙ȷ

`
p

2

„

p1 ´ εq
1

2 ` β

ˆ

´
β

2

˙

` ε
2

2 ` β

ˆ

1 ´
β

2

˙

` p1 ´ εq
1 ` β

2 ` β

ˆ

β

2

˙

` ε

ˆ

1 `
β

2

˙ȷ

ż 0.

Proposition 11 highlights that performance uncertainty alters the evaluator’s expected

net utility if an informed audition cannot provide targeted effort incentives; that is, if

requiring a CV does not pose an effective means to screen applicants by ability.

A.1.2.2 Blind Audition under Performance Uncertainty

I now consider the effect of performance uncertainty on the pooling and separating equilib-

rium analysed in Section 2.4. A key question for policy is whether the separating equilibrium

continues to exist and remains more profitable for the evaluator. This would ensure that

my predictions generalise to an uncertain environment and that a strategy of commitment

to no information can be beneficial if the evaluator knows that he would otherwise not be

impartial.

Pooling Equilibrium Suppose the evaluator’s bias and the degree of performance uncer-

tainty are sufficiently low to induce all applicants to exert high effort. Given the asymmetry

in Assumption 5, low performance quality continues to be off the equilibrium path. As in

Section 2.4, I assume that the evaluator believes the applicant to be of low ability when

observing a low-quality performance.

I now show that under performance uncertainty p and ε usually determine jointly

whether a high-effort pooling equilibrium can be supported and that they place an up-

per bound on the evaluator’s bias in any such pooling equilibrium. I define β̄poolpp, εq :“

mintβppq, βpp, εqu where βpp, εq :“ tβ : UpeH , ηLq “ UpeL, ηLqu.

Lemma 21. Under Assumption 5, (i) for p ă 1
3 , no high-effort pooling equilibrium exists.

(ii) For p “ 1
3 , a high-effort pooling equilibrium exists if the evaluator is unbiased and ε ď 1

4 .

(iii) For 1
3 ă p ă 1, a high-effort pooling equilibrium exists if β P βL

Bpεq :“ r0, β̄poolpp, εqs

and β̄poolpp, εq ą 0.

Proof of Lemma 21. First, note that, when taking into account the performance uncer-

tainty in the mapping from low effort to performance quality, the expected utilities are

UpeL, ηLq “

„

β

4 ` 2β
p1 ´ εq `

p2p1 ` pq ` βq

4 ` 2β
ε

ȷ

w ´
1

2
,
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UpeH , ηLq “
2p1 ` pq ` β

4 ` 2β
w ´ 2,

UpeL, ηHq “

„

β

4 ` 2β
p1 ´ εq `

p2p1 ` pq ` βq

4 ` 2β
ε

ȷ

w ´
1

4
,

UpeH , ηHq “
2p1 ` pq ` β

4 ` 2β
w ´ 1

in a pooling blind audition, where w :“ ErŪ s “ 3 ´
β
2 . I now consider the three cases

separately.

(i) First, note that UpeH , ηLq is independent of ε. Therefore, by Lemma 2(i), for p ă 1
3 ,

pooling on high effort is never possible.

(ii) For p “ 1
3 , UpeH , ηLq “ 0 at β “ 0. By Lemma 2(i), UpeH , ηLq ă 0 for all β P p0, 2s.

This implies that the low-ability applicant is indifferent between exerting high effort and

not participating only if the evaluator is unbiased. Under performance uncertainty, I also

need to ensure incentive compatibility. Because it is optimal for high-ability applicants to

exert high effort whenever it is optimal for low-ability applicants to exert high effort, this

constraint is given by

UpeH , ηLq

ˇ

ˇ

ˇ

β“0,p“ 1
3

ě UpeL, ηLq

ˇ

ˇ

ˇ

β“0,p“ 1
3

ñ ε ď
1

4
.

Thus, pooling on high effort is possible at p “ 1
3 if β “ 0 and ε ď 1

4 .

(iii) For 1
3 ă p ă 1, for low degrees of performance uncertainty, the upper bound on β for

which a pooling equilibrium can be supported is determined by the indifference condition

UpeH , ηLq “
2p1 ` pq ` β

4 ` 2β

ˆ

3 ´
β

2

˙

´ 2 “ 0.

Given that β P r0, 2s, the above equation is uniquely solved by βppq :“
a

p2 ` 16p ´ p ´ 2.

For larger degrees of performance uncertainty, the upper bound on β for which a pooling

equilibrium can be supported is determined by the indifference condition

UpeH , ηLq “ UpeL, ηLq.

Given that β P r0, 2s, ε P r0, 12q and p P p0, 1q, the above equation is uniquely solved by

βpp, εq :“ 6ppε´p`εq

pε´p`ε´4 . Therefore, the upper bound on a high-effort pooling equilibrium is given

by β̄poolpp, εq :“ mintβppq, βpp, εqu, provided that β̄poolpp, εq is non-negative. Otherwise, no

high-effort pooling equilibrium exists.

Pooling on high effort is possible if the prior that the applicant is of high ability is

sufficiently large and the evaluator’s bias as well as the degree of performance uncertainty

is not too extreme. In particular, for a fixed prior p ą 1
3 , once a critical level of performance

uncertainty is reached, the range of biases for which pooling on high effort is an equilibrium
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is decreasing in performance uncertainty. This is driven by the fact that low effort becomes

relatively more attractive. Conversely, for a fixed degree of performance uncertainty ε ą 0,

once a critical level of bias is reached, the range of biases for which pooling on high effort

is an equilibrium outcome is increasing in the prior that the applicant is of high ability.

Intuitively, while the ability composition of the applicant pool affects the applicant’s utility

under either effort choice, the effect of an increasingly able applicant pool is less pronounced

when she chooses to exert low effort. This is because the effect of a change in the ability

composition of the applicant pool is scaled down by the performance uncertainty that arises

from exerting low effort. Therefore, this comparative static is robust to the introduction

of performance uncertainty: an increasingly able applicant pool makes it easier for for

the fewer low-ability to hide behind the more-and-more high-ability applicants. If a high-

effort pooling equilibrium exists under performance uncertainty, the evaluator’s expected

net utility (2.8) is unchanged.

Fully Separating Equilibrium Suppose the evaluator’s bias is sufficiently high and the

degree of performance uncertainty is suffficiently low to induce high-ability applicants to

exert high effort and low-ability applicants to drop out.1 Under performance uncertainty,

this qualification, which I refer to as full separation, is important: it ensures that the

evaluator has degenerate posterior beliefs at the information set qH . In other words, upon

observing a high-quality performance, the evaluator is certain to face a highly able applicant

who is male or female with equal probability. If, in contrast, low-ability applicants were to

exert low effort, the evaluator could not be certain about the applicant’s ability at qH due

to the ε probability that low effort results in a high-quality performance. In this case, I

would need to use Bayes’ rule in deriving the evaluator’s expected gross utility conditional

upon observing a high-quality performance and this would alter the hiring probability at

qH (see Section A.1.2.2)

Lemma 31. Under Assumption 5, for ε ą ε̂, a fully separating equilibrium does not exist.

Proof of Lemma 31. First, note that when taking into account the performance uncertainty

in the mapping from low effort to performance quality, the expected utilities are

UpeL, ηLq “

„

β

4 ` 2β
p1 ´ ϵq `

4 ` β

4 ` 2β
ϵ

ȷ

w ´
1

2

UpeH , ηLq “
4 ` β

4 ` 2β
w ´ 2

UpeL, ηHq “

„

β

4 ` 2β
p1 ´ ϵq `

4 ` β

4 ` 2β
ϵ

ȷ

w ´
1

4

1As before, the evaluator believes the applicant to be of low ability at qL.
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UpeH , ηHq “
4 ` β

4 ` 2β
w ´ 1

in a fully separating blind audition, where w :“ ErŪ s “ 3´
β
2 . In now show that, for ε ą ε̂,

there is no range of biases that can support a separating equilibrium in which low-ability

applicants do not participate.

First, note that low-ability applicants must find it optimal to drop out of the audition.

This gives the lower bound βfull and the upper bound β̄fullpεq for which a fully separating

equilibrium can be supported. Given that BUpeH ,ηLq

Bβ ă 0 and BUpeL,ηLq

Bβ ą 0, the lower bound

is determined by the indifference condition

UpeH , ηLq “ 0.

For β P r0, 2s, the above equation is uniquely solved by βfull “
?
17 ´ 3. The upper bound

is determined by the indifference condition

UpeL, ηLq “ 0.

For β P r0, 2s and ϵ P r0, 12q, the above equation is uniquely solved by β̄fullpεq “ 2p1 ´

εq ´ 2
a

εp4 ` εq. Therefore, for β P r0, βfulls, low-ability applicants exert high effort. For

β P pβfull, β̄fullpεqq, low-ability applicants do not participate and, for β P rβ̄fullpεq, 2s,

low-ability applicants exert low effort.

Second, note that the lower bound βfull is independent of ε whereas the upper bound

is strictly decreasing in ε:

dβ̄fullpεq

dε
“ ´2 ´

4 ` 2ε
a

εp4 ` εq
ă 0 @ ε P

„

0,
1

2

˙

.

Therefore, the interval pβfull, β̄fullpεqq in which low-ability applicants drop out of the audi-

tion is strictly decreasing in ε. In particular, if performance uncertainty exceeds a threshold,

the interval is a zero-measure set: the upper bound falls below the lower bound and there

is no range of biases that can support a fully separating equilibrium. This performance

uncertainty treshold solves

βfull :“
?
17 ´ 3 “ 2p1 ´ ε̂q ´ 2

a

ε̂p4 ` ε̂q “: β̄fullpε̂q,

and is uniquely given by ε̂ “ 13´3
?
17

16 .

Finally, note that I can neglect high-ability applicants in the analysis. Their partic-

ipation is guaranteed: UpeH , ηHq ą 0. Moreover, for all ε P r0, 12q, the upper bound

βpεq “
6p4ε´3q

4ε´7 implied by the incentive compatibility constraint of high-ability applicants,

UpeH , ηHq “ UpeL, ηHq, is less stringent than the upper bound β̄fullpεq implied by the

participation constraint of low-ability applicants.
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My non-existence result is illustrated in Figure A.5a: performance uncertainty which

exceeds a certain degree makes participating and exerting low effort for low-ability appli-

cants worthwhile. More precisely, beyond the threshold ε̂ :“ 13´3
?
17

16 « 1
25 (solid blue line),

there is no range of biases that can support a separating equilibrium in which low-ability

applicants do not participate. The frailty of the fully separating equilibrium to the intro-

duction of performance uncertainty above this threshold stems from the fact that the payoff

from exerting low effort for the less able is just below zero. As a result, the deterrence effect

of the evaluator’s off-path belief is voided by the chance of attaining a high performance

quality as a consequence of randomness if this chance is at least ε̂.

eH

eLpε0q

eLpε̂q

β

U

?
17 ´ 3

2

´ 1
2

1

(a) Low-ability applicant.

eH

eLpε0q

eLpε̂q

β

U

2´ 1
4

2

(b) High-ability applicant.

Figure A.5: Effort choices in a fully separating blind audition under performance uncer-
tainty.

Partially Separating Equilibrium The frailty of the fully separating equilibrium to

the introduction of performance uncertainty above a threshold suggests that there exists a

less extreme separating equilibrium for a range of bias-prior-uncertainty combinations, in

which highly able applicants exert high effort and the less able exert low effort. I refer to

this outcome as partial separation. Note that partial separation was not an equilibrium

under Assumption 4: I specified the evaluator’s beliefs off the equilibrium path to be such

that he believes the applicant to be of low ability with probability one and I did not restrict

ex-ante whether the less able, in fact, participate or not. However, for β ă 2, the outside

option turned out to dominate low effort for the less able and I reverted to two refinements

to show robustness.

Suppose the evaluator’s bias and performance uncertainty are sufficiently high to in-

duce high-ability applicants to exert high effort and low-ability applicants to exert low
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effort. By Bayes’ rule, if there is randomness in the environment, the evaluator believes

the applicant to be of high ability with probability less than unity when observing a high-

quality performance. As a result, the hiring probability at qH is strictly smaller than

in the fully separating equilibrium. This is intuitive: under partial separation, the eval-

uator is more cautious in his hiring policy when observing a high-quality performance

due to the chance that the applicant behind the curtain is only of low ability. I define

βseppp, εq :“ maxt0, βsep1pp, εq, βsep2pp, εqu where βsep1pp, εq :“ tβ : UpeL, ηLq “ 0u and

βsep2pp, εq :“ tβ : UpeL, ηLq “ UpeH , ηLqu. Moreover, β̄seppp, εq :“ mint2, β̄sep1pp, εqu where

β̄sep1pp, εq :“ tβ : UpeL, ηHq “ UpeH , ηHqu.

Lemma 41. Suppose Assumption 5 holds and ε ą ε̂. For β P βH
B pεq :“ pβseppp, εq, β̄seppp, εqs

where βseppp, εq ă β̄seppp, εq, a partially separating equilibrium exists in which high-ability

applicants exert high effort and low-ability applicants exert low effort.

Proof of Lemma 41. First, by Bayes’ rule, when observing a high-quality performance, the

evaluator believes the applicant to be of high ability with probability

PrpηH |qHq “
p

p ` εp1 ´ pq
:“ γ,

and of low ability with complementary probability. At qH , the evaluator, therefore, expects

gross utility

ErV |qHs “ qH ` Erη|qHs ´
β

2
“ 2 `

„

εp1 ´ pq

p ` εp1 ´ pq
`

2p

p ` εp1 ´ pq

ȷ

´
β

2
,

“ 2 `

„

1 `
p

p ` εp1 ´ pq

ȷ

´
β

2
,

“ 3 ` γ ´
β

2

from hiring the applicant. Thus, the hiring probability at qH modifies to

Prph|qHq “ PrpŪ ď 3 ` γ ´
β

2
q “

2p1 ` γq ` β

4 ` 2β
.

When taking into account the performance uncertainty in the mapping from low effort to

performance quality, the expected utilities are

UpeL, ηLq “

„

β

4 ` 2β
p1 ´ εq `

2p1 ` γq ` β

4 ` 2β
ε

ȷ

w ´
1

2
,

UpeH , ηLq “
2p1 ` γq ` β

4 ` 2β
w ´ 2,

UpeL, ηHq “

„

β

4 ` 2β
p1 ´ εq `

2p1 ` γq ` β

4 ` 2β
ε

ȷ

w ´
1

4
,

UpeH , ηHq “
2p1 ` γq ` β

4 ` 2β
w ´ 1,
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in a partially separating blind audition, where w :“ ErŪ s “ 3 ´
β
2 . I now show that,

for β P βH
B pεq :“ pβseppp, εq, β̄seppp, εqs where βseppp, εq ă β̄seppp, εq, a partially separating

equilibrium exists.

First, note that low-ability applicants must find it optimal to exert low effort. This gives

the lower bound βseppp, εq for which a partially separating equilibrium can be supported. For

low degrees of performance uncertainty, the lower bound is determined by the indifference

condition

UpeL, ηLq “ 0.

Given that β P r0, 2s, ε P r0, 12q and p P p0, 1q, the above equation is uniquely solved by

βsep1pp, εq :“

?
p2ε4`4p2ε3´20p2ε2`16p2ε´2pε4´12pε3`24pε2`ε4`8ε3´pε2`4pε´2p`ε2´2ε

pε´p´ε . For larger

degrees of performance uncertainty, the lower bound is determined by the indifference con-

dition

UpeL, ηLq “ UpeH , ηLq.

Given that β P r0, 2s, ε P r0, 12q and p P p0, 1q, the above equation is uniquely solved

by βsep2pp, εq :“ 6ppε2´2pε`p´ε2q

pε2´6pε`5p´ε2`4ε
. Therefore, the lower bound of the partially separating

equilibrium is given by βseppp, εq :“ maxt0, βsep1pp, εq, βsep2pp, εqu.

Second, note that high-ability applicants must find it optimal to exert high effort. This

gives the upper bound β̄seppp, εq for which a partially separating equilibrium can be sup-

ported. For high degrees of performance uncertainty, the upper bound is determined by the

indifference condition

UpeL, ηHq “ UpeH , ηHq.

Given that β P r0, 2s, ε P r0, 12q and p P p0, 1q, the above equation is uniquely solved by

β̄sep1pp, εq :“ 6p2pε2´5pε`3p´2ε2`εq

2pε2´9pε`7p´2ε2`5ε
. Therefore, the upper bound of the partially separating

equilibrium is given by β̄seppp, εq :“ mint2, β̄sep1pp, εqu.

Lemma 41 implies that, for a fixed prior, once a certain degree of performance uncertainty

is reached, partial separation is an equilibrium for a range of biases.2 As the prior enters

the applicant’s expected utility via the conditional probability that she is of high ability

given a high-quality performance, it is instructive to fix p “ 1
2 (Figure A.6). An increase

in performance uncertainty from ε1 to ε2 :“ 3
10 makes exerting low effort relatively more

attractive for both high- and low-ability applicants. As a result, it reduces the lower bound

of the partially separating equilibrium via the effort responses of the less able. Beyond a

critical level of approximately 0.19, an increase in performance uncertainty also reduces the

2At ε0 “ 0, low-ability applicants are indifferent between exerting low effort and not participating if the
evaluator’s bias is maximal, β “ 2. Thus, I defined βH

B :“ p
?
17 ´ 3, 2q in Section 2.4 to support the fully

separating equilibrium and neglected the possibility of partial separation at β “ 2.
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upper bound of the partially separating equilibrium via the effort responses of the highly

able.

eHpε1q

eLpε1q

eHpε2q

eLpε2q

β

U

βsepp 1
2
, ε1q

βsepp 1
2
, ε2q

2

(a) Low-ability applicant.

eHpε1q

eLpε1q
eHpε2q

eLpε2q

β

U

β̄sepp 1
2
, ε2q 2

(b) High-ability applicant.

Figure A.6: Effort choices in a partially separating blind audition under performance un-
certainty.

For the evaluator’s belief that high-ability applicants exert high effort and low-ability

applicants exert low effort to be consistent with the applicants’ effort decision, he needs to

have a sufficiently high bias, β P βH
B pεq, and there needs to be randomness ε ą ε̂ in the

environment.

Proposition 21. Suppose Assumption 5 holds, ε ą ε̂ and β P βH
B pεq where βH

B pεq is defined

as in Lemma 41. Then, ErΠB|β P βH
B pεqs ż 0.

Proof of Proposition 21. The proof follows the steps detailed in the proof of Proposition 3

when there is no performance uncertainty. The evaluator’s expected net utility is then

obtained from simplifying

ErΠB|β P βH
B pεqs “

p1 ´ pq

„

β

4 ` 2β
p1 ´ εq

ˆ

2 ´
β

2
´

ˆ

3 ´
β

2

˙˙

`
2p1 ` γq ` β

4 ` 2β
ε

ˆ

3 ´
β

2
´

ˆ

3 ´
β

2

˙˙ȷ

` p

„

2p1 ` γq ` β

4 ` 2β

ˆ

4 ´
β

2
´

ˆ

3 ´
β

2

˙˙ȷ

,

“ p1 ´ pq

„

´
β

4 ` 2β
p1 ´ εq

ȷ

` p

„

2p1 ` γq ` β

4 ` 2β

ȷ

ż 0.

Proposition 21 highlights that the evaluator’s expected net utility in a partially separat-

ing equilibrium need not be positive.
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A.1.3 Agency Cost

Definition 2.

ACIpβ, pq :“
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

´ ErΠI |β P βk
I s for k “ L,M,H, and

ACBpβ, pq :“ p
4 ` β

4 ` 2β
´ ErΠB|β P βj

Bs for j “ L,H.

Proposition 2. Suppose Assumption 4 holds. Then, ACIpβ, pq “ 0 if β P βL
I and

ACIpβ, pq ą 0 if β P βM
I Y βH

I . Moreover, ACBpβ, pq “ 0 if β P βH
B and ACBpβ, pq ą 0 if

β P βL
B.

Proof of Proposition 2. Under Assumption 4, the agency cost in an informed audition is

calculated by substituting the evaluator’s expected net utility for a low, moderate and high

bias, detailed in Proposition 1, into Definition 2:

ACIpβ, pq “

$

’

&

’

%

0 if β P βL
I ,

1´p
2

β
2`β

`

1 ´
β
2

˘

if β P βM
I ,

1´p
2

β
2`β

`

1 ´
β
2

˘

`
p
2

`

4`β
2`β

˘

if β P βH
I .

The agency cost in a blind audition is calculated by substituting the evaluator’s expected net

utility for a low bias, detailed in Proposition 2, and for a high bias, detailed in Proposition 3,

into Definition 2:

ACBpβ, pq “

#

0 if β P βH
B ,

2pp1´pq

4`2β if β P βL
B.

A.1.4 Gender-blind Curriculum Vitae

Given a gender-blind CV, low-ability applicants cannot pool with the highly able in the

blind audition. Thus, I can consider the effort decision of low- and high-ability applicants

separately.

Proposition 3. For a low bias, β P βL
G :“ r0, 65 s, only high-ability applicants participate and

exert high effort. The evaluator’s expected net utility is ErΠG|β P βL
Gs “ ErΠB|β P βH

B s ą 0.

For a high bias, β P βH
G :“ p65 , 2q, only high-ability applicants participate and exert low

effort. The evaluator’s expected net utility is ErΠG|β P βH
G s “ 0.

Proof of Proposition 3. With gender-blind CVs, hiring rule (2.7) modifies to Prphired|q, ηq :“

PrpŪ ď ErV |q, ηsq “
q`η`

β
2

´p2´βq

2`β . Given Assumption 4 and the modified hiring rule, there

are four possible hiring probabilities in a blind audition with gender-blind CVs:

Prph|qL, ηLq “
β

4 ` 2β
, Prph|qH , ηLq “ Prph|qL, ηHq “

2 ` β

4 ` 2β
, Prph|qH , ηHq “

4 ` β

4 ` 2β
.
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Substituting for the four hiring probabilities in equation (2.2) yield

UpeL, ηLq “
β

4 ` 2β
w ´

1

2
, UpeH , ηLq “

2 ` β

4 ` 2β
w ´ 2,

UpeL, ηHq “
2 ` β

4 ` 2β
w ´

1

4
, UpeH , ηHq “

4 ` β

4 ` 2β
w ´ 1,

for both female and male applicants in a blind audition with gender-blind CVs, where

w :“ ErŪ s “ 3 ´
β
2 . Low-ability applicants drop out of the audition for all β ă 2 (Fig-

ure A.7a). High-ability applicants exert high effort if β P r0, 65 s, and low effort if β P p65 , 2s

(Figure A.7b).

eH

eL
β

U

2

´ 1
2

(a) Low-ability applicant.

eH

eL

β

U

6
5

2

2

5
4

(b) High-ability applicant.

Figure A.7: Effort choices in a blind audition coupled with gender-blind CVs.

The calculation of the evaluator’s expected net utility for β P βL
G :“ r0, 65 s is identical to

the calculation in the proof of Proposition 3. Therefore, ErΠG|β P βL
Gs “ ErΠB|β P βH

B s ą 0.

When the evaluator’s bias against female applicants is high, β P βH
G :“ p65 , 2q, the evaluator’s

expected net utility is ErΠG|β P βH
G s :“ ErV |β P βH

G s ´ w “ pPrph|qL, ηHq
“

ErV |qL, ηHs ´

w
‰

“ 0.

A.2 Chapter 2 Additional Materials

A.2.1 Further Analysis in the Duopoly

A.2.1.1 Other Equilibria

In this section, I discuss two more equilibria: specialisation with a two-sided price dis-

count and Bertrand competition in m. Together with a one-sided price discount, I show

that the equilibria partition the parameter space of conscious shoppers’ concern. Let

θ̄ :“ Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq.
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Proposition 4. There exists an equilibrium in which Fi and Fj sell m to the whole market

at pm “ cpx˚
mq if θ ă θ̄. In the m-duopoloy, the firms exert optimal effort and make zero

profit.

There exists an equilibrium in which Fi and Fj specialise if θ ě θ̄. Conscious shoppers

are offered a price discount on h. Quality shoppers may be offered a price discount on m.

Proof of Proposition 4. The proof proceeds in two steps. I first derive the conditions under

which specialisation can be supported as an equilibrium when the price adjustment is as-

sumed to be two- rather than one-sided. Together with the specialised equilibrium derived

in Proposition 3 of the main text, this gives the cutoff θ̄. I then show that a duopoly in m

is an equilibrium for θ ă θ̄.

First, suppose the price adjustment is two-sided in the specialised equilibrium. As

before, the two firms must make the same profit. Let Fi offer discount εh on h to C, and

Fj offer discount εm on m to Q. Q do not have an incentive to deviate to buying h if the

discount εh is sufficiently low:

VQpp˚˚
h , x˚˚

h q ` εh “ VQpp˚˚
h ´ εh, x

˚˚
h q ď VQpp˚

m ´ εm, x˚
mq “ VQpp˚

m, x˚
mq ` εm,

Ahx
˚˚
h ´ pAhx

˚˚
h ` θq ` εh ď εm,

εh ď εm ` θ. (A.5)

C do not have an incentive to deviate to buying m if the discount εm is sufficiently low:

VCpp˚
m, x˚

mq ` εm “ VCpp˚
m ´ εm, x˚

mq ď VCpp˚˚
h ´ εh, x

˚˚
h q “ VCpp˚˚

h , x˚˚
h q ` εh,

εm ď εh. (A.6)

Moreover, Fi cannot have an incentive to deviate and lower the price further to p˚
h ´ εm

such that Q switch to buying h:

Πpp˚˚
h ´ εh, x

˚˚
h ;hq “ QΠpp˚

m ´ εm, x˚
m;mq ě Πpp˚

h ´ εm, x˚
h;hq,

QΠpp˚
m, x˚

m;mq ´ Qεm ě Πpp˚
h, x

˚
h;hq ´ εm,

εm ě
1

C
Πpp˚

h, x
˚
h;hq ´

1 ´ C

C
Πpp˚

m, x˚
m;mq. (A.7)

Also Fj cannot have an incentive to deviate and lower the price further to p˚
m ´ εh such

that C switch to buying m:

QΠpp˚
m ´ εm, x˚

m;mq “ Πpp˚˚
h ´ εh, x

˚˚
h ;hq ě Πpp˚

m ´ εh, x
˚
m;mq,

CΠpp˚
h, x

˚
h;hq ` Cθ ´ Cεh ě Πpp˚

m, x˚
m;mq ´ εh,

εh ě
1

1 ´ C
Πpp˚

m, x˚
m;mq ´

C

1 ´ C
rΠpp˚

h, x
˚
h;hq ` θs.

(A.8)
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The discounts equating profits satisfy Πpp˚˚
h ´ εh, x

˚˚
h ;hq “ QΠpp˚

m ´ εm, x˚
m;mq; that is,

CΠpp˚
h, x

˚
h;hq ` Cθ ´ Cεh “ QΠpp˚

m, x˚
m;mq ´ Qεm. (A.9)

Case I Suppose Fi’s incentive compatibility constraint (A.7) binds. Substituting εm from

(A.7) into the equal profit constraint (A.9) yields εh “
“

1
C `

`

1´C
C

˘2‰
Πpp˚

h, x
˚
h;hq ` θ ´

1´C
C2 Πpp˚

m, x˚
m;mq. The discounts need to be nonnegative for shoppers to buy. In particular,

εm ě 0 requires Πpp˚
h, x

˚
h;hq ě p1´CqΠpp˚

m, x˚
m;mq. The incentive compatibility constraint

of C then ensures that eh ě 0 as well. I also need to check that the proposed discounts satisfy

the other three incentive compatibility constraints. Substituting for εh and εm in (A.5)

yields Πpp˚
h, x

˚
h;hq ď Πpp˚

m, x˚
m;mq, which is always satisfied given cm ă ch. Substituting

for εh and εm in (A.6) yields θ ě
`

1´C
C

˘2
rΠpp˚

m, x˚
m;mq ´ Πpp˚

h, x
˚
h;hqs. Substituting for εh

and εm in (A.8) yields

θ ě

„

1 `

ˆ

1 ´ C

C

˙2ȷ

rΠpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hqs “: θ̂.

This second lower bound on θ is more stringent. Thus, for Πpp˚
h, x

˚
h;hq ě p1´CqΠpp˚

m, x˚
m;mq,

εh and εm are equilibrium discounts if θ ě θ̂. Each firm makes profit

Πpp˚˚
h ´ εh, x

˚˚
h ;hq “ QΠpp˚

m ´ εm, x˚
m;mq “

1 ´ C

C
rΠpp˚

h, x
˚
h;hq ´ Πpp˚

m, x˚
m;mqs.

Case II Suppose Fj ’s incentive compatibility constraint (A.8) binds. Substituting εh from

(A.8) into the equal profit constraint (A.9) yields εm “ Πpp˚
m, x˚

m;mq` C
p1´Cq2

rΠpp˚
m, x˚

m;mq´

Πpp˚
h, x

˚
h;hq ´ θs. The discounts are nonnegative whenever

θ ď

ˆ

C `
1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq “: θ̌.

I again need to check that the proposed discounts satisfy the other incentive compatibility

constraints. Substituting for εh and εm in (A.5) yields C2rΠpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hqs ě

p2C ´ 1qθ, which is always satisfied if C ď 1{2. If C ą 1{2, the constraint rearranges to

θ ď C2

2C´1 rΠpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hqs. Substituting for εh and εm in (A.6) yields

θ ě Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq “: θ̄.

Lastly, substituting for εh and εm in (A.7) yields

θ ď

„

1 `

ˆ

1 ´ C

C

˙2ȷ

rΠpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hqs “: θ̂.
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Note that r1 ` pp1 ´ Cq{Cq2s ď C2{p2C ´ 1q whenever C ą 1{2. Thus, θ̂ and θ̌ apply as

upper bounds on θ. In particular, for Πpp˚
h, x

˚
h;hq ě p1 ´ CqΠpp˚

m, x˚
m;mq, εh and εm are

equilibrium discounts if θ̄ ď θ ď θ̂. For Πpp˚
h, x

˚
h;hq ă p1 ´ CqΠpp˚

m, x˚
m;mq, εh and εm are

equilibrium discounts if θ̄ ď θ ď θ̌. Each firm makes profit

Πpp˚˚
h ´ εh, x

˚˚
h ;hq “ QΠpp˚

m ´ εm, x˚
m;mq “

C

1 ´ C
rΠpp˚

h, x
˚
h;hq ` θ ´ Πpp˚

m, x˚
m;mqs.

In sum, if θ ě θ̄, specialisation can be supported as an equilibrium. For Πpp˚
h, x

˚
h;hq ě

p1´CqΠpp˚
m, x˚

m;mq, the price adjustment is always two-sided: Case I if θ ě θ̂, Case II if

θ ď θ̂. For Πpp˚
h, x

˚
h;hq ă p1´CqΠpp˚

m, x˚
m;mq, the specialised equilibrium with a one-sided

price adjustment exists instead of Case I, and its lower bound equals the upper bound θ̌

from Case II.

No Specialisation If θ ă θ̄, the incentive compatibility constraint for C fails: they

switch to buying m, inducing Fi to produce m also. In trying to capture shoppers, the

firms compete prices down to the common effort cost cpx˚
mq. In so doing, the firms keep

effort at its optimum: for any effort x1
m ă x˚

m, the competitor could instead exert x˚
m and

offer its product at pm “ cpx˚
mq ` ϵ, where ϵ ă Πpp˚

m, x˚
m;mq ´ rAmx1

m ´ cpx1
mqs. Obtaining

a greater utility, shoppers would only buy the optimal-quality product, and the competitor

would make profit ϵ ą 0.

At pm “ cpx˚
mq and x˚

m “ Am{cm, both firms make zero profit but neither firm has

an incentive to deviate to producing h. To make a strictly positive profit Cϵ from this

deviation, a firm would need to offer h to C at price ph “ cpx˚
hq ` ϵ with effort x˚

h “ Ah{ch.

For θ ă θ̄, however, conscious shoppers do not switch back to buying h because their utility

from buying m is greater:

Ahx
˚
h ` θ ´ pcpx˚

hq ` ϵq “ VCpcpx˚
hq ` ϵ, x˚

hq ă VCpcpx˚
mq, x˚

mq “ Amx˚
m ´ cpx˚

mq,

Πpp˚
h, x

˚
h;hq ` θ ´ ϵ ă Πpp˚

m, x˚
m;mq.

Hence, for θ ă θ̄, a duopoly in m with Πpcpx˚
mq, x˚

m;mq “ 0 can be supported as an

equilibrium.

Specialisation can be supported as an equilibrium for sufficiently high concerns. For

lower concerns, both firms offer a machine-made product and compete prices down to the

common effort cost. A firm has no incentive to produce by hand when the competitor exerts

effort x˚
m: for any price ph slightly above effort cost cpx˚

hq, conscious shoppers would not

buy the handmade product.

For sufficiently high concerns, the firms can relax price competition through specialisa-

tion and thereby make a strictly positive profit. The handmade product has to be offered
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at a discount. Otherwise, the firm producing m has an incentive to switch the production

process. The machine-made product may be sold at full price p˚
m. The firms’ profits are

capped, and only increase in conscious shoppers’ concern up to a certain level (Figure A.8).

1´C
C

θ̄

θ̄ θ̂

εk ą 0

θ

Π

(a) Π˚
h ě p1 ´ CqΠ˚

m.

p1 ´ CqΠ˚
m

θ̄ θ̌

εh “ ε̄
εm “ 0

εk ą 0

θ

Π

(b) Π˚
h ă p1 ´ CqΠ˚

m.

Figure A.8: Equilibrium profit as a function of conscious shoppers’ concern.

A.2.1.2 Sequential Moves in the Duopoly

In my benchmark model, I assume that the two firms decide simultaneously on the produc-

tion process, pricing strategy and per-unit effort. In some settings, however, the production

process may be flexible only in the long-run while effort and prices can be adjusted in the

short-run. I model this timing as a two-stage game between the firms: in the first stage,

k P th,mu is chosen simultaneously. In the second stage, pk and xk are chosen simultane-

ously. In the second stage, each firm is aware whether its competitor produces by hand or

machine. As before, shoppers have unit demand.

Proposition 5 (Specialised Equilibrium). There exists a subgame-perfect equilibrium in

which Fi sells h to conscious shoppers at p˚˚
h ´ ε̌, and Fj sells m to quality shoppers at

p˚
m if θ ą p1 ´ Cq{CΠpp˚

h, x
˚
h;hq ` CΠpp˚

m, x˚
m;mq. The price discount offered on h is

ε̌ “ CΠpp˚
m, x˚

m;mq.

Proof of Proposition 5. I solve this game by backward induction. In the second stage, each

firm chooses pk and xk conditional on its own and its competitor’s production process. I need

to consider two classes of subgames. In the first class, Fi and Fj use identical production

processes. Prices are competed down to the common effort cost cpx˚
kq. As before, effort x˚

k

ensures that the competitor has no incentive to deviate. At pk “ cpx˚
kq, each firm makes

zero profit.

In the second class, the firms use different production processes. Without loss of gener-

ality, suppose Fi announced k “ h and Fj announced k “ m in the first stage. Given that
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the firms cannot switch k, the firms’ profits do not need to be equal. I consider three equi-

librium candidates in this class: specialisation with a one- or a two-sided price reduction,

and a monopoly in m.

One-sided Discount Let Fi offer discount ε̌ on h. As before, C do not have an incentive

to deviate to buying m. Q do not have an incentive to deviate to buying h if ε̌ ď θ. Fj

does not have an incentive to deviate and lower the price to p˚
m ´ ε̌ such that C switch to

buying m if ε̌ ě CΠpp˚
m, x˚

m;mq. Fi does not have an incentive to deviate and lower the

price further to p˚
h such that Q switch to buying h if

Πpp˚˚
h ´ ε̌, x˚˚

h ;hq “ CrΠpp˚
h, x

˚
h;hq ` θ ´ ε̌s ě Πpp˚

h, x
˚
h;hq,

θ ě
1 ´ C

C
Πpp˚

h, x
˚
h;hq ` ε̌. (A.10)

Now, let Fi make Fj ’s incentive compatibility constraint bind: ε̌ “ CΠpp˚
m, x˚

m;mq ą 0

leaves Fj better off setting its full price p˚
m and sell to Q only, rather than offering a price

below p˚
m ´ ε̌ to capture C also. Finally, I check that ε̌ satisfies the other constraints. Given

that Fi’s incentive compatibility constraint is more stringent than Q’s, substituting ε̌ into

(A.10) gives the lower bound θ̃ :“ 1´C
C Πpp˚

h, x
˚
h;hq ` CΠpp˚

m, x˚
m;mq. If θ ě θ̃, ε̌ is an

equilibrium discount. Fj makes profit QΠpp˚
m, x˚

m;mq. Fi makes profit Πpp˚˚
h ´ ε̌, x˚˚

h ;hq “

CrΠpp˚
h, x

˚
h;hq ` θ ´ CΠpp˚

m, x˚
m;mqs.

Two-sided Discount Let Fi offer discount εh on h to C, and Fj offer discount εm on

m to Q. Q do not have an incentive to deviate to buying h if εh ď εm ` θ. C do not

have an incentive to deviate to buying m if εm ď εh. Fj does not have an incentive

to deviate and lower the price further to p˚
m ´ εh such that C switch to buying m if

εh ě CΠpp˚
m, x˚

m;mq ` Qεm. Fi does not have an incentive to deviate and lower the price

further to p˚
h ´ εm such that Q switch to buying h if εm ě p1 ´ CqΠpp˚

h, x
˚
h;hq ´ Cθ ` Cεh.

Now, let the firms’ incentive compatibility constraints bind. Solve the two equations for

discounts

εh “
1

C ` p1 ´ Cq2
rCΠpp˚

m, x˚
m;mq ` p1 ´ Cq2Πpp˚

h, x
˚
h;hq ´ Cp1 ´ Cqθs,

εm “
1

C ` p1 ´ Cq2
rC2Πpp˚

m, x˚
m;mq ` p1 ´ CqΠpp˚

h, x
˚
h;hq ´ Cθs.

As before, the discounts are nonnegative whenever εm ě 0; that is, if θ ď θ̃. Finally,

I check that the proposed discounts satisfy the other incentive compatibility constraints.

Substituting for εh and εm in εm ď εh yields 1´C
C rΠpp˚

h, x
˚
h;hq ´ Πpp˚

m, x˚
m;mqs ď θ which

is always satisfied given cm ă ch. Substitution into εh ď εm ` θ yields θ ě Cθ̄ where
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θ̄ :“ rΠpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hqs. Thus, if Cθ̄ ď θ ď θ̃, εh and εm are equilibrium

discounts with profits

Πpp˚˚
h ´ εh, x

˚˚
h ;hq “

C

C ` p1 ´ Cq2
rθ ´ Cθ̄s ě 0,

QΠpp˚
m ´ εm, x˚

m;mq “
1 ´ C

C ` p1 ´ Cq2
rCθ ` p1 ´ Cqθ̄s ą 0.

No Specialisation If θ ă Cθ̄, the incentive compatibility constraint for Q fails: they

switch to buying h. This triggers price competition: Fj lowers its price to such an extent

that Fi cannot even induce C to buy h at ph “ cpx˚
hq under effort x˚

h as their utility from

buying m is greater:

Ahx
˚
h ` θ ´ cpx˚

hq “ VCpcpx˚
hq, x˚

hq ă VCppm, x˚
mq “ Amx˚

m ´ pm,

pm ă
A2

m

cm
´ rΠpp˚

h, x
˚
h;hq ` θs “: pM .

Specifically, Fj offers a slightly lower price than pM , and makes profit

ΠppM ´ ϵ, x˚
m;mq “ Πpp˚

m, x˚
m;mq ´ rΠpp˚

h, x
˚
h;hq ` θ ` ϵs “ θ̄ ´ rθ ` ϵs. (A.11)

Fj does not have an incentive to deviate, and sell to Q only given ph “ cpx˚
hq and x˚

h. In

particular, Fj can set at most price pm “ A2
m{cm ´ Πpp˚

h, x
˚
h;hq to induce Q to buy m, and

make profit

ΠpA2
m{cm´Πpp˚

h, x
˚
h;hq, x˚

m;mq “ p1´CqrΠpp˚
m, x˚

m;mq´Πpp˚
h, x

˚
h;hqs “ p1´Cqθ̄. (A.12)

However, this deviation is not profitable: (A.11) is at least as great as (A.12) if θ ` ϵ ď Cθ̄.

Hence, a monopoly in m is an equilibrium for θ ă Cθ̄. Fi does not produce, and makes zero

profit.

In the first stage, the firms compare their maximised profits across the subgames (Ex-

ample A.1). If conscious shoppers’ concern is high or moderate, there are two pure-strategy

subgame-perfect equilibria in which the firms choose different production processes. Both

firms produce but do not necessarily make the same profit. If conscious shoppers’ concern

is low, there are three pure-strategy equilibria. Either one or two firms produce. Only m is

sold to the whole market.
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Fi

h m

Fj
h 0, 0 A, B

m B, A 0, 0

(a) High: θ̃ ď θ,
A :“ Πpp˚˚

h ´ ε̌, x˚˚
h ;hq,

B :“ QΠpp˚
m, x˚

m;mq.

Fi

h m

Fj
h 0, 0 C, D

m D, C 0, 0

(b) Moderate: Cθ̄ ď θ ď θ̃,
C :“ Πpp˚˚

h ´ εh, x
˚˚
h ;hq,

D :“ QΠpp˚
m ´ εm, x˚

m;mq.

Fi

h m

Fj
h 0, 0 0, E

m E, 0 0, 0

(c) Low: θ ă Cθ̄,
E :“ ΠppM ´ ϵ, x˚

m;mq.

Table A.1: The firms’ maximised profits across subgames for different levels of concern.

Proposition 5 highlights that the firms can soften price competition whenever the con-

scious shoppers’ concern θ is sufficiently high. In this case, the firms act as monopolists in

their respective markets and cater to different segments. The firms, however, do not nec-

essarily make the same profit: an equal profit constraint is only required if the production

process is as flexible as the effort level and the price. This one additional constraint in

the benchmark model implies that the one-sided discount ε̄ is at least as large as the one-

sided discount ε̌ offered on the handmade product under the alternative timing. Now, the

firm offering h sees its profit rise when conscious shoppers become more concerned about

production conditions: the discount ε̌ is independent of θ.

Therefore, my result on specialisation is qualitatively robust to a situation in which a

firm is aware whether its competitor is engaging in hand production.

A.2.2 Further Analysis in the Signalling Game

A.2.2.1 Other pure-strategy equilibria

In this section, I analyse all other possible pure-strategy equilibria. First, note that there

is no separating equilibrium in which the optimistic firm sells a machine-made product

to the whole market, and the pessimistic firm sells a premium-priced handmade product

to steadfastly conscious shoppers. Given the conformists’ updated belief, they act like

quality shoppers upon observing h, and act like conscious shoppers upon observing m.

Consequently, the optimistic firm that knows the fraction of conscious shoppers among the

steadfast to be high does not want to deviate to selling a handmade product if

Πpp˚
m, x˚

m;mq ě φHp1 ´ ηq
“

Πpp˚
h, x

˚
h;hq ` θ

‰

ô η ě η̄pφHq, (A.13)

where

η̄pφq :“ 1 ´
1

φ

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

.
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The pessimistic firm that knows the fraction of conscious shoppers among the steadfast to

be low does not want to deviate to selling a machine-made product if

φLp1 ´ ηq
“

Πpp˚
h, x

˚
h;hq ` θ

‰

ě Πpp˚
m, x˚

m;mq ô η ď η̄pφLq. (A.14)

Given that η̄pφLq ă η̄pφHq, condition (A.13) and condition (A.14) cannot be satisfied

simultaneously.

In any pooling equilibrium, conformists cannot infer the firm’s private information.

Their behaviour, thus, depends on Epφq “ γφH ` p1 ´ γqφL ž 1{2 with commonly known

prior γ :“ Prpφ “ φHq P p0, 1q. In particular, when conformists expect the median stead-

fast shopper to be conscious, they act like conscious shoppers in any pooling equilibrium.

Conversely, when they do not expect the median steadfast shopper to be conscious, they

act like quality shoppers.

Proposition 6 (Pooling Equilibrium M). If θ ă Πpp˚
m, x˚

m;mq{φH ´Πpp˚
h, x

˚
h;hq, a pooling

equilibrium exists in which the firm sells a machine-made product to the whole market

whatever its private information if and only if η ď η̂pφHq, where η̂pφHq P p0, 1q.

Proof of Proposition 6. The conjectured pooling equilibrium exists if and only if the firm

prefers m whatever its private information. Given Assumption 2, the firm’s equilibrium

profit Πpp˚
m, x˚

m;mq “
A2

m
2cm

does not depend on conformists’ prior belief. However, their

off-path belief upon observing a deviation to k “ h determines the size of the parameter

space for which pooling on machine production can be supported as an equilibrium. In what

follows, I argue that it is a reasonable restriction for conformists to believe such deviation

to come from a firm that privately observes φH .

First, the firm observing φH will be strictly better off deviating from hand to machine

production if conformists in response to k “ h choose to act like conscious shoppers and

buy a premium-priced handmade product with probability

φHp1 ´ ηq

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

` yη

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

ą Πpp˚
m, x˚

m;mq,

y ą
1

η

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φHp1 ´ ηq

ȷ

:“ A.

Moreover, the firm observing φL will be indifferent or strictly better off deviating from

hand to machine production if conformists choose to act like conscious shoppers and buy a

premium-priced handmade product with probability y ě 1
η

”

Πpp˚
m,x˚

m;mq

Πpp˚
h ,x

˚
h ;hq`θ

´φLp1´ ηq

ı

:“ B.

Since φH ą 1{2 ą φL, A ă B which, in turn, implies pA, 1s Ą rB, 1s. Consequently,
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applying Divinity (Banks and Sobel, 1987), any belief that puts some positive probability

on the pessimistic firm after observing a deviation to k “ h has to be discarded.3

Given the refined off-path belief PrpφH |hq “ 1, the firm prefers machine production

whatever its private information if

Πpp˚
m, x˚

m;mq ě rφp1 ´ ηq ` ηs
“

Πpp˚
h, x

˚
h;hq ` θ

‰

ô η ď η̂pφq,

where

η̂pφq :“
1

1 ´ φ

«

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φ

ȷ

.

Given that η̂pφHq ă η̂pφLq, pooling is an equilibrium for η ď mintη̂pφHq, η̂pφLqu “ η̂pφHq.

Finally, note that θ ă Πpp˚
m, x˚

m;mq{φH ´ Πpp˚
h, x

˚
h;hq ensures η̂pφHq ą 0 while Assump-

tion 3 ensures η̂pφHq ă 1.

Proposition 7 (Pooling Equilibrium H). Suppose Epφq ą 1{2. A pooling equilibrium

exists in which the firm sells a premium-priced handmade product to steadfastly conscious

and conformist shoppers whatever its private information if and only if η ě maxt0, η̂pφLqu,

where η̂pφLq ă 1.

Suppose Epφq ă 1{2. If θ ą Πpp˚
m, x˚

m;mq{φL ´Πpp˚
h, x

˚
h;hq, a pooling equilibrium exists

in which the firm sells a premium-priced handmade product to steadfastly conscious shoppers

whatever its private information if and only if η ď η̄pφLq.

Proof of Proposition 7. The conjectured equilibrium exists if and only if the firm prefers

production by hand whatever its private information. Given that h can never be optimal for

a firm selling to the whole market, I assume that η ě η̃pφLq if Epφq ą 1{2, and η ď 9ηpφLq

if Epφq ă 1{2, where

η̃pφLq :“
1

1 ´ φL

„

Πpp˚
h, x

˚
h;hq

Πpp˚
h, x

˚
h;hq ` θ

´ φL

ȷ

and 9ηpφLq :“ 1 ´
1

φL

Πpp˚
h, x

˚
h;hq

Πpp˚
h, x

˚
h;hq ` θ

,

implying that p˚˚
h “ Ahx

˚
h ` θ and x˚˚

h “ x˚
h “ Ah{ch are optimal.

First, suppose Epφq ą 1{2. Then, conformists act like conscious shoppers in the pooling

equilibrium, and are willing to pay a premium for the handmade product. Thus, the firm’s

equilibrium profit is Πpp˚˚
h , x˚˚

h ;hq “ rφp1 ´ ηq ` ηs

”

A2
h

2ch
` θ

ı

. Given Assumption 2, the

off-path belief upon observing a deviation to k “ m is unrestricted. Intuitively, given a

one-sided concern, conscious and quality shoppers’ maximum willingness to pay for the

3I use Divinity rather than the Intuitive Criterion (Cho and Kreps, 1987) because h is not equilibrium-
dominated for the φL-firm whenever η ě η̂pφLq. Therefore, the Intuitive Criterion is not strong enough to
refine the off-path belief, and discard pooling on m for η ě maxtη̂L, η̄Lu under prior belief Epφq ă 1{2. A
handmade strategy, however, is more costly for the φL-firm than the φH -firm so that it is more plausible
that the latter deviates to producing h.
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machine-made product coincides. Therefore, it does not matter what conformists believe

off-path: their behaviour upon observing a deviation to k “ m is independent of their off-

path belief. Hence, the firm prefers production by hand whatever its private information

if

rφp1 ´ ηq ` ηs
“

Πpp˚
h, x

˚
h;hq ` θ

‰

ě Πpp˚
m, x˚

m;mq ô η ě η̂pφq.

Given that η̂pφHq ă η̂pφLq, pooling is an equilibrium for η ě maxt0, η̂pφHq, η̂pφLqu “

maxt0, η̂pφLqu.

Finally, I show that my assumption η ě η̃pφLq is implied by η ě maxt0, η̂pφLqu so that

neither the pessimistic nor the optimistic firm prefers deviating to p˚
h to sell also to quality

shoppers:

Πpp˚
h, x

˚
h;hq ă Πpp˚

m, x˚
m;mq,

η̃pφLq :“
1

1 ´ φL

„

Πpp˚
h, x

˚
h;hq

Πpp˚
h, x

˚
h;hq ` θ

´ φL

ȷ

ă
1

1 ´ φL

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φL

ȷ

“: η̂pφLq.

Now, suppose Epφq ă 1{2. Then, conformists act like quality shoppers in the pooling

equilibrium, and are not willing to pay a premium for the handmade product. Thus, the

firm’s equilibrium profit is Πpp˚˚
h , x˚˚

h ;hq “ φp1´ ηq

”

A2
h

2ch
` θ

ı

. As before, the off-path belief

is unrestricted. Hence, the firm prefers production by hand whatever its private information

if

φp1 ´ ηq
“

Πpp˚
h, x

˚
h;hq ` θ

‰

ě Πpp˚
m, x˚

m;mq ô η ď η̄pφq.

Given that η̄pφLq ă η̄pφHq, pooling is an equilibrium for η ď mintη̄pφHq, η̄pφLqu “ η̄pφLq.

Note that θ ą Πpp˚
m, x˚

m;mq{φL ´ Πpp˚
h, x

˚
h;hq ensures η̄pφLq ą 0. Moreover, dη̄pφLq

dθ ą 0

and limθÑ8 η̄pφLq “ 1 together ensure η̄pφLq ă 1.

Finally, I show that my assumption η ď 9ηpφLq is implied by η ď η̄pφLq so that neither

the pessimistic nor the optimistic firm prefers deviating to p˚
h to sell also to quality shoppers

and conformists:

Πpp˚
h, x

˚
h;hq ă Πpp˚

m, x˚
m;mq,

η̄pφLq :“ 1 ´
1

φL

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

ă 1 ´
1

φL

Πpp˚
h, x

˚
h;hq

Πpp˚
h, x

˚
h;hq ` θ

“: 9ηpφLq.

The pooling equilibrium with production by hand depends on whether conformists ex-

pect the median steadfast shopper to be conscious: this belief determines whether the firm

can charge conformists a premium for the handmade product. Given conscious shoppers’

one-sided concern, pooling on machine production, in contrast, does not depend on the

conformists’ prior belief.
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(b) Low prior: γ ă
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.

Figure A.9: Equilibria in the signalling game for φH “ 0.8 and φL “ 0.2.

Given the refinement applied to the off-path belief under pooling on machine production,

the three equilibria do not overlap (Figure A.9). Thus, the separating equilibrium is the

unique pure-strategy equilibrium in the parameter space S. Moreover, when conformists

expect the median steadfast shopper to be conscious, the three equilibria partition the

parameter space (Figure A.9a). For a low prior, in contrast, no pure-strategy equilibrium

exists for η ą maxtη̂pφLq, η̄pφLqu (Figure A.9b).

Proposition 8 (Partially Separating Equilibrium P). Suppose Epφq ă 1{2. A partially

separating equilibrium exists in which the firm sells a premium-priced handmade product

with probability one after observing φH , and with probability

x “
γ

1 ´ γ

2φH ´ 1

1 ´ 2φL
P p0, 1q
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after observing φL if and only if η ě maxtη̂pφLq, η̄pφLqu, where maxtη̂pφLq, η̄pφLqu P r0, 1q.

Conformists update their belief to Epφ|hq “ 1{2 and Epφ|mq “ φL. Upon observing a

handmade strategy, conformists act like conscious shoppers with probability

y “
1

η

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φLp1 ´ ηq

ȷ

P r0, 1s.

Proof of Proposition 8. Suppose Epφq ă 1{2, and let the firm privately observing φH

choose k “ h with certainty. First, I derive the probability x with which the firm privately

observing φL can choose k “ h to induce conformists to update their belief to one-half. In

particular, I require

Epφ|hq “ PrpφH |hqφH ` p1 ´ PrpφH |hqqφL “ φL ` PrpφH |hqpφH ´ φLq “
1

2
(A.15)

for conformists to be indifferent between acting like conscious or quality shoppers. By

Bayes’ rule,

PrpφH |hq “
γ

γ ` p1 ´ γqx
. (A.16)

Substituting for the updated belief (A.16) in equation (A.15) yields the probability x “

γ
1´γ

2φH´1
1´2φL

.

Second, I derive the probability y with which the conformists act like conscious shop-

pers to make the firm privately observing φL indifferent between machine production and

production by hand:

Πpp˚
m, x˚

m;mq “ φLp1 ´ ηq

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

` yη

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

,

y “
1

η

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φLp1 ´ ηq

ȷ

.

Lastly, the requirement of x and y being a valid probabilities yields the following pa-

rameter restrictions:

x ą 0 ô φH ą 1{2 ą φL and γ P p0, 1q, y ě 0 ô η ě η̄pφLq,

x ă 1 ô Epφq ă 1{2, y ď 1 ô η ě η̂pφLq.

Thus, I require also η ě maxtη̂pφLq, η̄pφLqu for the partially separating equilibrium to

exist.

Proposition 8 highlights that partial separation is an equilibrium in the parameter space

P in Figure A.9b for which no pure-strategy equilibrium exists. Intuitively, when the con-

formists’ prior belief is low, the pessimistic firm that knows the fraction of conscious shop-

pers among the steadfast to be low cannot always choose a handmade strategy to induce

conformists to act like conscious shoppers. Instead, it uses the maximum probability x that
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induces conformists to update their belief to exactly one-half upon observing production by

hand.

At this point, conformists are indifferent between acting like conscious or quality shop-

pers, and consequently they randomise between the two options. The probability y with

which conformists act like conscious shoppers, in turn, makes the firm privately observing

φL indifferent between the two production processes. Hence, this pessimistic firm is willing

to randomise also. The higher the prior γ in the partially separating equilibrium, the higher

the probability with which the pessimistic firm chooses a handmade strategy.

A.2.2.2 Signalling Benchmark: No private Information.

When the fraction of conscious shoppers among the steadfast is observable, there is no

room for signalling. Conformists know whether the fraction is high or low when making

the buying decision. Given the assumption that φH ą 1{2 ą φL, conformists act like

conscious shoppers when knowing that most steadfast shoppers are conscious, and like

quality shoppers otherwise.

Proposition 9. If φ P tφH , φLu is observable, separation is an equilibrium for a greater

proportion of the parameter space.

Proof of Proposition 9. First, consider the pessimistic firm. Given that φL is observable,

this firm decides between sellingm to all or h to conscious shoppers only. It chooses machine

production if

Πpp˚
m, x˚

m;mq ě φLp1 ´ ηq

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

ô η ě η̄pφLq.

Now, consider the optimistic firm. Given that φH is observable, this firm decides between

selling m to all or h to conscious and conformist shoppers. Therefore, this firm chooses hand

production if

rφLp1 ´ ηq ` ηs

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

ě Πpp˚
m, x˚

m;mq ô η ě η̂pφHq.

Thus, when there is no private information, separation is an equilibrium for η ě

maxt0, η̂pφHq, η̄pφLqu. In the signalling game, in contrast, if θ ă Πpp˚
m, x˚

m;mq{φL ´

Πpp˚
h, x

˚
h;hq, separation is an equilibrium for η P rmaxt0, η̂pφHqu, η̂pφLqs.

Finally, to show that the parameter space of the separating equilibrium is larger

without private information, note that maxt0, η̂pφHq, η̄pφLqu “ maxt0, η̂pφHqu if θ ă

Πpp˚
m, x˚

m;mq{φL ´ Πpp˚
h, x

˚
h;hq. Consequently, if θ ă Πpp˚

m, x˚
m;mq{φL ´ Πpp˚

h, x
˚
h;hq, the

lower bound on η when φ is observable coincides with the lower bound when φ is private

information. The upper bound η̂pφLq in the signalling game, however, is strictly below

unity.
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Proposition 9 implies that the pessimistic firm pools more often with the optimistic firm

on a handmade strategy if it has private information. In particular, the parameter space S

above the dashed line in Figure A.10 supports either a pooling equilibrium on h for a high

prior (Figure A.9a), or a partially separating equilibrium for a low prior (Figure A.9b) in

the signalling game.
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Figure A.10: Equilibria in the benchmark for φH “ 0.8 and φL “ 0.2.

A.2.2.3 Conformists’ Utility Function

In this section, I show that my main insights extend to an alternative specification of the

conformists’ utility function that implies their willingness to pay to increase smoothly in

the expected fraction of conscious shoppers among the steadfast. In particular, I assume

that the conformists’ utility function is a convex combination of the quality and conscious

shoppers’ utility function,

VCON pa; kq “ arβVC ` p1 ´ βqVQs “ arqpxk, kq ´ pk ` βθνpkqs,

where a P t0, 1u is the conformists’ buying decision and β :“ pEpφ|kq ´ φLq{pφH ´ φLq is

the weight placed on conscious shoppers. Intuitively, the conformists’ utility from buying

a handmade product lies in between the utility gained by quality and conscious shoppers.

If conformists expect the fraction of conscious shoppers among the steadfast to be low

upon observing a handmade strategy, Epφ|hq “ φL, their willingness to pay is as low as

quality shoppers’ willingness to pay. Conversely, if they expect the fraction to be high,

Epφ|hq “ φH , they are willing to pay as much as conscious shoppers. Moreover, their

willingness to pay is now increasing linearly in Epφ|hq; that is,

pCON,h :“

#

Ahxh ` θ if Epφ|hq ą 1{2,

Ahxh if Epφ|hq ă 1{2,
becomes pCON,h :“ Ahxh `

Epφ|hq ´ φL

φH ´ φL
θ.
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In the separating equilibrium, conformists infer the fraction of conscious shoppers among

the steadfast to be high upon observing a handmade strategy, and to be low upon observing

machine production. Consequently, their willingness to pay in the separating equilibrium is

unaffected by the change in the utility function. Moreover, given that quality and conscious

shoppers’ willingness to pay coincides for a machine-made product under Assumption 2,

pooling on m is unaffected.

The specification, however, alters the pooling equilibrium that involves a handmade

strategy: when the firms pool on h, they now have the choice whether to sell to conformists

and conscious shoppers at an intermediate price p1
h “ Ahx

˚
h ` γθ, or to conscious shoppers

only at a higher price p˚˚
h “ Ahx

˚
h ` θ. Intuitively, when the optimistic and the pessimistic

firm pool on a handmade strategy, conformists’ willingness to pay falls short of conscious

shoppers’ willingness to pay. Thus, the firm has the option to charge a full handmade

premium, or a handmade premium adjusted for how likely the firm is optimistic ex-ante,

γ :“ Prpφ “ φHq P p0, 1q.

Proposition 10 (Pooling Equilibrium H1). If θ ą pΠpp˚
m, x˚

m;mq´Πpp˚
h, x

˚
h;hqq{γ, a pooling

equilibrium exists in which the firm sells a handmade product at an intermediate price p1
h to

steadfastly conscious and conformist shoppers whatever its private information if and only

if η ě maxtη̌pφLq, η1pφHqu.

If θ ą Πpp˚
m, x˚

m;mq{φL´Πpp˚
h, x

˚
h;hq, a pooling equilibrium exists in which the firm sells

a premium-priced handmade product to steadfastly conscious shoppers whatever its private

information if and only if η ď mintη̄pφLq, η1pφLqu.

Proof of Proposition 10. The optimistic and the pessimistic firm must prefer the same

pricing. In particular, the intermediate price p1
h “ Ahx

˚
h ` γθ is optimal if

rφp1 ´ ηq ` ηs

„

Πpp˚
h, x

˚
h;hq ` γθ

ȷ

ě φp1 ´ ηq

„

Πpp˚
h, x

˚
h;hq ` θ

ȷ

,

η ě
φp1 ´ γqθ

rφp1 ´ γq ` γsθ ` Πpp˚
h, x

˚
h;hq

“: η1pφq.

Given that this cutoff is increasing in the fraction of conscious shoppers among the steadfast,

dη1pφq

dφ
“

p1 ´ γqγθ2 ` p1 ´ γqθΠpp˚
h, x

˚
h;hq

“

rφp1 ´ γq ` γsθ ` Πpp˚
h, x

˚
h;hq

‰2 ą 0,

the optimistic and the pessimistic firm prefer the intermediate price p1
h if η ě maxtη1pφHq,

η1pφLqu “ η1pφHq. Conversely, both prefer the high price p˚˚
h if η ď mintη1pφHq, η1pφLqu “

η1pφLq. As before, Assumption 2 makes Epφ|kq irrelevant when observing a deviation to

k “ m. Hence, the off-path belief remains unrestricted in this alternative specification.
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See the proof of Proposition 7 also for showing that the firm prefers losing out on quality

shoppers.

First, suppose η ě η1pφHq. The firm prefers hand production whatever its private

information if

rφp1 ´ ηq ` ηs
“

Πpp˚
h, x

˚
h;hq ` γθ

‰

ě Πpp˚
m, x˚

m;mq ô η ě η̌pφq,

where

η̌pφq :“
1

1 ´ φ

«

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` γθ

´ φ

ȷ

.

Given that η̌pφHq ă η̌pφLq, pooling is an equilibrium for η ě maxtη̌pφLq, η1pφHqu. Note

that θ ą pΠpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hqq{γ ensures η̌pφLq ă 1. Moreover, Assumption 3

ensures η1pφHq P p0, 1q.

Now, suppose η ď η1pφLq. The firm prefers hand production whatever its private infor-

mation if

φp1 ´ ηq
“

Πpp˚
h, x

˚
h;hq ` θ

‰

ě Πpp˚
m, x˚

m;mq ô η ď η̄pφq.

Given that η̄pφLq ă η̄pφHq, pooling is an equilibrium for η ď mintη̄pφLq, η1pφLqu. As

before, θ ą Πpp˚
m, x˚

m;mq{φL ´ Πpp˚
h, x

˚
h;hq ensures η̄pφLq ą 0. Assumption 3 ensures

η1pφLq P p0, 1q.

The key requirement is that the optimistic and the pessimistic firm make the same

pricing decision for the handmade product: either the intermediate price p1 or the high price

p˚˚ is optimal for both. Otherwise, the price becomes a credible signal and conformists are

able to infer the firm’s private information, adjusting their willingness to pay.

Proposition 10 highlights that, compared to Epφq ą 1{2 under the initial specification,

pooling on a handmade strategy is an equilibrium for a smaller proportion of the parameter

space: the white area in Figure A.11 no longer supports pooling on h. Moreover, as the

prior γ approaches unity, the partition depicted in Figure A.11 approaches the partition

when the median steadfast shopper is conscious (Figure A.9a). The optimistic and the

pessimistic firm pool more often on a handmade strategy with price p1 sold to conscious

and conformist shoppers: the area H1
1 increases. The firms pool less often on a handmade

strategy with price p˚˚: the area H1
2 vanishes in the limit.

Intuitively, the conformists’ willingness to pay, and thus price p1, is increasing in the

prior. Hence, a large-scale handmade strategy targeting conscious and conformist shoppers

becomes more appealing than an exclusive handmade strategy targeting conscious shoppers

only.
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Figure A.11: Equilibria in the modified signalling game for φH “ 0.8 and φL “ 0.2.

A.3 Chapter 3 Additional Materials

A.3.1 Derivation of Thresholds

Below we will derive both λipMi, θiq and λR
i phi, θiq. Player i’s expected utility will be key

in both derivations and is given by

ErUpsi; θi, λiqs “ ´p1 ´ λiqErpsi ´ s̄´iq
2|hi, si, θis ´ λipsi ´ θiq

2.

Fixing player i’s action as si “ θi or si “ 1 ´ θi gives

ErUpθi; θi, λiqs “ ´p1 ´ λiqErpθi ´ s̄´iq
2|hi, θi, θis (A.17)

and

ErUp1 ´ θi; θi, λiqs “ ´p1 ´ λiqErp1 ´ θi ´ s̄´iq
2|hi, θi, 1 ´ θis ´ λip1 ´ 2θiq

2,

respectively. For both θi “ 0 and θi “ 1, we have p1 ´ 2 ¨ 0q2 “ p1 ´ 2 ¨ 1q2 “ 1. Therefore,

we write player i’s expected utility when si “ 1 ´ θi as

ErUp1 ´ θi; θi, λiqs “ ´p1 ´ λiqErp1 ´ θi ´ s̄´iq
2|hi, θi, 1 ´ θis ´ λi, (A.18)

which includes the part ´λip1 ´ 2θiq
2 “ ´λi.

We now provide the detailed steps required to derive λipMi, θiq.

(i) When player i is credulous, she believes that all other players truthfully reveal their

type: s˚pθjq “ θj because λ̂ij “ 1 for all j ‰ i P N . Therefore, we replace the history

hi with the summary statistic Mi :“
ř

jPhi
Itsj “ θiu.

135



(ii) Another implication of the belief that s˚pθjq “ θj is that we can remove the condition-

ing of Erpsi ´ s̄´iq
2|Mi, θi, sis on si, because, from player i’s credulous perspective, her

action si does not affect the other players’ actions. This means that we can re-write

(A.17) and (A.18) as

ErUpθi; θi, λiqs “ ´p1 ´ λiqErpθi ´ s̄´iq
2|Mi, θis

and

ErUp1 ´ θi; θi, λiqs “ ´p1 ´ λiqErp1 ´ θi ´ s̄´iq
2|Mi, θis ´ λi.

(iii) We open up the brackets in Erpθi ´ s̄´iq
2|Mi, θis and Erp1´θi ´ s̄´iq

2|Mi, θis to obtain

Erpθi ´ s̄´iq
2|Mi, θis “ Erθ2i ´ 2θis̄´i ` s̄2´i|Mi, θis (A.19)

and

Erp1 ´ θi ´ s̄´iq
2|Mi, θis “ Erp1 ´ θiq

2 ´ 2p1 ´ θiqs̄´i ` s̄2´i|Mi, θis, (A.20)

respectively. Then, because the terms θ2i and p1 ´ θiq
2 are held fixed, we can re-write

(A.19) and (A.20) as

Erpθi ´ s̄´iq
2|Mi, θis “ θ2i ` Ers̄2´i ´ 2θis̄´i|Mi, θis (A.21)

and

Erp1 ´ θi ´ s̄´iq
2|Mi, θis “ p1 ´ θiq

2 ` Ers̄2´i ´ 2p1 ´ θiqs̄´i|Mi, θis, (A.22)

respectively.

(iv) The term λipMi, θiq is defined by ErUpθi; θi, λiqs ě ErUp1 ´ θi; θi, λiqs. Thus, substi-

tuting (A.21) and (A.22) into (A.17) and (A.18) yields

´p1´λiq
“

θ2i `Ers̄2´i´2θis̄´i|Mi, θis
‰

ě ´p1´λiq
“

p1´θiq
2`Ers̄2´i´2p1´θiqs̄´i|Mi, θis

‰

.

Then, given step p3q, we can cancel the term ´p1 ´ λiqErs̄2´i|Mi, θis from both sides:

´p1 ´ λiq
“

θ2i ` Er´2θis̄´i|Mi, θis
‰

ě ´p1 ´ λiq
“

p1 ´ θiq
2 ` Er´2p1 ´ θiqs̄´i|Mi, θis

‰

.

(A.23)

Consequently, due to the linearity of the expectations operator, we can write (A.23)

as

´p1´λiq
“

θ2i ´2θiErs̄´i|Mi, θis
‰

ě ´p1´λiq
“

p1´θiq
2´2p1´θiqErs̄´i|Mi, θis

‰

. (A.24)
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(v) Finally, we rearrange (A.24) for λi:

λi ě ´p1 ´ λiqrp1 ´ θiq
2 ´ θ2i s ` p1 ´ λiq2p1 ´ 2θiqErs̄´i|Mi, θis,

λi ě ´p1 ´ λiqp1 ´ 2θiq ` p1 ´ λiq2p1 ´ 2θiqErs̄´i|Mi, θis,

λi ě p1 ´ 2θiq
`

2Ers̄´i|Mi, θis ´ 1
˘

´ λip1 ´ 2θiq
`

Ers̄´i|Mi, θis ´ 1
˘

. (A.25)

To proceed, we divide (A.25) by λi’s common factors: 1`p1´2θiq
`

2Ers̄´i|Mi, θis´1
˘

.

Therefore, we need to show that this term is positive to not reverse the inequality sign.

First, note that Ers̄´i|Mi, θis P r0, 1s for θi P t0, 1u. Consequently, we have

1 ` 2Ers̄´i|Mi, 0s ´ 1 “ 2Ers̄´i|Mi, 0s ě 0

and

1 ` p´1q
`

2Ers̄´i|Mi, 1s ´ 1
˘

` 1 “ 2 ´ 2Ers̄´i|Mi, 1s ě 0.

Thus, dividing by these common factors yields

λi ě
p1 ´ 2θiq

`

2Ers̄´i|Mi, θis ´ 1
˘

1 ` p1 ´ 2θiq
`

2Ers̄´i|Mi, θis ´ 1
˘ ,

λi ě 1 ´
1

1 ` p1 ´ 2θiq
`

2Ers̄´i|Mi, θis ´ 1
˘ ,

λi ě 1 ´
1

2
`

θi ` p1 ´ 2θiqErs̄´i|Mi, θis
˘ ,

where the right-hand side of the inequality is defined as λipMi, θiq in Section 4.2.1.

We now provide the detailed steps to derive λR
i phi, θiq.

(i) Since player i is rational, we cannot use steps p1q-p3q from the derivation of λipMi, θiq.

Instead, we compare (A.17) and (A.18) as they are:

´p1 ´ λiqErpθi ´ s̄´iq
2|hi, θi, θis ě ´p1 ´ λiqErp1 ´ θi ´ s̄´iq

2|hi, θi, 1 ´ θis ´ λi.

(ii) Expanding the brackets gives

λi ` λiErpθi ´ s̄´iq
2|hi, θi, θis ´ λiErp1 ´ θi ´ s̄´iq

2|hi, θi, 1 ´ θis

ě Erpθi ´ s̄´iq
2|hi, θi, θis ´ Erp1 ´ θi ´ s̄´iq

2|hi, θi, 1 ´ θis.

(iii) As Erp1 ´ θi ´ s̄´iq
2|hi, θi, 1 ´ θis ď 1, rearranging for λi gives

λi ě
Erpθi ´ s̄´iq

2|hi, θi, θis ´ Erp1 ´ θi ´ s̄´iq
2|hi, θi, 1 ´ θis

1 ` Erpθi ´ s̄´iq
2|hi, θi, θis ´ Erp1 ´ θi ´ s̄´iq

2|hi, θi, 1 ´ θis
,

where the right-hand side of the inequality is defined as λR
i phi, θiq in Section 4.2.1.
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A.3.2 An Alternative Model of Scepticism

In this section, we set up a parameterised model that (i) places a sceptical player on a

continuum between a rational and credulous player, (ii) allows for heterogeneity in the

complexity of heuristics within a group, and (iii) relaxes the assumption that a player using

a heuristic is wrong about other players’ conformity motives with probability one.

In particular, we assume that all players have an interior conformity motive λ P p0, 1q. A

sceptical player i, however, presumes that there are not one but two kinds of players in the

group: with probability εi, player j ‰ i is only concerned with matching her type pλ̂ij “ 1);

and, with probability 1´εi, player j ‰ i is as concerned as player i about fitting in (λ̂ij “ λ).

The parameter εi is common knowledge.4 It can be interpreted as the degree to which player

i simplifies (4.1). As the simplification in the assessment of every other player’s preferences

approaches zero (one), a sceptical player i becomes rational (credulous). Consequently, the

rational and credulous model are limit cases of the parameterised model when all (interior)

players make correct assessments with probability one and zero, respectively.

For comparability to Section 4.4, we focus on a group of four players. We assume that

player 2 and 3 are sceptical, and that 1´ ε2 and 1´ ε3 characterise the complexity of their

heuristics. For player 4 it does not matter whether she is credulous, sceptical or rational

about others’ concern to fit in as she does not face any successors. For player 1, we assume

that she follows s˚
1pθ1q “ θ1, whether she is credulous, sceptical or rational.5 Define

λ2pε2, h20q :“
5 ´ 2ε2 ´ 2πp1 ´ πqp1 ´ ε2q

14 ´ 2ε2 ´ 2πp1 ´ πqp1 ´ ε2q
ă

9 ´ 2πp1 ´ πqp5 ` ε3q

18 ´ 2πp1 ´ πqp5 ` ε3q
“: λ3pε3, h30q

as the cut-offs of a sceptical player 2 at history h20 “ t1 ´ θ2u and a sceptical player 3 at

history h30 “ t1 ´ θ2, 1 ´ θ2u, respectively.

Theorem 11. The mapping between types and actions is:

(i) pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq if λ P
“

0, λ2pε2, h20q
˘

.

(ii) pθ, θ, θ3, θ4q ÞÑ pθ, θ, θ, θq and pθ, 1 ´ θ, θ3, θ4q ÞÑ pθ, 1 ´ θ, θ3, θ4q if λ P
“

λ2pε2, h20q,

λ3pε3, h30q
˘

.

(iii) pθ, θ, θ, θ4q ÞÑ pθ, θ, θ, θq and tpθ, θ, 1 ´ θ, θ4q, pθ, 1 ´ θ, θ, θ4q, pθ, 1 ´ θ, 1 ´ θ, θ4qu ÞÑ

pθ, θ2, θ3, θ4q if λ P
“

λ3pε3, h30q, 1{2
˘

.

4If, say, εi “ 0.3 and εj “ 0.4, player i presumes that player j is only concerned with matching her type
with probability 0.3, and player i knows that player j’s presumption about i’s conformity motive is correct
with probability 0.6.

5The calculation of player 1’s expected utility is algebraically intractable given the 26 possible combina-
tions of pθ2, θ2, θ4; λ̂2, λ̂3, λ̂4q; however, given that a sceptical player is a convex combination of a credulous
and a rational player, who both truthfully reveal when moving first, the assumption that s˚

1 pθ1q “ θ1 is
innocuous.
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(iv) pθ, θ2, θ3, θ4q ÞÑ pθ, θ2, θ3, θ4q if λ P
“

1{2, 1
‰

.

Compared to our definition of scepticism in the main text, now a sceptical player’s cut-

off for a given history always lies between her credulous and rational cut-off, confirming the

intuition that credulity and rationality obtain as limit cases of scepticism in this alternative

specification: λ2p0, θ2q ď λ2pε2, h20q ď λR
2 ph20, θ2q and λ3p0, θ3q ď λ3pε3, h30q ď λR

3 ph20, θ3q

for all π P p1{2, 1q. As a result, when player 2 and 3 change from being credulous to being ra-

tional about the other players’ conformity motive, mappings piiq and piiiq in Proposition 11

cover less of the admissible parameter space pπ, λq whereas mapping piq covers more. In par-

ticular, Figure A.12 shows that, when the players simplify less, the interval
“

0, λ2pε2, h20q
˘

on which mapping piq is the aggregate outcome of the interaction becomes larger whilst the

intervals
“

λ3pε3, h30q, 1{2
˘

of mapping piiq and
“

λ3pε3, h30q, 1{2
˘

of mapping piiiq become

smaller for any given π P p1{2, 1q.

π

λ

1

1
2

λ3pε3, h30q

λ2pε2, h20q

0

piq

piiq

piiiq

pivq

1
2

1

(a) If credulous (ε2 “ ε3 “ 1).

π

λ

1

1
2

λ3pε3, h30q

λ2pε2, h20q

0

piq

piiq
piiiq

pivq

1
2

1

(b) If almost rational (ε2 “ ε3 “ 0.05).

Figure A.12: The aggregate outcome in a homogeneous group of four players.

We can, thus, conclude that whenever the true conformity motive λ has a distribution

F with full support, a fall in ε2 and ε3 makes uniform behaviour ex-ante more likely.

Intuitively, uniform behaviour is possible in mappings piiq and piiiq but certain in mapping

piq, and some probability mass shifts from the former to the latter as the heuristics used

within the group become more complex. Put differently, as in Corollary 1, a rationality

boost in the sense of a fall in ε2 and ε3 from one to zero makes uniform behaviour more

likely. However, contrary to Corollary 1, a scepticism boost in the sense of a fall in ε2 and

ε3 from one to x P p0, 1q also makes uniform behaviour more likely. In the main text, a

scepticism boost reduced the probability of uniform behaviour.
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Given the parameterisation of scepticism by εi, we can now accommodate heterogeneity

in the degree to which players simplify (4.1). Making only player 2’s heuristic more complex

(ε2 falls while keeping ε3 fixed) reduces the area covered by mapping piiq and increases the

area covered by mapping piq. Making only player 3’s heuristic more complex reduces the

area covered by mapping piiiq and increases the area covered by mapping piiq. Hence, the

above conclusions also hold for a targeted boost.

Proof of Theorem 11. We solve backwards from player 4. For the last player, it is irrelevant

whether she is credulous, sceptical or rational. At history t1´θ4, 1´θ4, 1´θ4u, she falsifies

if λ ă 1{2. At histories t1 ´ θ4, 1 ´ θ4, θ4u, t1 ´ θ4, θ4, 1 ´ θ4u and tθ4, 1 ´ θ4, 1 ´ θ4u, she

falsifies if λ ă 1{4. Hence, for λ ě 1{2 we can immediately conclude that the mapping is

pθ, θ2, θ3, θ4q ÞÑ pθ, θ2, θ3, θ4q as social pressure from uniform behaviour is (i) increasing over

time and (ii) never high enough to at least affect the last player’s behaviour.

Player 3 infers that player 1 is always truthful, and that with probability ε3 player 2 is

only concerned with matching her type whilst with probability 1´ ε3 player 2 has the same

conformity motive λ P p0, 1q.

Case I Suppose first that player 3 takes into account that λ is so low that she cannot

infer player 2’s type θ2 when player 2 has λ2 “ λ. Then, at history h30 “ t1 ´ θ3, 1 ´ θ3u,

Prpω “ 1´θ3|h30, θ3q “ π with probability ε3; Prpω “ 1´θ3|h30, θ3q “ 1{2 with probability

1 ´ ε3. If player 3 follows her predecessors, she infers that player 4 with λ4 “ λ will do so,

too. If she instead truthfully reveals, her action reduces the social pressure so that player

4 with λ4 “ λ will not follow either. Hence, at h30 “ t1 ´ θ3, 1 ´ θ3u, she expects

ErUS
3 pθ3; θ3, λq|h30s “ ´ε3

„

π2 ` p1 ´ πq2 ` πp1 ´ πq
8

9

ȷ

p1 ´ λq ´ p1 ´ ε3q

„

13

18

ȷ

p1 ´ λq

from being truthful whereas

ErUS
3 p1 ´ θ3; θ3, λq|h30s “ ´λ ´ ε3

„

2πp1 ´ πqε3
9

ȷ

p1 ´ λq ´ p1 ´ ε3q

„

ε3
18

ȷ

p1 ´ λq

from falsifying. Therefore, she falsifies if

λ ă
13 ` ε3r4 ` ε3 ´ 4πp1 ´ πqp5 ` ε3qs

18 ` ε3r4 ` ε3 ´ 4πp1 ´ πqp5 ` ε3qs
.

When ε3 “ 0, the above cut-off is independent of π. The less complex the heuristic, the

more steeply the cut-off is increasing in π: the impact of the complexity of the heuristic on

the cut-off is small in moderately informative environments but significant when π is takes

on an extreme value.

Given that we assume player 3 cannot infer player 2’s type when λ2 “ λ, we now find the

upper bound on λ such that ErUS
2 p1´θ2; θ2, λq|h20s ą ErUS

2 pθ2; θ;λq|h20s at h20 “ t1´θ2u.
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Given that player 2 infers player 1 to be truthful, Prpw “ 1 ´ θ2|h20, θ2q “ 1{2. Player

2 needs to infer both player 3’s and player 4’s action. If player 2 follows her predecessor,

she infers that player 3 with λ3 “ λ will do so, too. If she instead truthfully reveals, her

action reduces the social pressure so that player 3 with λ3 “ λ will not follow either. What

player 2 predicts player 4 to do depends on whether the true common conformity motive λ

is above or below 1/4 (see above analysis).

(a) Assuming first that λ ě 1{4, player 2 predicts player 4 with λ4 “ λ to be truthful

when she is truthful. Hence, at h20 “ t1 ´ θ2u, she expects

ErUS
2 pθ2; θ2, λq|h20s “ ´

„

5 ´ 2πp1 ´ πq

9

ȷ

p1 ´ λq

from being truthful whereas

ErUS
2 p1 ´ θ2; θ2, λq|h20s “ ´λ ´ ε2

„

2p1 ´ πp1 ´ πqq

9

ȷ

p1 ´ λq

from falsifying. Therefore, she falsifies if λ ă λ2pε2, h20q, where

λ2pε2, h20q :“
5 ´ 2ε2 ´ 2πp1 ´ πqp1 ´ ε2q

14 ´ 2ε2 ´ 2πp1 ´ πqp1 ´ ε2q
ě

1

4
.

When ε2 “ 1, the cut-off is independent of π. The more complex the heuristic, the more

steeply the cut-off is increasing in π. Hence, the impact of the complexity of the heuristic

is least (most) pronounced in uninformative (informative) environments as π Ñ 1{2 (1).

Given that λ2pε2, h20q is lower than player 3’s cut-off, we conclude that the mapping is

pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq if λ P
“

1{4, λ2pε2, h20q
˘

.

(b) Assuming now that λ ă 1{4, player 2 instead predicts player 4 with λ4 “ λ to

always agree with the majority. In this case, ErUS
2 p1 ´ θ2; θ2, λq|h20s is as above but

ErUS
2 pθ2; θ2, λq|h20s “ ´p1 ´ ε2q

„

5

9

ȷ

p1 ´ λq

so that she falsifies if λ ă p5´2ε2q{p14´2ε2q. Given that this cut-off is weakly greater than

1/4 for all ε2, we conclude that the mapping is also pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq if λ P
“

0, 1{4
˘

.

Case II Now suppose that player 3 takes into account that λ is sufficiently high that she

can infer player 2’s type θ2 when player 2 has λ2 “ λ. Then, at history h30 “ t1´θ3, 1´θ3u,

Prpω “ 1 ´ θ3|h30, θ3q “ π with probability 1. Hence, she expects

ErUS
3 pθ3; θ3, λq|h30s “ ´

„

π2 ` p1 ´ πq2 ` πp1 ´ πq
8

9

ȷ

p1 ´ λq
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from being truthful whereas

ErUS
3 p1 ´ θ3; θ3, λq|h30s “ ´λ ´

„

2πp1 ´ πqε3
9

ȷ

p1 ´ λq

from falsifying. Therefore, she falsifies if λ ă λ3pε3, h30q, where

λ3pε3, h30q :“
9 ´ 2πp1 ´ πqp5 ` ε3q

18 ´ 2πp1 ´ πqp5 ` ε3q
.

The less complex the heuristic, the more steeply the cut-off is increasing in π. The impact

of the complexity of the heuristic is most pronounced in uninformative environments as

π Ñ 1{2. The impact becomes negligible as π Ñ 1.

Given that we assume player 3 can infer player 2’s type when λ2 “ λ, we now find the

lower bound on λ such that ErUS
2 pθ2; θ2, λq|h20s ě ErUS

2 p1´θ2; θ2, λq|h20s at h20 “ t1´θ2u.

Moreover, we presume (and verify below) this lower bound to be weakly above 1/4. Hence,

when player 2 is truthful so that the history will be “mixed” for player 4 (i.e., t1´θ2, θ2, 1´

θ2u or t1 ´ θ2, θ2, θ2u), player 4 is predicted to always be truthful. Then, the analysis of

player 2 is as in Case I(a) with player 2 being truthful if λ ě λ2pε2, h20q ě 1{4, which

verifies our presumption. Using the above results together with λ2pε2, h20q ă λ3pε3, h30q ă

1{2, the mapping is pθ, θ, θ3, θ4q ÞÑ pθ, θ, θ, θq and pθ, 1 ´ θ, θ3, θ4q ÞÑ pθ, 1 ´ θ, θ3, θ4q if

λ P
“

λ2pε2, h20q, λ3pε3, h30q
˘

whereas pθ, θ, θ, θ4q ÞÑ pθ, θ, θ, θq and tpθ, θ, 1 ´ θ, θ4q, pθ, 1 ´

θ, θ, θ4q, pθ, 1 ´ θ, 1 ´ θ, θ4qu ÞÑ pθ, θ2, θ3, θ4q if λ P
“

λ3pε3, h30q, 1{2
˘

.

A.3.3 Heterogeneity in the Complexity of Heuristics

Given Definition 1 and Definition 2, allowing for heterogeneity in the complexity of heuris-

tics does not change a credulous or sceptical player’s cut-off, because either the complexity

of player j’s heuristic is irrelevant information to player i ‰ j (whenever λ̂ij “ 1), or the

presumption about the complexity of player j’s heuristic matters, not the actual complex-

ity. Specifically, a sceptical player continues to presume her predecessors to be credulous

(Footnote 9).

Moreover, heterogeneity in the complexity of heuristics does not change our result that a

change from credulity to rationality increases the ex-ante probability of uniform behaviour

whilst a change to scepticism decreases it. Therefore, this result is robust to switching

one interior player or the whole group. In particular, in the group of four players with a

homogeneous conformity motive but heterogeneous heuristics, Theorem 1 generalises to:

Theorem 12. The mapping between types and actions is:

(i) pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq if λ P
“

0, λ
˘

,
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(ii) pθ, θ, θ3, θ4q ÞÑ pθ, θ, θ, θq and pθ, 1 ´ θ, θ3, θ4q ÞÑ pθ, 1 ´ θ, θ3, θ4q if λ P
“

λ, λ̄
˘

,

(iii) pθ, θ, θ, θ4q ÞÑ pθ, θ, θ, θq and tpθ, θ, 1 ´ θ, θ4q, pθ, 1 ´ θ, θ, θ4q, pθ, 1 ´ θ, 1 ´ θ, θ4qu ÞÑ

pθ, θ2, θ3, θ4q if λ P
“

λ̄, 1{2
˘

,

(iv) pθ, θ2, θ3, θ4q ÞÑ pθ, θ2, θ3, θ4q if λ P
“

1{2, 1
‰

,

where λ P
␣

λ2p0, θ2q, λR
2 ph20, θ2q

(

and λ̄ P
␣

λ3p0, θ3q, λ3phS30, θ3q, λR
3 ph30, θ3q

(

.

That is, the complexity of player 2’s heuristic affects the upper bound of mapping (i)

and the lower bound of mapping (ii) whilst player 3’s heuristic affects the upper bound of

mapping (ii) and the lower bound of mapping (iii) in Theorem 12. Hence, whenever the true

conformity motive λ has a distribution F with full support, a targeted rationality boost of

an interior player (i.e., player 2 or 3) shifts probability mass to a mapping in which uniform

behaviour is more likely. A rationality boost of the whole group is, thus, not necessary for

Corollary 1 to hold.

Moreover, Theorem 12 highlights that a policy maker who faces a group of credulous

players does not need to boost the whole group to achieve the maximum effect: a policy

maker concerned with reducing (increasing) the ex-ante probability of uniform behaviour

achieves the maximum change by boosting player 3 (players 2 and 3). The effectiveness

of a targeted, relative to an aggregate, boost may be important when its implementation

is costly. In particular, “boosts often require investments in time, effort, and motivation”

(Hertwig and Grüne-Yanoff, 2017, p.982). To ensure take-up notwithstanding, boosts have

to be explicit, visible, and transparent, which often prevents them from being no-cost in-

terventions (ibid.).

Proof of Theorem 12. Let N “ 4 and the common conformity motive be λ. Given that (i)

player 1 is always truthful, (ii) the sceptical and credulous player 2 have identical cut-offs,

and (iii) player 4’s cut-off is independent of the complexity of her heuristic, there are six

different combinations of credulity, scepticism and rationality (i.e. 2 ˆ 3) to consider:

[1] p¨, C, C, ¨q “ p¨, S, C, ¨q,

[2] p¨, S, S, ¨q “ p¨, C, S, ¨q,

[3] p¨, R,R, ¨q,

[4] p¨, C,R, ¨q “ p¨, S,R, ¨q,

[5] p¨, R, C, ¨q,

[6] p¨, R, S, ¨q.

We analysed Cases 1, 2 and 3 in the proof of Theorem 1. We now analyse Cases 4, 5

and 6.
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Case 4 The rational player 3 understands when she can infer θ2 from player 2’s action.

This does not depend on whether player 2 is credulous, sceptical or rational. Hence, player

3’s cut-off is as in Table B.2. The credulous player 2 correctly infers that player 1 is truthful

but does not realise that she potentially has a strategic externality on her successors. In

particular, as λ̂23 “ λ̂24 “ 1, player 2’s cut-off is λ2p0, θ2q “ 1{4. Following the same

reasoning as in the proof of Theorem 1, mapping (i) obtains for λ P
“

0, λ2p0, θ2q
˘

, mapping

(ii) obtains for λ P
“

λ2p0, θ2q, λR
3 ph30, θ3q

˘

, mapping (iii) obtains for λ P
“

λR
3 ph30, θ3q, 1{2

˘

,

and mapping (iv) obtains for λ P r1{2, 1s, where λR
3 ph30, θ3q “ p9´10πp1´πqq{p18´10πp1´

πqq.

Case 5 Player 3 is credulous and, thus, has cut-off λ3p0, θ3q “ p3´4πp1´πqq{p6´4πp1´πqq

irrespective of whether player 2 was, in fact, truthful. Player 2 is rational and, hence, takes

into account that player 3 posits λ̂32 “ 1. So player 2 takes into account that player 3

presumes s2 reveals θ2. In addition to correctly inferring player 3’s cut-off λ3p0, θ3q, the

rational player 2 takes into account player 3’s true conformity motive: λ̂23 “ λ. This

means that, as in the all-rational group, player 2 correctly predicts player 3’s behaviour.

In particular, if (i) λ P r0, 1{4q, player 3 and 4 agree with player 2 when s2 “ s1; player

3 is truthful and player 4 agrees with whatever player 3 announces otherwise. If (ii) λ P

r1{4, λ3p0, θ3qq, player 3 and 4 agree with player 2 when s2 “ s1; player 3 and 4 are truthful

when s2 ‰ s1. If (iii) λ P rλ3p0, θ3q, 1{2q, player 3 is always truthful but player 4 agrees with

everyone else when s1 “ s2 “ s3. If (iv) λ P r1{2, 1s, player 3 and 4 are always truthful.

Finally, we calculate player 2’s cut-off for each of the four cases above to check that

in (i) player 2’s cut-off is greater and in (ii) player 2’s cut-off is lower than the upper

bound. This implies that for λ P
“

0, λR
2 ph20, θ2q

˘

, mapping (i) of Theorem 1 obtains, whilst

for λ P
“

λR
2 ph20, θ2q, λ3p0, θ3q

˘

, mapping (ii) of Theorem 1 obtains, where λR
2 ph20, θ2q “

p5 ´ 2πp1 ´ πqq{p14 ´ 2πp1 ´ πqq. Because player 2’s cut-off in case (iii) is lower than the

lower bound of the interval, for λ P rλ3p0, θ3q, 1{2q, mapping (iii) of Theorem 1 obtains.

Case 6 As explained in Footnote 9, the sceptical player 3 implicitly presumes player 2 to

be credulous irrespective of the complexity of her heuristic. Hence, when player 3 observes

h30 “ t1 ´ θ3, 1 ´ θ3u, she edits the history to hS30 “ t1 ´ θ3u with corresponding cut-off

λ3phS30, θ3q “ 2{5. When instead the history is mixed, t1 ´ θ3, θ3u or tθ3, 1 ´ θ3u, she does

not edit and is truthful. Similarly, at h31 “ tθ3, θ3u the group size is too small to possibly

induce falsification after editing.

When the rational player 2 takes into account that she faces a sceptical player who

posits λ̂32 “ 0 (or sufficiently low) whenever s2 “ s1, she takes into account that player
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3’s cut-off at h30 is lower compared to Case 5: 2{5 ă p3 ´ 4πp1 ´ πqq{p6 ´ 4πp1 ´ πqq.

Apart from this difference, the analysis for player 2 is as in Case 5 because λR
2 ph20, θ2q ă

λ3phS30, θ3q. This implies that for λ P
“

0, λR
2 ph20, θ2q

˘

, mapping (i) of Theorem 1 obtains,

whilst for λ P
“

λR
2 ph20, θ2q, λ3phS30, θ3q

˘

, mapping (ii) obtains. Because player 2’s cut-off in

case (iii) is lower than the lower bound of the interval, for λ P
“

λ3phS30, θ3q, 1{2
˘

, mapping

(iii) obtains.

A.3.4 Additional Results

Additional Result 1 (Informativeness of type). In period i P t1, 2, . . . , N ´ 1u, if

C (i) Mi ą pi ´ 2q{2, then BλipMi, θiq{Bπ ă 0; or,

(ii) Mi “ pi ´ 2q{2, then BλipMi, θiq{Bπ “ 0; or,

(iii) Mi ă pi ´ 2q{2, then BλipMi, θiq{Bπ ą 0.

S (i) Mi ą pi ´ 2 ` A“
i ´ A‰

i q{2, then Bλiph
S
i , θiq{Bπ ă 0; or,

(ii) Mi “ pi ´ 2 ` A“
i ´ A‰

i q{2, then Bλiph
S
i , θiq{Bπ “ 0; or,

(iii) Mi ă pi ´ 2 ` A“
i ´ A‰

i q{2, then Bλiph
S
i , θiq{Bπ ą 0.

Proof of Additional Result 1. To prove Additional Result 1, we use the fact that

Bλip¨, 0q{Bπ
sgn
“ BErs̄´i|¨, 0s{Bπ.

C piq Suppose θi “ 0 and that, including player i, there is a strict majority for θi, which

implies pMi ` 1q{i ą 1{2. Then, by (B.12), the sign of BErs̄´i|Mi, 0s{Bπ is determined by

B

Bπ

„

p1 ´ πqaπ ` πap1 ´ πq

πa ` p1 ´ πqa

ȷ

“
πp1 ´ πqrπ2a ´ p1 ´ πq2as ` ap2π ´ 1qrπp1 ´ πqsa

πpπ ´ 1qrπa ` p1 ´ πqas2
, (A.26)

where a :“ 2pMi ` 1q ´ i. The assumption of a strict majority implies that a ą 0. Since

pπ´1q ă 0, (A.26) is negative if its numerator is positive. Since p2π´1q ą 0, the assumption

that a ą 0 is sufficient for the numerator to be strictly positive as π2a ´ p1 ´ πq2a ą 0 for

all π P p1{2, 1q if a ą 0. Finally, note that a ą 0 implies that 2pMi ` 1q ´ i ą 0, which

rearranges to Mi ą pi ´ 2q{2.

C piiq Suppose θi “ 0 and that, including player i, there is a tie, which implies Prpω “

θi|Mi, θiq “ 1{2. Then,

Ers̄i|Mi, 0s “
i ´ 1 ´ Mi

N ´ 1
`

„

π

2
`

p1 ´ πq

2

ȷˆ

N ´ i

N ´ 1

˙

“
i ´ 1 ´ Mi

N ´ 1
`

N ´ i

2pN ´ 1q
,

which is independent of π implying that BλipMi, 0q{Bπ “ 0. Finally, note that for a tie, we

require that Mi “ pi ´ 2q{2.
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C piiiq Suppose θi “ 0 and that, including player i, there is a strict minority for θi, which

implies pMi ` 1q{i ă 1{2. Then, by (B.13), the sign of BErs̄´i|Mi, 0s{Bπ is determined by

B

Bπ

„

p1 ´ πq1´a ` π1´a

p1 ´ πq´a ` π´a

ȷ

“
πp1 ´ πqrπ2a ´ p1 ´ πq2as ` ap2π ´ 1qrπp1 ´ πqsa

πpπ ´ 1qrπa ` p1 ´ πqas2
. (A.27)

The assumption of a strict minority implies that a ă 0. Since pπ´1q ă 0, (A.27) is positive

if its numerator is negative. Since p2π ´ 1q ą 0, the assumption that a ă 0 is sufficient for

the numerator to be strictly negative as π2a ´ p1 ´ πq2a ă 0 for all π P p1{2, 1q if a ă 0.

Finally, note that a ă 0 implies that 2pMi ` 1q ´ i ă 0, which rearranges to Mi ă pi´ 2q{2.

S piq Suppose θi “ 0 and that, including i, there is a strict majority for θi, which implies

Mi ą pi ´ 2 ` A“
i ´ A‰

i q{2. Then,

Ers̄´i|h
S
i , 0s “

i ´ 1 ´ Mi

N ´ 1
`

p1 ´ πqcπ ` πcp1 ´ πq

πc ` p1 ´ πqc

ˆ

N ´ i

N ´ 1

˙

,

where c :“ 2pMi ` 1q ´ i ` A‰
i ´ A“

i . Therefore, the sign of BErs̄´i|h
S
i , 0s{Bπ is determined

by (A.26) with a replaced by c. The assumption of a strict majority implies c ą 0, or

equivalently Mi ą pi ´ 2 ` A“
i ´ A‰

i q{2.

S piiq The proof follows the same logic as in C piiq.

S piiiq Suppose θi “ 0 and that, including i, there is a strict minority for θi, which implies

Mi ă pi ´ 2 ` A“
i ´ A‰

i q{2. Then,

Ers̄´i|h
S
i , 0s “

i ´ 1 ´ Mi

N ´ 1
`

p1 ´ πq1´c ` π1´c

p1 ´ πq´c ` π´c

ˆ

N ´ i

N ´ 1

˙

.

Therefore, the sign of BErs̄´i|h
S
i , 0s{Bπ is determined by (A.27) with a replaced by c. The

assumption of a strict minority implies c ă 0, or equivalently Mi ă pi´2`A“
i ´A‰

i q{2.
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Appendix B

Proofs

B.1 Chapter 1 Proofs

Proof of Lemma 1. First, note that substituting for the hiring probabilities in equation

(2.2) yield

UpeL, ηL, fq “ ´
1

2
, UpeL, ηL,mq “

β

2 ` β
w ´

1

2
,

UpeH , ηL, fq “
1

2 ` β
w ´ 2, UpeH , ηL,mq “

1 ` β

2 ` β
w ´ 2,

UpeL, ηH , fq “
1

2 ` β
w ´

1

4
, UpeL, ηH ,mq “

1 ` β

2 ` β
w ´

1

4
,

UpeH , ηH , fq “
2

2 ` β
w ´ 1, UpeH , ηH ,mq “ w ´ 1

in an informed audition, where by Assumption 3 an applicant’s wage is w “ ErŪ s “ 3 ´
β
2 .
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(b) High-ability female.
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(c) Low-ability male.
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eL

β

U

6
5

2

2

5
4

(d) High-ability male.

Figure B.1: Effort choices in an informed audition.

Low-ability females drop out of the audition for all possible biases (Figure B.1a). High-

ability females exert high effort if β P r0, 65 s and low effort if β P p65 , 2s (Figure B.1b).

Low-ability males drop out if β is strictly lower than 5´
?
17

2 , and exert low effort if β P

r5´
?
17

2 , 2s (Figure B.1c). High-ability males exert high effort if β P r0, 65 s and low effort if

β P p65 , 2s (Figure B.1d). Note the gender differences for low-ability applicants: UpeL, ηL,mq

is increasing in the evaluator’s bias while UpeL, ηL, fq is negative and independent of the

bias.

Proof of Proposition 1. To derive the evaluator’s expected net utility when his bias is low,

moderate, or high, I first determine his gross utility in each of the four possible subgames.

Using the fact that subgames pηL, fq and pηL,mq are each reached with probability p1 ´

pq{2 whilst pηH , fq and pηH ,mq are each reached with probability p{2, I then derive the

evaluator’s overall expected gross utility in stage 1. Only in the last step, I subtract wage

costs as w :“ wθ “ wŪ for all θ P Θ by Assumption 3.
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Suppose the evaluator’s bias against female applicants is low; that is, β P βL
I where

βL
I is defined as in Lemma 1(i). Then, low-ability males and females do not participate

and high-ability males and females exert high effort. In subgame pηL, fq and pηL,mq, the

evaluator, therefore, hires the outside option with probability one. With a slight abuse of

notation, the evaluator’s expected gross utility is the expected value of the outside option:

ErV |O, ηL, f s “ ErV |O, ηL,ms “ ErŪ s “ 3 ´
β

2
.

As w “ ErŪ s, the evaluator, by construction, breaks even after accounting for wage costs

in these two subgames. In subgame pηH , fq, the evaluator’s gross utility from hiring the

applicant is 4´β with corresponding hiring probability 2
2`β . The evaluator hires the outside

option with expected value 3 ´
β
2 with complementary probability β

2`β . The evaluator’s

expected gross utility in subgame pηH , fq can then be calculated as the probability that he

hires the applicant times the utility from hiring her plus the probability that he hires the

outside option times the expected value of the outside option:1

ErV |qH , ηH , f s “ Prph|qH , ηH , fqV pqH , ηH , fq ` r1 ´ Prph|qH , ηH , fqsErŪ s,

“
2

2 ` β
p4 ´ βq `

β

2 ` β

ˆ

3 ´
β

2

˙

“ 2 ´
β

2
`

4

2 ` β
.

In subgame pηH ,mq, the evaluator’s gross utility from hiring the applicant is 4 with corre-

sponding hiring probability 1. His expected gross utility in this subgame, therefore, is

ErV |qH , ηH ,ms “ Prph|qH , ηH ,mqV pqH , ηH ,mq “ 4.

Under the common prior assumption, the evaluator’s overall expected gross utility in stage

1 in an informed audition is

ErV |βs “
1 ´ p

2

„

ErV |O, ηL, f s ` ErV |O, ηL,ms

ȷ

`
p

2

„

ErV |qH , ηH , f s ` ErV |qH , ηH ,ms

ȷ

,

“
1 ´ p

2

„ˆ

3 ´
β

2

˙

`

ˆ

3 ´
β

2

˙ȷ

`
p

2

„ˆ

2 ´
β

2
`

4

2 ` β

˙

` 4

ȷ

.

After subtracting wage costs, the evaluator’s expected net utility is

ErΠI |β P βL
I s :“ ErV |β P βL

I s ´ w “
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ą 0.

Suppose the evaluator is moderately biased against female applicants; that is, β P βM
I

where βM
I is defined as in Lemma 1(ii). Then, subgame pηL, fq, pηH , fq and pηH ,mq remain

1Recall that, by Assumption 2, the value of Ū is unknown to the evaluator when making the hiring
decision. Therefore, all calculations use the unconditional expected value of the outside option. The model’s
results are robust to altering the timing and using the conditional expected value. However, when engaging
a substitute from an agency, it is more appropriately interpreted as a gamble as done here.
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unchanged. Low-ability males participate and exert low effort. The evaluator’s gross utility

from hiring the applicant in subgame (c) changes to 2 with corresponding hiring probability
β

2`β . The evaluator hires the outside option with expected value 3 ´
β
2 with complemen-

tary probability 2
2`β . The evaluator’s expected gross utility in subgame pηL,mq, therefore,

becomes

ErV |qL, ηL,ms “ Prph|qL, ηL,mqV pqL, ηL,mq ` r1 ´ Prph|qL, ηL,mqsErŪ s,

“
β

2 ` β
2 `

2

2 ` β

ˆ

3 ´
β

2

˙

“ 1 `
4

2 ` β
,

which is strictly less than ErŪ s for all β. Because w “ ErŪ s, the evaluator’s expected utility

net of wage costs is, thus, negative in subgame pηL,mq when he is moderately biased. The

evaluator’s overall expected gross utility becomes ErV |β P βM
I s

“
1 ´ p

2

„

ErV |O, ηL, f s ` ErV |qL, ηL,ms

ȷ

`
p

2

„

ErV |qH , ηH , f s ` ErV |qH , ηH ,ms

ȷ

,

“
1 ´ p

2

„ˆ

3 ´
β

2

˙

`

ˆ

1 `
4

2 ` β

˙ȷ

`
p

2

„ˆ

2 ´
β

2
`

2

2 ` β

˙

` 4

ȷ

.

After subtracting wage costs, the evaluator’s expected net utility is

ErΠI |β P βM
I s :“ ErV |β P βM

I s ´ w,

“
1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ż 0.

Suppose the evaluator is highly biased against female applicants; that is, β P βH
I where

βH
I is defined as in Lemma 1(iii). Then, subgame pηL, fq and pηL,mq remain unchanged.

High-ability females and males exert low effort. The evaluator’s gross utility from hiring

the applicant in subgame pηH , fq changes to 3 ´ β with corresponding hiring probability

1
2`β . The evaluator hires the outside option with expected value 3´

β
2 with complementary

probability 1`β
2`β . The evaluator’s expected gross utility in subgame pηH , fq, therefore, falls

to

ErV |qL, ηH , f s “ Prph|qL, ηH , fqV pqL, ηH , fq ` r1 ´ Prph|qL, ηH , fqsErŪ s,

“
1

2 ` β
p3 ´ βq `

1 ` β

2 ` β

ˆ

3 ´
β

2

˙

“
5

2
´

β

2
`

1

2 ` β
.

The evaluator’s gross utility from hiring the applicant in subgame pηH ,mq changes to 3 with

corresponding hiring probability 1`β
2`β . The evaluator hires the outside option with expected

value 3 ´
β
2 with complementary probability 1

2`β . The evaluator’s expected gross utility in

subgame pηH ,mq, therefore, falls to

ErV |qL, ηH ,ms “ Prph|qL, ηH ,mqV pqL, ηH ,mq ` r1 ´ Prph|qL, ηH ,mqsErŪ s,

“
1 ` β

2 ` β
3 `

1

2 ` β

ˆ

3 ´
β

2

˙

“
5

2
`

1

2 ` β
.
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The evaluator’s overall expected gross utility becomes ErV |β P βH
I s

“
1 ´ p

2

„

ErV |O, ηL, f s ` ErV |qL, ηL,ms

ȷ

`
p

2

„

ErV |qL, ηH , f s ` ErV |qL, ηH ,ms

ȷ

,

“
1 ´ p

2

„ˆ

3 ´
β

2

˙

`

ˆ

1 `
4

2 ` β

˙ȷ

`
p

2

„ˆ

5

2
´

β

2
`

1

2 ` β

˙

`

ˆ

5

2
`

1

2 ` β

˙ȷ

.

After subtracting wage costs, the evaluator’s expected net utility is

ErΠI |β P βH
I s :“ ErV |β P βH

I s ´ w,

“
1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

1

2 ` β

ˆ

´
β

2

˙

`
1 ` β

2 ` β

ˆ

β

2

˙ȷ

ż 0.

Proof of Lemma 2. First, note that substituting for the two hiring probabilities in equation

(2.2) yield

UpeL, ηLq “
β

4 ` 2β
w ´

1

2
, UpeH , ηLq “

2p1 ` pq ` β

4 ` 2β
w ´ 2,

UpeL, ηHq “
β

4 ` 2β
w ´

1

4
, UpeH , ηHq “

2p1 ` pq ` β

4 ` 2β
w ´ 1

for both female and male applicants in a pooling blind audition, where w “ ErŪ s “ 3 ´
β
2 .

(i) For p ă 1
3 , I show that UpeH , ηLq is strictly negative for all possible values of β. It

is always better for low-ability applicants to not participate. First, note that UpeH , ηLq is

strictly decreasing in β:

BUpeH , ηLq

Bβ
“ ´

4p

p4 ` 2βq2

ˆ

3 ´
β

2

˙

´
2p1 ` pq ` β

8 ` 4β
ă 0 @ β P r0, 2s.

This implies that, if UpeH , ηLq ă 0 at β “ 0, then UpeH , ηLq ă 0 for all β P r0, 2s. I can use

this condition to solve for the corresponding prior:

UpeH , ηLq

ˇ

ˇ

ˇ

β“0
“

1 ` p

2
3 ´ 2 ă 0 ñ p ă

1

3
.

Thus, for p ă 1
3 , pooling on high effort is never possible.

(ii) For p “ 1
3 , UpeH , ηLq “ 0 at β “ 0. By the previous argument, UpeH , ηLq ă 0 for

all β P p0, 2s. This implies that low-ability applicants are indifferent between exerting high

effort and not participating only if the evaluator is unbiased. Furthermore, it is optimal for

high-ability applicants to exert high effort whenever it is optimal for low-ability applicants

to exert high effort. This is because UpeL, ¨q shifts up by 1
4 while UpeH , ¨q shifts up by 1

in the move from ηL to ηH (Figure B.2a and Figure B.2b, respectively). Thus, pooling on

high effort is possible at p “ 1
3 if β “ 0.
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(a) Low-ability applicant.
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4

(b) High-ability applicant.

Figure B.2: Effort choices in a pooling blind audition for different priors.

(iii) For 1
3 ă p ă 1, there exists a range of biases for which UpeH , ηLq is positive. The

upper bound on β for which a pooling equilibrium can be supported is determined by the

indifference condition

UpeH , ηLq “
2p1 ` pq ` β

4 ` 2β

ˆ

3 ´
β

2

˙

´ 2 “ 0.

Given that β P r0, 2s, the above equation is uniquely solved by βppq :“
a

p2 ` 16p ´ p ´ 2.

The upper bound βppq is strictly increasing in p:

dβppq

dp
“

p ` 8
a

ppp ` 16q
´ 1 ą 0 @ 0 ă p ă 1.

Taking the limit of βppq yields

lim
pÒ1

βppq “
?
17 ´ 3 ą 0.

Proof of Proposition 2. Suppose the evaluator’s bias against female applicants is low; that

is, β P βL
B with 1

3 ď p ă 1 where βL
B is defined as in Lemma 2. His expected utility

from hiring the applicant at the information set qH is 3 ` p ´
β
2 with corresponding hiring

probability 2p1`pq`β
4`2β . The evaluator hires the outside option with expected value 3´

β
2 with

complementary probability 2p1´pq`β
4`2β . Given the evaluator’s beliefs, his overall expected

gross utility in stage 1 in a pooling blind audition is

ErV |β P βL
Bs “ Prph|qHqErV |qHs ` r1 ´ Prph|qHqsErŪ s,

“
2p1 ` pq ` β

4 ` 2β

ˆ

3 ` p ´
β

2

˙

`
2p1 ´ pq ` β

4 ` 2β

ˆ

3 ´
β

2

˙

.
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After subtracting wage costs, the evaluator’s expected net utility is

ErΠB|β P βL
Bs :“ ErV |β P βL

Bs ´ w,

“
2p1 ` pq ` β

4 ` 2β

„

3 ` p ´
β

2
´

ˆ

3 ´
β

2

˙ȷ

“ p
2p1 ` pq ` β

4 ` 2β
ą 0.

Proof of Lemma 3. First, note that substituting for the two hiring probabilities in the

applicant’s expected utility (2.2) yield

UpeL, ηLq “
β

4 ` 2β
w ´

1

2
, UpeH , ηLq “

4 ` β

4 ` 2β
w ´ 2,

UpeL, ηHq “
β

4 ` 2β
w ´

1

4
, UpeH , ηHq “

4 ` β

4 ` 2β
w ´ 1

for both male and female applicants in a separating blind audition, where w “ ErŪ s “ 3´
β
2 .

For β P r0,
?
17 ´ 3s, low-ability applicants exert high effort (Figure B.3a). For β P

p
?
17 ´ 3, 2q, low-ability applicants do not participate in the audition (Figure B.3a). For

β P r0, 2s, high-ability applicants exert high effort in the audition (Figure B.3b).

eH

eL
β

U

?
17 ´ 3 2

´ 1
2

1

(a) Low-ability applicant.

eH
eL

β

U

2´ 1
4

2

(b) High-ability applicant.

Figure B.3: Effort choices in a separating blind audition.

Proof of Proposition 3. Suppose the evaluator’s bias against female applicants is high; that

is β P βH
B where βH

B is defined as in Lemma 3. The evaluator’s expected utility from hiring

the applicant at the information set qH is 4´
β
2 with corresponding hiring probability 4`β

4`2β .

The evaluator hires the outside option with expected value 3 ´
β
2 with complementary

probability β
2`β . If the applicant is a low-ability male or female, the evaluator hires the

153



outside option with probability one as those types do not participate. In this case, the

evaluator’s expected utility is the expected value of the outside option:

ErV |Os “ ErŪ s “ 3 ´
β

2
.

As w “ ErŪ s, the evaluator breaks even by construction after accounting for wage costs.

Given the evaluator’s beliefs, his overall expected gross utility in stage 1 in a separating

blind audition is

ErV |β P βH
B s “ p

„

Prph|qHqErV |qHs ` r1 ´ Prph|qHqsErŪ s

ȷ

` p1 ´ pq

„

ErŪ s

ȷ

,

“ p

„

4 ` β

4 ` 2β

ˆ

4 ´
β

2

˙

`
β

2 ` β

ˆ

3 ´
β

2

˙ȷ

` p1 ´ pq

„

3 ´
β

2

ȷ

.

After subtracting wage costs, the evaluator’s expected net utility is

ErΠB|ββH
B s :“ ErV |β P βH

B s ´ w,

“ p

„

4 ` β

4 ` 2β

ˆ

4 ´
β

2
´

ˆ

3 ´
β

2

˙˙ȷ

“ p
4 ` β

4 ` 2β
ą 0.

Proof of Proposition 4. (i) For β P βL
B :“ r0,

a

p2 ` 16p´p´2s, I show that the evaluator’s

expected net utility in a blind audition is strictly lower than his expected net utility in an

informed audition. First, from Lemma 2(iii), it follows that 5´
?
17

2 ă limpÒ1 βppq ă 5
4 ; that

is, the highest bias for which a pooling equilibrium can be supported lies in the interval

corresponding to βM
I in an informed audition (see Figure 2.2a for an example). Therefore,

I need to compare ErΠB|β P βL
Bs with ErΠI |β P βL

I s and ErΠI |β P βM
I s to make the above

conclusion. From Proposition 1(i) and Proposition 2,

ErΠI |β P βL
I s ą ErΠB|β P βL

Bs,

ñ
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ą
2p1 ` pq ` β

4 ` 2β
p,

which is true for any 0 ă p ă 1 and β ą ´2. From Proposition 1(ii) and Proposition 2,

ErΠI |β P βM
I s ą ErΠB|β P βL

Bs,

ñ
1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

ą
2p1 ` pq ` β

4 ` 2β
p,

which is true for any 1
5 ă p ă 1 and β ą ´2. By Lemma 2, the lower bound on the prior is

more restrictive to support any pooling equilibrium. By assumption, the evaluator’s bias is

non-negative. Therefore, both inequalities are always satisfied and the evaluator’s expected

net utility in a blind audition is strictly lower.
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(ii) For β P βH
I X βH

B “ p65 , 2q, I show that the evaluator’s net utility in a blind audition

is strictly greater than in an informed audition. From Proposition 1(iii) and Proposition 3,

ErΠB|β P βH
B s ą ErΠI |β P βH

I s,

ñ p
4 ` β

4 ` 2β
ą

1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

1

2 ` β

ˆ

´
β

2

˙

`
1 ` β

2 ` β

ˆ

β

2

˙ȷ

,

which is true for any ´1
8 ă p ď 1 and 1 ´

?
8p ` 1 ă β ă

?
8p ` 1 ` 1. By assumption,

the lower and upper bound on the prior are more restrictive, and the evaluator’s bias lies

in the interval r0, 2s. Therefore, the above inequality is always satisfied.

(iii) For β P βM
I X βH

B “ p
?
17 ´ 3, 65 s, I show that the evaluator’s net utility in a blind

audition is strictly greater than his expected utility in an informed audition if 0 ă p ă
2´β
2 .

From Proposition 1(ii) and Proposition 3,

ErΠB|β P βH
B s ą ErΠI |β P βM

I s,

ñ p
4 ` β

4 ` 2β
ą

1 ´ p

2

„

β

2 ` β

ˆ

β

2
´ 1

˙ȷ

`
p

2

„

2

2 ` β

ˆ

1 ´
β

2

˙

`

ˆ

1 `
β

2

˙ȷ

,

which is true for any p ď 1 and 0 ă β ă 2 ´ 2p.

(iv) For β P βM
I XβH

B “ p
?
17´3, 65 s, it follows from (iii) that the strict reverse inequality

ErΠI |β P βM
I s ą ErΠB|β P βH

B s

holds for any p ď 1 and β ą 2 ´ 2p.

Proof of Proposition 5. (i) For β P βL
B :“ r0,

a

p2 ` 16p ´ p ´ 2s and 1
3 ď p ă 1, the

applicant’s expected utility is weakly greater in an blind audition:

UpeH , ηLq ě UpO, ηL, fq,

ñ
2p1 ` pq ` β

4 ` 2β
w ´ 2 ě 0.

By Lemma 2, the above inequality is the constraint on the range of β for which a pooling

equilibrium can be supported and, therefore, always satisfied.

(ii) For β P βH
B :“ p

?
17 ´ 3, 2q, the applicant does not participate in either of the

auditions and her expected utility is zero, as shown in Figure 2.4a.

Proof of Proposition 6. (i) First, note that, for β P r0, 2p1 ´ pqs, the applicant’s expected

utility is weakly greater in an informed audition:

UpeH , ηH , fq ě UpeH , ηHq,

ñ
2

2 ` β
ě

2p1 ` pq ` β

4 ` 2β
,

ñ β ď 2p1 ´ pq.
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However, because the upper bound βppq :“
a

p2 ` 16p ´ p ´ 2, for which a pooling equilib-

rium can be supported, may be more restrictive than the above inequality, I need to find

the range of priors for which either constraint is more restrictive. The indifference condition

is
a

p2 ` 16p ´ p ´ 2 “ 2p1 ´ pq,

ñ p˚ “
25 ´

?
561

2
« 0.65728.

For priors below p˚, βppq is the more restrictive constraint. For priors above p˚, the upper

bound for which a high-ability female prefers an informed audition is given by β ď 2p1´pq.

(ii) For β P βH
B :“ p

?
17 ´ 3, 2q, the applicant’s expected utility is strictly greater in a

blind audition, as shown in Figure 2.4b.

Proof of Proposition 7. (i) First, note that, for β P r0, 5´
?
17

2 q, the applicant does not

participate in an informed audition. If β ě 5´
?
17

2 , the applicant exerts low effort in an

informed audition. Therefore, I need to compare

UpeH , ηLq ě UpeL, ηL,mq,

ñ
2p1 ` pq ` β

4 ` 2β
w ´ 2 ě

β

2 ` β
w ´

1

2
,

ñ β ď ´
a

p2 ` 2p ` 49 ` p ` 7.

However, because the upper bound βppq :“
a

p2 ` 16p´p´2 for which a pooling equilibrium

can be supported may be more restrictive than the above inequality, I need to find the range

of priors for which either constraint is more restrictive. The indifference condition is

a

p2 ` 16p ´ p ´ 2 “ ´
a

p2 ` 2p ` 49 ` p ` 7,

ñ p˚˚ “
31 ´ 7

?
17

4
« 0.53457.

For priors below p˚˚, βppq is the more restrictive constraint. For priors above p˚˚, the upper

bound for which a low-ability male prefers a blind audition is given by β ď ´
a

p2 ` 2p ` 49`

p ` 7.

(ii) For β P βH
B :“ p

?
17 ´ 3, 2q, the applicant’s expected utility is strictly greater in an

informed audition, as shown in Figure 2.4c.

Proof of Proposition 8. For β P βL
B :“ r0,

a

p2 ` 16p´p´2s and 1
3 ď p ă 1, the applicant’s

expected utility is strictly greater in an informed audition audition:

UpeH , ηH ,mq ą UpeH , ηHq,

ñ 1 ą
2p1 ` pq ` β

4 ` 2β
,

ñ β ą 2pp ´ 1q.
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Given Lemma 2 and the assumption that evaluator’s bias is non-negative, the inequality is

always satisfied. For β P βH
B :“ p

?
17 ´ 3, 2q, the applicant’s expected utility is also strictly

greater in an informed audition, as shown in Figure 2.4d.

B.2 Chapter 2 Proofs

Proof of Proposition 1. I first prove the optimal pricing, discussed informally in Section 3.2.

Lemma 1 (Optimal Pricing). If the firm sells h to the whole market, then quality shoppers

are indifferent between buying and not buying, and p˚
h “ pQ,h. If the firm sells h to a fraction

of the market, then conscious shoppers are indifferent between buying and not buying, and

p˚˚
h “ pC,h. If the firm sells m to the whole market, then all shoppers are indifferent, and

p˚
m “ pC,m “ pQ,m.

Proof of Lemma 1. Suppose to the contrary that Q are not indifferent when they buy

product h at price ph; that is, VQp1;hq ą VQp0;hq “ 0. This implies ph ă pQ,h “ qph, xhq ă

qph, xhq ` θνphq “ pC,h. Therefore, F could increase ph by some amount ε without losing

Q or C as customers, and F would strictly increase its profit. Hence, charging ph ă pQ,h

can never be optimal. At p˚
h “ pQ,h, VQp1;hq “ VQp0;hq “ 0. The same logic applies in the

other two cases.

The remainder of the proof proceeds in two steps: First, I derive the firm’s optimal

effort and maximised profit for a given choice of production technology. Second, I compare

the firm’s maximised profit across production technologies for different values of θ. Let

q1pxkq :“ Bqpxk,kq

Bxk
.

First, suppose that k “ m. Given Assumption 2, I can focus on the case that F sells m

to the whole market. From Lemma 1 and Assumption 1, F sets p˚
m “ qpxm,mq “ Amxm.

Therefore, F ’s profit from choosing the effort level is Πpp˚
m, xm;mq “ pC ` Qqrqpxm,mq ´

cm
2 x2ms “ rAmxm ´ cm

2 x2ms, which is maximised at x˚
m “

q1px˚
mq

cm
“ Am

cm
. Consequently, F ’s

maximised profit is Πpp˚
m, x˚

m;mq “
A2

m
2cm

ą 0. Therefore, given k “ m, the firm always

chooses pp˚
m, x˚

mq to sell to the whole market.

Now, fix k “ h. There are two scenarios: (i) selling to the whole market at p˚
h “

qpxh, hq “ Ahxh; or (ii) selling to C only at p˚˚
h “ qpxh, hq ` θνphq “ Ahxh ` θ. Suppose

p˚
h “ Ahxh. Then F ’s profit from choosing the effort level is Πpp˚

h, xh;hq “ pC `QqrAhxh ´

ch
2 x

2
hs which is maximised at x˚

h “
q1px˚

hq

ch
“

Ah
ch

. Consequently, F ’s maximised profit is

Πpp˚
h, x

˚
h;hq “

A2
h

2ch
ą 0. Suppose p˚˚

h “ Ahxh ` θ. Then, x˚˚
h “ x˚

h with Πpp˚˚
h , x˚˚

h ;hq “
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C
A2

h
2ch

` Cθ ą 0. Therefore, given k “ h, the firm chooses to sell to C only at p˚˚
h over the

whole market at p˚
h if

Πpp˚˚
h , x˚˚

h ;hq “ CΠpp˚
h, x

˚
h;hq ` Cθ ě Πpp˚

h, x
˚
h;hq,

θ ě
1 ´ C

C
Πpp˚

h, x
˚
h;hq. (B.1)

Second, suppose (B.1) does not hold: F sells to the whole market under either production

process. Then F prefers to produce product m over h if Πpp˚
m, x˚

m;mq ą Πpp˚
h, x

˚
h;hq. Given

ch ą cm ą 0, this rearranges to
`

Am
Ah

˘2
ą cm

ch
. As

`

Am
Ah

˘2
ě 1 and 1 ą cm

ch
ą 0, the inequality

always holds. If it is optimal to sell to the whole market, the profit is greater for k “ m.

Now, suppose (B.1) holds: F sells h to a fraction of the market. Then F prefers to produce

product h over m if

Πpp˚˚
h , x˚˚

h ;hq “ CΠpp˚
h, x

˚
h;hq ` Cθ ą Πpp˚

m, x˚
m;mq,

θ ą
1

C
Πpp˚

m, x˚
m;mq ´ Πpp˚

h, x
˚
h;hq. (B.2)

Given that (B.2) is more stringent than (B.1), that is, Πpp˚
m, x˚

m;mq ą Πpp˚
h, x

˚
h;hq, the

equilibrium production technology is k “ h whenever (B.2) holds. The condition rearranges

to Cθ ą QΠpp˚
m, x˚

m;mq`C
“

Πpp˚
m, x˚

m;mq´Πpp˚
h, x

˚
h;hq

‰

, as is stated in the proposition.

Proof of Proposition 2. Define p̄ :“ q̄ ` θ and x̄ :“ q̄
h . First, note that the firm’s profit

under a binding standard is Πpp̄, x̄;hq “ C
”

q̄ ` θ ´
ch
2

´

q̄
Ah

¯2ı

ă Πpp˚˚
h , x˚˚

h ;hq when selling

h to C. I am interested in the conditions under which the unregulated firm chooses to sell

h to C, but the regulated firm chooses to sell m to the whole market:

Πpp˚˚
h , x˚˚

h ;hq ą Πpp˚
m, x˚

m;mq ą Πpp̄, x̄;hq. (B.3)

The second inequality in (B.3) rearranges as follows:

Πpp˚
m, x˚

m;mq “
qpx˚

m,mq

2
ą C

„

q̄ ` θ ´
q̄2

2qpx˚˚
h , hq

ȷ

“ Πpp̄, x̄;hq,

q̄2 ´ 2qpx˚˚
h , hqq̄ `

qpx˚
m,mqqpx˚˚

h , hq

C
´ 2qpx˚˚

h , hqθ ą 0.

Given that q̄ ą qpx˚˚
h , hq, the unique solution is

q̄ ą qpx˚˚
h , hq `

c

qpx˚˚
h , hq2 ´

qpx˚
m,mqqpx˚˚

h , hq

C
` 2qpx˚˚

h , hqθ “: q̌.

Note that the first inequality in (B.3) implies qpx˚˚
h , hq ą

qpx˚
m,mq

C ´ 2θ. Substituting for

qpx˚˚
h , hq yields

q̌ ą qpx˚˚
h , hq `

c

qpx˚˚
h , hq

´qpx˚
m,mq

C
´ 2θ

¯

´
qpx˚

m,mqqpx˚˚
h , hq

C
` 2qpx˚˚

h , hqθ “ qpx˚˚
h , hq.
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Proof of Proposition 3. First, in any such equilibrium the two firms must make the same

profit. Otherwise, a firm would prefer to switch to the other production process, and try

capturing the other firm’s shoppers. In particular, a firm can reduce the price or increase

quality. However, I show that a quality increase is more costly. Hence, the firms compete

in prices.

For example, an ε price reduction on h reduces profit by Πpp˚˚
h , x˚˚

h ;hq ´ Πpp˚˚
h ´

ε, x˚˚
h ;hq “ Cε, and increases C’s utility by ε. An ε quality increase reduces profit by

Πpp˚˚
h , x˚˚

h ;hq ´ Πpp˚˚
h , x˚˚

h ` ε;hq “ CAhε ` C ch
2 ε

2, and increases C’s utility by Ahε. The

profit reduction from a price discount is, thus, proportional to C’s utility increase. The

profit reduction from a quality increase, in contrast, is more than proportional. In other

words, a price discount is the more effective means: Profit is increasing linearly in price,

whereas the effort to increase quality comes with a convex cost cpxkq.

Second, note that, if the other firm was not taken into account, Fi would set p˚˚
h and

Fj would set p˚
m so as to extract all surplus from their respective shoppers. Given that

Πpp˚˚
h , x˚˚

h ;hq ż QΠpp˚
m, x˚

m;mq and if I assume that price adjustment is one-sided, there

are two ways to equate Fi’s and Fj ’s profit: (i) Fi lowers p˚˚
h by ε̄ while Fj sets p˚

m; or

(ii) Fj lowers p˚
m by ε̂ while Fi sets p˚˚

h . However, (ii) cannot be an equilibrium: C are

indifferent between buying and not buying h at p˚˚
h , but C are left with strictly positive

utility from buying m at p˚
m ´ ε̂ “ pC,m ´ ε̂ with ε̂ implicitly defined by Πpp˚˚

h , x˚˚
h ;hq “

QΠpp˚
m ´ ε̂, x˚

m;mq. Consequently, C would want to deviate to buying m.

In case (i), both C and Q are indifferent between buying and not buying m at p˚
m, but

C are left with strictly positive utility from buying h at p˚˚
h ´ ε̄. Therefore, I can focus on

a deviation of Q. Quality shoppers do not have an incentive to deviate to buying h if ε̄ is

sufficiently low:

VQpp˚˚
h ´ ε̄, x˚˚

h q “ VQpp˚˚
h , x˚˚

h q ` ε̄ “ Ahx
˚˚
h ´ pAhx

˚˚
h ` θq ` ε̄ ď 0,

ε̄ ď θ. (B.4)

The price discount that equates profits is given by

Πpp˚˚
h ´ ε̄, x˚˚

h ;hq “ CΠpp˚
h, x

˚
h;hq ` Cθ ´ Cε̄ “ QΠpp˚

m, x˚
m;mq,

ε̄ “ θ ´

„ˆ

1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq

ȷ

. (B.5)

In the proposed equilibrium with a one-sided price reduction on h, Fi cannot have an

incentive to deviate and reduce the price further to p˚
h such that Q switch to buying h:

Πpp˚˚
h ´ ε̄, x˚˚

h ;hq “ QΠpp˚
m, x˚

m;mq ě Πpp˚
h, x

˚
h;hq, (B.6)
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Am

Ah
ě

„

1

1 ´ C

cm
ch

ȷ
1
2

.

Note that Am
Ah

ě 1 and
`

cm
ch

˘
1
2 ă 1. However, for C ą 0,

`

1
1´C

˘
1
2 ą 1. Therefore, (B.6) is

not implied by the parameter restrictions but is necessary for equilibrium existence, which

ensures that Fi does not have a profitable deviation. I will use (B.6) later to obtain the

second condition in Proposition 3. Moreover, (B.6) implies that the second term on the

right-hand side of (B.5) is strictly positive:

„ˆ

1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq

ȷ

ě
1

C
Πpp˚

h, x
˚
h;hq ´ Πpp˚

h, x
˚
h;hq “

1 ´ C

C
Πpp˚

h, x
˚
h;hq ą 0.

Thus, substituting (B.6) into (B.5) implies that ε̄ ă θ. Given that this condition is stronger

than (B.4), Q do not have an incentive to deviate. Also Fj cannot have an incentive to

deviate and reduce the price to such an extent that C switch to buying m. Under pricing

strategy p˚˚
h ´ ε̄, C are left with strictly positive utility ε̄.

Therefore, Fj needs to reduce its price by ε ě ε̄ to induce C to switch. To make such

undercutting unprofitable for Fj , ε̄ must be sufficiently large. In particular, setting p˚
m ´ ε̄

(or less) to sell to both Q and C must lead to a weakly lower profit for Fj than selling only

to Q at p˚
m:

QΠpp˚
m, x˚

m;mq ě Πpp˚
m ´ ε̄, x˚

m;mq “ Πpp˚
m, x˚

m;mq ´ ε̄,

ε̄ ě CΠpp˚
m, x˚

m;mq. (B.7)

Substituting the price discount, given by (B.5), into (B.7) yields the first condition in the

proposition:

θ ´

„

1 ´ C

C
Πpp˚

m, x˚
m;mq ´ Πpp˚

h, x
˚
h;hq

ȷ

ě CΠpp˚
m, x˚

m;mq,

θ ě

ˆ

C `
1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq.

(B.8)

Note that this first condition implies also that the price discount is strictly positive. I

can substitute further for Πpp˚
m, x˚

m;mq from (B.6) to obtain the second condition in the

proposition:

θ ě

ˆ

C `
1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq

ě

ˆ

C `
1 ´ C

C

˙„

1

1 ´ C
Πpp˚

h, x
˚
h;hq

ȷ

´ Πpp˚
h, x

˚
h;hq “

ˆ

C

1 ´ C
`

1 ´ C

C

˙

Πpp˚
h, x

˚
h;hq.
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Finally, note that the equal-profit constraint prevents Fi from selling h to C at a

marginally higher price: Fi realises that this deviation results in zero profit. Suppose

Fi plans to increase its price by ϵ P p0, ε̄q. As C enjoy a strictly positive utility, they will

continue to buy h. However, Fj expects Fi to make a higher profit: It would switch the

production process, and would plan to offer h to C at a price p˚˚
h ´ ε̄` ϵ

2 . Price competition

in h in this static setting implies that ph “ cpx˚˚
h q instantaneously. Thus, Fi is better off

selling at p˚˚
h ´ ε̄, and making profit Πpp˚˚

h ´ ε̄, x˚˚
h ;hq ą 0.

Proof of Proposition 4. First, the economic surplus when the two firms compete in selling

m to the whole market is ESM :“ pC ` QqAmx˚
m ´ pC ` Qqcpx˚

mq “ Πpp˚
m, x˚

m;mq. The

specialised equilibrium is efficient if

ESS :“ QΠpp˚
m, x˚

m;mq ` CΠpp˚
h, x

˚
h;hq ` Cθ ě Πpp˚

m, x˚
m;mq “: ESM,

θ ě Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq. (B.9)

Given that the specialised equilibrium exists, (B.8) holds and
`

C ` 1´C
C

˘

Πpp˚
m, x˚

m;mq ą

Πpp˚
m, x˚

m;mq for C P p0, 1q. Therefore, the existence of a specialised equilibrium implies

(B.9).

Proof of Proposition 5. First, Fi and Fj cannot have an incentive to merge to sell m to the

whole market. Given that the firms share the monopolist’s profit equally, this implies

Πpp˚˚
h ´ ε̄, x˚˚

h ;hq “ QΠpp˚
m, x˚

m;mq ě
1

2
pC ` QqΠpp˚

m, x˚
m;mq,

1

2
ě C.

Second, Fi and Fj cannot have an incentive to merge to sell h to market segment C.

This implies

Πpp˚˚
h ´ ε̄, x˚˚

h ;hq “ QΠpp˚
m, x˚

m;mq ě
1

2
Πpp˚˚

h , x˚˚
h ;hq,

QΠpp˚
m, x˚

m;mq ě
1

2
rCΠpp˚

h, x
˚
h;hq ` Cθs,

2p1 ´ Cq

C
Πpp˚

m, x˚
m;mq ´ Πpp˚

h, x
˚
h;hq ě θ. (B.10)

Proof of Corollary 1. From Proposition 3, given that a specialised equilibrium exists, (B.8)

holds. Moreover, from Proposition 5, Fi and Fj do not have an incentive to collude as h-

monopolist if (B.10) holds. Combining these inequalities yields

2p1 ´ Cq

C
Πpp˚

m, x˚
m;mq ´ Πpp˚

h, x
˚
h;hq ě θ ě

ˆ

C `
1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq.
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Therefore, if

ˆ

C `
1 ´ C

C

˙

Πpp˚
m, x˚

m;mq ´ Πpp˚
h, x

˚
h;hq ą

2p1 ´ Cq

C
Πpp˚

m, x˚
m;mq ´ Πpp˚

h, x
˚
h;hq,

C `
1 ´ C

C
ą

2p1 ´ Cq

C
,

then merging to an h-monopolist in the specialised equilibrium is always profitable. Given

that C P p0, 1q, the above inequality is uniquely solved by C ą
?
5´1
2 “: C̄, where C̄ ą 1

2 .

From the proof of Proposition 5, collusion as m-monopolist is profitable if C ą 1
2 .

Proof of Proposition 6. Because φH ą 1
2 ą φL, conformist shoppers will convert into con-

scious shoppers if and only if the firm chooses handmade production. Therefore, the con-

jectured separating equilibrium exists if the firm prefers handmade production only after

observing φH , which is equivalent to η P rmaxt0, η̂pφHqu, η̂pφLqs. Under Assumption 3,

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

ă 1,

rp1 ´ φLq ´ p1 ´ φHqs
Πpp˚

m, x˚
m;mq

Πpp˚
h, x

˚
h;hq ` θ

ă p1 ´ φLqφH ´ p1 ´ φHqφL,

p1 ´ φLq
Πpp˚

m, x˚
m;mq

Πpp˚
h, x

˚
h;hq

´ p1 ´ φLqφH ă p1 ´ φHq
Πpp˚

m, x˚
m;mq

Πpp˚
h, x

˚
h;hq

´ p1 ´ φHqφL,

η̂pφHq :“
1

1 ´ φH

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq

´ φH

ȷ

ă
1

1 ´ φL

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq

´ φL

ȷ

“: η̂pφLq,

and

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

ă 1,

η̂pφLq :“
1

1 ´ φL

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φL

ȷ

ă 1.

Because η̂pφHq ă η̂pφLq ă 1, the set is non-empty if 0 ă η̂pφLq. This latter inequality

rearranges to the condition θ ă
Πpp˚

m,x˚
m;mq

φL
´ Πpp˚

h, x
˚
h;hq in the proposition. If follows

immediately that θ ă Πpp˚
m, x˚

m;mq{φH ´ Πpp˚
h, x

˚
h;hq whenever 0 ă η̂pφHq.

Finally, I show that my assumption η ě η̃pφHq is implied by η ě η̂pφHq so that the

firm that sells a handmade product does not prefer deviating to p˚
h to sell also to quality

shoppers:

Πpp˚
h, x

˚
h;hq ă Πpp˚

m, x˚
m;mq,

η̃pφHq :“
1

1 ´ φH

„

Πpp˚
h, x

˚
h;hq

Πpp˚
h, x

˚
h;hq ` θ

´ φH

ȷ

ă
1

1 ´ φH

„

Πpp˚
m, x˚

m;mq

Πpp˚
h, x

˚
h;hq ` θ

´ φH

ȷ

“: η̂pφHq.
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B.3 Chapter 3 Proofs

Proof of Lemma 1. The proof under credulity proceeds in two steps. We first consider a

credulous player i when at least half of the preceding players have agreed with her type.

We then consider a credulous player i when more than half have disagreed with θi.

First, consider player i ď 2Mi ` 1 and suppose that θi “ 0. Player i chooses the low

action if λi ě λipMi, 0q “ p2Ers̄´i|Mi, 0s ´ 1q{p2Ers̄´i|Mi, 0sq, where Ers̄´i|Mi, 0s “

Prpω “ 1|Mi, θi “ 0qErs̄´i|ω “ 1,Mi, θi “ 0s`Prpω “ 0|Mi, θi “ 0qErs̄´i|ω “ 0,Mi, θi “ 0s.

(B.11)

To compute (B.11) when i ď 2Mi ` 1, note that Prpω “ 1|Mi, θi “ 0q “

πi´pMi`1qp1 ´ πqMi`1

πi´pMi`1qp1 ´ πqMi`1 ` πMi`1p1 ´ πqi´pMi`1q
“

p1 ´ πq2pMi`1q´i

π2pMi`1q´i ` p1 ´ πq2pMi`1q´i

by Bayes’ rule and Ers̄´i|ω “ 1,Mi, θi “ 0s “

i ´ 1 ´ Mi

N ´ 1
`

1

N ´ 1

N
ÿ

j“i`1

Ersj |ω “ 1,Mi, θi “ 0s

“
i ´ 1 ´ Mi

N ´ 1
`

1

N ´ 1

N
ÿ

j“i`1

Prpθj “ 1|ω “ 1q “
i ´ 1 ´ Mi

N ´ 1
` π

ˆ

N ´ i

N ´ 1

˙

.

Therefore, Ers̄´i|Mi, 0s “

p1 ´ πq2pMi`1q´i

π2pMi`1q´i ` p1 ´ πq2pMi`1q´i

„

i ´ 1 ´ Mi

N ´ 1
` π

ˆ

N ´ i

N ´ 1

˙ȷ

`
π2pMi`1q´i

π2pMi`1q´i ` p1 ´ πq2pMi`1q´i

„

i ´ 1 ´ Mi

N ´ 1
` p1 ´ πq

ˆ

N ´ i

N ´ 1

˙ȷ

“
i ´ 1 ´ Mi

N ´ 1
`

p1 ´ πq2pMi`1q´iπ ` π2pMi`1q´ip1 ´ πq

π2pMi`1q´i ` p1 ´ πq2pMi`1q´i

ˆ

N ´ i

N ´ 1

˙

. (B.12)

Remark 1. BErs̄´i|Mi, 0s{BMi ă 0.

Proof of Remark 1. Since B{BMirpi ´ 1 ´ Mq{pN ´ 1qs “ ´1{pN ´ 1q ă 0, it is sufficient

to show that the second term of (B.12) is decreasing in Mi. To ease notation, define

fpMiq :“ p1´πq2pMi`1q´iπ `π2pMi`1q´ip1´πq and gpMiq :“ π2pMi`1q´i ` p1´πq2pMi`1q´i.

Then,

d

dMi
fpMiq “ 2π lnp1 ´ πqp1 ´ πq2pMi`1q´i ` 2p1 ´ πq lnpπqπ2pMi`1q´i ă 0

and
d

dMi
gpMiq “ 2 lnpπqπ2pMi`1q´i ` 2 lnp1 ´ πqp1 ´ πq2pMi`1q´i ă 0.
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Since pN´iq{pN´1q ą 0 forN ą i, we need to show that gpMiq
d

dMi
fpMiq´fpMiq

d
dMi

gpMiq ă

0. The left-hand side of this inequality is equivalent to

rπa ` p1 ´ πqas ¨ r2π lnp1 ´ πqp1 ´ πqa ` 2p1 ´ πq lnpπqπas

´ rπp1 ´ πqa ` p1 ´ πqπas ¨ r2 lnpπqπa ` 2 lnp1 ´ πqp1 ´ πqas,

where a :“ 2pMi ` 1q ´ i. Simplifying this difference yields

2π lnp1´πqrp1´πqπsa`2p1´πq lnpπqπ2a`2π lnp1´πqp1´πq2a`2p1´πq lnpπqrp1´πqπsa

´

“

2π lnpπqrp1´πqπsa`2π lnp1´πqp1´πq2a`2p1´πq lnpπqπ2a`2p1´πq lnp1´πqrp1´πqπsa
‰

.

Notice that the second and seventh terms, as well as the third and sixth, cancel out. Taking

common factors of the remaining terms leads to gpMiq
d

dMi
fpMiq ´ fpMiq

d
dMi

gpMiq “

2 lnp1 ´ πqrp1 ´ πqπsarπ ´ p1 ´ πqs ` 2 lnpπqrp1 ´ πqπsarp1 ´ πq ´ πs

“2rp1 ´ πqπsap2π ´ 1qrlnp1 ´ πq ´ lnpπqs.

Since p2π ´ 1q ą 0 for all π, we need to check that rlnp1 ´ πq ´ lnpπqs ă 0. Notice

that at π “ 1{2 this expression is equal to zero. Therefore, we need to show that the

expression is strictly decreasing since π ą 1{2. Differentiation yields d{dπrlnp1´πq´lnpπqs “

´1{rπp1 ´ πqs ă 0.

Since i ď 2Mi`1, we have Ers̄´i|Mi, 0s ă 1
2 . To see this, note that BErs̄´i|Mi, 0s{BMi ă

0 by Remark 1. Therefore, it is sufficient to show that Ers̄´i|Mi, 0s ă 1{2 at Mi “ pi´1q{2.

Substitution yields

E
„

s̄´i

ˇ

ˇ

ˇ

ˇ

i ´ 1

2
, 0

ȷ

“
i ´ 1

2pN ´ 1q
` 2πp1 ´ πq

N ´ i

N ´ 1
ă

1

2
ô πp1 ´ πq ă

1

4
,

which holds for all π as πp1 ´ πq is a strictly concave function with a maximum value of

1{4 at π “ 1{2. Ers̄´i|Mi, 0s ă 1{2 implies that λipMi, 0q ă 0. As λi ě 0 by assumption,

player i always finds it optimal to choose the low action in accordance with her type; that

is, s˚
i p0q “ 0. By an analogous argument, player i always chooses the high action when

θi “ 1.

Now consider player i ą 2Mi ` 1 and suppose that θi “ 0. Again, player i chooses

the low action if λi ě λipMi, 0q. To compute (B.11) when i ą 2Mi ` 1, note that Prpω “

1|Mi, θi “ 0q “

πi´pMi`1qp1 ´ πqMi`1

πi´pMi`1qp1 ´ πqMi`1 ` πMi`1p1 ´ πqi´pMi`1q
“

πi´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q
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by Bayes’ rule while Ers̄´i|ω “ 1,Mi, θi “ 0s remains as above. Therefore, Ers̄´i|Mi, 0s “

πi´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

„

i ´ 1 ´ Mi

N ´ 1
` π

ˆ

N ´ i

N ´ 1

˙ȷ

`
p1 ´ πqi´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

„

i ´ 1 ´ Mi

N ´ 1
` p1 ´ πq

ˆ

N ´ i

N ´ 1

˙ȷ

“
i ´ 1 ´ Mi

N ´ 1
`

πi´1´2Mi ` p1 ´ πqi´1´2Mi

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙

. (B.13)

Conversely, consider player i ą 2Mi ` 1 and suppose that θi “ 1. Player i chooses the

high action if λi ě λipMi, 1q “ p1´2Ers̄´i|Mi, 1sq{p2´2Ers̄´i|Mi, 1sq, where Ers̄´i|Mi, 1s “

Prpω “ 1|Mi, θi “ 1qErs̄´i|ω “ 1,Mi, θi “ 1s`Prpω “ 0|Mi, θi “ 1qErs̄´i|ω “ 0,Mi, θi “ 1s.

(B.14)

To compute (B.14) if i ą 2Mi ` 1 note that Prpω “ 1|Mi, θi “ 1q “

πMi`1p1 ´ πqi´pMi`1q

πMi`1p1 ´ πqi´pMi`1q ` πi´pMi`1qp1 ´ πqMi`1
“

p1 ´ πqi´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

by Bayes’ rule and Ers̄´i|ω “ 1,Mi, θi “ 1s “

Mi

N ´ 1
`

1

N ´ 1

N
ÿ

j“i`1

Ersj |ω “ 1,Mi, θi “ 1s “
Mi

N ´ 1
`

1

N ´ 1

N
ÿ

j“i`1

Prpθj “ 1|ω “ 1q,

“
Mi

N ´ 1
` π

ˆ

N ´ i

N ´ 1

˙

.

Therefore, Ers̄´i|Mi, 1s “

p1 ´ πqi´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

„

Mi

N ´ 1
` π

ˆ

N ´ i

N ´ 1

˙ȷ

`
πi´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

„

Mi

N ´ 1
` p1 ´ πq

ˆ

N ´ i

N ´ 1

˙ȷ

“
Mi

N ´ 1
`

p1 ´ πqi´2pMi`1qπ ` πi´2pMi`1qp1 ´ πq

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙

.

Finally, note that the numerator of λipMi, 0q can be written as 2Ers̄´i|Mi, 0s ´ 1 “

2

„

i ´ pMi ` 1q

N ´ 1
`

πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙ȷ

´ 1,

“ 1 `
2i ´ 2pN ´ 1q ´ 2pMi ` 1q

N ´ 1
` 2

„

πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙ȷ

,

“ 1 ´
2Mi

N ´ 1
´ 2

„

1 ´
πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ȷˆ

N ´ i

N ´ 1

˙

,

“ 1 ´
2Mi

N ´ 1
´ 2

„

πi´2pMi`1qp1 ´ πq ` p1 ´ πqi´2pMi`1qp1 ´ p1 ´ πqq

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ȷˆ

N ´ i

N ´ 1

˙

,
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“ 1 ´ 2

«

Mi

N ´ 1
`

πi´2pMi`1qp1 ´ πq ` p1 ´ πqi´2pMi`1qπ

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙ȷ

“ 1 ´ 2Ers̄´i|Mi, 1s,

whilst the denominator can be written as 2Ers̄´i|Mi, 0s “

2

„

i ´ pMi ` 1q

N ´ 1
`

πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙ȷ

,

“ 2 `
2i ´ 2pN ´ 1q ´ 2pMi ` 1q

N ´ 1
` 2

„

πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙ȷ

,

“ 2 ´
2Mi

N ´ 1
´ 2

ˆ

N ´ i

N ´ 1

˙

` 2

„

πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ˆ

N ´ i

N ´ 1

˙ȷ

,

“ 2 ´
2Mi

N ´ 1
´ 2

„

1 ´
πi`1´2pMi`1q ` p1 ´ πqi`1´2pMi`1q

πi´2pMi`1q ` p1 ´ πqi´2pMi`1q

ȷˆ

N ´ i

N ´ 1

˙

,

“ 2 ´ 2Ers̄´i|Mi, 1s.

Therefore, λipMi, 0q “ λipMi, 1q. Thus, a player with λi ă λipMi, θiq chooses s
˚
i pθiq “ 1´θi.

Scepticism We use the fact that limπÓ1{2 λipMi, θiq “ limπÓ1{2 λiph
S
i , θiq.

We first consider player i when at least half of the preceding players have agreed with

her type. Using the above fact, we proved in the previous part that limπÓ1{2 λiph
S
i , θiq ă 0

when Mi ě pi´ 1q{2. We now consider how editing the history affects the sceptical player’s

cut-off when π increases.

First, suppose that Mi ě pi´2`A“
i ´A‰

i q{2. Then, Bλiph
S
i , θiq{Bπ ď 0 from Additional

Result 1 so that λiph
S
i , θiq ă 0 for all π P p1{2, 1q. Hence, if Mi ě maxtpi ´ 1q{2, pi ´ 2 `

A“
i ´ A‰

i q{2u, a sceptical player i never falsifies her type, proving case piq.

Now, suppose that Mi ă pi´2`A“
i ´A‰

i q{2. Then, Bλiph
S
i , θiq{Bπ ą 0 from Additional

Result 1 so that the cut-off may become positive as π increases. In particular, λiph
S
i , θiq “ 0

is solved by π̂pNq when pi´1q{2 ď Mi ă pi´2`A“
i ´A‰

i q{2. Given that this threshold on

the informativeness is decreasing in N , there exists a minimum group size N̂ such that for

N ą N̂ , we have π̂pNq ă 1. The minimum group size that solves π̂pN̂q “ 1 is N̂ “ 2Mi `1.

Hence, forN ą N̂ , a sceptical player i with λi ă λiph
S
i , θiq falsifies her type in an informative

environment π ą π̂pNq. For N ď N̂ , falsification never occurs, proving case piiq.

We now consider player i when less than half of the preceding players have agreed with

her type. Using the above fact, we proved in the previous part that limπÓ1{2 λiph
S
i , θiq ą 0

when Mi ă pi´1q{2. We again consider how editing the history affects the sceptical player’s

cut-off when π increases. Note here that Mi ă pi ´ 1q{2 is equivalent to Mi ď pi ´ 2q{2

given integer values.
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First, suppose that Mi ď pi´2`A“
i ´A‰

i q{2. Then, Bλiph
S
i , θiq{Bπ ě 0 from Additional

Result 1 so that λiph
S
i , θiq ą 0 for all π P p1{2, 1q. Hence, if Mi ď mintpi ´ 2q{2, pi ´ 2 `

A“
i ´ A‰

i q{2u, a sceptical player i with λi ă λiph
S
i , θiq falsifies her type, proving case pivq.

Now, suppose that Mi ą pi´2`A“
i ´A‰

i q{2. Then, Bλiph
S
i , θiq{Bπ ă 0 from Additional

Result 1 so that the cut-off may become negative as π increases. In particular, λiph
S
i , θiq “ 0

is solved by π̌pNq when pi ´ 2 ` A“
i ´ A‰

i q{2 ă Mi ă pi ´ 1q{2. Given that this threshold

on the informativeness is decreasing in N , there exists a minimum group size Ň such

that for N ą N̂ , we have π̂pNq ă 1. The minimum group size that solves π̂pN̂q “ 1 is

Ň “ 2pi´1´Miq`1. Hence, for N ą Ň , a sceptical player i with λi ă λiph
S
i , θiq falsifies her

type in an uninformative environment π ă π̌pNq. For N ď Ň , falsification only necessitates

λi ă λiph
S
i , θiq, proving case piiiq.

Proof of Proposition 1. We start by proving part piq. The inequality chain ensures exis-

tence of π̌pNq for the minority type and π̂pNq for the majority type while N ą N̂ ensures

tπ̌pNq, π̂pNqu ă 1. To derive the chain, suppose that type θi “ 0 is in the strict majority

at history hi when including her type. From Lemma 1, the threshold π̂pNq exists if

pi ´ 1q{2 ď Mip0q ă pi ´ 2 ` A“
i p0q ´ A‰

i p0qq{2, (B.15)

where Mip0q :“
ř

jPhi
Itsj “ 0u. From Lemma 1, the threshold π̌pNq for θi “ 1 exists if

pi ´ 2 ` A“
i p1q ´ A‰

i p1qq{2 ă Mip1q ă pi ´ 1q{2, (B.16)

where Mip1q :“
ř

jPhi
Itsj “ 1u. We relate inequality chains (B.15) and (B.16) using (a)

Mip1q “ i´1´Mip0q, (b) A“
i p1q “ A‰

i p0q, and (c) A‰
i p1q “ A“

i p0q. To do so, we substitute

conditions (a)-(c) into chain (B.16) and rearrange:

pi ´ 2 ` A‰
i p0q ´ A“

i p0qq{2 ă i ´ 1 ´ Mip0q ă pi ´ 1q{2,

pi ´ 1q{2 ă Mip0q ă pi ` A“
i p0q ´ A‰

i p0qq{2. (B.17)

The lower bound for the minority player in chain (B.17) is more stringent compared to the

lower bound for the majority player in chain (B.15). On the other hand, the upper bound

for the majority player is more stringent. Therefore, inequality chains (B.15) and (B.16)

hold simultaneously whenever

pi ´ 1q{2 ă Mip0q ă pi ´ 2 ` A“
i p0q ´ A‰

i p0qq{2. (B.18)

Suppose condition (B.18) holds so that π̂pNq and π̌pNq exist. For the sceptical type

θi “ 0,

Ers̄´i|h
S
i , 0s “

i ´ 1 ´ Mip0q

N ´ 1
`

πa0`b0`1 ` p1 ´ πqa0`b0`1

πa0`b0 ` p1 ´ πqa0`b0

ˆ

N ´ i

N ´ 1

˙

, (B.19)
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where a0 :“ i ´ 2pMip0q ` 1q and b0 :“ A“
i p0q ´ A‰

i p0q. For the sceptical type θi “ 1,

Ers̄´i|h
S
i , 1s “

Mip1q

N ´ 1
`

π1´pa1`b1q ` p1 ´ πq1´pa1`b1q

π´pa1`b1q ` p1 ´ πq´pa1`b1q

ˆ

N ´ i

N ´ 1

˙

, (B.20)

where a1 :“ i´2pMip1q`1q and b1 :“ A“
i p1q´A‰

i p1q. For a later comparison, we substitute

(a) b1 “ ´b0, (b) a1 “ ´a0 ´ 2, and (c) Mip1q “ i ´ 1 ´ Mip0q into (B.20):

Ers̄´i|h
S
i , 1s “

i ´ 1 ´ Mip0q

N ´ 1
`

πa0`b0`3 ` p1 ´ πqa0`b0`3

πa0`b0`2 ` p1 ´ πqa0`b0`2

ˆ

N ´ i

N ´ 1

˙

. (B.21)

By definition, π̂pNq and π̌pNq solve λiph
S
i , θiq “ 0, which rearranges to Ers̄´i|h

S
i , θis “ 1{2.

Therefore, π̂pNq solves

1

2
“

i ´ 1 ´ Mip0q

N ´ 1
`

π̂a0`b0`1 ` p1 ´ π̂qa0`b0`1

π̂a0`b0 ` p1 ´ π̂qa0`b0

ˆ

N ´ i

N ´ 1

˙

,

N ` 1 ` 2pMip0q ´ iq

2pN ´ iq
looooooooooooomooooooooooooon

“:Y pNq

“
π̂a0`b0`1 ` p1 ´ π̂qa0`b0`1

π̂a0`b0 ` p1 ´ π̂qa0`b0
, (B.22)

by setting (B.19) equal to one-half. Further, π̌pNq solves

1

2
“

i ´ 1 ´ Mip0q

N ´ 1
`

π̌a0`b0`3 ` p1 ´ π̌qa0`b0`3

π̌a0`b0`2 ` p1 ´ π̌qa0`b0`2

ˆ

N ´ i

N ´ 1

˙

,

Y pNq “
π̌a0`b0`3 ` p1 ´ π̌qa0`b0`3

π̌a0`b0`2 ` p1 ´ π̌qa0`b0`2
, (B.23)

by setting (B.21) equal to one-half. Moreover, Y pN̂q “ Y p2Mip0q ` 1q “ 1 and

BY pNq

BN
“

i ´ 2Mip0q ´ 1

2pN ´ iq2
ă 0,

given that 2Mip0q ě i from the upper bound in condition (B.18). Therefore, under condition

N ą N̂ of Proposition 1, we have Y pNq ă 1.

To compare the right-hand sides of (B.22) and (B.23) for π P p1{2, 1q, let c0 :“ a0 ` b0.

The lower bound in condition (B.18) implies c0 ą 0. This restriction on the exponent, in

turn, implies that

MAJ :“
πc0`1 ` p1 ´ πqc0`1

πc0 ` p1 ´ πqc0
ă

πc0`3 ` p1 ´ πqc0`3

πc0`2 ` p1 ´ πqc0`2
“: MIN

for all π P p1{2, 1q. Therefore, Y pNq crosses MIN at a lower π for all N ą N̂ . This proves

that π̌pNq ă π̂pNq for all N ą N̂ (Figure B.4). Therefore, the interval pπ̌pNq, π̂pNqs exists

under the conditions of Proposition 1.

Part piiq applies when π̌pNq, but not π̂pNq, exists. We need Mip0q ě maxtpi´1q{2, pi´

2 ` A“
i p0q ´ A‰

i p0qq{2u from Lemma 1 and (B.17), which form the inequality chain in part

piiq:

maxtpi ´ 1q{2 ` ε, pi ´ 2 ` A“
i p0q ´ A‰

i p0qq{2u ď Mip0q ă pi ` A“
i p0q ´ A‰

i p0qq{2. (B.24)
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Suppose condition (B.24) holds. Then condition N ą N̂ of Proposition 1 ensures that

π̌pNq ă 1 and existence of interval pπ̌pNq, 1q follows.

Y pNq

MAJ

MIN

π

1

1
2

0
1
2

1π̌pNq π̂pNq

Figure B.4: N ą N̂ .

Proof of Lemma 2. We solve the model under rationality with N “ 4 backwards. In de-

riving the equilibrium strategies of player 2 and 3, we assume s˚
1pθ1q “ θ1. In the last step,

we show that player 1 does not have an incentive to deviate from this strategy. For ease of

exposition, we set θ1 “ 0.

In the last period, player 4 observes one of the following histories: h40 “ t0, 0, 0u,

h42 “ t0, 1, 0u, h43 “ t0, 0, 1u, or h44 “ t0, 1, 1u. The corresponding cut-offs for θ4 P t0, 1u

are

λR
4 ph40, 1q “

1

2

λR
4 ph40, 0q “ ´

1

0

λR
4 ph42, 1q “ λR

4 ph43, 1q “
1

4
λR
4 ph42, 0q “ λR

4 ph43, 0q ă 0

λR
4 ph44, 1q ă 0,

λR
4 ph44, 0q “

1

4
.

Hence, we need to consider three cases for player 3: λ4 ă 1{4, 1{4 ď λ4 ă 1{2, and

1{2 ď λ4.

Case I Assume first λ4 ă 1{4. Consequently, player 3 infers that player 4 will agree with

the majority of her predecessors. Player 3 also takes into account whether player 2 revealed

θ2 through her action.

(i) Suppose player 3 infers that the low action at t “ 2 could come from either θ2 “ 1

or θ2 “ 0. Player 3 then discards player 2’s action in calculating Prpω “ 1|h30, θ3q. That is,

player 3 expects h30 “ t0, 0u to involve s˚
2pθ2q “ 0 but h32 “ t0, 1u to involve s˚

2pθ2q “ θ2.
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Consider first θ3 “ 1. At history h30 “ t0, 0u, Prpω “ 1|h30, 1q “ 1{2. If player 3 takes

the high action, player 4 observes h43 “ t0, 0, 1u. Given λ4 ă 1{4, player 4 will always take

the low action. Conversely, if player 3 takes the low action, player 4 observes h40 “ t0, 0, 0u.

Again, player 4 will always take the low action. Therefore, player 3 expects utility

ErUp1; 1, λ3q|h30s “ ´p1 ´ λ3q

ˆ

1 ´
0 ` 0 ` 0

3

˙2

´ λ3p1 ´ 1q2 “ ´p1 ´ λ3q,

ErUp0; 1, λ3q|h30s “ ´p1 ´ λ3q

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ3p0 ´ 1q2 “ ´λ3,

respectively, so that s˚
3p1, h30q “ 0 if λ3 ă 1{2 “: λR

3 ph30, 1q. At history h32 “ t0, 1u,

Prpω “ 1|h32, 1q “
π2p1´πq

π2p1´πq`p1´πq2π
. If player 3 takes the high action, player 4 observes

h44 “ t0, 1, 1u. Given λ4 ă 1{4, player 4 will always take the high action. Conversely, if

player 3 takes the low action, player 4 observes h42 “ t0, 1, 0u and will always take the low

action. Therefore, player 3 expects utility

ErUp1; 1, λ3q|h32s “ ´p1 ´ λ3q

ˆ

1 ´
0 ` 1 ` 1

3

˙2

´ λ3p1 ´ 1q2 “ ´
1 ´ λ3

9
,

ErUp0; 1, λ3q|h32s “ ´p1 ´ λ3q

ˆ

0 ´
0 ` 1 ` 0

3

˙2

´ λ3p0 ´ 1q2 “ ´
1 ´ λ3

9
´ λ3,

respectively, so that s˚
3p1, h32q “ 1.

Consider now θ3 “ 0. At history h30 “ t0, 0u, Prpω “ 1|h30, 0q “
p1´πq2

p1´πq2`π2 . If player 3

takes the high action, ErUp1; 0, λ3q|h30s “ ´p1 ´ λ3q ´ λ3. Conversely, if player 3 takes the

low action, ErUp0; 0, λ3q|h30s “ 0. Therefore, s˚
3p0, h30q “ 0. The strategy is ideal: player

3 with θ3 “ 0 at h30 does not face a trade-off between matching her type and matching

the average action. At history h32, Prpω “ 1|h32, 0q “
πp1´πq2

πp1´πq2`p1´πqπ2 . If player 3 takes

the high action, ErUp1; 0, λ3q|h32s “ ´p1´ λ3q{9´ λ3. Conversely, if player 3 takes the low

action, ErUp0; 0, λ3q|h32s “ ´p1´λ3q{9. Therefore, s˚
3p0, h32q “ 0. In sum, given λ4 ă 1{4,

s˚
3pθ3, h30q “ 0 if λ3 ă 1{2 whereas s˚

3pθ3, h32q “ θ3.

(ii) Suppose player 3 infers that the low action at t “ 2 comes from θ2 “ 0. Player

3 then does not discard player 2’s action in calculating Prpω “ 1|h30, θ3q. However, as

player 4 always agrees with the majority, and player 3 cannot affect the majority at h30,

ErUp1; 1, λ3q|h30s and ErUp0; 1, λ3q|h30s remain the same. Hence, the change from s˚
2pθ2q “

0 to s˚
2pθ2q “ θ2 at h30 does not change λ

R
3 ph30, 1q. It remains unchanged that s˚

3p0, h30q “ 0.

Case II Assume now 1{4 ď λ4 ă 1{2.
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(i) Suppose player 3 infers that the low action at t “ 2 could come from either type.

Consider first θ3 “ 1. If player 3 takes the high action at h30, player 4 observes h43 “

t0, 0, 1u. Given λ4 ě 1{4, player 4 will always reveal truthfully. Conversely, if player 3 takes

the low action, player 4 observes h40 “ t0, 0, 0u. Given λ4 ă 1{2, player 4 will always take

the low action. Therefore,

ErUp1; 1, λ3q|h30s “ ´
1 ´ λ3

2

ˆ

1 ´
0 ` 0 ` 1

3

˙2

´
1 ´ λ3

2

ˆ

1 ´
0 ` 0 ` 0

3

˙2

“ ´
13p1 ´ λ3q

18
,

and ErUp0; 1, λ3q|h30s “ ´λ3. Hence, s
˚
3p1, h30q “ 0 if λ3 ă 13{31 “: λR

3 ph30, 1q. If player 3

takes the high action at h32, player 4 observes h44 “ t0, 1, 1u. Given λ4 ě 1{4, player 4 will

always reveal truthfully. If player 3 takes the low action, player 4 observes h42 “ t0, 1, 0u.

Again, she will always reveal truthfully. Therefore, player 3 expects utility

ErUp1; 1, λ3q|h32s “
u

v

„

´ p1 ´ λ3q

ˆ

1 ´
0 ` 1 ` 1

3

˙2ȷ

`
w

v

„

´ p1 ´ λ3q

ˆ

1 ´
0 ` 1 ` 0

3

˙2ȷ

,

ErUp0; 1, λ3q|h32s “
u

v

„

´ p1 ´ λ3q

ˆ

0 ´
0 ` 1 ` 1

3

˙2ȷ

`
w

v

„

´ p1 ´ λ3q

ˆ

0 ´
0 ` 1 ` 0

3

˙2ȷ

´ λ3,

where u :“ π3p1 ´ πq ` p1 ´ πq3π, v :“ π2p1 ´ πq ` p1 ´ πq2π, and w :“ 2π2p1 ´ πq2. Given

that u ą w, ErUp0; 1, λ3q|h32s`λ3 is lower than ErUp1; 1, λ3q|h32s. Hence, ErUp0; 1, λ3q|h32s

is also lower, and s˚
3p1, h32q “ 1. Intuitively, because player 3 does not alter player 4’s

behaviour and has evidence in favour of state ω “ 1, she maximises the probability of

matching her action to her successor’s action by revealing truthfully. Simultaneously, she

avoids disutility from falsification.

Consider now θ3 “ 0. If player 3 takes the high action at h30, ErUp1; 0, λ3q|h30s “

´13p1 ´ λ3q{18 ´ λ3. Conversely, if player 3 takes the low action, ErUp0; 0, λ3q|h30s “ 0.

Therefore, s˚
3p0, h30q “ 0. The strategy is ideal. If player 3 takes the high action at

h32, ErUp1; 0, λ3q|h32s “ ErUp0; 1, λ3q|h32s. Conversely, if player 3 takes the low action,

ErUp0; 0, λ3q|h32s “ ErUp1; 1, λ3q|h32s. Therefore, given u ą w, s˚
3p0, h32q “ 0. In sum,

given 1{4 ď λ4 ă 1{2, s˚
3pθ3, h30q “ 0 if λ3 ă 13{31 whereas s˚

3pθ3, h32q “ θ3.

(ii) When player 3 infers that the low action at t “ 2 comes from θ2 “ 0, Prpω “

1|h30, 1q “ 1 ´ π. Therefore, ErUp1; 1, λ3q|h30s “

´ 2πp1 ´ πqp1 ´ λ3q

ˆ

1 ´
0 ` 0 ` 1

3

˙2

´ rπ2 ` p1 ´ πq2sp1 ´ λ3q

ˆ

1 ´
0 ` 0 ` 0

3

˙2
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“ ´

„

1 ´
10πp1 ´ πq

9

ȷ

p1 ´ λ3q,

and ErUp0; 1, λ3q|h30s “ ´λ3. Hence, s
˚
3p1, h30q “ 0 if λ3 ă p9 ´ 10πp1 ´ πqq{p18 ´ 10πp1 ´

πqq “: λR
3 ph30, 1q. It remains unchanged that s˚

3p0, h30q “ 0.

Case III Assume 1{2 ď λ4.

(i) Suppose player 3 knows that the low action at t “ 2 could come from either type.

Consider first θ3 “ 1. As player 4 reveals truthfully at any history, ErUp1; 1, λ3q|h30s “

´13p1 ´ λ3q{18 and ErUp0; 1, λ3q|h30s “

´
1 ´ λ3

2

ˆ

0 ´
0 ` 0 ` 1

3

˙2

´
1 ´ λ3

2

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ3 “ ´
1 ´ λ3

18
´ λ3.

Therefore, s˚
3p1, h30q “ 0 if λ3 ă 2{5 “: λR

3 ph30, 1q. At h32, the expected utilities are the

same as when 1{4 ď λ4 ă 1{2. Therefore, s˚
3p1, h32q “ 1. Consider now θ3 “ 0. If player

3 takes the high action at h30, ErUp1; 0, λ3q|h30s “ ´13p1 ´ λ3q{18 ´ λ3. Conversely, if

player 3 takes the low action, ErUp0; 0, λ3q|h30s “ ´p1 ´ λ3q{18. Therefore, s˚
3p0, h30q “ 0.

As above, s˚
3p0, h32q “ 0. In sum, given 1{2 ď λ4, s

˚
3pθ3, h30q “ 0 if λ3 ă 2{5 whereas

s˚
3pθ3, h32q “ θ3.

(ii) When player 3 knows that the low action at t “ 2 comes from θ2 “ 0,

ErUp1; 1, λ3q|h30s “ ´r1 ´ 10{9πp1 ´ πqsp1 ´ λ3q while ErUp0; 1, λ3q|h30s “

´ 2πp1 ´ πqp1 ´ λ3q

ˆ

0 ´
0 ` 0 ` 1

3

˙2

´ rπ2 ` p1 ´ πq2sp1 ´ λ3q

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ3

“ ´
2πp1 ´ πqp1 ´ λ3q

9
´ λ3.

Hence, s˚
3p1, h30q “ 0 if λ3 ă p3 ´ 4πp1 ´ πqq{p6 ´ 4πp1 ´ πqq. It remains unchanged that

s˚
3p0, h30q “ 0.

Comparison for Player 3 We compare player 3’s cut-off under rationality to its coun-

terpart under credulity. The latter is given by λ3p0, 1q “
1´2Ers̄´3|0,1s

2´2Ers̄´3|0,1s
“

3´4πp1´πq

6´4πp1´πq
, where

Ers̄´3|0, 1s “
p1 ´ πq3´2π ` π3´2p1 ´ πq

p1 ´ πq3´2 ` π3´2

ˆ

4 ´ 3

4 ´ 1

˙

“
2p1 ´ πqπ

3
.

The cut-offs coincide if player 3 correctly infers the other players to be truthful. If player 4

instead is inferred to agree with the majority (λ4 ă 1{4) or with a consensus (1{4 ď λ4 ă

1{2), the rational cut-off is higher.
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As the credulous cut-off is strictly increasing in π, it is bounded below by

limπÑ1{2 λ3p0, 1q “ 2{5, and above by limπÑ1 λ3p0, 1q “ 1{2. Therefore, if s˚
2pθ2q “ θ1 and

λ4 ă 1{4 (1{2 ď λ4), the rational cut-off is higher (lower). If s˚
2pθ2q “ θ1 and 1{4 ď λ4 ă 1{2,

the rational cut-off is higher whenever π ă 1
2 ` 1

2
?
6

“: π̃.

λ4 ă 1{4 1{4 ď λ4 ă 1{2 1{2 ď λ4

(i) s˚
2pθ2q “ θ1

1
2

13
31

2
5

(ii) s˚
2pθ2q “ θ2

1
2

9´10πp1´πq

18´10πp1´πq

3´4πp1´πq

6´4πp1´πq

Table B.1: Player 3’s cut-off λR
3 ph30, 1q under rationality.

For player 2, we need to consider the following six cases.

Case I(a) Suppose λ4 ă 1{4 and λ3 ă 1{2. In the second period, player 2 observes

h20 “ t0u. Consider first θ2 “ 1. At h20, Prpω “ 1|h20, 1q “ 1{2. If player 2 takes the

high action, player 3 will always reveal truthfully, and player 4 will agree with player 3.

Conversely, if player 2 takes the low action, player 3 and 4 will always take the low action.

Hence,

ErUp1; 1, λ2q|h20s “ ´
1 ´ λ2

2

ˆ

1 ´
0 ` 1 ` 1

3

˙2

´
1 ´ λ2

2

ˆ

1 ´
0 ` 0 ` 0

3

˙2

“ ´
5p1 ´ λ2q

9
,

ErUp0; 1, λ2q|h20s “ ´p1 ´ λ2q

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ2p0 ´ 1q2 “ ´λ2,

respectively, so that s˚
2p1, h20q “ 0 if λ2 ă 5{14 “: λR

2 ph20, 1q. Consider now θ2 “ 0.

At history h20, Prpω “ 1|h20, 0q “
p1´πq2

p1´πq2`π2 . Given that ErUp0; 0, λ2q|h20s “ 0 ą

ErUp1; 0, λ2q|h20s, s˚
2p0, h20q “ 0.

Case I(b) Suppose λ4 ă 1{4 and λ3 ě 1{2, and consider first θ2 “ 1. Now, if player

2 takes the low action, player 3 will always reveal truthfully, and player 4 will always

take the low action. Therefore, player 2 expects utility ErUp1; 1, λ2q|h20s “ ´
5p1´λ2q

9 and

ErUp0; 1, λ2q|h20s “

´
1 ´ λ2

2

ˆ

0 ´
0 ` 1 ` 0

3

˙2

´
1 ´ λ2

2

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ2p0 ´ 1q2 “ ´
1 ´ λ2

18
´ λ2.

Hence, s˚
2p1, h20q “ 0 if λ2 ă 1{3 “: λR

2 ph20, 1q. Consider now θ2 “ 0. Given that this

type of player 2 can induce player 4 to always agree with her by taking the low action, and

simultaneously avoid the disutility from falsification, s˚
2p0, h20q “ 0.

173



Case II(a) Suppose 1{4 ď λ4 ă 1{2 and λ3 ă λR
3 ph30, 1q, and consider θ2 “ 1. If player

2 takes the high action, player 3 and 4 will always reveal truthfully. Conversely, if player 2

takes the low action, player 3 and 4 will always take the low action. Therefore,

ErUp1; 1, λ2q|h20s “ ´
π2 ` p1 ´ πq2

2
p1 ´ λ2q

ˆ

1 ´
0 ` 1 ` 1

3

˙2

´ πp1 ´ πqp1 ´ λ2q

ˆ

1 ´
0 ` 1 ` 0

3

˙2

´ p1 ´ πqπp1 ´ λ2q

ˆ

1 ´
0 ` 0 ` 1

3

˙2

´
p1 ´ πq2 ` π2

2
p1 ´ λ2q

ˆ

1 ´
0 ` 0 ` 0

3

˙2

“ ´
r5 ´ 2πp1 ´ πqsp1 ´ λ2q

9
,

and ErUp0; 1, λ2q|h20s “ ´λ2. Hence, s
˚
2p1, h20q “ 0 if λ2 ă

5´2πp1´πq

14´2πp1´πq
“: λR

2 ph20, 1q ă 5{14.

Consider now θ2 “ 0. Given that ErUp0; 0, λ2q|h20s “ 0 ą ErUp1; 0, λ2q|h20s, s˚
2p0, h20q “ 0.

Case II(b) Suppose 1{4 ď λ4 ă 1{2 and λ3 ě λR
3 ph30, 1q and consider θ2 “ 1. Now,

if player 2 takes the low action, player 3 will always reveal truthfully, and player 4 will

take the low action if s3 “ 0. Therefore, ErUp1; 1, λ2q|h20s “ ´
r5´2πp1´πqsp1´λ2q

9 and

ErUp0; 1, λ2q|h20s “

´
π2 ` p1 ´ πq2

2
p1 ´ λ2q

ˆ

0 ´
0 ` 1 ` 1

3

˙2

´ πp1 ´ πqp1 ´ λ2q

ˆ

0 ´
0 ` 1 ` 0

3

˙2

´
p1 ´ πqπ ` p1 ´ πq2 ` πp1 ´ πq ` π2

2
p1 ´ λ2q

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ2

“ ´
r2 ´ 3πp1 ´ πqsp1 ´ λ2q

9
´ λ2.

Hence, s˚
2p1, h20q “ 0 if λ2 ă

3`πp1´πq

12`πp1´πq
“: λR

2 ph20, 1q. Consider now θ2 “ 0. Given that this

type of player 2 can induce player 4 to agree with her more often by taking the low action,

and simultaneously avoid the disutility from falsification, s˚
2p0, h20q “ 0.

Case III(a) Suppose 1{2 ď λ4 and λ3 ă λR
3 ph30, 1q, and consider θ2 “ 1. If player 2

takes the high action, player 3 and 4 will always reveal truthfully. Conversely, if player

2 takes the low action, player 3 will always take the low action, and player 4 will always

reveal truthfully. Therefore, player 2 expects utility ErUp1; 1, λ2q|h20s “ ´
r5´2πp1´πqsp1´λ2q

9

and ErUp0; 1, λ2q|h20s “

´
1 ´ λ2

2

ˆ

0 ´
0 ` 0 ` 1

3

˙2

´
1 ´ λ2

2

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ2 “ ´
1 ´ λ2

18
´ λ2.

Therefore, s˚
2p1, h20q “ 0 if λ2 ă

9´4πp1´πq

27´4πp1´πq
“: λR

2 ph20, 1q. Consider now θ2 “ 0. Given that

this type of player 2 can induce player 3 to always agree with her by taking the low action,

and simultaneously avoid the disutility from falsification, s˚
2p0, h20q “ 0.
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Case III(b) Suppose 1{2 ď λ4 and λ3 ě λR
3 ph30, 1q, and consider θ2 “ 1. Now, if player

2 takes the low action, player 3 and 4 will always reveal truthfully. Therefore, player 2

expects utility ErUp1; 1, λ2q|h20s “ ´
r5´2πp1´πqsp1´λ2q

9 and

ErUp0; 1, λ2q|h20s “ ´
π2 ` p1 ´ πq2

2
p1 ´ λ2q

ˆ

0 ´
0 ` 1 ` 1

3

˙2

´ πp1 ´ πqp1 ´ λ2q

ˆ

0 ´
0 ` 1 ` 0

3

˙2

´ p1 ´ πqπp1 ´ λ2q

ˆ

0 ´
0 ` 0 ` 1

3

˙2

´
p1 ´ πq2 ` π2

2
p1 ´ λ2q

ˆ

0 ´
0 ` 0 ` 0

3

˙2

´ λ2 “ ´
r2 ´ 2πp1 ´ πqsp1 ´ λ2q

9
´ λ2.

Therefore, s˚
2p1, h20q “ 0 if λ2 ă 1

4 “: λR
2 ph20, 1q. Because s˚

1pθ1q “ θ1 and successors are

always expected to be truthful, λR
2 ph20, 1q “ λ2p0, 1q. Consider now θ2 “ 0. Given that this

type of player 2 can maximise the probability of matching player 3 and 4’s action by taking

the low action, and simultaneously avoid the disutility from falsification, s˚
2p0, h20q “ 0.

Comparison for Player 2 We compare player 2’s cut-off under rationality to its coun-

terpart λ2p0, 1q “ 1{N “ 1{4 under credulity. For all π P p1{2, 1q, the lowest cut-off under

rationality obtains in Case III(b). Consequently, as long as the other players do not al-

ways tell the truth, the cut-off in the rational model is strictly greater. The same insight

obtained for player 3 conditional on s˚
2pθ2q “ θ2.

λ4 ă 1{4 1{4 ď λ4 ă 1{2 1{2 ď λ4

(a) λ3 ă λR
3 ph30, 1q 5

14
5´2πp1´πq

14´2πp1´πq

9´4πp1´πq

27´4πp1´πq

(b) λ3 ě λR
3 ph30, 1q 1

3
3`πp1´πq

12`πp1´πq
1
4

Table B.2: Player 2’s cut-off λR
2 ph20, 1q under rationality.

In equilibrium, players 2, 3 and 4 expect player 1 to be truthful. Therefore, we show in

this last step that player 1 does not have an incentive to deviate from s˚
1p0q “ 0 in period

1 when a deviation induces players 2, 3 and 4 to believe that player 1 has a high type. The

expectation that player 1 is truthful, for example, implies that if a player 2 with θ2 “ 1 is

willing to falsify at equilibrium history h20 “ t0u, then a player 2 with θ2 “ 0 is willing

to falsify at deviation history h̄20 “ t1u. Likewise, if a player 3 with θ3 “ 1 is willing to

falsify at equilibrium history h30 “ t0, 0u, then a player 3 with θ3 “ 0 is willing to falsify

at deviation history h̄30 “ t1, 1u. Define the remaining deviation histories h̄32 “ t1, 0u,

h̄40 “ t1, 1, 1u, h̄42 “ t1, 0, 1u, h̄43 “ t1, 1, 0u, and h̄44 “ t1, 0, 0u. We need to consider

twelve combinations of successors’ cut-offs.
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Case 1 Suppose λ2 ă 5
14 , λ3 ă 1

2 and λ4 ă 1
4 . Therefore, when s1p0q “ 0, player 1 infers

ts2, s3, s4u “ t0, 0, 0u. When s1p0q “ 1, she infers ts2, s3, s4u “ t1, 1, 1u. Hence, player 1’s

expected utilities are ErUp0; 0, λ1qs “ 0 and ErUp1; 0, λ1qs “ ´λ1 which implies that player

1 finds it optimal to truthfully reveal: s˚
1p0q “ 0.

Case 2 Suppose λ2 ě 5
14 , λ3 ă 1

2 and λ4 ă 1
4 . Therefore, when s1p0q “ 0, player

1 infers ts2, s3, s4u “ tθ2, 0 if h30 and θ3 if h32, 1 if h44 and 0 otherwiseu. She expects

ErUp0; 0, λ1qs “ p1 ´ πqErUp0; 0, λ1q|ω “ 1s ` πErUp0; 0, λ1q|ω “ 0s “

´p1´πqp1´λ1q

„

π2

ˆ

0´
1 ` 1 ` 1

3

˙2

`πp1´πq

ˆ

0´
1 ` 0 ` 0

3

˙2

`p1´πq

ˆ

0´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq2
ˆ

0 ´
1 ` 1 ` 1

3

˙2

` p1 ´ πqπ

ˆ

0 ´
1 ` 0 ` 0

3

˙2

` π

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´πp1 ´ πqp1 ´ λ1q ´ πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ tθ2, 1 if h̄30 and θ3 if h̄32, 0 if h̄44 and 1

otherwiseu. She expects ErUp1; 0, λ1qs “

´p1´πqp1´λ1q

„

p1´πq2
ˆ

1´
0 ` 0 ` 0

3

˙2

`p1´πqπ

ˆ

1´
0 ` 1 ` 1

3

˙2

`π

ˆ

1´
1 ` 1 ` 1

3

˙2ȷ

´πp1´λ1q

„

π2

ˆ

1´
0 ` 0 ` 0

3

˙2

`πp1´πq

ˆ

1´
0 ` 1 ` 1

3

˙2

`p1´πq

ˆ

1´
1 ` 1 ` 1

3

˙2ȷ

´λ1

“ ´rp1 ´ πq3 ` π3sp1 ´ λ1q ´ πp1 ´ πq

ˆ

1 ´ λ1

9

˙

´ λ1.

As p1 ´ πq3 ` π3 ą πp1 ´ πq for any π, s˚
1p0q “ 0. Player 1 avoids the disutility from

falsification, and reduces the probability of s1 ‰ θ2 “ θ3 from p1 ´ πq3 ` π3 to πp1 ´ πq,

thereby reducing the expected disutility from a situation in which all successors disagree

with player 1.

Case 3 Suppose λ2 ă 1
3 , λ3 ě 1

2 and λ4 ă 1
4 . Therefore, when s1p0q “ 0, player 1 infers

ts2, s3, s4u “ t0, θ3, 0u. She expects ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` p1 ´ πq

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` π

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´2πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ t1, θ3, 1u. She expects ErUp1; 0, λ1qs “
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´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` π

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ πp1 ´ λ1q

„

π

ˆ

1 ´
1 ` 0 ` 1

3

˙2

p1 ´ πq

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1

“ ´r1 ´ 2πp1 ´ πqs

ˆ

1 ´ λ1

9

˙

´ λ1.

As 2πp1 ´ πq ă 1{2 for any π, ErUp0; 0, λ1qs ą ErUp1; 0, λ1qs and s˚
1p0q “ 0. Again,

player 1 avoids the disutility from falsification and reduces the probability of s1 ‰ θ2 from

1 ´ 2πp1 ´ πq to 2πp1 ´ πq.

Case 4 Suppose λ2 ě 1
3 , λ3 ě 1

2 and λ4 ă 1
4 . Therefore, when s1p0q “ 0, player 1 infers

ts2, s3, s4u “ tθ2, θ3, 1 if h44 and 0 otherwiseu. She expects ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π2

ˆ

0 ´
1 ` 1 ` 1

3

˙2

` πp1 ´ πq

ˆ

0 ´
1 ` 0 ` 0

3

˙2

` p1 ´ πqπ

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` p1 ´ πq2
ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq2
ˆ

0 ´
1 ` 1 ` 1

3

˙2

` p1 ´ πqπ

ˆ

0 ´
1 ` 0 ` 0

3

˙2

` πp1 ´ πq

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` π2

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´πp1 ´ πqp1 ´ λ1q ´ 2πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ tθ2, θ3, 0 if h̄44 and 1 otherwiseu. She expects

ErUp1; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq2
ˆ

1 ´
0 ` 0 ` 0

3

˙2

` p1 ´ πqπ

ˆ

1 ´
0 ` 1 ` 1

3

˙2

` πp1 ´ πq

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` π2

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ πp1 ´ λ1q

„

π2

ˆ

1 ´
0 ` 0 ` 0

3

˙2

` πp1 ´ πq

ˆ

1 ´
0 ` 1 ` 1

3

˙2

` p1 ´ πqπ

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` p1 ´ πq2
ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1

“ ´rp1 ´ πq3 ` π3sp1 ´ λ1q ´ 2πp1 ´ πq

ˆ

1 ´ λ1

9

˙

´ λ1.

As in Case 2, p1´πq3 `π3 ą πp1´πq implies s˚
1p0q “ 0. Being truthful does not alter the

probability of θ2 ‰ θ3 so that player 4 agrees with whatever player 1 announces. However,

it allows player 1 to avoid the disutility from falsification, and reduce the probability of

s1 ‰ θ2 “ θ3 from p1´πq3 `π3 to πp1´πq in which case player 4 would instead agree with

the other two players.
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Case 5 Suppose λ2 ă
5´2πp1´πq

14´2πp1´πq
, λ3 ă 13

31 and 1
4 ď λ4 ă 1

2 . Therefore, when s1p0q “ 0,

player 1 infers ts2, s3, s4u “ t0, 0, 0u. When s1p0q “ 1, player 1 infers ts2, s3, s4u “ t1, 1, 1u.

As in Case 1, s˚
1p0q “ 0.

Case 6 Suppose λ2 ě
5´2πp1´πq

14´2πp1´πq
, λ3 ă

9´10πp1´πq

18´10πp1´πq
and 1

4 ď λ4 ă 1
2 . Thus, when

s1p0q “ 0, player 1 infers ts2, s3, s4u “ tθ2, 0 if h30 and θ3 if h32, 0 if h40 and θ4 otherwiseu.

She expects ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π3

ˆ

0 ´
1 ` 1 ` 1

3

˙2

` π2p1 ´ πq

ˆ

0 ´
1 ` 1 ` 0

3

˙2

` πp1 ´ πqπ

ˆ

0 ´
1 ` 0 ` 1

3

˙2

` πp1 ´ πq2
ˆ

0 ´
1 ` 0 ` 0

3

˙2

` p1 ´ πq

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq3
ˆ

0 ´
1 ` 1 ` 1

3

˙2

` p1 ´ πq2π

ˆ

0 ´
1 ` 1 ` 0

3

˙2

` p1 ´ πqπp1 ´ πq

ˆ

0 ´
1 ` 0 ` 1

3

˙2

` p1 ´ πqπ2

ˆ

0 ´
1 ` 0 ` 0

3

˙2

` π

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´rp1´πqπ3`πp1´πq3sp1´λ1q´4π2p1´πq2
„

4p1 ´ λ1q

9

ȷ

´rπp1´πq3`p1´πqπ3s

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ tθ2, 1 if h̄30 and θ3 if h̄32, 1 if h̄40 and θ4

otherwiseu. She expects ErUp1; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq3
ˆ

1 ´
0 ` 0 ` 0

3

˙2

` p1 ´ πq2π

ˆ

1 ´
0 ` 0 ` 1

3

˙2

` p1 ´ πqπp1 ´ πq

ˆ

1 ´
0 ` 1 ` 0

3

˙2

` p1 ´ πqπ2

ˆ

1 ´
0 ` 1 ` 1

3

˙2

` π

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´πp1´λ1q

„

π3

ˆ

1´
0 ` 0 ` 0

3

˙2

`π2p1´πq

ˆ

1´
0 ` 0 ` 1

3

˙2

`πp1´πqπ

ˆ

1´
0 ` 1 ` 0

3

˙2

` πp1 ´ πq2
ˆ

1 ´
0 ` 1 ` 1

3

˙2

` p1 ´ πq

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1

“ ´rp1´πq4`π4sp1´λ1q´2rp1´πq3π`p1´πqπ3s

„

4p1 ´ λ1q

9

ȷ

´2π2p1´πq2
ˆ

1 ´ λ1

9

˙

´λ1.

The first two terms in ErUp0; 0, λ1qs are less negative. However, the third term is more

negative than in ErUp1; 0, λ1qs. Hence, to show that ErUp0; 0, λ1qs ą ErUp1; 0, λ1qs, we

combine the second and the third term in each expected utility, cancel common factors and

compare:

´4π2p1 ´ πq24 ´ rπp1 ´ πq3 ` p1 ´ πqπ3s ą ´2rp1 ´ πq3π ` p1 ´ πqπ3s4 ´ 2π2p1 ´ πq2,

´16πp1 ´ πq ´ rp1 ´ πq2 ` π2s ą ´8rp1 ´ πq2 ` π2s ´ 2πp1 ´ πq,

rp1 ´ πq2 ` π2s ą 2πp1 ´ πq.
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Given that the above holds for any π, the fall in disutility from reducing the probability of

players 2 and 3, or 2 and 4 disagreeing with player 1 outweighs the rise in disutility from

increasing the probability of only player 2 disagreeing with player 1. Hence, s˚
1p0q “ 0.

Case 7 Suppose λ2 ă
3`πp1´πq

12`πp1´πq
, λ3 ě 13

31 and 1
4 ď λ4 ă 1

2 . Therefore, when s1p0q “ 0,

player 1 infers ts2, s3, s4u “ t0, θ3, 0 if h40 and θ4 otherwiseu. She expects ErUp0; 0, λ1qs “

´p1´πqp1´λ1q

„

π2

ˆ

0´
0 ` 1 ` 1

3

˙2

`πp1´πq

ˆ

0´
0 ` 1 ` 0

3

˙2

`p1´πq

ˆ

0´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq2
ˆ

0 ´
0 ` 1 ` 1

3

˙2

` p1 ´ πqπ

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` π

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´πp1 ´ πq

„

4p1 ´ λ1q

9

ȷ

´ πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ t1, θ3, 1 if h̄40 and θ4 otherwiseu. She expects

ErUp1; 0, λ1qs “

´p1´πqp1´λ1q

„

p1´πq2
ˆ

1´
1 ` 0 ` 0

3

˙2

`p1´πqπ

ˆ

1´
1 ` 0 ` 1

3

˙2

`π

ˆ

1´
1 ` 1 ` 1

3

˙2ȷ

´πp1´λ1q

„

π2

ˆ

1´
1 ` 0 ` 0

3

˙2

`πp1´πq

ˆ

1´
1 ` 0 ` 1

3

˙2

`p1´πq

ˆ

1´
1 ` 1 ` 1

3

˙2ȷ

´λ1

“ ´rp1 ´ πq3 ` π3s

„

4p1 ´ λ1q

9

ȷ

´ πp1 ´ πq

ˆ

1 ´ λ1

9

˙

´ λ1.

As in Case 2 and 4, p1 ´ πq3 ` π3 ą πp1 ´ πq implies s˚
1p0q “ 0. Being truthful does

not alter the probability of player 2 and 4 agreeing but player 3 disagreeing with player

1. However, it allows player 1 to avoid the disutility from falsification, and reduce the

probability of s1 ‰ θ3 “ θ4 from p1 ´ πq3 ` π3 to πp1 ´ πq.

Case 8 Suppose λ2 ě
3`πp1´πq

12`πp1´πq
, λ3 ě

9´10πp1´πq

18´10πp1´πq
and 1

4 ď λ4 ă 1
2 . Therefore, when

s1p0q “ 0, player 1 infers ts2, s3, s4u “ tθ2, θ3, 0 if h40 and θ4 otherwiseu. She expects

ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π3

ˆ

0 ´
1 ` 1 ` 1

3

˙2

` π2p1 ´ πq

ˆ

0 ´
1 ` 1 ` 0

3

˙2

` πp1 ´ πqπ

ˆ

0 ´
1 ` 0 ` 1

3

˙2

` πp1 ´ πq2
ˆ

0 ´
1 ` 0 ` 0

3

˙2

`p1´πqπ2

ˆ

0´
0 ` 1 ` 1

3

˙2

`p1´πqπp1´πq

ˆ

0´
0 ` 1 ` 0

3

˙2

`p1´πq2
ˆ

0´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq3
ˆ

0 ´
1 ` 1 ` 1

3

˙2

` p1 ´ πq2π

ˆ

0 ´
1 ` 1 ` 0

3

˙2
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` p1 ´ πqπp1 ´ πq

ˆ

0 ´
1 ` 0 ` 1

3

˙2

` p1 ´ πqπ2

ˆ

0 ´
1 ` 0 ` 0

3

˙2

` πp1 ´ πq2
ˆ

0 ´
0 ` 1 ` 1

3

˙2

` πp1 ´ πqπ

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` π2

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´rp1´πqπ3`πp1´πq3sp1´λ1q´6π2p1´πq2
„

4p1 ´ λ1q

9

ȷ

´2rπp1´πq3`π3p1´πqs

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ tθ2, θ3, 1 if h̄40 and θ4 otherwiseu. She expects

ErUp1; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq3
ˆ

1 ´
0 ` 0 ` 0

3

˙2

` p1 ´ πq2π

ˆ

1 ´
0 ` 0 ` 1

3

˙2

`p1´πqπp1´πq

ˆ

1´
0 ` 1 ` 0

3

˙2

`p1´πqπ2

ˆ

1´
0 ` 1 ` 1

3

˙2

`πp1´πq2
ˆ

1´
1 ` 0 ` 0

3

˙2

` πp1 ´ πqπ

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` π2

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´πp1´λ1q

„

π3

ˆ

1´
0 ` 0 ` 0

3

˙2

`π2p1´πq

ˆ

1´
0 ` 0 ` 1

3

˙2

`πp1´πqπ

ˆ

1´
0 ` 1 ` 0

3

˙2

` πp1 ´ πq2
ˆ

1 ´
0 ` 1 ` 1

3

˙2

` p1 ´ πqπ2

ˆ

1 ´
1 ` 0 ` 0

3

˙2

` p1 ´ πqπp1 ´ πq

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` p1 ´ πq2
ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1

“ ´rp1´πq4`π4sp1´λ1q´3rp1´πq3π`p1´πqπ3s

„

4p1 ´ λ1q

9

ȷ

´4π2p1´πq2
ˆ

1 ´ λ1

9

˙

´λ1.

Following the same argument as in Case 6, s˚
1p0q “ 0.

Case 9 Suppose λ2 ă
9´4πp1´πq

27´4πp1´πq
, λ3 ă 2

5 and λ4 ě 1
2 . Therefore, when s1p0q “ 0, player

1 infers ts2, s3, s4u “ t0, 0, θ4u. She expects ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` p1 ´ πq

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

` p1 ´ πq

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` π

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´2πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ t1, 1, θ4u. She expects ErUp1; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq

ˆ

1 ´
1 ` 1 ` 0

3

˙2

` π

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ πp1 ´ λ1q

„

π

ˆ

1 ´
1 ` 1 ` 0

3

˙2

` p1 ´ πq

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1
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“ ´r1 ´ 2πp1 ´ πqs

ˆ

1 ´ λ1

9

˙

´ λ1.

Given that utilities are the same as in Case 3, s˚
1p0q “ 0.

Case 10 Suppose λ2 ě
9´4πp1´πq

27´4πp1´πq
, λ3 ă

3´4πp1´πq

6´4πp1´πq
and λ4 ě 1

2 . Therefore, when s1p0q “

0, player 1 infers ts2, s3, s4u “ tθ2, 0 if h30 and θ3 if h32, θ4u. She expects ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π3

ˆ

0 ´
1 ` 1 ` 1

3

˙2

` π2p1 ´ πq

ˆ

0 ´
1 ` 1 ` 0

3

˙2

` πp1 ´ πqπ

ˆ

0 ´
1 ` 0 ` 1

3

˙2

` πp1 ´ πq2
ˆ

0 ´
1 ` 0 ` 0

3

˙2

` p1 ´ πqπ

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` p1 ´ πq2
ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq3
ˆ

0 ´
1 ` 1 ` 1

3

˙2

` p1 ´ πq2π

ˆ

0 ´
1 ` 1 ` 0

3

˙2

` p1 ´ πqπp1 ´ πq

ˆ

0 ´
1 ` 0 ` 1

3

˙2

` π2p1 ´ πq

ˆ

0 ´
1 ` 0 ` 0

3

˙2

` πp1 ´ πq

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` π2

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´rp1 ´ πqπ3 ` πp1 ´ πq3sp1 ´ λ1q ´ 4π2p1 ´ πq2
„

4p1 ´ λ1q

9

ȷ

´ rπp1 ´ πq3 ` π3p1 ´ πqs

ˆ

1 ´ λ1

9

˙

´ πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ tθ2, 1 if h̄30 and θ3 if h̄32, θ4u. She expects

ErUp1; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq3
ˆ

1 ´
0 ` 0 ` 0

3

˙2

` p1 ´ πq2π

ˆ

1 ´
0 ` 0 ` 1

3

˙2

` p1 ´ πqπp1 ´ πq

ˆ

1 ´
0 ` 1 ` 0

3

˙2

` p1 ´ πqπ2

ˆ

1 ´
0 ` 1 ` 1

3

˙2

` πp1 ´ πq

ˆ

1 ´
1 ` 1 ` 0

3

˙2

` π2

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ πp1 ´ λ1q

„

π3

ˆ

1 ´
0 ` 0 ` 0

3

˙2

` π2p1 ´ πq

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` πp1 ´ πqπ

ˆ

1 ´
0 ` 1 ` 0

3

˙2

` p1 ´ πq2π

ˆ

0 ´
0 ` 1 ` 1

3

˙2

` p1 ´ πqπ

ˆ

1 ´
1 ` 1 ` 0

3

˙2

` p1 ´ πq2
ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1

“ ´rp1 ´ πq4 ` π4sp1 ´ λ1q ´ 2rp1 ´ πq3π ` p1 ´ πqπ3s

„

4p1 ´ λ1q

9

ȷ
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´ 2π2p1 ´ πq2
ˆ

1 ´ λ1

9

˙

´ πp1 ´ πq

ˆ

1 ´ λ1

9

˙

´ λ1.

Given that the fourth term is constant across utilities, we use the same argument as in

Case 6 and 8 to conclude that s˚
1p0q “ 0.

Case 11 Suppose λ2 ă 1{4, λ3 ě 2
5 and λ4 ě 1

2 . s1p0q “ 0, player 1 infers ts2, s3, s4u “

t0, θ3, θ4u. She expects ErUp0; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

π2

ˆ

0 ´
0 ` 1 ` 1

3

˙2

` πp1 ´ πq

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` p1 ´ πqπ

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` p1 ´ πq2
ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

´ πp1 ´ λ1q

„

p1 ´ πq2
ˆ

0 ´
0 ` 1 ` 1

3

˙2

` p1 ´ πqπ

ˆ

0 ´
0 ` 1 ` 0

3

˙2

` πp1 ´ πq

ˆ

0 ´
0 ` 0 ` 1

3

˙2

` π2

ˆ

0 ´
0 ` 0 ` 0

3

˙2ȷ

“ ´πp1 ´ πq

„

4p1 ´ λ1q

9

ȷ

´ 2πp1 ´ πq

ˆ

1 ´ λ1

9

˙

.

When s1p0q “ 1, player 1 infers ts2, s3, s4u “ t1, θ3, θ4u. She expects ErUp1; 0, λ1qs “

´ p1 ´ πqp1 ´ λ1q

„

p1 ´ πq2
ˆ

1 ´
1 ` 0 ` 0

3

˙2

` p1 ´ πqπ

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` πp1 ´ πq

ˆ

1 ´
1 ` 1 ` 0

3

˙2

` π2

ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ πp1 ´ λ1q

„

π2

ˆ

1 ´
1 ` 0 ` 0

3

˙2

` πp1 ´ πq

ˆ

1 ´
1 ` 0 ` 1

3

˙2

` p1 ´ πqπ

ˆ

1 ´
1 ` 1 ` 0

3

˙2

` p1 ´ πq2
ˆ

1 ´
1 ` 1 ` 1

3

˙2ȷ

´ λ1

“ ´rp1 ´ πq3 ` π3s

„

4p1 ´ λ1q

9

ȷ

´ 2πp1 ´ πq

ˆ

1 ´ λ1

9

˙

´ λ1.

As in Case 2, 4 and 7, p1´πq3 `π3 ą πp1´πq implies s˚
1p0q “ 0. Being truthful does not

alter the probability of either player 3 or 4 disagreeing with player 1. However, it allows

player 1 to avoid the disutility from falsification, and reduce the probability of s1 ‰ θ3 “ θ4

from p1 ´ πq3 ` π3 to πp1 ´ πq.

Case 12 Suppose λ2 ă 1{4, λ3 ě
3´4πp1´πq

6´4πp1´πq
and λ4 ě 1

2 . Under either action, player 1

infers ts2, s3, s4u “ tθ2, θ3, θ4u. Hence, this case has the same solution as under credulity:

s˚
1p0q “ 0.
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Proof of Theorem 1. From the proof of Lemma 2, there are two possible combinations of

conformity motives that generate the mappings in cases piq ´ piiiq under rationality.

For case piq, these are λ2 ă 5{14, λ3 ă 1{2, λ4 ă 1{4 and λ2 ă r5 ´ 2πp1 ´ πqs{r14 ´

2πp1 ´ πqs, λ3 ă 13{31, 1{4 ď λ4 ă 1{2. Under the assumption that λ :“ λi “ λj for all

i ‰ j P N , we only need to consider the lowest conformity motive in each combination:

λ ă 1{4 and λ ă λR
2 ph20, θ2q “ r5 ´ 2πp1 ´ πqs{r14 ´ 2πp1 ´ πqs, respectively. Given that

the latter is greater, we know that pθ, θ2, θ3, θ4q ÞÑ pθ, θ, θ, θq whenever λ ă λR
2 ph20, θ2q.

For case piiq, the combinations are λ2 ě 5{14, λ3 ă 1{2, λ4 ă 1{4 and λ2 ě r5 ´

2πp1 ´ πqs{r14 ´ 2πp1 ´ πqs, λ3 ă r9 ´ 10πp1 ´ πqs{r18 ´ 10πp1 ´ πqs, 1{4 ď λ4 ă 1{2.

Since λ ě 5{14 and λ ă 1{4 cannot hold simultaneously, the first combination cannot

generate the mappings in case piiq. The second combination generates the mappings when

λR
2 ph20, θ2q ď λ ă λR

3 ph30, θ3q “ r9 ´ 10πp1 ´ πqs{r18 ´ 10πp1 ´ πqs.

For case piiiq, the combinations are λ2 ě 5{14, λ3 ě 1{2, λ4 ă 1{4 and λ2 ě λR
2 ph20, θ2q,

λ3 ě λR
3 ph30, θ3q and 1{4 ď λ4 ă 1{2. Similarly, only the second combination can generate

the mappings in case piiiq when λR
3 ph30, θ3q ď λ ă 1{2.

In the credulous model, the cut-offs follow from the proof of Lemma 1: λ2p0, θ2q “ 1{4,

λ3p0, θ3q “ r3 ´ 4πp1 ´ πqs{r6 ´ 4πp1 ´ πqs, λ4p0, θ4q “ 1{2 and λ4p1, θ4q “ 1{4. Given

that λ2p0, θ2q ă λ3p0, θ3q ă λ4p0, θ4q, we know that for λ ă λ2p0, θ2q all players agree

with the first. For λ2p0, θ2q ď λ ă λ3p0, θ3q, the second player is truthful. Finally, for

λ3p0, θ3q ď λ ă λ4p0, θ4q, the third player is truthful.

In the sceptical model, the reasoning is similar. However, player 3 edits the history

when M3 “ 0 so that h3 “ tθ, θu reduces to hS3 “ tθu. This means that, compared to the

credulous model, only λ3p0, θ3q changes and falls to λ3phS3 , θ3q “ 2{5.

Proof of Corollary 1. In case piq of Theorem 1, the probability of ps1, s2, s3, s4q “ pθ, θ, θ, θq

is unity. In piiq, this probability is Prppθ1, θ2q “ pθ, θqq “ π2 ` p1 ´ πq2 “ 1 ´ 2πp1 ´ πq; in

piiiq, Prppθ1, θ2, θ3q “ pθ, θ, θqq “ π3`p1´πq3; and, in (iv), Prppθ1, θ2, θ3, θ4q “ pθ, θ, θ, θqq “

π4 ` p1 ´ πq4.

Therefore, if λ „ F r0, 1s, the ex-ante probability of ps1, s2, s3, s4q “ pθ, θ, θ, θq across

piq ´ pivq is

C :“ 2πp1 ´ πq ¨ F

ˆ

1

4

˙

` πp1 ´ πq ¨ F

ˆ

3 ´ 4πp1 ´ πq

6 ´ 4πp1 ´ πq

˙

` δ,

S :“ 2πp1 ´ πq ¨ F

ˆ

1

4

˙

` πp1 ´ πq ¨ F

ˆ

2

5

˙

` δ, and

R :“ 2πp1 ´ πq ¨ F

ˆ

5 ´ 2πp1 ´ πq

14 ´ 2πp1 ´ πq

˙

` πp1 ´ πq ¨ F

ˆ

9 ´ 10πp1 ´ πq

18 ´ 10πp1 ´ πq

˙

` δ,
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in the credulous, sceptical and rational model, respectively, where δ :“ F p1{2qπp1´πqpπ2 `

p1 ´ πq2q ` π4 ` p1 ´ πq4. So the effect of a rationality boost is positive, ∆R :“ R ´ C ą 0,

whereas the effect of a scepticism boost is negative, ∆S :“ S ´ C ă 0.

Proof of Corollary 2. The proof proceeds in two steps. We first calculate the expected

welfare for each of the four mappings in Theorem 1. We then compare the expected welfare

and derive conditions on the common conformity motive λ such that a certain mapping

maximises expected welfare.

To calculate the expected welfare for a mapping, we derive the ex-post welfare for each of

the 16 possible type realisations. As shown in Example B.3, the ex-post welfare in mapping

piq is either 0, ´λ, ´2λ or ´3λ. The weight attached to each ex-ante is found by summing

the probabilities in the second column of Example B.3. The probabilities, in turn, are

derived using the fact that Prpω “ 1q “ Prpω “ 0q “ 1{2 and Prpθi “ 0|ω “ 0q “ Prpθi “

1|ω “ 1q :“ π P p1{2, 1q. This gives an expected welfare of

ErW s “ 3rp1´πq3π `π3p1´πqsp´λq ` 6p1´πq2π2p´2λq ` rp1´πq3π `π3p1´πqsp´3λq

“ ´6πp1 ´ πqλ “: Wpiq.

The ex-post welfare in mapping pivq is either 0, ´p1´λq4{3 or ´p1´λq16{9. Summing the

probabilities in the second column to derive their weights, we obtain

ErW s “ 4rp1 ´ πq3π ` π3p1 ´ πqs

ˆ

´
p1 ´ λq4

3

˙

` 6p1 ´ πq2π2

ˆ

´
p1 ´ λq16

9

˙

“ ´
16

3
πp1 ´ πqp1 ´ λq “: Wpivq.

As shown in Example B.3, the ex-post welfare in mappings piiq and piiiq correspond either

to piq or pivq. Hence, for mapping (iiq,

ErW s “ 2rp1 ´ πq3π ` π3p1 ´ πqsp´λq ` 2p1 ´ πq2π2p´2λq

` 2rp1 ´ πq3π ` π3p1 ´ πqs

ˆ

´
p1 ´ λq4

3

˙

` 4p1 ´ πq2π2

ˆ

´
p1 ´ λq16

9

˙

“ ´2πp1 ´ πqλ ´
8

3
πp1 ´ πq

ˆ

1 `
2

3
πp1 ´ πq

˙

p1 ´ λq “: Wpiiq;

for mapping piiiq,

ErW s “ rp1 ´ πq3π ` π3p1 ´ πqsp´λq

` 3rp1 ´ πq3π ` π3p1 ´ πqs

ˆ

´
p1 ´ λq4

3

˙

` 6p1 ´ πq2π2

ˆ

´
p1 ´ λq16

9

˙

“ ´πp1 ´ πqrπ2 ` p1 ´ πq2sλ ´ 4πp1 ´ πq

ˆ

1 `
2

3
πp1 ´ πq

˙

p1 ´ λq “: Wpiiiq.
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Finally, we compare the expected welfare of the four mappings to find the welfare-

maximising mapping from the utilitarian policy maker’s perspective:

W ˚ “ max
␣

Wpiq,Wpiiq,Wpiiiq,Wpivq

(

“

$

’

’

’

’

&

’

’

’

’

%

Wpiq, for 0 ď λ ă λ1,

Wpiiq, for λ1 ă λ ă λ2,

Wpiiiq, for λ2 ă λ ă λ3,

Wpivq, for λ3 ă λ ď 1,

where λ1 :“ r6 ` 4πp1 ´ πqs{r15 ` 4πp1 ´ πqs, λ2 :“ r12 ` 8πp1 ´ πqs{r21 ` 26πp1 ´ πqs and

λ3 :“ 4{7.

Proof of Lemma 1 (Complete information). We begin with player 1, and then consider an

interior player i. We exclude player N : knowledge of the state is irrelevant for her so that

her behaviour continues to be characterised by Lemma 1.

Player 1 First, note that cases piiq ´ pvq are not applicable to player 1 as M1 “ 0. Given

the symmetric environment, we set θ1 “ 1 without loss of generality. Suppose first θ1 “ ω.

Because Ers̄´1|M1, 1;ω “ 1s “ Ers̄´1|ω “ 1s “ π, a player 1 with λ1 ě λ1pM1, 1;ω “ 1q “

p1 ´ 2πq{p2 ´ 2πq chooses to reveal her type. Since π ą 1{2 implies λ1pM1, 1;ω “ 1q ă 0,

player 1 always chooses s˚
1pθ1q “ θ1, proving case piq.

Suppose now θ1 ‰ ω. Because Ers̄´1|M1, 1;ω “ 0s “ Ers̄´1|ω “ 0s “ 1 ´ π, a player

1 with λ1 ě λ1pM1, 1;ω “ 0q “ p2π ´ 1q{p2πq chooses to reveal her type. Since π ą 1{2

implies λ1pM1, 1;ω “ 0q ą 0, a player 1 with λ1 ě λ1pM1, θ1 ‰ ωq chooses s˚
1pθ1q “ θ1

whilst a player 1 with λ1 ă λ1pM1, θ1 ‰ ωq chooses s˚
1pθ1q “ 1 ´ θ1, proving case pviq.

Player i We now consider player i P t2, . . . , N ´ 1u. As above, we set θi “ 1 without loss

of generality. Suppose that θi “ ω. Given that Ers̄´i|Mi, 1;ω “ 1s “ Mi{pN ´ 1q ` πpN ´

iq{pN ´ 1q,

λipMi, 1;ω “ 1q “
1 ´ 2Ers̄´i|Mi, 1;ω “ 1s

2 ´ 2Ers̄´i|Mi, 1;ω “ 1s
“

N ´ 1 ´ 2rMi ` πpN ´ iqs

2pN ´ 1q ´ 2rMi ` πpN ´ iqs
. (B.25)

The denominator of (B.25) is always positive. The numerator is positive for π ă π, where

π :“ rN ´ 1´ 2Mis{r2pN ´ iqs. Note that π ď 1{2 rearranges to Mi ě pi´ 1q{2. Therefore,

case piq implies λipMi, θi “ ωq ă 0 so that player i always chooses s˚
i pθiq “ θi. Note that

π ě 1 arranges to Mi ď p2i ´ N ´ 1q{2. Therefore, case piiiq implies λipMi, θi “ ωq ą 0

so that a player i with λi ě λipMi, θi “ ωq chooses s˚
i pθiq “ θi whilst a player i with

λi ă λipMi, θi “ ωq chooses s˚
i pθiq “ 1 ´ θi. Finally, 1{2 ă π ă 1 rearranges to the

conditions in case piiq so that a player i with λi ă λipMi, θi “ ωq chooses s˚
i pθiq “ 1 ´ θi in

an uninformative environment π ă π. She chooses s˚
i pθiq “ θi otherwise.
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Suppose now that θi ‰ ω. Given that Ers̄´i|Mi, 1;ω “ 0s “ Mi{pN ´ 1q ` p1 ´ πqpN ´

iq{pN ´ 1q,

λipMi, 1;ω “ 0q “
1 ´ 2Ers̄´i|Mi, 1;ω “ 0s

2 ´ 2Ers̄´i|Mi, 1;ω “ 0s
“

N ´ 1 ´ 2rMi ` p1 ´ πqpN ´ iqs

2pN ´ 1q ´ 2rMi ` p1 ´ πqpN ´ iqs
. (B.26)

The denominator of (B.26) is always positive. The numerator is positive for π ą π̄, where

π̄ :“ rN ` 1 ´ 2pi ´ Miqs{r2pN ´ iqs. In this case, π̄ ě 1 rearranges to Mi ě pN ´ 1q{2,

while π̄ ď 1{2 rearranges to Mi ď pi ´ 1q{2. The behaviour of player i then follows from

above reasoning.

Proof of Lemma 2 (Complete information). Let player i have one successor. Then, we can

write her utility from truth telling as ErUpθi, θiqs “ ´pu1p1´λiq ´ p1´ pqu2p1´λiq, where

u1 :“

ˆ

θi ´
s1 ` . . . ` si´1 ` θi

N ´ 1

˙2

ă

ˆ

θi ´
s1 ` . . . ` si´1 ` 1 ´ θi

N ´ 1

˙2

“: u2,

and her utility from falsifying as ErUp1 ´ θi, θiqs “ ´qz1p1 ´ λiq ´ p1 ´ qqz2p1 ´ λiq ´ λi,

where

z1 :“

ˆ

1 ´ θi ´
s1 ` . . . ` si´1 ` θi

N ´ 1

˙2

ą

ˆ

1 ´ θi ´
s1 ` . . . ` si´1 ` 1 ´ θi

N ´ 1

˙2

“: z2.

Note that ErUpθi, θiqs ą ErUp1 ´ θi, θiqs is equivalent to λi ă pu ´ zq{p1 ` u ´ zq, where

z :“ qz1 ` p1 ´ qqz2 and u :“ pu1 ` p1 ´ pqu2.

A credulous or sceptical player i posits her successor to be truthful independently of her

action so that under complete information p “ q “ π when θi “ ω, and p “ q “ 1´π when

θi ‰ ω. A rational player i instead takes into account that her successor agrees with the

majority whenever the history is sufficiently uniform: p “ 1 if pMi ` 1q{i ą x, and q “ 1

if Mi{i ą x; conversely, p “ 0 if pMi ` 1q{i ă 1 ´ x, and q “ 0 if Mi{i ă 1 ´ x, where

x P r1{2, 1s.

Case 1 Consider a sufficiently uniform history so that player i’s action does not affect her

successor’s behaviour. If mintMi{i, pMi`1q{iu “ Mi{i ą x, uR “ u1 ă pu1`p1´pqu2 “ uCS

while zR “ z1 ą qz1 ` p1 ´ qqz2 “ zCS . Therefore, uR ´ zR ă uCS ´ zCS so that

λR
i :“

uR ´ zR
1 ` uR ´ zR

ă
uCS ´ zCS

1 ` uCS ´ zCS
“: λCS

i .

If maxtMi{i, pMi ` 1q{iu “ pMi ` 1q{i ă 1 ´ x, uR ą uCS while zR ă zCS . As uR ´ zR ą

uCS ´ zCS , λ
R
i ą λCS

i .

Case 2 Consider a sufficiently diverse history so that player i’s action does not affect her

successor’s behaviour. If pMi ` 1q{i ď x and Mi{i ě 1´ x, uR “ uCS and zR “ zCS so that

λR
i “ λCS

i .

187



Case 3 Consider a non-tied history so that player i’s action does affect her successor’s

behaviour. If Mi{i “ x and pMi`1q{i ą x, zR “ zCS and uR “ u1 ă pu1`p1´pqu2 “ uCS .

Therefore, uR ´ zR ă uCS ´ zCS so that λR
i ă λCS

i . If pMi ` 1q{i “ 1´x and Mi{i ă 1´x,

uR “ uCS and zR “ z2 ă qz1 ` p1 ´ qqz2 “ zCS . Therefore, uR ´ zR ą uCS ´ zCS so that

λR
i ą λCS

i .

Case 1 and 3 together imply λR
i ă λCS

i for Mi ě ix ą pi ´ 1q{2, and λR
i ą λCS

i for

Mi ď ip1 ´ xq ´ 1 ă pi ´ 1q{2.

Case 4 Consider a tied history, Mi “ pi ´ 1q{2, for odd player i. If her successor is not

too conformist, x ě pi ` 1q{p2iq, Case 2 applies with λR
i “ λCS

i . Then, Figure B.5b is the

partition of Mi.

If x ă pi` 1q{p2iq,2 the successor always agrees with player i’s action so that p “ 1 and

q “ 0. In this case, uR “ u1 and zR “ z2. As uCS ą uR and zCS ą zR, uR´zR ž uCS´zCS .

We can make progress using Mi “ pi ´ 1q{2 and i “ N ´ 1. Without loss of generality, set

θi “ 1 and substitute:

u1 “

ˆ

1 ´
Mi ` 1

N ´ 1

˙2

“

ˆ

1 ´
i ` 1

2pN ´ 1q

˙2

“

ˆ

N ´ 2

2pN ´ 1q

˙2

,

z2 “

ˆ

0 ´
Mi ` 0

N ´ 1

˙2

“

ˆ

i ´ 1

2pN ´ 1q

˙2

“

ˆ

N ´ 2

2pN ´ 1q

˙2

,

u2 “

ˆ

1 ´
Mi ` 0

N ´ 1

˙2

“

ˆ

1 ´
i ´ 1

2pN ´ 1q

˙2

“

ˆ

N

2pN ´ 1q

˙2

, and

z1 “

ˆ

0 ´
Mi ` 1

N ´ 1

˙2

“

ˆ

i ` 1

2pN ´ 1q

˙2

“

ˆ

N

2pN ´ 1q

˙2

.

Therefore, uCS “ pu1 ` p1 ´ pqu2 and zCS “ qz1 ` p1 ´ qqz2 “ pu2 ` p1 ´ pqu1 so that

uCS ´ zCS “ p1 ´ 2pqpu2 ´ u1q. As u2 ą u1, the first factor determines the sign. If θi “ ω,

p “ π ą 1{2 so that uCS ´ zCS ă 0 “ uR ´ zR. If θi ‰ ω, p “ 1 ´ π ă 1{2 so that

uCS ´ zCS ą 0 “ uR ´ zR. This implies that λCS
i ă 0 “ λR

i if θi “ ω, and λCS
i ą 0 “ λR

i

if θi ‰ ω. If the history ties and the successor is highly conformist, the state determines

whether a rational player i’s cut-off is higher or lower. Then, Figure B.5b is the partition

of Mi.

2When N is large, x “ 1{2 is essentially the only admissible value for i “ N ´ 1.
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0 i ´ 1i´1
2

λR
i ą λCS

i λR
i ă λCS

i
depending on ω

(a) Highly conformist successor.

0 i ´ 1ixip1 ´ xq ´ 1 ix ´ 1ip1 ´ xq

λR
i ą λCS

i λR
i “ λCS

i λR
i ă λCS

i

(b) Less conformist successor.

Figure B.5: Partition of Mi P t0, . . . , i ´ 1u.

Proof of Theorem 1 (Complete information). We prove claim piq and piiq separately.

(i) The cut-offs follow from the proof of Lemma 1 (Complete information): λip0, θi ‰

ωq “
N´1´2p1´πqpN´iq

2pN´1q´2p1´πqpN´iq ą 0 and λipi ´ 1, θi “ ωq “
2pN´iqp1´πq´pN´1q

2pN´iqp1´πq
ă 0. Given that

λip0, θi ‰ ωq is increasing in i, λ ă p2π ´ 1q{p2πq “ λ1p0, θ1 ‰ ωq is sufficient for player 1

and all later players with θi ‰ ω to falsify.

(ii) For non-existence of the mapping under homogeneous conformity motives, we require

the interval λ1p0, θ1 ‰ ωq ď λ ă λ2p0, θ2 “ ωq to be empty. As Bλ1p0, θ1 ‰ ωq{Bπ ą 0 and

Bλ2p0, θ2 “ ωq{Bπ ă 0 on p1{2, 1q, the two cut-offs cross at most once. As limπÓ1{2 λ1p0, θ1 ‰

ωq “ 0 and limπÒ1 λ1p0, θ1 ‰ ωq “ 1{2, whilst limπÓ1{2 λ2p0, θ2 “ ωq “ 1{N ą 0 and

limπÒ1 λ2p0, θ2 “ ωq “ ´8, the cut-offs cross exactly once on p1{2, 1q. Hence, the interval is

empty when λ1p0, θ1 ‰ ωq ě λ2p0, θ2 “ ωq which rearranges to π ě pN ´ 1q{p2N ´ 3q.
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Hertwig, Ralph and Till Grüne-Yanoff, “Nudging and Boosting: Steering or Empow-

ering Good Decisions,” Perspectives on Psychological Science, 2017, 12 (6), 973–986.

Hewstone, Miles, Mark Rubin, and Hazel Willis, “Intergroup Bias,” Annual Review

of Psychology, 2002, 53 (1), 575–604.

Hill, Andrew, “Why Groupthink Never Went Away,” Financial Times, 6 May

2018. https://www.ft.com/content/297ffe7c-4ee4-11e8-9471-a083af05aea7. Ac-

cessed: 13 February 2020.

Holland, Bernard, “The Fair, New World of Orchestra Auditions,” The New York Times,

11 January 1981.

Holmström, Bengt, “Moral Hazard and Observability,” The Bell Journal of Economics,

1979, 10 (1), 74–91.

ILO, Ergonomic Checkpoints: Practical and Easy-to-implement Solutions for Improving

Safety, Health and Working Conditions, 2 ed., Geneva: International Labour Organiza-

tion, 2010.

Internicola, Dorene, “Hoop dreams: cashing in on hula craze,” Reuters, 21 January 2009.

https://www.reuters.com/article/us-fitness-hooping-idUSTRE50K5GF20090121.

Accessed: 28 May 2022.

Jakob, Doreen, “Crafting your way out of the recession? New craft entrepreneurs and the

global economic downturn,” Cambridge Journal of Regions, Economy and Society, 2012,

6 (1), 127–140.

and Nicola J. Thomas, “Firing up craft capital: the renaissance of craft and craft

policy in the United Kingdom,” International Journal of Cultural Policy, 2017, 23 (4),

495–511.

Janis, Irving L., Victims of Groupthink: A Psychological Study of Foreign-Policy Deci-

sions and Fiascoes, Boston: Houghton Mifflin, 1972.

, “Groupthink,” in Emory A. Griffin, ed., A First Look at Communication Theory, Mc-

GrawHill, 1991, pp. 235–246.

198

https://www.ft.com/content/297ffe7c-4ee4-11e8-9471-a083af05aea7
https://www.reuters.com/article/us-fitness-hooping-idUSTRE50K5GF20090121


Jensen, Michael C. and William H. Meckling, “Theory of the Firm: Managerial

Behavior, Agency Costs and Ownership Structure,” Journal of Financial Economics,

1976, 3, 305–360.

Johnson, Justin P. and David P. Myatt, “On the Simple Economics of Advertising,

Marketing, and Product Design,” American Economic Review, 2006, 96 (3), 756–784.
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