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Abstract

In this paper we analyse the effect that naive agents (those who
take behavior at “face value”) have on the nature of social norms.
After reviewing the use of signalling models to model conformity, we
argue in favour of modelling naive inferences in tandem with standard
Bayes rational inferences. Naive agents weaken the existence of social

norms and reduce the range of actions that can become social norms.
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1 Introduction

Conformity, the act of changing one’s behavior to match that of others, is
a commonly observed and important component of behavior. It is hardly
surprising, therefore, that economists have joined social scientists in trying
to understand why people do conform (e.g. Elster, 1989; Coleman, 1990;
Hechter and Opp, 2001; Cialdini and Goldstein, 2004; Young, 2008). Ex-
planations for conformity discussed in the literature are many but in this
paper we shall focus on normative conformity.! In short, normative con-
formity occurs when a person conforms to some norm of behavior because
deviating from the norm would result in some loss of utility through guilt,
loss of reputation etc. (Deutsch and Gerard, 1955; Sugden, 1986; Coleman,
1990; Cialdini and Trost, 1998).2 Examples of how normative conformity
can have important economic consequences include the possibility that con-
cerns about reputation may prevent an employer breaking the custom to
give a high-wage (Akerlof, 1980), or fear of social stigma may stop a person
free-riding on a social insurance system (Lindbeck, 1997; Lindbeck et al.,
2003).3

In order to understand normative conformity two questions seem cru-
cial: First, why do people care about reputation or social approval, and,
second, why should deviation from a norm lead to a loss of reputation or
social approval. The seminal contribution of Bernheim (1994) goes a long
way to answering the second question by persuasively demonstrating that
normative conformity can be appropriately modelled as a signalling game.

This approach is appealing because it can ezplain why deviating from a

! Informational conformity occurs if a person imitates others because he believes that
their actions signal payoff relevant information (Bikhchandani, Hirshleifer and Welch,
1998; Chamley, 2003). Convention occurs when people coordinate on the same action to
exploit mutual, positive externalities (Young, 1996, 2001). Bounded rationality occurs if
a person uses the simple heuristic of imitating others (Hayakawa, 2000).

*Evidence for normative influence dates back to Asch’s (1955) famous line length ex-
periment but economists have also recognised the important effects of status, esteem and
reputation on individual behaviour (Veblen, 1899; Brennan and Pettit, 2004).

#See also: Nyborg and Rege (2003) who model how smokers trade-off social approval
from non-smokers against the personal costs of refraining to decide on optimal smoking;
Rege (2004) who shows that a concern for social approval can explain the lack of free-riding
observed in public goods games.



norm (even if only a little bit) could lead to a large drop in payoff. Crucial,
however, in any signalling game are the beliefs and inferences of players.
In modelling conformity this issue becomes particularly apparent because
it is precisely the beliefs and inferences of players that will determine how
non-conformity is viewed by others.

Current modelling of conformity as a signalling game (including Bern-
heim, 1994) assumes that inferences are formed using Bayes rational updat-
ing. Evidence from psychology and experimental economics would suggest,
however, that people do not always form rational inferences but are often
more ‘naive’. We suggest that this makes it crucial to understand the conse-
quences of ‘more naive’ inferences in signalling models of conformity. The
motivation for this paper is to discuss and highlight this issue while also sug-
gesting that it is an area where economics and psychology can constructively
overlap. In order to illustrate the consequences that more naive inferences
can have we shall consider a special case of the model presented in Bernheim
(1994) and demonstrate that the presence of naive inferences: (1) reduces
the chances that conformity emerges, and, (2) reduces the set of actions that
could potentially be norms. Once the model is understood, neither of these
results will probably be particularly surprising, but they do appear mean-
ingful and serve to demonstrate the importance of better understanding the
connection between inferences and conformity.

We proceed as follows: In Section 2 we shall explain in more detail how
a signalling game can be used to model conformity. In doing so we shall
introduce a simple example to be used in the remainder of the paper. In
Section 3 we highlight the importance of inferences, and argue that naive
inferences need to be considered. In Section 4 we demonstrate how naive
inferences can impact substantially upon the conformity one observes. In

Section 5 we conclude.

2 Signalling models of social norms

Our aim in this section is to briefly explain and motivate how a signalling

game can be used to model conformity. A signalling game is composed of



two types of player, sender and receiver. Senders have some private, non-
verifiable and payoff-relevant information, often called the sender’s type. Ex-
amples include generosity (Benabou and Tirole, 2006; Cartwright and Patel,
2008), fairness (Andreoni and Bernheim, 2009; Grossman, 2009), dedication,
honesty, innate productivity (Dufwenberg and Lundholm, 2001), discount
rate (Posner, 2000), or relative preference for their first child (Bernheim
and Severinov, 2003). While sender’s type is not observable, the sender
does undertake some action which is observed by the receiver. For example,
the sender may donate $1000 to charity, spend 8 hours at work or keep his
promise. Having observed the action, receivers can try to infer which type
of sender would have undertaken the action. In doing so, they form a be-
lief about the sender’s type and given these beliefs may want to ‘reward’ or
‘punish’ the sender in some way. For example, if the sender donates $1000 to
charity the receiver will try to infer the generosity of the sender and perhaps
give more esteem to the sender if he infers him to be generous.*

In order to provide a working example we shall consider a special case of a
model due to Bernheim (1994) with the interpretation of type ‘as willingness
to work hard’. A worker chooses how many hours h to work (each day) from
the action set H € [0,20]. Hours worked is publicly observable. The worker
has a type t randomly drawn from the type set T' = [0, 20] according to the
uniform distribution. The worker knows his type but type is not publicly
observable. A worker’s payoff is the sum of intrinsic and esteem utility. The

intrinsic utility a worker receives if he is type ¢ and works h hours is
g(h—t) =~ (h—1).

Type t is interpreted as the worker’s intrinsic bliss point (IBP). Clearly, a
type t worker maximizes his intrinsic utility by working h = ¢ hours. The
esteem utility a worker receives is based on ‘inferred type’. We shall say more

later about what is meant by ‘inferred type’. At this point it is sufficient to

4To make this setting interesting there needs to be genuine ex-ante uncertainty over
the senders type and the receiver must care about the type of the sender.



say that a worker inferred to be of type b will receive esteem
e(b) = — (10 — b)%.

A worker of the ideal type thus intrinsically prefers to work 10 hours. A
worker believed to be of a lower type may receive less esteem because he
is, say, considered lazy, while a worker believed to be of a higher type may
receive less esteem because he is seen as someone who neglects other com-
mitments like his family. The total payoff of a worker is a weighted sum of

intrinsic and esteem utility.

2.1 Signalling equilibria

A signalling equilibrium consists of actions for senders and beliefs for re-
ceivers such that actions are optimal given beliefs, beliefs are optimal given
actions and beliefs are updated using Bayes’ rule (Fudenberg and Tirole,
1991). The key thing for us to note at this stage is how signalling equilibria
can be divided into two types, separating and pooling. In a separating equi-
librium, each type of sender chooses a different action. This means that the
senders type can be inferred from his action and so it is difficult to think
of there being conformity. By contrast, in a pooling equilibrium at least
two different types of sender undertake the same action. This means that
type cannot be inferred by action and suggests that there is some confor-
mity. To illustrate it is worth returning to the model and defining signalling
equilibrium.

The two ingredients of a signalling equilibrium are an action function and
an inference function. An action function p maps the set of types to the set
of actions. In interpretation p(t) is the number of hours a worker of type
t will choose to work. An inference function ¢ (b, h) assigns a probability
distribution over types for any choice h. Informally, we can think of ¢ (b, h)

as giving the probability that a worker who works h hours is inferred to be



type b.5 The total payoff of a worker of type ¢t who chooses h can be written

U(t,h,d)):g(h—t)%—E/Te(b)ng(b,h)db (1)

where E > 0 is the weight the worker puts on esteem. Action function p and
inference function ¢ are a signalling equilibrium if (i) actions are optimal
given inferences, that is, U (¢, u(t),¢) > U (t,h,¢) for all h € H and t € T,
and (ii) inferences ¢ are Bayes rational given action function p. This second
criteria is harder to pin down to a simple definition. It does imply that
positive probability should be put on a worker of type b choosing h if a
worker of type b will actually choose h (that is, ¢(b,h) > 0 if u(b) = h)
and this probability should be one if only a worker of type b would choose
h (that is, ¢(b,h) = 1 if p(b) = h and p(t) # h for all b # h).

Figure 1 illustrates the nature of signalling equilibria by plotting two dif-
ferent equilibria. The top panel of Figure 1 illustrates a pooling equilibrium
and the lower panel a separating equilibrium. In the pooling equilibrium
there is a norm of 10.5 hours with any worker of type 2 or above conforming
to the norm. Workers of type 2 and below do not conform. In the separat-
ing equilibrium hours worked is determined by type and the higher the type
the more hours worked. Note, however, that a worker is still influenced by
esteem by working more hours than he would intrinsically prefer if of type

less than 10 and fewer hours if of type more than 10.

Tt must be the case that,

/qﬁ,(b,h)db:l for all =€ X.
T
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Figure 1: The top panel illustrates a signalling equilibrium when F =
1.25 and the norm is A = 10.5. The bottom panel illustrates a signalling
equilibrium when E = 0.25.

A signalling equilibrium requires Bayes rational inferences about p. This
means that in the equilibrium illustrated in the bottom panel of Figure 1 an
observer should correctly infer the type of any worker. For example, a type
5 worker will work 6.5 hours but anyone who works 6.5 hours is correctly
inferred to be of type 5. By contrast, in the equilibrium illustrated in the

top panel an observer is not able to infer the type of anyone who conforms



to the norm of 10.5 hours. Instead he should infer anyone who works 10.5
hours to be of some type between 2 and 20.

More generally, given any pooling signalling equilibrium there exists a
unique action h, which we shall call the norm and many types of worker
who choose h,. In Figure 1 the norm illustrated is 10.5.5 Typically there
can be many different pooling equilibria each with a different norm. In par-
ticular, as in Figure 1, the norm need not correspond to the most desirable
type. Henceforth we refer to a pooling signalling equilibrium as a conformist

signalling equilibrium.

2.2 Why model conformity as a signalling game?

Before moving on we briefly ask ‘what insights can a signalling based model
bring?’ In many models of normative conformity it is simply assumed that
deviating from the norm leads to a loss of reputation (Akerlof 1980). Specif-
ically, the ‘reputation function’ is assumed discontinuous around the norm.
While this may yield insight it does effectively engineer conformity rather
than explain it. A signalling model does not suffer from this problem because
the esteem function can be continuous and yet there still be a discontinuous
loss in utility from non-conformity. This discontinuity is produced endoge-
nously as a result of equilibrium behavior rather than the model’s construc-
tion (Bernheim, 1994). There are non-signalling models of social conformity
that do assume a continuous reputation function (e.g. Azar, 2004). These
models suffer from the drawback that they only explain conformity to norms
consistent with ‘preferred type’. They are not able to explain the existence
of a norm ‘that most people do not like, or would rather change’. Clearly,
however, such norms exist and are important. In order to explain such norms

a discontinuous loss in utility from non-conformity is required.

Unlike most signalling models (e.g. Spence, 1974) our esteem function A (b), implies
that the perception optimum is not at the boundary of the action set. This implies
that we expect both high and low type agents to shade their choices toward the centre,
creating central pools. We do not provide complete proofs of the characteristics of pooling
equilibria here, Bernheim (1994) formally proves that there is a single central pool in the
neighbourhood of unity. A number of other models also contain central pools, for example,
Banks (1990) and Bernheim and Serverinov (2003).



The principle advantage, therefore, of a signalling model of conformity
is that it can endogenously produce the discontinuous loss in utility from
non-conformity that seems necessary to explain much normative conformity.
A signalling framework has been found to be informative in understanding
a number of specific social norms. For example, Dufwenberg and Lundholm
(2001) analyze the effect of unemployment insurance on job-search. They
argue that social respect is given to those who exert high search effort rela-
tive to their innate talent to find work. Innate talent is private information,
motivating the signalling model. They find that more generous unemploy-
ment insurance leads to increased effort by untalented individuals in order to
signal they are more talented than they actually are, thereby securing social
respect. Modelling inheritance, Bernheim and Severinov (2003) argue that
bequests are used to signal parents’ relative altruistic preferences towards
their children. They show that a relatively impartial parent divides the be-
quest equally among children because not doing so would lead to children
feeling they were significantly less loved then they actually were, the social
norm of equal division. Finally, more discursive applications of signalling
theories explaining social norms are found in Posner (1998, 2000). Attitudes
towards symbols, conspicuous consumption, marriage, voting and discrimi-
nation can all, at least in part, be explained within a signalling framework.

On the negative side a signalling model does leave important questions
unanswered such as ‘why reputation matters?’ and ‘how we come to arrive
at a particular norm?’ Duxbury (2001) makes a more fundamental point
by arguing that actions are not always observable yet there are still social
norms for these actions, voting for example. Clearly a valid point. One can,
however, point towards the ‘big brother’ effect, in which a person can think
that somebody 'might be watching him’ as observed in tax evasion (e.g.
Alm et al., 1995, 1999), as well as a desire to signal desirable attributes to
oneself (Bodner and Prelec, 2003) to argue that a signalling model can still
be relevant. Taking a different track, McAdams (2001) argues that signalling
is inefficient and costly and so people will revert to more direct means to
build a reputation. Again, there is clearly some merit in this view but it

also seems to confuse the nature of a signalling model. In particular, the



argument that people with ‘desirable types’ can somehow signal their type
is merely an argument that a separating equilibria exists. If this is the case
we should not expect to observe conformity.

A further criticism that can be made of signalling models is that predic-
tion is difficult. Indeterminacy is a problem that plagues signalling models
in general, those for social norms are no different. For example, while a
pooling equilibrium is usually characterized by a unique norm, there are
still a continuum of potential norms making it difficult to identify the pre-
cise location of the norm. In addition, the range of indeterminacy (the set of
potential norms) varies with the assumptions placed on beliefs. For example,
Bernheim (1994) and Dufwenberg and Lundholm (2001) impose different re-
strictions on inferences, each will produce a different set of potential norms.
This, however, may not be a criticism of signalling models per se but just
a reflection of the impossibility of predicting the precise location of norms.
We frequently observe social norms of behavior that appear entirely arbi-
trary and that could equally have been some other behavior, the clapping
of hands to show appreciation, for example. Indeed, Posner (2000) argues
that a costly arbitrary action that would never be undertaken for any reason
other than signalling is the most effective signal. We will return to the issue

of indeterminacy in Section 4.

3 The importance of inferences

Inferences are fundamental to a signalling model of conformity. A person
will conform if he thinks that by not conforming he will send a signal to
others that leads to a significant loss in payoff. This means that the person
must infer how others will interpret his actions if he conforms and infer how
others will interpret his actions if he does not conform. We shall assume
that a person does correctly infer how others will interpret his actions. This
then leaves the question of how others will interpret his actions. It should
be clear that this is fundamental to understanding whether conformity does
or does not arise. Conformity only arises if non-conformity is expected to

be inferred by others in such a way as to lead to a relatively large drop in
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esteem.

That signalling models of conformity depend so crucially on inferences
is a cause for concern for two reasons. First, Bayesian updating can leave
open the question of what an worker should infer about someone who does
not conform to a norm. If, for example, no-one should work 9 hours then
Bayes updating is no help in interpreting the type of a worker who does
work 9 hours. Clearly, however, this is crucial in knowing whether or not
a worker would want to deviate from the norm and work 9 hours. Various
criteria on out of equilibrium beliefs can and have been used, such as the
D1 Criterion and Intuitive Criterion, to impose ‘reasonable’ assumptions
on out of equilibrium beliefs (Cho and Kreps, 1987; Banks and Sobel 1987).
Different criteria can produce, however, different equilibria and this is clearly
a worry (Cartwright, 2009).

A second cause for concern, and the one we shall focus on here, is that
signalling equilibrium implicitly assumes that people use Bayes updating in
inferring the types of those who do conform, but is this assumption rea-
sonable? We shall argue that often it is not and that the evidence points,
instead, towards people making ‘naive’ inferences about others. Before going

further we should argue this point.

3.1 Naive or Bayesian inferences?

The assumption of Bayes updating implies that observers make full and
correct use of information to interpret the actions of a worker. If observers do
gain a higher payoff for making correct inferences then anything other than
Bayes updating can be improved upon and so this assumption is justifiable.
There are, however, good reasons to think that an observer may not use
Bayes updating. Furthermore, these reasons point towards observes making
‘naive’ inferences, in the sense that a worker who works h hours is simply
seen as the type of worker who likes to work h hours.

A most basic reason why inferences may deviate from rationality is sim-
ply the complexity involved in calculating rational inferences. In order to

Bayes update the observer needs lots of information about the environment
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and choice facing the sender. Clearly this information may not be immedi-
ately available to the observer or the choice setting may be a complex one
that the observer finds hard to relate to. Signalling experiments show that
convergence to equilibrium can be very slow as subjects take time to learn
even a relatively simple signalling game (Anderson and Camerer, 2000). In-
formation and familiarity with a problem are important, meaningful context
is found to be a good substitute for the early stages of learning (Cooper and
Kagel, 2003).

Even if the observer does have relevant and meaningful information he
may not update appropriately. A belief in the law of small numbers, for
example, suggests that an observer may exaggerate the extent to which a
small sample represents the population (Tversky and Kahneman, 1971; Ra-
bin, 2002). Similarly, confirmation bias would suggest an observer seeks and
interprets evidence to be consistent with initial priors, ignoring contradic-
tory information (Rabin and Schrag, 1999; Charness and Levin, 2005). On a
more basic level experimental evidence suggests an overconfidence in private
information (Huck and Oechssler, 2000; and Noth and Weber 2003) and an
inability to think through the motivations of others in strategic contexts
(Thaler, 1988; Eyster and Rabin, 2005).

One reason why inferences may be naive is the so called fundamental
attribution error (Jones and Harris, 1967; Ross, 1977). A person makes an
attribution error if he attributes the behavior of others to an internal cause,
such as preferences, while attributing own behavior to external causes, such
as social pressure. This results in someone underestimating how much the
decisions of others is effected by social influence (Miller and Prentice, 1994).
The literature has now demonstrated widely the existence of a fundamental
attribution error even in contexts where observers are well aware that social
influence exists (Shweder and Bourne, 1982; Marriott, 1990; Fiske et al.,
1998). The main thing for us to note, however, is that an observer who
makes an attribution error is likely to make naive inferences and interpret
actions as merely reflecting type.

One possible consequence of an attribution error is pluralistic ignorance.

This is a psychological state in which a person believes the attitudes and
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preferences of others are different to his own, even if his behavior is the
same as theirs (Miller and McFarland 1991). A classic example, would be
the student, struggling to follow a lecture, who interprets the silence that
follows the lecturer asking ‘do you have any questions’ as a signal that he
is the only one who is struggling (Miller and McFarland 1987). Pluralistic
ignorance can be used to explain why conformity does exist. For example,
if all workers are working 10 hours then someone with pluralistic ignorance
would think that all workers are of a type who want to work 10 hours, and
this may put pressure on him to work 10 hours. Pluralistic ignorance also,
however, naturally implies that anyone who deviates from a norm will be
inferred as having behaved according to type (Bicchieri, 2006). Again, this
points towards naive inferences.

A further reason for naive inferences is provided by trust. Trust has long
been recognized as a cornerstone of all societies and relationships within
them (Coleman, 1990; Putnam, 1993; Knack and Keefer, 1997). The mo-
ment we begin to question the motivation and actions of someone we trust
then that trust can be lost with costly consequences.” Trusting individuals
are less likely to fully explore the motivations that lay behind others’ ac-
tions. This can lead to mistaken inferences about the actions of others but
this cost maybe worth paying if it sustains a trusting relationship. If some-
one’s actions are trusted then the outcome is naive beliefs. What’s more it
provides a reason why naive beliefs may exist in settings where the observer
and sender know each other well.

Having given some reasons why irrationality and naivety in inferences
may be expected, it is important to recognize that not all evidence points
that way. Indeed, experimental economic evidence that directly addresses
signalling games, suggests there is convergence to equilibrium behavior with

sufficient time to learn (see Van Winden (1998) and chapter 8 of Camerer

"For instance, contrary to agency theory, recent research has shown that in many
contexts, monitoring and explicit incentives incease shirking as they signal a lack or breach
of trust. Benabou and Tirole (2003) model this result by highlighting the difference
between intrinsic and extrinsic motivations; Frey (1993) and Barkema (1995) both show
that CEO performance decreases with monitoring; and experimental work by Fehr and
Gachter (2002) corroborates the idea.
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(2003) for reviews of the literature). Of most relevance to us are studies that
shed light on whether we observe pooling when there is a pooling equilibrium
and separating when there is a separating equilibrium.® The evidence is that
we do get behavior consistent with equilibrium if subjects have had time to
learn (Cadsby et. al., 1990; Cooper et. al., 1997). Indeed it seems that
senders learned to pool or separate as appropriate, and observers learned to
distinguish when observers were pooling or separating. Furthermore once
subjects have learnt how to play a particular signalling game they can trans-
fer this knowledge to other games (Cooper and Kagel, 2008). The context
considered in the literature is very different to the one in this paper but the
suggestion is that rational inferences may not be too unrealistic.

The previous paragraph raises another important issue. We have pri-
marily concentrated on the question of whether observers make naive or
Bayes rational inferences. The question that actually matters, however, at
least in interpreting the actions of senders, is how senders expect observers
to interpret their actions. If observers do have naive inferences, do senders
know this? Data from signalling experiments is consistent with the existence
of a significant number of "sophisticated" individuals (Cooper and Kagel,
2008). Sophisticated players understand that other players behaviour may
be motivated by boundedly rational beliefs, they thus best-respond to this
behaviour rather than the behaviour that follows from Bayes rational beliefs.

In summary, there is strong evidence to suggest that observers make
errors in inferring the motives of others and are likely to make naive infer-
ences. There is also, however, evidence that observers can learn over time to
correctly interpret actions. This suggests, as a simplification, a distinction
between a set of observers who will make Bayesian inferences and a set who
will make naive inferences. The former will include those who have more to

gain from making an informed decision and have more information about

8 Another strand of the literature, of some relevance to us, looks at the validity of
equilibrium refinements based on ‘reasonable’ assumptions about out of equilibrium beliefs.
There is good support for the most basic ‘intuitive criterion’ but less support for more
refined criterion (Brandts and Holt, 1992; Banks, Camerer and Porter, 1994). Historical
precedence/accident seems more important in selecting equilibria than the more refined
criterion.
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the decision being made. The latter will include those with less to gain and
who have insufficient information to make an informed decision. This is the

approach we follow below.

3.2 Modelling naive inferences

Naive inferences are unlikely to be ‘rational’ and so allowing for naivety
requires a departure from signalling equilibrium. It seems, however, advan-
tageous to have a model with naive inferences that still fits the ‘standard
equilibrium’ framework of economics. We shall do this by introducing a
‘naive equilibrium’ where the sender and ‘informed observers’ are rational
while ‘uninformed observers’ may be naive.

The notion that stable equilibria exist with individuals that suffer from
systematic belief biases is not new in the literature. For example: Self-
Confirming Equilibrium (Fudenberg and Levine, 1993), where beliefs are
only correct on the path of play; Cursed Equilibrium (Eyster and Ra-
bin, 2005), where agents underestimate the correlation between actions
and private information; Analogy-Based Expectation Equilibrium (Jehiel,
2005), where agents form beliefs for analogy classes of situations rather than
each specific situation; and Behavioral Equilibrium (Esponda, 2008), where
agents fail to account for the informational content of other agents’ actions.
While these equilibria are informative in a number of different settings, they
neither directly address signalling games nor consider the "taking actions at
face value" interpretation of naivety motivated here.

To our knowledge, there has been limited research on naivety in sig-
nalling games. Building on their model of Cursed Equilibrium, Eyster and
Rabin (2007) introduce the idea that uncursed agents may exaggerate the
extent to which others are cursed, that is, they may be "inferentially naive".
Their notion of Credulous Play is similar to our naive equilibrium. Receivers
in Credulous Play do not think that senders choose their actions so as to ma-
nipulate beliefs, but in fact, senders are rational and best-respond to naive
inferences. Applying their ideas to a variant of the standard job-market

signalling game, they show that the greater the degree of inferential naivety
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the more over-paid workers are. While their model is able to identify some
of the effects of naive beliefs, they are silent on social norms. The infinite
action and type spaces mean that although pooling equilibria do exist anal-
ysis is difficult as there are an infinite number of them. With closed action
and type spaces, our model is more informative on how naive beliefs affect
conformity:.

Naivety could also be important in self-signalling contexts. Bodner and
Prelec (2003) consider an agent with some predisposition for comitting a
vice who infers this predisposition from his actions. The agent’s choice de-
termines his outcome utility and diagnostic utility (equivalent to intrinsic
and esteem utility). They contrast the case of "face value" interpretations,
where the agent ignores the diagnostic motive for actions and assumes all
actions are driven by outcome utility, with that of "true" interpretations,
where the agent is Bayes’ rational. Although the application and details
of the model are very different, the similarity between their approach and
ours is clear. One significant difference is that our modelling of naivety is
more general in that we always permit the co-existence of naive and Bayes’
rational inferences. In the context of self-signalling it may be difficult to
imagine simultaneously having multiple beliefs. For social-signalling, how-
ever, it seems important to account for the fact that different observers may
have different beliefs.

Bodner and Prelec (2003) shares an important feature with Cartwright
and Patel (2008) where we consider naive inferences in a signalling model
of public good provision. Both these papers assume the ideal type is at the
boundary of the action set: the less predisposed to a vice you are, the higher
your self-esteem; the more generous you are, the higher your social esteem.
In the current paper, however, the ideal is some intermediate type. This
distinction proves important in terms of the nature of conformity. More
specifically, in the framework of Cartwright and Patel or Bodner and Prelec
there can be only one action that is the norm, while in the framework of
this paper there can be many actions that are potential norms. We shall see

this in the following section.
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4 What difference do naive inferences make?

To illustrate what consequences naive inferences can make we shall work
through the simple model of conformity introduced in Section 2 and contrast
a setting where all observers make Bayes rational inferences with one where
some make naive inferences. More specifically, we split the set of observers
into two sets, informed observers and uninformed observers. As the name
may suggest, informed observers will be assumed to make rational inferences.
We shall then contrast the case where uninformed observers make naive
inferences to that where they make rational inferences.

Letting ¢; and ¢ denote the inference functions of informed and un-
informed observers, the payoff of a worker of type t who chooses h can be

written

U(t7h7¢17¢U) _g(h_t)+>\/

T

e (b) &y (b, h) db-+0 /T ¢ (b) by, (b, k) db, (2)

where real numbers A, > 0 are the weights on esteem from informed and
uninformed observers, both relative to intrinsic utility. To compare this to
equation (1) we can think of A + @ as equal to E.? If both informed and
uninformed observers make rational inferences we will obtain a signalling
equilibrium, as previously defined. In this context a signalling equilibrium
is characterized by an action function, u, and inference functions, ¢; and
¢rr, such that (i) actions are optimal given inferences, and (ii) inferences
¢ and ¢r; are Bayes rational. A signalling equilibrium of the model is thus
characterized by all observers having Bayes rational inferences meaning that

o1 = oy

9More formally, equation (2) can be rewritten

U(t,h,¢,,¢U>=g<h—t>+(x+e>/  (b) $(b, z)db

T
where

¢(b, CB) — >\¢I (bv xi:ggbU (b7 x)

Note that [, (b, x)db =1 and so ¢ is a valid inference function.
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We say that the uninformed observers have naive inferences if,

1 ifb=nh

0 otherwise

by (b’ h) = {

In other words, if a worker works h hours, an uninformed observer will
naively infer that the worker’s type is equal to h. The fact that naive
observers make naive inferences means we are unlikely to obtain a signalling
equilibrium (because the naive observers will have incorrect beliefs). We,
therefore, consider a refined notion of equilibrium. A naive (signalling)
equilibrium is characterized by an action function u, and inference functions,
¢ and ¢, such that (i) actions are optimal given inferences, (ii) inferences
¢; are Bayes rational, and (iii) inferences ¢ are naive.'? Naive equilibria
can also be distinguished between separating and pooling equilibria and

again we shall call a pooling naive equilibria a conformist naive equilibrium.

4.1 The Effect of Naive Inferences

Within the model we are considering there will always exist a signalling
equilibrium and naive signalling equilibrium. We have noted, however, the
important distinction between a separating equilibrium, where there is no
conformity, and a pooling, or conformist, equilibrium, where there is con-
formity. The issues of interest to us, therefore, is under what conditions
there exists a conformist equilibrium, that is, an equilibrium characterized
by a norm to which multiple types of workers will conform. Given our focus
on comparing rational versus naive inferences, this gives rise to the ques-
tion: ‘Does there exist a conformist naive equilibrium whenever there exists

a conformist signalling equilibrium, and vice versa? The answer is simple:

Proposition: If there exists a conformist naive equilibrium with norm h,,
then there exists a conformist signalling equilibrium with norm h,. The

converse need not be true.

1'Note that while the uninformed are considered naive the informed are considered
rational. This means that the informed understands that the uninformed are naive and
that the worker knows this.
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In short, naive inferences make it less likely for there to be conformity.
To better understand what this means, and why it is the case, we decom-
pose the problem into two parts. First, given a set of parameters we can ask
whether there exists a conformist signalling equilibrium and/or conformist
naive equilibrium (for any norm). This basically amounts to questioning
whether there exists a conformist equilibrium with a norm to work 10 hours
(the hours worked by the ideal type). Second, fixing a specific action (differ-
ent to 10 hours) as the possible the norm, we can ask whether there exists a
conformist signalling equilibrium and/or conformist naive equilibrium with
this action as the norm. This amounts to asking what actions can be norms
in equilibrium.

The question of when there exists a conformist equilibrium, with norm
to work 10 hours, is relatively simple to answer (see the Appendix for the
details). There exists a conformist signalling equilibrium if and only if
A+ 6 > 0.25 and there exists a conformist naive equilibrium if and only if
A(1+60) > 0.25. We see, therefore, that whenever there exists a conformist
naive equilibrium there must exist a conformist signalling equilibrium. In-
deed, there can only exist a conformist naive equilibrium if A is sufficiently
high meaning that the worker must value the esteem of informed workers.
To illustrate, and explain why, Figure 2 plots the conformist signalling equi-

librium and naive separating equilibrium when A = 0.1 and 6§ = 0.4.
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Figure 2: Setting A = 0.1 and 6 = 0.4, the top panel illustrates a
conformist signalling equilibrium with norm h;, = 10 while the bottom panel

illustrates a naive separating equilibrium.

In the top panel of Figure 2 we see that when uninformed observers are
rational a worker of type 7 to 13 conforms to a norm of working 10 hours.
They do so, because deviating from this norm would lead to a sufficiently
large discontinuous drop in the esteem that they would receive. This discon-

tinuity arises because any worker who workers less (or more) than 10 hours
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is inferred to not have a type between 7 and 13. Thus, anyone who works
10 hours gets significantly more esteem than anyone who does not work 10
hours (however close they may be to working 10 hours).!!

Now, suppose that uninformed observers make naive inferences. Given
that a naive observer equates action with type any deviations from working
10 hours result in a continuous change in esteem. A worker who works 9
hours 59 minutes, for example, would get approximately the same esteem
as someone who conforms and works 10 hours. The presence of rational
informed observers would still suggest a discontinuous drop in esteem for
deviating from the norm but this drop would now be much less. This may
result in insufficient incentive to conform, and this is what we observe in the
bottom panel of Figure 2.

In short, the fact that uninformed observers have naive inferences makes
it ‘easier’ for a worker to deviate from a norm and not loose ‘too much’
esteem.'? This acts to break down conformity and result in a separating
equilibrium. It is clear that, provided their is concavity of the esteem and
intrinsic utility functions this will always be the case. If the norm is 10
hours, for example, then by working 9 hours 59 minutes, rather than 10
hours, a worker who prefers to work less than 10 hours, will gain more in
intrinsic utility than he will lose in esteem from any naive observers. Naive
inferences thus undermine the reasons to conform.

Naive inferences undermine conformity even more if the norm is some-
thing other than to work 10 hours. To provide an illustration of this consider
Figure 3. For varying degrees of weight on the esteem of the uninformed
observers, Figure 3 plots the maximum possible hours that can be a norm in

equilibrium.'® We see, for example, that when the uninformed have rational

1Tn a setting of a continuous action space like this it may be questioned whether such
a discontinuity in esteem seems realistic. Is it plausible, for instance, that someone who
works 9 hours and 59 minutes gets less esteem than someone who works 10 hours? We
think the answer can be yes when there is a norm to work 10 hours. More specifically, our
anecdotal evidence of some workplaces is that ‘clock watching’ can happen with it noted
that someone left before, say, 5 p.m., even if it was only 1 minute before 5 p.m.

12The fact that informed observers know this means that they will also not drop esteem
so much for deviators from the norm.

131f hp®* is the maximum possible norm, then any action in [20 — hy'®*, h'®*] can also
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inferences and # = 1 there exists a signalling equilibrium with a norm to
work 12 hours, and an agent with any type between 4 and 20 will conform.
When the uninformed observers have naive inferences there cannot be a
naive equilibrium to work 11 hours or more. Clearly, whether uninformed

observers are rational or naive makes a big difference.
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Figure 3: The maximum possible norm h), (and corresponding values of ¢
and t,) for different values of 6, when A = 0.5.

be a norm.
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The reason why the distinction between naive and rational inferences
proves so significant in determining what actions can be norms is fairly
simple. If uninformed observers are rational then the higher is the weight
on esteem the more an agent will want to conform to the norm, whatever the
norm may happen to be. This is because anyone deviating from the norm
will be assumed to have an ‘extreme type’ and so the more the worker values
the esteem of observers the more he is willing to sacrifice intrinsic utility
to conform. A norm of working 20 hours can, therefore, be maintained if
esteem is sufficiently highly weighted.' If uninformed observers are naive
then there is much less incentive to conform to a norm different than the
ideal of 10 hours. This is because anyone who works 10 hours will receive
maximial esteem from the uninformed and so ‘why conform to a norm of
working other than 10 hours?’. To explain further, let us return to Figure 3
and imagine that # = 6 and the norm is to work 20 hours. If the uninformed
are rational then this norm is consistent with equilibrium because anyone
who deviated and worked, for example, 10 hours would be inferred to have
type t; = 0 and so receive minimum esteem. If the uninformed are naive
then the norm of 20 hours is not consistent with equilibrium because an
agent can deviate to working 10 hours and receive maximial esteem from
the uninformed because he is inferred to have the ideal type t = 10.

The above discussion makes clear, that the set of actions that can be
norms when the uninformed are rational is increasing in 6. By contrast,
the set of actions that can be norms when the uninformed are naive must
be decreasing for sufficiently large 0, and ultimately fall to 10. This means
that for large 6 the differences between a setting with rational and naive
uninformed agents must be large. To better appreciate this, Figure 4 plots
the maximum norm h, for combinations of # and A if the uninformed are

naive. We can see that for any level of # an increase in A increases the

1To be more explicit, we need to find the level of A+ 6 such that a type 0 agent prefers
to work 20 hours and receive relatively more esteem versus working 0 hours and receiving
low esteem. This requires,

9% %()\—FQ) > —(A+6)

which gives A 4+ 6 > 6. Note that this is consistent with Figure 3 where ¢; = 0 for A = 0.5
and 6 > 5.5.
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maximum norm, while for any level of A an increase in 6 (generally speaking)
decreases the maximum norm. What this means is that the set of actions
that can potentially be norms is much smaller if the uninformed have naive

inferences. It is as if naive inferences act as an equilibrium selection device.

larnbda theta

Figure 4: The maximum possible norm h, when the uninformed make

naive inferences, for different values of A and 6.

To summarize we see that naive inferences have distinct consequences.
First, naive inferences make it less likely that there will be a conformist

equilibrium with a norm to work the ‘ideal amount’ of 10 hours. This is
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because, in a setting of naive inferences, unlike that of rational inferences, a
worker gains relatively little extra esteem from working 10 hours than, say, 9
hours 59 minutes. Second, naive inferences make it harder to sustain norms
that are not close to the ideal type of 10 hours. This is because, in a setting
of naive inferences, again unlike that of rational inferences, a worker who
works 10 hours will neccessarily receive relatively high esteem. All together,
therefore, naive inferences make conformity less likely and reduce the set of

possible norms.

5 Conclusion

The basic points we wished to make in this paper can be summarized: (i)
a signalling game is a good, useful way to model normative conformity, but
(ii) signalling models can be sensitive to how individuals interpret and infer
from the actions of others, which suggests (iii) we need to better understand
how individuals do interpret and infer the actions of others. We would
further add that (iv) this is an area where economists and psychologists can
potentially learn a lot from each other. We hope to have argued point (i)
and shown by example point (ii) so in this concluding section we focus more
on point (iii) by providing some issues that that we think may be worth
pursuing.

The first thing that we can pick up on is how our results fit with the
notion of pluralistic ignorance. Specifically, we suggest that naive inferences
narrow the set of actions that can be norms. It is typical, however, to use
pluralistic ignorance, which is also a form of naive beliefs, to argue that many
actions can be norms (Bicchieri 2006). At first, this seems contradictory, but
it is not. The key issue is whether the ‘ideal type’ is common knowledge
or not. Naive inferences mean that only actions ‘close’ to the perceived
ideal type can be norms. We have assumed that the ideal type is common
knowledge and so perceived ideal type equals the actual ideal type. In the
case of pluralistic ignorance, the ideal type is not common knowledge but
the action that is the norm is the perceived ideal type. Hence there is no

inconsistency between our results and pluralistic ignorance. Instead, it raises
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the question of whether the ideal type is known, or at least learnt over time.
This, in turn, leads to questions of how norms change over time.

A further issue is whether the relative value a person places on esteem
will depend on the inferences of observers. In their analysis of audience
effects, Brennan and Pettit (2004) rather cynically (although reasonably)
argue that individuals of high ability will try to attract the attention of
more informed audiences, whereas those of low ability will do the opposite.
More generally, agents of the ‘ideal type’ may come to value more highly the
esteem of those with rational inferences while agents of ‘less ideal types’ may
value the esteem of those with naive inferences. If correct this would mean,
in terms of our model, that A and 6 will also depend on the type of agent.
This could have some interesting consequences for equilibrium conformity.

Of interest with respect to both of the issues just raised is the possibility
of an “overconfidence” bias in which an agent systematically overestimates
his ability relative to others (DellaVigna, 2007). This could result in an
agent inferring that the ideal type is more ‘like him’ than it actually is and
consequently lead to him seeking a more informed audience. More generally,
this raises the question of whether senders (or workers in our model) can be
expected to behave rationally or, at least, learn to behave rationally.

Finally, we have focussed on the dichotomy between ‘fully’ rational and
‘fully’ naive inferences. More realistic models should draw on theories of
learning and have a continuous degree of belief sophistication. This could
allow observers to become more informed with experience. The effect this
could have on social norms is not clear. If a social norm forms when a
large proportion of the population is naive, does this norm change as these
agents become more rational? Our results suggest that fewer naive agents
would expand the set of feasible norms, but because of history-dependence
the norm may not change. This raises interesting questions about how

observers do learn and about how norms can change.
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6 Deriving signalling equilibria

If uninformed observers are naive and informed observers perceive the worker

to be type b then the workers utility is
U(t,h,b) = —(h —t)> = A(10 — b)* — 0 (10 — h)>.

Noting that

U(t, h,b hoo t)? b\? h\2
o ):_<1_0_1_0> _A<1_1_0> “)(1‘1—0)
we can normalize so that h and ¢ range between 0 and 2. The equilib-
rium action profile can then be found as described by Bernheim (1994) and
Cartwright (2009). Specifically, indifference curves in the (h,b) plane for a
worker of type ¢ are given by, (b —t)* + XA (1 —b)* 4+ 6 (1 — h)*> = D, where
D is an arbitrary constant. We can calculate the slope of an indifference

curve of a type t worker through the point (b, x) as,

b oUJox  (1+60)h—t—0

dx ~ 9U/Ob  A(1—b)

In equilibrium there must (i) be a tangency between inference function ¢;
and the indifference curve and (ii) the inferences of rational observers must
be correct implying that ¢;(h) = b =t. Thus,

(L+0)h—¢;(h)—0
A =¢r(h)

The differential equation (3) can be rewritten as system

i

where v is some index. Rearranging the bottom equation gives

7 (h) = 3)

el = 5%

t=1-= (4)
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which can be inserted into the top equation to give the second-order differ-
ential equation
2"+ 2"+ A1+ 0)z = A1 +90). (5)

The solution to this differential equation is easily found and so values of
h and t can be traced out to show the action h of a type t worker. From
this can be derived appropriate inferences ¢; and action function p. Note,
however, that we cannot know at this stage whether ¢; and p are consistent
with equilibrium as, in particular, we may obtain an action A > 1 which is
not possible.

The characteristic equation of (5) is 72 47+ A(1 +6). This equation has
two distinct real roots if A(1 + ) < 0.25, repeated roots if A\(1 + ) = 0.25
and two distinct complex roots if A\(1 4+ 6) > 0.25. All are clearly possible

and so we need to distinguish these three cases.
Case (1): A(1 4 0) = 0.25. The solution to equation (5) is
h=1+Cie 2 4 Cove™ 2 (6)

for some constants C; and Cs. To derive appropriate initial conditions
consider a worker of type t = 0. If a type 0 worker is correctly perceived to

be of type 0 then his payoff is

U (h,0,0) = —h2 — X —6(1—h)>.

Setting ‘fl—“ = O suggests thatt =0ash = #09. Appropriate initial conditions
are thus t = 0 and h = l;ia as v = 0. Using equations (6) and (4) in turn
gives
G =— —Eh-—1 (7)
2(1+40)

Case (2): If A\(1+6) < 0.25. The solution to equation (5) is

h =1+ C3e™? + Cye"® (8)
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where

14+ (1—4X1+0))*° 1—(1—4X1+06)%°
TN = — B) ; ro = — 5

and C7 and C5 are constants. Appropriate initial conditions remain ¢ = 0

and h = % as v = 0. So, from (8) we obtain Cy = 775 — C3 and using (4)

0
we get
A=r1C3+1rCy = (’1”1 ’1“2) Cs 110
Thus,
1 1
C3=— T2+>\( +0) andC4: r1+)\( +9) —Cg.

(rg—r1)(140) (rg —r1) (14 0)
Case (3): A(146) > 0.25. The characteristic equation of (5) has two distinct

complex roots and so the solution of (5) has form,

h=1+e 32" (C5 cos% + Cp sin %) 9)
where m = (4X\(146) — 1) and Cs and Cg are constants. Appropriate
initial conditions remain ¢ = 0 and h = % as v = 0. Using equations (9)
and (4) in turn gives
-1 20+ G5

Cs

05:1—1—0; m

This describes an action function but can give h > 1 implying that a pooling
equilibrium will be obtained. In this case the equilibrium will also be char-
acterized by a norm h, and types t; and t;. A worker of type t € [t;, ¢;] will
work hy, hours while other workers work according to (9). Types ¢; and ¢,
workers will be indifferent between working h, hours and working according
to (9). There is no simple way (that we know of) to find the values of ¢
and tp, but it is simple to check whether any combination of ¢;,¢; and h,
are consistent with equilibrium. Thus, given h;, one can search for a combi-
nation of ¢; and ¢; that would give an equilibrium. One can then search for

possible h;, that are consistent with equilibrium.H
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