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Abstract

Can social pressure create a situation where individuals with
extreme opinions make statements that are closer to the norm
than those made by more moderate people? By analyzing a
trade-off between being true to one’s private opinion and con-
forming to a social norm, we show that such inversion of revealed
preferences arises rather generally when the utility loss from de-
viating from one’s private opinion increases concavely with the
size of the deviation. We demonstrate this result in three model
variations. In the first, there is social pressure to conform to an
endogenously located norm. In the second, each individual does
not want to upset another person whose opinion is unknown to
her. Although no real norm exists, we show that this leads to the
emergence of a virtual norm. In the third, each person pressures
others in declaring a public stance. Here, one particularly notable
form of inversion arises, where a fictitious norm may be upheld
by those who privately despise it the most. They sanction others
for deviating from this norm, thus reinforcing it. Interestingly,
the less representative the fictitious norm is of the privately held
opinions, the more people publicly support it.
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1 Introduction

It is by now well established that social norms, and social pressure to
conform to those norms, influence individual decision making in a wide
spectrum of situations. An early experiment showing the potency of so-
cial pressure was done by Asch (1955), who showed that even for seem-
ingly objective issues, such as comparing two lines and stating which is
the longest, social pressure can have strong effects. In economics, models
of social norms have been applied to a variety of issues such as choices
of neighborhood (Schelling, 1971), herd behavior (Granowetter, 1978)
and unemployment (Lindbeck et al, 2003).1 This paper investigates the
terms under which social pressure leads to inversion of revealed prefer-
ences. By that we mean a situation where an individual whose private
opinion is far from the norm declares in public an opinion that is closer
to the norm than the declared opinions of others whose private opinions
are closer to it.
Imagine a social or political issue that is under some controversy.

To help fix ideas, assume a social norm, which is exogenous from the
point of view of an individual, exists. Suppose now that each individual
in society has some private opinion regarding this issue, and everyone
needs to declare their stance in public. An individual whose private
opinion differs from the social norm will then need to take into account
the social pressure for violating it and the psychological cost of stating
an opinion different than her private one.
We analyze this simple trade-offunder three model variations. Firstly,

the case where there is one clear norm that serves as the single source
of social pressure. One can think of this norm as a tradition or just as
a consensual opinion. In the model its location is determined endoge-
nously. We show that if individuals have suffi ciently concave disutility
from deviating from their private opinions, inversion of revealed pref-
erences will arise.2 We refer to concave disutility from deviating from
one’s private opinion as perfectionism, since it can be seen as represent-
ing the attitude that “only the best is good enough”. Here skewed norms
that are not representative of the private opinions can emerge, and we
characterize the societal traits leading to this.
In our second model variant, there is no one clear norm that the

individual feels pressure to conform to. Instead, we analyze the case
where the individual does not want to upset another person whose opin-
ion is unknown to her, while feeling disutility from not declaring her

1For other examples see Goffman (1959) for early research in sociology, Kandel
& Lazear (1992) for an application in economics and management, Kuran (1995) for
political revolutions and Holbrook et al (2003) for effects on political survey making.

2By suffi ciently concave we mean more concave than the social pressure function.
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private opinion. Before choosing what to state, she will first need to
aggregate the pressures from all individuals she can possibly meet into a
societal pressure function. We occasionally refer to this society as plural-
istic, since there are many opinion makers.3 Here, a virtual social norm
arises endogenously. By that we refer to some opinion that only few
may actually believe in, but such that the aggregated pressure increases
monotonically in the distance from it. Inversion of revealed preferences
now arises quite generally if individuals are perfectionists. In fact, perfec-
tionism is both a necessary and suffi cient condition if opinions in society
are heterogenous enough.
Thirdly, we analyze the case where a person declares a stance while

simultaneously and indirectly putting pressure on others who deviate
from that stance.4 This is a non-trivial fix point problem where the
stances of individuals map to an aggregate social pressure function that
affects the stances that created it and so on. Here we resort to numer-
ical analysis of the model. We show that in societies with perfectionist
individuals there may well appear a situation of inversion of revealed
preferences with a fictitious norm: a norm that few actually agree with,
but is upheld largely by those most opposing it. That is, those who
despise the norm the most sanction others for deviating from it. Mean-
while, people whose private opinions are close to the norm declare those
opinions in public. Interestingly, the less representative the fictitious
norm is of the privately held opinions, the more people publicly sup-
port it and hence the more stable it becomes. Thus, skewed norms and
inversion of preferences are mutually reinforcing.
The main conclusion we draw from the whole analysis is that perfec-

tionism is what drives the inversion of revealed preferences. The result
that links perfectionism and inversion is not model dependent, but re-
curs throughout the modeling variations we analyze. The intuition for
this is best conveyed in the case of one norm. Perfectionists will tend
to stick to their exact private opinions as far as they can. But once
a perfectionist does deviate from her private opinion, she may as well
do so to the extent necessary to lower the social pressure substantially.
Consequentially, a perfectionist will either stick completely to her inner
opinion or adapt a great deal. Then, since the greatest social pressure is
applied to stances far from the norm, it will be those perfectionists with

3Our way of modeling implies that individuals both affect the world and adapt
themselves. In psychology this is sometimes referred to as primary and secondary
control (Rothbaum et al, 1982).

4Note that we do not model this as a conscious or strategic action. It simply means
that when a person declares a stance, with the objective of lowering the pressure on
herself, this declared stance serves as a source of pressure on other individuals.
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extreme opinions who will fail to stick to their private opinions. As a
result, these types will often go a long way towards the norm (sometimes
the whole way), which means that their declarations will pass those of
perfectionist people whose views are more moderate. Thus, we will get a
change in the ordering when going from private to revealed preferences.
Finding real-life examples of inversion of revealed preferences requires

to know the private opinions of people, which are usually unknown. Yet
there exist some real cases where private opinions are obtainable, and
that are, at least observationally, consistent with our description of in-
version. By this we do not mean to say that other explanations for these
observations are not viable too. One example where inversion can be
observed is in sexual orientation. It is well known that many (if not
most) societies hold negative attitudes towards homosexuality.5 It is
also well documented that not all homosexuals disclose their true sex-
ual preferences (D’Augelli, 2006). Psychological experiments show that
disproportionately many of those claiming to be homophobic have ho-
mosexual tendencies (Weinstein et al, 2012; Adams et al, 1996). One
of the studies further showed that among those stating to be heterosex-
ual, but then measured as homosexual, all also stated to be homophobic
(Adams et al, 1996). If one considers homophobia to be antithetic to ho-
mosexuality, then these observations constitute an inversion of revealed
preferences. Additional casual observations, of religious leaders or mem-
bers of conservative parties first supporting an anti-gay agenda and then
caught conducting homosexual activities, are readily available to anyone
surfing the Internet. One interpretation of these observations is that a
person, in trying to avoid social pressure, puts pressure on others, and
thereby upholds a norm that is disadvantageous to her. This interpre-
tation would be in line with our third model. A related observation of
inversion of preferences is regarding women’s stated sexual preferences
and actual sexual arousal (Morokoff, 1985). We, of course, do not know
for certain whether sexual preferences are subject to concave disutility
of misrepresenting oneself, neither for homosexuals nor for women. Our
model simply predicts that if this would be the case, then we may see
inversion as observed.6

5The Pew research center (2007) documents societies’ attitudes towards homo-
sexuals, while Savin-Williams & Ream (2003) document the attitudes of parents
towards their own children being homosexual. Many of the attitudes documented in
both papers are negative.

6In the psychological literature, the term reaction formation, one of Freud’s clas-
sical defense mechanisms, has some resemblance to our term of inversion of revealed
preferences. There are, however, differences along a few dimensions. Firstly, reac-
tion formation has the focus on an individual dealing with her own tastes vis-à-vis
her thoughts of what is right. Secondly, reaction formation seldom compares indi-
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A case where it may, a-priori, be reasonable to expect people to be
perfectionists is where religious beliefs are concerned. That is, it seems
likely that losing one’s religion even by just a little bit comes at a rather
high personal cost, while declaring a more distant religious stance feels
only slightly worse. An example that may be interpreted as demonstrat-
ing inversion of revealed preferences indeed comes from the persecution
of Jews in Spain in 1391-1492 AD. During this period, the Christian
rulers persecuted Jews fiercely while the Muslim population was perse-
cuted considerably less (Baer, 1965, p.286;7 Ruiz, 2008, p.160). While
Judaism today may seem much closer to Christianity than to Islam, this
was not the case in 15th century Spain (e.g., polygamy was practised by
both Jews and Muslims). In terms of religious closeness, the consensus
among historians seems to be that, in that time and place, Islam stood
somewhere in between Christianity and Judaism, and possibly closer to
the latter.8 This suggests a social pressure that is convex, linear, or at
least not very concave. Jews wanting to stay in Spain, or who could not
move, essentially had three options. Either to stick to their faith, thereby
continuing to be persecuted; or to convert to Islam, a religion that was
perceived by them to be much closer to Judaism than Christianity was,
thereby relieving much of the pressure; or to convert to Christianity,
thereby essentially eliminating the persecution, but exacting a higher
toll in terms of confessing to something that is very far from their pri-
vate belief. There is no obvious answer to this choice problem, but by
all accounts Jews converted in masses to Christianity or stayed with
the original faith, while the conversion of Jews to Islam is essentially
unheard of (Baer, 1965). Also conversion of Muslims to Christianity
was essentially non-existent during this historical period (Ruiz, 2008, p.
160). This short historical account essentially describes an inversion of
revealed preferences. Individuals close to the Christian norm (Muslims)
declared their intrinsic opinions, while those far from it (Jews) chose full

viduals with different tastes, while such comparison is in the heart of our concept
of inversion. Finally, as a consequence of the focus on the individual’s interactions
with herself, reaction formation theory stays silent on what norms and pressure are
bound to arise in a society. For a brief description and some empirical observations
of reaction formation see Baumeister et al (1998).

7The page number is given for the original Hebrew version of the book.
8To make such a ranking we need to show that Christianity is closer to Islam than

to Judaism and that Judaism is closer to Islam than to Christianity. Judaism diverts
from both Christianity and Islam in central aspects such as the divinity of Christ
and his second coming, the means of salvation and God’s role in it and in views on
afterlife. See Ben-Shalom, 2001, p.252; Grossman, 1998, pp.30-34; Ben-Sasson, 1990,
p.20. for why it would have been more natural for a Jew to convert to Islam rather
than to Christianity.
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conformity.9

There are many ways of modeling social norms. The most common
formal approach is to let the stances of individuals be binary (e.g., Brock
& Durlauf, 2001; Lopez-Pintado & Watts, 2006). This naturally limits
any investigation of the relation between heterogenous private opinions
and heterogenous revealed stances. An exception is Bernheim’s (1994)
work on conformity. Just like in our paper, he investigates not only a con-
tinuum of inner blisspoints, but also a continuum of stances from which
individuals may choose. Perhaps the most important difference between
our model and that of Bernheim is that he assumes people are judged
by the opinions they are perceived to privately hold, while we assume
that people are judged by their actions regardless of their privately held
opinions. Plausibly, there is merit to both approaches, and they lead to
substantially different results. That social pressure is applied, like in our
model, to actions rather than to hidden types, is assumed also by Jones
(1984), who studies the coordination of work effort between workers. Al-
though the setup of his model is quite similar to ours, the results diverge,
as he limits the functions to be convex, and looks at essentially only two
types of people instead of a continuum. Jones’(1984) framework is more
directed at looking at the strategic interaction between people, while our
model is mainly focused on situations where the number of individuals
is large enough for them to ignore their effects on others (similar to the
assumption of price taking firms). Finally, Clark & Oswald (1998) have
a model that has some similar structure to ours. As their main question
regards emulation between individuals, they focus on how an individual
is affected by movements of the group while staying silent about how
individuals with different tastes compare.
The paper is structured as follows. First we present a model with

general functional forms and outline some general results in section 2.
Then we analyze the model with a single norm in section 3. Here we
also suggest a system of labels that helps us link modeling assumptions
to societal traits. In section 4, as a preparation for the richer models

9As already stated, we cannot rule out other mechanisms. It may, for instance,
be that partial conversion would not have been acceptable. That is, Muslims of
Jewish descent would not have been treated as Muslims but as unconverted Jews.
This alternative description may seem reasonable only if the persecutors were able to
track individuals and their religion over time. Thus, it may explain the harassment
by Christian neighbors, but is less likely to account for the persecution pursued by
the central Christian authorities conducting the Spanish Inquisition. Likewise, we
cannot rule out that Jews thought the Muslims would be next in line for persecution,
thus considered it useless to convert to Islam. Had they correct expectations about
this, they need not have worried personally, as persecution of Muslims affected only
later generations.
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that follow, we analyze the aggregation from individual pressure sources
to one societal pressure function. Section 5 then analyzes the stances of
individuals when the societal pressure is based on the private opinions of
individuals. Finally, in section 6, we analyze the stances of individuals
when the societal pressure is based on the stated opinions of individuals.
Section 7 concludes.

2 General setup

An individual has a private preference or opinion, referred to also as the
individual’s type t ∈ (tl, th).10 The publicly declared stance of type t is
her choice variable, denoted by s (t). The inner disutility of an individual
of type t declaring some stance s in public is given by

D (|t− s|) , dD

d (|t− s|) > 0.

If a person minimizes D only, it is immediate that s (t) = t. This
way t represents the bliss point of an individual in fulfilling her inner
preferences and D can be interpreted as the cognitive dissonance or
displeasure felt by taking a stance that is not in line with this bliss
point. We can, for example, think of t as the position on a political
scale.
Now, assume that an individual that takes s as a public stance feels

(social or other) pressure P (s). We implicitly define s̄, which can be
understood as a social norm, by

dP

d (|s− s̄|) > 0.

That is, s̄ is the stance that induces the lowest social pressure. At this
point we abstract from the issue of where s̄ comes from. The only re-
strictions that this formulation implies are that there is a unique global
and local min point, and that the social pressure is rising symmetrically
and monotonically with the size of the deviation from it. This formula-
tion is imposed as an assumption in the basic model with one exogenous
norm, but in later sections of the paper it arises endogenously.
The total disutility (or loss) of an individual is then the sum of the

cognitive dissonance and the social pressure,

L (t, s) = D (t, s) + P (s, s̄) . (1)

10This formulation implies that we treat t as scalar, thus imposing a structure
where preferences are ordered on one axis. We do so for simplicity, but our results
are applicable to multidimensional representations too, as the example of religions in
Medieval Spain illustrates.
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So, on the one hand, the individual feels an increasing inner dissonance
from taking a stance different than the bliss point. On the other hand,
more social pressure is exerted the further the stance is from the norm.
Thus, it is immediate that each individual will take a stance somewhere
in between (and including) her inner blisspoint and the social norm.
That is,

∀t, s∗ (t) ∈
{

[s̄, t] , if s̄ ≤ t
[t, s̄] , if t > s̄

,

where s∗ (t) is the stance that minimizes the loss for type t.11 For the
sake of brevity, we restrict our analysis to the range s̄ ≤ t. The analysis
for s̄ > t is similar. The first-order condition

L′ = P ′ (s− s̄)−D′ (t− s) , (2)

is equal to zero in inner extreme points while the second-order condition,

L′′ = P ′′ (s− s̄) +D′′ (t− s) , (3)

is positive in minimum points. Denoting the optimal stance by s∗, we
then have that in inner solutions

P ′ (s∗ − s̄) = D′ (t− s∗) . (4)

We now turn to look at the function describing the inner solution (if
it exists) for every t. More specifically, we concentrate on ranges of t for
which the inner solution exists, and where s∗(t) is continuous and twice
differentiable.12 Then, using the implicit function theorem, we get that

ds∗

dt
=

D′′ (t− s∗)
P ′′ (s∗ − s̄) +D′′ (t− s∗) . (5)

To compare the extent of conformity to the norm we will use the
following measure.

Definition 1 The conformity of t is − |s∗ (t)− s̄|.

The conformity measures how close to the norm an individual’s stance
is. The closer to zero (i.e., the larger the value), the more a person
conforms. Thus, we say that t conforms more than t′ if |s∗ (t)− s̄| ≤
|s∗ (t′)− s̄|.
11A suffi cient condition for the validity of the upcoming analysis is that both P

and D are three times continuously differentiable.
12This implies that we only look at ranges either where the solution is unique or

where there are no discrete jumps between solutions.
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Definition 2 Inversion of revealed preferences constitutes a situation
where for some t and t′, with |t− s̄| < |t′ − s̄|, t′ has a strictly higher
level of conformity than t.

That is, we attach the label ‘inversion of revealed preferences’ to
situations where a person whose private preference is far from the norm
takes a stance that is closer to the norm than the stance taken by some
other person whose private preference is closer to it.
Following these definitions, Lemma 1 states a suffi cient condition for

having inversion of revealed preferences for types above the norm.13

Lemma 1 For t ≥ s̄, inversion of revealed preferences occurs if there
exists some type t with an inner solution s∗, such that L (t, s∗) < L (t, s)
∀s 6= s∗ and D′′ (t− s∗) < 0.
Proof. If t has an inner solution s∗ and L (t, s∗) < L (t, s) ∀s 6= s∗,
then there is a neighborhood of t where all types have inner solutions,
D
′′
< 0, and s∗(t) is continuous. Thus, in this neighborhood equation 5

applies. In min points, the denominator, L′′ = P ′′ (s∗ − s̄)+D′′ (t− s∗),
is positive. Hence, since D′′ (t− s∗) < 0, we get that ds∗

dt
is negative.

Inversion of revealed preferences in this neighborhood of t then trivially
follows from definition 2.

This Lemma alludes to one of our main results. That is, concave
displeasure from pretence may lead to inversion of revealed preferences.
The word ‘may’is emphasized to highlight that at this point it is not
clear yet whether types with concave displeasure from pretence indeed
have an inner solution to the optimization problem, and in case they do
not, whether corner solutions can induce the same phenomenon.

3 A model with one norm

We start with a basic model in which there is one norm that is deter-
mined by the average declared stance in society. That is, we explicitly
assume the existence of a social norm, s̄, and a predetermined social pres-
sure function to conform to that norm, but the location of this norm is
endogenous. s̄ may represent either a perceived social norm, such as a
consensual opinion, together with a social pressure to conform to it, or
some institution that sanctions deviations from a rule of conduct.
For conservation of space, we use the symmetry of the functions

D (t, s) and P (s, s̄) to present the problem and solution only for t ≥
s̄. In addition, for tractability and to facilitate the interpretation, we

13Equivalent statements apply to the range t < s̄.
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will now assume that cognitive dissonance and social pressure are power
functions.14

D (t, s) =A |t− s|α , α ≥ 0

P (s, s̄) =B |s− s̄|β , β ≥ 0.

At this point, it may be useful for the intuition to provide a loose in-
terpretation of the parameters. While this, of course, does not affect the
mathematical validity of the results, it eases interpretation by character-
izing the societal traits under which certain phenomena arise. For that
purpose, we normalize the coeffi cient of D (t, s) by setting A = 1, and set
K ≡ B/A. ThusK represents the weight of social pressure relative to the
cognitive dissonance. For example, if P represents legal sanctioning and
not social pressure per se, then K captures the harshness of the judicial
punishment system in general. In comparison, β captures how different
deviations from the norm are sanctioned in relation to each other. When
β < 1 the pressure is concave, hence already small deviations from the
established norm or rule are fairly heavily sanctioned, but only a minor
distinction is made between small and large deviations. We believe that
this kind of punctiliousness represents “orthodox”societies, since they
often emphasize being “true to the book”but do not distinguish so much
between large and small wrongdoings15.16 As a counter-label, we use the
term “liberal”to represent societies with convex social pressure (β > 1),
i.e., societies that are not very meticulous about small non-normative
expressions, as long as they are not too far from the consensus. We
do not claim that the conventional usage of the term ‘liberal’has to do
with convex social pressure. However, in the absence of a better word,

14For a treatment of more general functional forms see Michaeli & Spiro (2012).
There it is shown that most of the upcoming results hold also more generally.
15One practical example for concave pressure is the Taliban society, where there are

numerous accounts of capital punishment for both misdemeanor and larger crimes.
Another example is some Jewish Ultraorthodox communities in Jerusalem, where
substantially less harsh yet concave punishment is used when ostracizing individuals
for both small and large deviations from their norms. Concave punishment can also
be observed when using the data in Herrmann et al (2008), that shows that the
patterns of social punishment in Muscat and Riyadh for deviations in a Public Good
Game experiment are concave. For a more detailed account of these examples see
Michaeli & Spiro (2013).
16We acknowledge that, in its everyday use, the term ‘orthodox society’may refer

not only to a society that is very particular about small norm deviations, but also to
society that has harsh punishments. However, we show in section 3.4 that if norms
in an orthodox society (β < 1) are determined endogenously and yet are skewed with
respect to the average private opinion in society, K must be large. Hence, we may
in these situations expect a correlation between a harsh punishment in general and
the orthodoxy of the society.
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we use this label as liberal democracies usually do not have any formal
sanctioning of expressed opinions as long as the opinion does not deviate
too much from the consensus, in which case a person may be subject to
surveillance or put in jail.17 As for α, if α < 1 then individuals gain
concave displeasure of stating something else than their private opinion.
We label such individuals “perfectionists”, i.e., once a perfectionist devi-
ates even slightly from her bliss point, it makes little marginal difference
for her to deviate more. As an opposite label, we use the term “lax”to
represent α > 1: as long as a person does not “lie”too much, by taking
a stance far from her true type, the psychological cost stays rather small.
We will assume throughout that the only difference between individuals
in society is their blisspoint t.18

In the case of one norm, a first result is the following:

Lemma 2 Only if α < 1 we have inversion of revealed preferences.

Proof. See the appendix.
That is, perfectionism is a necessary condition for inversion of opin-

ions in the presence of one norm.19 However, this condition is not suffi -
cient. We therefore turn now to investigate the behavior of perfectionist
individuals in orthodox and liberal societies.

3.1 Orthodox society with perfectionist individuals
When β ≤ 1, society is intolerant to small deviations from the consensus,
but does not distinguish much between moderate and large deviations.
Likewise, when α ≤ 1, people are already sensitive to small deviations
from their inner blisspoint, but additional deviation does not add much
to their dissonance.
It is now immediate from the second-order condition (3) that any

local extremum is a maximum, implying that optimality will be found at
either of the corners (at s∗ (t) = t or at s∗ (t) = s̄). This is also intuitive,
since when the functions are concave, taking a stance in between t and s̄

17Examples of this are the prohibition of Nazi parties in Germany, and the usage,
in various European countries, of police surveillance and interrogation against people
expressing opinions that are too leftists, too rightist or too Islamic. In Hermann
et al’s (2008) study, we also note that the patterns of social punishment against
deviations in the Public Good Game in places such as Melbourne, Copenhagen and
Bonn are convex. For a more detailed account see Michaeli & Spiro (2013).
18Thus , we abstract from the possibility of varying the parameters α, β and K at

the individual level.
19This result can be generalized. If P is convex then the Lemma holds for any D.

If P is concave, then roughly speaking the lemma holds for any D as long as there is
at most one local minimum of L ∀t.
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inflicts both great dissonance and heavy pressure on the individual. The
results are summarized in the following proposition.20

Proposition 1 If β ≤ 1 and α ≤ 1:

1. Individuals either declare the norm or their private opinion as their
stance.

2. If β ≤ α then conformity is weakly decreasing with the type’s dis-
tance from the norm. There is no inversion of revealed preferences.

3. If β > α then conformity is non-monotonic as a function of the
types’distance from the norm. If the range of types is broad enough
then there is inversion of revealed preferences.

Proof. 1) The second-order condition (equation 3) is positive, implying
no inner solution. The corner solutions are then either L (s = s̄) =
|t− s̄|α or L (s = t) = K |t− s̄|β. 2) If β < α then L (s = s̄) < L (s = t)

iff |t− s̄| < K
1

α−β which implies that t close to s̄ choose s∗ (t) = s̄ while
those far from s̄ choose s∗ (t) = t. If β = α, then s∗ (t) = s̄ ∀t iff K > 1
and s∗ (t) = t ∀t iff K < 1. Hence follow the statements on conformity
and inversion. 3) If β > α then L (s = s̄) < L (s = t) iff |t− s̄| > K

1
α−β

which implies that t far from s̄ choose s∗ (t) = s̄ while those close to
s̄ choose s∗ (t) = t. Hence follow the statements on conformity and
inversion.

Part 1 of Proposition 1 highlights that perfectionist individuals in
orthodox societies display no compromise. People will either “follow
their heart”or conform fully to the norm. This represents the “either-or
mentality”of such individuals living in orthodox society: for them there
is no point in stating preferences close to the truth unless it is the exact
truth, and there is no point in moving towards the norm unless they
fully conform.
Moreover, this proposition shows (in part 2 and 3) that it is the

concavity of the dissonance - i.e. perfectionism - that drives the inversion
of revealed opinions. Here, when both functions are concave and all
individuals choose corner solutions, the dissonance needs to be more
concave than the social pressure for inversion to emerge.
The results of part 2 of the above proposition are depicted in Fig-

ure 1, where society is “more orthodox than people are perfection-
ist”. Individuals with opinions close enough to the social norm (t ∈
20We ignore here the degenerate case of α = β and K = 1, in which all individuals

are indifferent between at least two stances.
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Figure 1: β < α ≤ 1 with s̄ = .5, t ∈ [0, 1]. The left-hand schedule
depicts s∗ (t) (full line) and s = t (dashed line). The right-hand schedule
depicts the probability distribution function of stances under a uniform
distribution of types.
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]
) choose to fully conform, while individuals with

opinions far enough from the norm simply cope with the social pressure
and choose the inner bliss points as their stances. The intuition is that
these “extreme”people hold private opinions so distinct from the norm,
that they are unwilling to take stances that are close enough to the norm
to alleviate the pressure.21 Then, since deviating even a little from one’s
inner bliss point is very painful, they might as well take stances that
are completely in line with their private opinions. Altogether, this cre-
ates alienation in society, where one either conforms fully to the norm
or follows one’s heart. This way a society that is not tolerant to small
deviations from the norm will tend not to succeed in moderating the
stances of extreme and perfectionist people.22

The mirror image of the previous case —a social pressure which is
“less orthodox”than individuals are perfectionist (part 3 of proposition
1) - is depicted in Figure 2 . The observable outcome of this case is a
distribution that somewhat resembles a standard bell-shape with mass
towards the middle.23 But there is an important twist. The concentra-
tion of stances at s̄ consists of individuals with extreme inner blisspoints.
That is, the extreme types’declarations are more moderate than those
of the moderates. This means that conformity is increasing with the
type’s distance from the norm. That is, there is inversion of revealed

21Remember that in an orthodox society the stance should be very close to the
norm in order to alleviate the pressure.
22Unless, of course, K is suffi ciently large.
23At least when the initial distribution of types is uniform.
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Figure 2: α < β ≤ 1 with s̄ = .5, t ∈ [0, 1]. The left-hand schedule
depicts s∗ (t) (full line) and s = t (dashed line). The right-hand schedule
depicts the probability distribution function of stances under a uniform
distribution of types.

preferences (if the range of types is broad enough to include those ex-
tremists). The intuition is that when the dissonance is relatively more
concave, moderates are not willing to conform since this would inflict too
great displeasure. For extremists, however, not conforming implies much
greater social pressure, since P (t, s̄) is increasing relative to D (t, s̄) with
the distance from the norm (|t− s̄|).

3.2 Liberal society with perfectionist individuals
When β > 1 and α < 1, we get a combination of corner and inner
solutions, and inversion of revealed preferences may emerge.24

Proposition 2 If α < 1 < β then:

1. A type suffi ciently close to the norm states her private opinion as a
stance, while types suffi ciently far from the norm partially conform.

2. If the range of types is broad enough, then conformity is non-
monotonic in types’distance from the norm, and there is inversion
of revealed preferences.

Proof. See the appendix.

Since social pressure is convex, it hardly affects moderates, who can
openly declare their private opinions at a small social cost. Extremists,

24Inversion in line with the upcoming proposition arrives under more general func-
tional forms as long as P ′(x) > D′(x) for some x > 0.
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Figure 3: α < 1 < β with s̄ = .5, t ∈ [0, 1]. The left-hand schedule
depicts s∗ (t) (full line) and s = t (dashed line). The right-hand schedule
depicts the probability distribution function of stances under a uniform
distribution of types.

on the other hand, would feel too much pressure if they chose to openly
declare their private opinions. Hence, and since individuals are perfec-
tionist, once they deviate from their private opinions they might as well
conform a great deal.
As illustrated in figure 3 (left-hand schedule), the proposition implies

that the extremists conform to the norm more than some moderates do.
Furthermore, within the group of those conforming, the more extreme is
the individual, the more she conforms. Thus, as in the case of α < β ≤ 1,
we get inversion of revealed preferences.25 But now we get it at two
levels —both between extremists and moderates and within the group of
extremists. If the distribution of types is uniform, then the distribution
of stances is bimodal.

3.3 Conditions for inversion of revealed preferences

Having gone through all possible cases in the basic model with one social
norm, we are now ready to state a general result that describes under
what circumstances inversion of revealed preferences arises.

Corollary 3 Iff α < 1, α < β, and the range of types is broad enough,
then there is inversion of revealed preferences.
Proof. Follows from Lemma 2 and Propositions 1-2.

25That is, if the range of types is broad enough to include those extremists.
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This corollary establishes the general pattern: in societies with one
norm, perfectionism is a necessary and suffi cient condition for the inver-
sion of revealed preferences, as long as society is not too orthodox. The
intuition for this is quite simple. A perfectionist will tend to stick to
her exact private opinions, but if stating something else, she may as well
do so to the extent necessary to lower the social pressure substantially.
But in order to get a perfectionist to deviate from her private opinion, a
great social pressure is needed. When pressure increases monotonically
with the distance from the norm, like has been assumed here, it will be
harder for people with extreme opinions to declare them. As a result,
they will often go a long way towards the norm (sometimes the whole
way), which means that their declarations will pass those of perfectionist
people whose views are more moderate. To see how robust this result is,
in later sections we will investigate whether a monotonically increasing
social pressure function arrives endogenously in more complex models of
social interaction.

3.4 Endogenizing the social norm
In order to establish which social norms can arise endogenously, we as-
sume now that the norm is determined by the average declared stance
in society. Naturally, there may be other forces shaping the equilibrium
position of a social norm, but the average stance seems like a reasonable
first case to investigate.
To simplify things, we assume that the distribution of types is uni-

form. Then the endogenous social norm is determined as follows.

s̄ =
1

th − tl

th∫
tl

s∗ (τ) dτ (6)

Focusing our attention on the situations in which inversion of revealed
preferences emerges, we get the following result.26

Proposition 4 If s̄ is the average stance in society, α < 1 and α < β,
then:

1. If α < 1 < β, then the average private opinion, i.e. th+tl
2
, is the

only value of s̄ that can be sustained as a social norm in equilib-
rium.

2. If α < β ≤ 1, then s̄ can be sustained as a social norm in equilib-
rium iff s̄ ∈

{
th+tl

2

}
∪
[
tl +K

1
α−β , th −K

1
α−β

]
.

26For a complete analysis see Michaeli & Spiro (2012).
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Proof. See the appendix.

Part 1 of the proposition singles out the average private opinion th+tl
2

as the only possible norm in liberal societies, while part 2 of the propo-
sition, about orthodox societies, says that if the weight of the social
pressure is large enough, there is a continuous range of possible norms.
How can a norm that is, say, skewed to the right, be the average

of declared opinions? First recall that in an orthodox society with per-
fectionist individuals, each person either fully conforms or declares her
exact private opinion. Next, note that in a society that is “less ortho-
dox”than people are perfectionist, types close to the norm express their
exact opinions (see Proposition 1). The extreme types do not play any
role here since they choose to totally conform, thus giving up their effect
in determining the norm. The only aspect of importance for the stabil-
ity of the norm is whether it is in the center of those who speak their
mind. As such, it can be heavily biased, though it cannot be located at
the very extreme edges of the range of private opinions.27 This cannot
happen in a liberal society precisely because extreme individuals do not
conform fully to the norm. Thus, if the norm is skewed, there will be
more people on one side of it, which is unsustainable.
A pattern emerges from the above proposition, where liberal soci-

eties are bound to eventually have norms representing the average inner
opinions in society.28 Only orthodox societies can sustain social norms
that are not representative of the private opinions of the people.29 Thus,
orthodox societies are bound to be history dependent, as the initial com-
mon rule also determines the long-run equilibrium outcome. This pre-
dicts that orthodox societies, to a larger extent than liberal ones, will
have rules that are not representative of people’s opinions on average.
Furthermore, it rationalizes why orthodox societies with extremist rules
would more often resort to harsh punishments than liberal societies —
only in the former is it possible to sustain skewed norms with the help of
pressure. Therefore, we should observe a correlation between orthodox
societies, harsh punishments and skewed norms.

27Unless K is suffi ciently large.
28Michaeli & Spiro (2012) show that this result holds for every liberal society with

symmetric distribution of types, regardless of the curvature of the dissonance function
of individuals (i.e., also if there is no inversion).
29This is true for any orthodox society under some additional conditions (see

Michaeli & Spiro, 2012). If we extend the analysis to other distributions of types,
then, if α < β < 1, it is essentially suffi cient that the distribution of types around
the endogenous norm is uniform. Outside of this range we can have any symmetric
or assymetric distribution conceivable as these individuals will conform fully anyway.
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4 Aggregating individual pressure

Up till now we assumed the existence of a unique norm in society. This
should not necessarily always be the case. Some societies have a couple
of norms, while in others the number of norms is quite large. Moreover,
in pluralistic societies it is often customary to argue on debatable issues,
where both sides are putting some pressure on each other in their effort
to persuade. In this case we can think of individuals as the sources of
pressure.
Another related issue concerns the kind of pressure that is felt by an

individual in the presence of a representative group of her society: does
she feel a pressure to conform to the average stance of the group mem-
bers, as we modeled in the previous section, or should the aggregation
of pressures be performed differently? Hence we turn here to answer the
following question: if people are pressuring each other, what will the
aggregated social pressure function look like?
This analysis focuses on the aggregation of pressure sources into a

social pressure function, while ignoring the actual stances individuals
take. It will be used as a building block for the next two models. While
cases with only a few norms require a separate analysis, once there are
suffi ciently many norms a continuum of pressure sources is a good ap-
proximation. In particular, we will use a uniform distribution of sources
of pressure to model a pluralistic society, while staying agnostic about
the exact identity of these sources.30 Since a uniform distribution of
pressure sources serves as an opposite benchmark to that of having a
single norm, we then turn to investigate a combination of an authority
and a uniform distribution of pressure sources.
Consider an individual who declares stance s in a society with mul-

tiple sources of pressure. Each source of pressure x inflicts on the indi-
vidual a pressure that is increasing in the distance from s to x:

p (s, x) = p (|s− x|)
p (·)′> 0

4.1 Uniform sources of pressure
We start with the benchmark case in which x is uniformly distributed
from xl to xh. This case is particularly useful for investigating society in
which the private opinions of people are the sources of pressure, as we
explicitly analyze in the next section. If x is uniformly distributed, an

30One can think of these sources as representing the private opinions of people,
their public stances, any mixture of those, or just a multitude of social norms along
the axis of possible stances.
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individual with stance s can expect to perceive the following pressure:

Paggr (s)≡E [p (|s− x|)] =
1

xh − xl

xh∫
xl

p (|s− x|) dx

=
1

xh − xl
[P (xh − s) + P (s− xl)− 2P (0)] , s ∈ [xl, xh]

where, by convention, P ′ ≡ p.31 If one thinks of the sources of pressure
as stemming from individuals in society, then this is the pressure that
an individual with stance s can expect to feel when meeting people
randomly. What are the properties of this aggregated pressure function?
By differentiating Paggr with respect to s, we get

P ′aggr (s) = p (s− xl)− p (xh − s) (7)

P ′′aggr (s) = p′ (s− xl) + p′ (xh − s) . (8)

Now, define s̄ ≡ xl+xh
2
. The following lemma then follows.

Lemma 3 If x is uniformly distributed, then the aggregated pressure
function Paggr (s):

1. Is strictly increasing if s > s̄ and strictly decreasing if s < s̄.

2. Is strictly convex if s 6= s̄ and s ∈]xl, xh[.

3. Has a zero derivative at s̄.

4. Is symmetric around s̄.

Proof. 1), 2) and 3) follow trivially from the first and second derivatives
of Paggr, from p (·)′ > 0, and from substituting s̄ in equation 7. 4) To see
the symmetry, let s̃ be the mirror image of s, i.e. (s+ s̃) /2 = s̄, hence
s̃ = 2s̄−s = xh+xl−s. Then we get Paggr(s̃) = P (s̃− xl)+P (xh − s̃) =
P (xh + xl − s− xl)+P (xh − (xh + xl − s)) = P (xh − s)+P (s− xl) =
Paggr (s).

Paggr (s) has a unique minimum point at s̄ ≡ xl+xh
2

around which it is
symmetric. This suggests that qualitatively, the aggregation of punish-
ment from multiple sources of pressure is similar to having a “virtual”
social norm at xl+xh

2
.

That social pressure is increasing with the distance from the average
x is perhaps not very surprising: the more extreme is one’s stance, the

31We assume that p is integrable.
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more pressure one feels. But that the aggregated pressure function is
convex may be less obvious, given that we have not specified whether the
pressure stemming from each source is convex or concave. This means
that under a uniform distribution of sources of pressure, the aggregate
social pressure will be convex even if the one-on-one pressure is concave.
So a society made up of “orthodox”individuals with uniform tastes who
pressure each other will be “liberal”on aggregate. The intuition is that
even if an individual is pressured by another person in a concave manner,
the fact that there are other people pressuring from another direction
undermines the concavity coming from the first person (when you move
away from one person you also move towards someone else). It implies
that orthodoxy cannot be maintained under such conditions. We know,
however, that if there is a unique norm, society can be orthodox. This
raises a natural question, to which we turn now, about the curvature of
the social pressure when combining these two stylized cases.

4.2 Combining uniform pressure with a single norm
When modeling a combination of uniform pressure and a single norm,
we think of a society with two types of pressure coexisting together.
First, aggregate pressure of individuals who pressure each other, and
second, an institutionalized norm that is the average of those pressuring
individuals. In this section, it is useful to think of an authority that sets
and enforces the institutionalized norm, or a group of people doing it.
This analysis turns out to be particularly useful for our third model in
Section 6.
In order to model orthodoxy, we look at the case where both individ-

ual and institutional pressures have the same concave functional form,
p. The total pressure function is then a weighted average of the two:

Pcombi (s) = (1− A)Paggr + Ap

(∣∣∣∣s− xh + xl
2

∣∣∣∣) (9)

where A is the relative weight of the institutional pressure.

Lemma 4 If x is uniformly distributed, and p is symmetric around s̄ =
xl+xh

2
, concavely increasing in |s− s̄|, and has the following properties:

limy→0+ p
′ (y) =∞, limy→0+ p

′′ (y) = −∞ and p′′′ (y) > 0 for all y > 0,32

then:

1. Pcombi (s) is symmetric around s̄.

32This includes, but is not confined to, all the concave power functions we analyze
in Section 3.
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2. Pcombi (s) is strictly increasing if s > s̄ and strictly decreasing if
s < s̄.

3. ∃∆ ∈]0, xh−xl
2

[, such that Pcombi (s) is strictly concave in the range
(s̄−∆, s̄+ ∆) and strictly convex outside it.

Proof. See the appendix.
The lemma shows that the authority is more dominant near the norm

(where the aggregated individual pressure is rather flat, while the author-
ity is intolerant to small deviations), whereas the aggregated individual
pressure is more dominant near the edges of the distribution (where the
authority does not distinguish much between close stances). In total, this
creates a society that is orthodox at least close to the institutionalized
norm.

4.3 Interpretation
The previous two lemmas show that with uniform sources of pressure,
orthodoxy is undermined, but adding an authority is suffi cient to restore
it. Then the question that remains is whether an authority is necessary
to create orthodoxy or whether it is suffi cient to have a concentration
of pressure sources. At the end of the appendix we look at two exam-
ples that illustrate societies whose sources of pressure are concentrated
around the social norm, with slowly vanishing tails of extreme sources of
pressure at each side of it (Gaussian and Exponential distributions). An
example of this could be a situation where the pressure sources represent
the private opinions of people and these opinions are very, but not fully,
homogenous. Here, although there is a clear peak around the norm and
each individual inflicts pressure on others in a concave manner, stances
close to the norm are pressured in a convex manner, while stances far
from the norm are pressured in a concave way.33 Moreover, in order
to have that switch from convex to concave pressure we need a broad
enough range of types.
Although it is hard to make any general statements about this, it

seems that we need a single authority to get an orthodox-type society,
at least when considering types close to the norm. Otherwise, the accu-
mulation of individual pressure gives a liberal aggregate. This suggests
that orthodoxy will not emerge in a pluralistic society where heteroge-
nous individuals pressure each other, unless there is also an authority
present. Moreover, it predicts that societies that are orthodox in the
aggregate perception are also authoritarian. Note however, that we use

33This is in contrast to the case of a combination of authoritarian and uniformly
distributed individual pressure, where slight deviations from the norm are punished
in a concave manner, while extreme stances feel convex pressure.
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the term ‘authority’here quite broadly: it is either someone with powers
vested by the others, or a person with more clout than others in general,
or a group of individuals with identical opinions.34

5 Private opinions as the sources of pressure

The overall purpose of this section is to see whether the result we got in
the basic model, that perfectionism drives inversion of revealed prefer-
ences, is something that generalizes to other settings. More precisely, we
now answer the question: if each person pressures others for deviating
from her own private opinion, under what circumstances will inversion
of revealed preferences arise? Thus, we now assume that the entire pres-
sure comes from the individuals in society, that the sources of pressure
are the individuals’types (i.e. x = t), and that the types are distributed
uniformly. We already analyzed the aggregation of uniform pressure
sources in section 4, but now we further analyze what stances people
will actually take given this social pressure.
We can think of the case analyzed here as resembling casual interac-

tions in society, say at a bar or on the bus. That is, a person i meets
another random person j, not knowing the real opinion of j. They start
talking, and so i needs to make some statement. Person i would like
to diminish the gap between what she says and what j thinks, in order
for j not to think badly of her. Now, i knows only the distribution of
opinions in society, but not what j actually thinks. Thus i would like to
minimize the expected negative perceptions her peers may get, while also
considering the displeasure of deviating from her own private opinion.35

If types are uniformly distributed from tl to th, then an individual

34Recall that the gaussian and exponential distribution analysis in the appendix
shows that it is not suffi cient for these sources of pressure to be similar, they have to
be identical.
35Alternatively, we can think of an individual who is at the same time a norm setter

and a norm taker. This has some common ground with the terminology of primary
and secondary control used in psychology (Rothbaum et al, 1982). Primary control
refers to people trying to change the world, while secondary refers to people changing
their opinions to be more in line with the world. Note, however, that those terms allow
for alternative modeling interpretations. For example, in line with the next section,
a person may put pressure on others to follow her statement, as opposed to following
her private opinion. When this is the case, it may also include a strategic element.
Although we abstract from strategic considerations in this paper, our intuition is that
such considerations would lead people to use their private opinions as the sources of
pressure whenever they get the chance to wield primary control.
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with stance s can expect to perceive the following pressure,

Ptype (s)≡E [p (|s− t|)] =
1

th − tl

th∫
tl

p (|s− t|) dt

=
1

th − tl
[P (th − s) + P (s− tl)− 2P (0)] , s ∈ [tl, th] ,

where P ′ ≡ p. The optimization problem of a single individual of type t
is then

min
s
L = Ptype (s) +D (|t− s|) .

For tractability and conciseness, we once again revert to using power
functions for the dissonance and social pressure functions.36

D (|t− s|) = |t− s|α , α > 0 (10)

p (|s− t|) =K |s− t|β , β > 0.

Rewriting the minimization problem we get:

min
s
L =

1

th − tl

[
K

β + 1
(s− tl)β+1 − K

β + 1
(th − s)β+1

]
+ |t− s|α .

The following proposition characterizes the outcome of the model with
a focus on inversion.

Proposition 5 Let s̄ ≡ th+tl
2
, and let p and D be given by equation

10. If private opinions are uniformly distributed and are the sources of
pressure, then:

1. The aggregate pressure, Ptype (s), has a unique minimum point, a
“virtual”norm, at s = s̄.

2. Ptype (s) is convex in the distance to the virtual norm.

3. If and only if α < 1 and the range of types is broad enough, then
types suffi ciently close to s̄ state their private opinions in public
and types suffi ciently far choose s∗ (t) ∈ ]s̄, t[.

4. If and only if α < 1 and the range of types is broad enough, then
conformity is non-monotonic in the distance from s̄ and there is
inversion of revealed preferences.

36The upcoming results can easily be generalized beyond power functions.
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Proof. See the appendix.

The proposition states that in pluralistic societies, a single “virtual”
norm will be established, and society as a whole will be liberal. Further-
more, along with heterogenous private opinions, perfectionism is now
both a suffi cient and a necessary condition for inversion to arise. Moder-
ate individuals will tend to speak their mind truthfully, while those who
are extreme enough will tilt their stances in the direction of the “virtual”
norm. It creates inversion at two levels, both between the moderates and
the extremists and within the group of extremists (much like in the ba-
sic model with perfectionist individuals in a liberal society). The virtual
norm becomes like an unspoken consensus in society. If you are close
enough to the consensus, you declare your private opinions, but if you
are far from it you make concessions to seem to be moderate.37

We see that in this model, where the individual wishes not to upset
another person of an unknown type, inversion arises as long as people are
perfectionists when declaring their opinions. Note that we do not need
to impose any restrictions on the curvature of the pressure stemming
from individuals.38 Roughly speaking, the only thing that can prevent
inversion from arising when individuals are perfectionists is a society
that is suffi ciently orthodox. This will hold in any model that considers
our basic individual trade-off. In this particular model variation, the
aggregation of individual pressures tends to undermine orthodoxy, hence
perfectionism becomes suffi cient for inversion to arise.

6 Declared opinions as the sources of pressure

We now add a layer of complexity to the model of aggregated individual
pressure. Assume that when the individual declares a stance that min-
imizes the dissonance and pressure she feels, this declaration also puts
pressure on anyone else stating a different opinion.39 Further assume

37The connection found here between inversion of revealed preferences and per-
fectionism can be traced back to equation 5, where we saw that when perfectionist
individuals chose inner solutions we got inversion. Therefore this result holds quite
generally also for other functional forms. An interesting thing to note is that under
this extension of the model we cannot get a situation of no compromise (such as in
section 3.1), since the aggregation of social pressure inevitably leads society to be
liberal. This also means that extremists will not take the “virtual” norm as their
stance, they will merely move towards it.
38This result is robust to any situation where the functional form of p and the

distribution of types in society are such that the resultant aggregate social pressure
Ptype satisfies the conditions given in Lemma 11 in the appendix. If the distribution
of types is uniform, all we need in order to get inversion is that the pressure p exerted
by type tl on type th (and vice verse) will be large enough.
39This way of modeling is similar to Manski & Mayshar (2003).

24



that there are suffi ciently many individuals for each one not to behave
strategically. Hence, people do not take into account how their stances
affect others’stances, and how that feeds back into affecting them. That
is, individuals are essentially taking the distribution of stances as given.
We are interested in seeing whether inversion of preferences arises in this
setting as well.
We now denote the pressure function by Pst and the set of stances in

society by S.

Pst (s, S) ≡ E [p (|s− σ|)] =
1

th − tl

th∫
tl

p (|s− σ (t)|) dt (11)

Here σ (t) ∈ S. The individual wishes to minimize the sum of the ex-
pected (or aggregated) pressure and the dissonance,

min
s
Pst (s) +D (s, t) . (12)

Solving equation 12 for all types produces a function s∗ (t) . The general
equilibrium is a fixed point such that substituting s∗ (t) for σ (t) in 11
and then solving 12 reproduces the same function s∗ (t) .
This is not an easy problem to solve: as we have seen earlier, even

with an exogenous norm it is often hard to obtain a closed form solution
to s∗ (t) , the function that maps types to stances. On top of this, there
is clearly a potential for multiple equilibria.
However, luckily, we are interested in the inversion of revealed pref-

erences, and as it turns out, Pst is easy to solve and analyze under the
scenario of an orthodox society with very perfectionist individuals, i.e.,
α < β < 1. So we will now take the outcome s∗ (t) of part 3 of Proposi-
tion 1 (where the distribution of stances has a uniform part with a peak
at s̄ on top of it), augment it slightly, and then use it as a starting guess
for σ (t) .We will then verify that this is a fixed point.
Suppose we have a distribution of types t ∼ U

(
−1

2
, 1

2

)
and a distribu-

tion of stances such that all types within some range [−sh, sh] ⊂
[
−1

2
, 1

2

]
declare their private opinions as stances, while the rest, beyond this
range, take a stance of zero (i.e., the center). This creates a distribu-
tion of stances that contains a single peak at zero with a uniform part
around it. The aggregate pressure function for s ≥ 0 is then (using
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power functions):

Pst (s, S) =K

sh∫
−sh

(|s− t|)β dt+K (1− 2sh) (s− 0)β

=

K
[
(1− 2sh) s

β + (sh−s)β+1+(sh+s)β+1

β+1

]
for s ≤ sh

K
[
(1− 2sh) s

β + (sh+s)β+1−(s−sh)β+1

β+1

]
for s ≥ sh

.

Note that the structure of this aggregated pressure function is similar to
that of Pcombi in equation 9: a combination of a uniform distribution of
sources of pressure (stemming from individuals who declare their private
opinions) and one norm (stemming form the mass of individuals who
declare the same stance).
The next steps are to verify that all types have corner solutions, that

types close to zero declare their private opinions as their stances, and
that types far from the norm take zero to be their stance. Finally, we
need to determine the cutoff between these two groups in order to find
the endogenous sh. To do all of this we need to resort to numerical
simulations.40

One exemplary simulation result can be seen in Figure 4. Here we
have individuals who are rather perfectionist when stating their own
opinions (α = 0.4), while the pressure they put on others who declare
stances away from their own is a bit less concave (β = 0.6). We find that
there is an equilibrium with inversion, where types between roughly−0.1
and 0.1 declare their private opinions, while those beyond this range take
zero as their stance. Thus we have a situation where an endogenous norm
at s = 0 is upheld by those who disagree with it the most. These types,
who uphold the norm, not only declare it as their stance, but indirectly
also put pressure on each other to keep declaring it - a fictitious social
norm.41

This model can produce multiple equilibria for a given set of parame-
ters. But these equilibria do not differ in kind. They all imply inversion
of revealed preferences with corner solutions (see some examples in Fig-
ure 5).42 What distinguishes between the equilibria is the location of
the fictitious norm. Each simulation starts with an initial condition that
40While doing some intermediate steps is possible analytically, these render too

little economic meaning to motivate detailing them here.
41One may find some similarities between the concept of a fictitious norm and the

story of The Emperor’s New Clothes.
42As far as our simulation experiments go, given a set of parameters that leads to

inversion for some initial conditions, any other initial condition will lead to inversion
too, at least if the distribution of types is uniform.
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Figure 4: Simulation results with stances as the sources of pressure, and
α = 0.4, β = 0.6, K = 1.83, t ∼ U(−0.5, 0.5). The dashed horizontal
lines depict the zero line, the dashed vertical line depict the cutoffs −sh
and sh, and, in the upper figure, the diagnoal line depicts the 45 degree
line (s = t).

includes a distribution of types and one norm as a source of pressure.
Then, at each period, every individual updates her stance according to
the aggregated pressure that results from the choices of all other individ-
uals. We find that if we start with an exogenous norm at some location,
and then let people constantly update their stances under the influence
of Pst, the fictitious norm will stay exactly where the exogenous norm
was initially located. But now, instead of being exogenous, it will be
maintained by those whose private opinions are far from it.
Moreover, even if the norm is located initially in one corner of the

distribution of private opinions, it will survive and be chosen by those
with private opinions at the other corner. Unlike the case where the
endogenous norm was the average of the stated opinions (Section 3.4),
now the distribution of stances in equilibrium need not be symmetric
around the fictitious norm. In fact, even if the distribution of types is
very far from uniform, a skewed fictitious norm can be maintained.43

It means that societies in which individuals are perfectionist and social
pressure is shaped by all stances will be highly history dependent. The
person or the group that manage to establish a first dominant opinion
can count on it to remain a status quo also after they are gone.44

43Some irregularities may arise here if, for instance, the distribution is not smooth
so that there are clusters of types. Inversion still exists, but ds∗(t)

dt may change sign
many times.
44This resembles the experimental result where monkeys were punished initially for
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Figure 5: Simulations of the model with Pst for the parameters α = 0.4,
β = 0.6, K = 1.8. Each simulation starts with an initial condition that
includes a distribution of types and one norm as a source of pressure. The
upper graphs depict the resultant distributions of stances in equilibrium
for the corresponding distributions of types in the lower graphs. The
initial norm is at 0.3 (left), 0 (middle) and 1 (right) respectively. The
distribution of stances in the upper left graph is asymmetric, resulting
from an initial asymmetric (random) distribution of types. Note that
the axes have been truncated for visibility of the results.

This “stickiness”of skewed norms can be partially explained by the
skewness itself. If one thinks of a norm as a tool to enforce people with
opinions far from it to conform, then the more skewed is the norm, the
more people are enforced to declare it. Consequentially, such a norm
will be stronger in its influence on all society, thus more stable than a
norm that is located at the center of the distribution of types (especially
if this distribution is bell-shaped). From the point of view of those
with opinions far from the norm, this creates a vicious circle where they
themselves uphold an undesirable and skewed social norm.
We have also considered many other parameter settings, and the

result of inversion reappears as long as α is suffi ciently far below 1, and
β is not smaller than α and not larger than 1.45 So the result of inversion
of revealed preferences seems to be driven by perfectionism here too.

climbing a ladder (Stephenson, 1967). They were then replaced one after the other,
until no monkey that has ever seen the original punishment take place was around.
Still, all the new monkeys made sure that no one violated the rules by climbing the
ladder.
45If α = β < 1, then there is an equilibrium that can possibly be solved analytically.

However, this equilibrium is not stable. Small perturbations will lead all types to
either declare the norm (midpoint) as their opinions or declare their private opinions.
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7 Concluding remarks

The purpose of this paper has been to analyze the circumstances under
which social pressure leads to inversion of revealed preferences —a sit-
uation where individuals with extreme private opinions declare stances
that are more normative than the stances declared by moderate people.
Throughout our basic model and its extensions, a common conclusion
emerges: perfectionism on an individual level is what drives this inver-
sion, where perfectionism means a concave disutility of deviating from
one’s private opinion. This conclusion holds true in the most basic case,
when there is one common norm in society; it holds true when all in-
dividuals pressure others for saying things they do not like; and finally,
it holds true when individuals indirectly put pressure on others while
declaring their own stances. In that final case, we get a situation where
people with private opinions far from the consensus in society are the
ones who sanction others for deviating from this consensus.
The basic intuition that goes through all the variants of the model is

that perfectionism makes people either say exactly what they think, or,
in case they deviate from it, say things that lower the social pressure sub-
stantially. Since the social pressure is heavier on extreme opinions, only
individuals privately holding these opinions misrepresent their opinions
publicly. Once these people deviate from their private opinions, they
may as well go all the way (or almost all the way) to get rid of the so-
cial pressure. At the same time, moderate people publicly declare their
private opinions. As a result, those with extreme opinions “pass” the
moderates in their statements, appearing in public to be more compliant
with the norm - be it institutionalized, virtual, or fictitious.
Is this a realistic result? Is it empirically prevalent? The stability

of the results to model extensions suggests that it could be, but these
questions are largely left unanswered. We have provided an example that
we believe our model can explain: the patterns of conversion of Jews and
Muslims in Medieval Spain under the rule of the Christian Church. This
example is attractive to use, since, unlike most real world situations,
we have historical evidence of the privately held beliefs and opinions of
Jewish converts under the persecution of the Christian rulers. Likewise,
our model may explain the discrepancies between stated and monitored
sexual preferences.
This main result, as well as other conclusions we have made along

the way, may have important implications and predictions. One is that
pluralism will tend to undermine orthodoxy. Another is that skewed
norms will be correlated with orthodoxy and heavy punishments on de-
viators. Yet another is that liberalism will tend to lead to norms that are
representative of average opinions. A final implication that the model
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highlights is the problem of interpreting stated opinions as a signal of
real inner preferences. Under the possibility of preference inversion, such
inference cannot be made without deeper scrutiny of whether people are
lax or perfectionist about deviations from their bliss-points.
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8 Appendix - Proofs and derivations

8.1 Proof of Lemma 2
For t ≥ s̄ we get the following minimization problem:

min
s

{
(t− s)α +K (s− s̄)β

}
,

with a first-order condition

L′ = −α (t− s)α−1 + βK (s− s̄)β−1 = 0, (13)

and a second-order condition for an internal local minimum point

L′′ = (α− 1)α (t− s)α−2 + (β − 1) βK (s− s̄)β−2 > 0. (14)

Lemma 5 Let t ≥ s̄. If α > 1 and β ≥ 1 then conformity is strictly
decreasing in t.

Proof. The SOC is positive ∀t ≥ s̄, hence all types have inner solutions.
Using the FOC, the inner solution for type t ≥ s̄ is implicitly given by
t = (βK/α)

1
α−1 (s∗ − s̄)

β−1
α−1 + s∗. From this expression it is clear that

t(s∗) is continuous in s∗ and that dt/ds∗ > 0, which by the implicit
function theorem implies that s∗(t) is continuous in t and that ds∗/dt >
0, ∀t ≥ s̄. Thus, each type has a unique solution, and conformity is
strictly decreasing (no inversion of revealed preferences).

Lemma 6 If β < 1 < α, and: i) ∀t ≥ s̄, L has at most one local
minimum in ]s̄, t[. ii) If for some type t̂ ≥ s̄ L has a local minimum in
]s̄, t[, then L has a local minimum in ]s̄, t[ for every type t > t̂.
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Proof. i) The FOC for t ≥ s̄ implies that

α (t− s)α−1 = βK (s− s)β−1 ⇒ βK/α = (t− s)α−1 (s− s)1−β ≡ f (s) .

Note that f(s) is strictly positive in ]s̄, t[, and that f(s) = 0 at both
edges of the range (i.e. at s = s̄ and at s = t). This means that f(s)
has at least one local maximum in ]s̄, t[. We need this maximum to be
larger than βK/α for the FOC to hold at some point.
We now proceed to check whether this local maximum of f (s) is

unique:

f ′ (s) = (t− s)α−2 (s− s̄)−β [(1− β) (t− s)− (α− 1) (s− s̄)].

Since (t− s)α−2 (s− s̄)−β is strictly positive in ]s̄, t[, and [(1− β) (t− s)−
(α− 1) (s− s̄)] is linear in s, positive at s = s̄ and negative at s = t,
f ′(s) = 0 at exactly one point at this range (i.e. a unique local maximum
of f(s) in ]s̄, t[). From the continuity of f(s), we get that if the value of
f(s) at this local maximum is greater than βK/α, then L(t, s) has ex-
actly two extrema in the range ]s̄, t[. From the positive values of L′(t, s)
at the edges of this range, we finally conclude that the first extremum
(where f(s) is rising) is a maximum point of L(t, s), and the second ex-
tremum (where f(s) is falling) is a minimum point of L(t, s), i.e. L(t, s)
has a unique local minimum. Conversely, if the value of f(s) at its local
maximum point is smaller than βK/α, there is no local extremum to
L(t, s) in the range ]s̄, t[ and therefore s (t) = s̄.
ii) Holding s fixed and differentiating f (s) with respect to t yields

df(s)
dt

= (α− 1) (t− s)α−2 (s− s)1−β > 0. That is, if for some pair
(
t̂, ŝ
)

we have f(ŝ)|t̂ > βK/α, then we get that f(ŝ)|t > βK/α for every t > t̂.
Hence, if for some type t̂ ≥ s̄ L has a local minimum in ]s̄, t[, then L has
a local minimum in ]s̄, t[ for every type t > t̂.
We now need to consider corner solutions too. Substituting s = s̄

and s = t in equation 13, we get that only s = s̄ is a potential solution
for the minimization problem of type t. If type t has an inner local
minimum too, then we need to compare the loss implied by the corner
solution s = s̄ to that implied by the inner local minimum, denoted by
ŝ (if there is no local minimum then s̄ is of course the global minimum).

Lemma 7 Let Diff ≡ L (s (t) = s̄)− L (s (t) = ŝ). If β < 1 < α, then
Diff is monotonically increasing in t, ∀t ≥ s̄.

Proof. Diff = (t− s̄)α−
[
(t− ŝ)α +K (ŝ− s̄)β

]
. DifferentiatingDiff

with respect to t we get dDiff
dt

= α (t− s̄)α−1−
[
α (t− ŝ)α−1 (1− dŝ

dt

)
+ βK (ŝ− s̄)β−1 dŝ

dt

]
.

Since ŝ satisfies the FOC, we finally get that dDiff
dt

= α (t− s̄)α−1 −
α (t− ŝ)α−1 > 0.
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Lemma 8 If β < 1 < α and s∗
(
t̂
)

= s̄ for some t̂ ≥ s̄, then s∗ (t) = s̄

for every t < t̂.

Proof. If s∗
(
t̂
)

= s̄ and t < t̂, then either L has no local minimum in
]s̄, t[, so that t has only a corner solution at s̄, or by Lemma 7 and by
the chosen solution of t̂ we get that t chooses the corner solution at s̄.

That is, if type t fully conforms, then any type with private opinion
closer to the norm fully conforms too, hence no inversion of the order of
opinions of these two types when moving from private to public opinions.

Lemma 9 ∀t1, t2 ≥ s̄, if t1 < t2 and β < 1 < α, then s∗ (t1) ≤ s∗ (t2),
i.e., no inversion of revealed preferences.

Proof. Given Lemma 8, we need to show this only for t1, t2 with inner
solutions. The uniqueness of the inner solution for every type t and the
continuity of L imply that s∗ (t) is continuous, and from equation 5 we
get that at the range of inner solutions ds∗

dt
= D′′(t−s∗)

P ′′(s∗−s̄)+D′′(t−s∗) > 1, thus
s∗ (t) is strictly monotonic in t at the range t ≥ s̄.

Lemma 10 Let t ≥ s̄. If α = 1 then conformity is weakly decreasing in
t.

Proof. Let t̊ solve the equation βK
(̊
t− s̄

)β−1
= 1. If β > 1 then ∀t < t̊

we have L′ = −α (t− s)α−1 + βK (s− s̄)β−1 = −1 + βK (s− s̄)β−1 < 0
for any s ∈ [s̄, t]. So types at the range

[
s̄, t̊
]
have a corner solution at

t. Further, ∀t ≥ t̊ we have L′|s=t̊ = −α
(
t− t̊

)α−1
+ βK

(̊
t− s̄

)β−1
= 0

and L′′ = (β − 1) βK (s− s̄)β−2 > 0 ∀s ∈ (s̄, t], thus types with t ≥ t̊
have an inner solution at t̊. It thus follows from definition 1 that if
β > 1 conformity weakly decreases. Otherwise, if β ≤ 1, it follows from
Proposition 1 (2) that conformity is decreasing in t. This completes the
proof.
Proof of Lemma 2
We know that inversion of revealed preferences does not arise if α > 1

and β ≥ 1 (Lemma 5), if β < 1 < α (Lemma 9), and if α = 1 (Lemma
10), thus α < 1 is a necessary condition for inversion.�

8.2 Other proofs
Lemma 11 Let t ≥ s̄. If D is a continuous, increasing and strictly
concave function with limx→0D

′ (x) = ∞ and D′ (x) < ∞ ∀x > 0; and
P is a continuous function where ∃ s̄ such that P (|s− s̄|) is increasing
and strictly convex in |s− s̄|, P ′ (0) = 0, and ∃x > 0 s.t. P ′ (x) > D′(x);
then:
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1. A type suffi ciently close to s̄ states her private opinion as a stance

2. Types suffi ciently far from s̄ choose s∗ (t) ∈ ]s̄, t[.

3. If the range of types is broad enough, then conformity is non-
monotonic in types’distance from the norm, and there is inversion
of revealed preferences.

Proof. Suppose the conditions hold. When D is concave and P is con-
vex, we have that in the corners L′ (s = t) = P ′ (t− s̄)− limx→0D

′ (x) =
−∞ while L′ (s = s̄) = P ′ (0) − D′ (t− s̄) = −D′ (t− s̄) < 0. This im-
plies that potential corner solutions must be at s = t. It also implies
that we either have zero or an even number of inner extreme points (e.g.,
if there are two extreme points, one is a min and the other is a max).
Thus, since L′ (s = s̄) < 0 and L′ (s = t) < 0, for the existence of a local
min point it is suffi cient to show that L′ > 0 for some t and s ∈ [s̄, t].
We will now show that an inner local min point exists for a type

suffi ciently far from s̄. Define implicitly ṫ by D′(ṫ− s̄) = P ′(ṫ− s̄). I.e.
ṫ is the type whose maximal marginal pressure (when choosing s = ṫ) is
exactly equal to the minimal marginal dissonance (when choosing s = s̄).
We know that ṫ > s̄ (since P ′ (0) = 0 and D′ (x) > 0 by construction).
This means types close to s̄must choose s∗ (t) = t. This proves statement
1). By the intermediate value theorem we also know ṫ exists in a broad
enough range since P ′ (0)−D′ (0) < 0 and P ′ (t− s̄)−D′ (t− s̄) increases
continuously in t, and since by assumption P ′ (t− s̄) − D′ (t− s̄) > 0
for a large enough t. Note that L

(
ṫ, s
)
will not have an inner local min,

since this requires P ′|s=s∗ = D′|s=s∗ for some s∗ ∈]s̄, ṫ[, while here ṫ 6= s̄
and P ′|s=ṫ = D′|s=s̄ is the only way to equate D′ and P ′.
Let us now look at the type ẗ = s̄+2

(
ṫ− s̄

)
+ε where ε ≥ 0. This is

the type that is just beyond twice as far from the norm as ṫ. If ẗ chooses
s = ṫ, we have

L′
(
s̄+ 2

(
ṫ− s̄

)
+ ε, ṫ

)
=P ′(ṫ− s̄)−D′(s̄+ 2

(
ṫ− s̄

)
+ ε− ṫ) =

P ′(ṫ− s̄)−D′(ṫ− s̄+ ε) =D′(ṫ− s̄)−D′(ṫ− s̄+ ε).

Since D is concave, ε > 0 gives a strictly positive L′. This proves
the existence of an inner local min point for types suffi ciently but not
infinitely far from s̄. To prove statement 2), we still need to show that for
types suffi ciently far from s̄ the local min point is also a global one. We
have shown that a local min point exists. Let us now examine Diff (t),
the difference between the loss at a local min point (denoted by s = ŝ)
and the loss at the corner solution s = t.

Diff (t) ≡ L (s (t) = t)−L (s (t) = ŝ) = P (t− s̄)−[P (ŝ− s̄) +D (t− ŝ)]
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dDiff

dt
= P ′ (t− s̄)− P ′ (ŝ− s̄) dŝ

dt
−D′ (t− ŝ)

(
1− dŝ

dt

)
.

ŝ is a local extremum, thus it satisfies equation 4, i.e., P ′ (ŝ− s̄) =
D′ (t− ŝ). We then get that

dDiff

dt
= P ′ (t− s̄)− P ′ (ŝ− s̄) > 0.

Differentiating once more, we get that

d2Diff

dt2
= P ′′ (t− s̄)− P ′′ (ŝ− s̄) dŝ

dt
> 0,

since dŝ/dt is negative in inner solutions when inserting a convex P and
a concave D in equation 5.
Hence, there exists a t suffi ciently far from s̄ such that Diff (t) is

positive, so that the global minimum point for t is an inner solution.
dDiff
dt

> 0 ensures that all types beyond this point have global inner min
points too. This completes the proof of statement 2).
We now prove statement 3). For the range of types close to s̄ who

state their type we have ds∗

dt
= 1 > 0, thus conformity is decreasing. If

the range of types is broad enough to include also types with global min
points, then by the concavity of D and by Lemma 1 there is inversion of
revealed preferences, hence overall conformity is non-monotonic in types’
distance from s̄.
Proof of proposition 2
Follows directly from Lemma 11 with D (x) = A |x|α , α ∈ (0, 1) and

P (x, s̄) = B |x− s̄|β , β > 1.�
Proof of proposition 4
Let d ≡ min {th − s̄, s̄− tl}. Since the solution for any type’s opti-

mization problem depends only on the distance from s̄, we know that
the distribution of the stances of all the types in the range [s̄− d, s̄+ d]
is symmetric around s̄. Thus s̄ is the average stance for this range of
types.
If s̄ = th+tl

2
, then [s̄− d, s̄+ d] = [tl, th], and so s̄ is the average stance

for all types in society. It thus follows that s̄ = th+tl
2

can be sustained
as a social norm in equilibrium for any values of α and β. Otherwise, if
s̄ 6= th+tl

2
, then there are types that reside outside the range [s̄− d, s̄+ d],

all of whom either to the left of s̄, such that for each of them s∗ (t) ≤ s̄,
or to the right of it (such that for each of them s∗ (t) ≥ s̄). Hence, for
s̄ to be the average of all stances, we must have s∗ (t) = s̄ for all those
types with |t− s̄| > d. From Proposition 2, we know such types do not
exist if α < 1 < β, thus follows statement 1).
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Otherwise, if α < β ≤ 1, then from the proof of part (3) of Propo-
sition 1, we know that s∗ (t) = s̄ for types suffi ciently far from s̄. That
same proof states that s∗ (t) = s̄ iff |t− s̄| > K

1
α−β . Thus, for s̄ to be the

average of all stances, we must have |t− s̄| > K
1

α−β for any type with
|t− s̄| > d. It thus follows that d = min {th − s̄, s̄− tl} ≥ K

1
α−β , that

is, s̄ ∈
[
tl +K

1
α−β , th −K

1
α−β

]
, which completes the proof of statement

2).�
Proof of Lemma 4
1) and 2) follow directly from the fact that both p and Paggr are

symmetric around s̄ and are increasing in |s− s̄|.
3) For tractability, we perform the analysis for s > xh+xl

2
. By symme-

try, the analysis for s < xh+xl
2

has the same properties. By differentiating
Pcombi with respect to s and using equations 7 and 8 , we get

P ′combi = (1− A) [p (s− xl)− p (xh − s)] + Ap′
(
s− xh + xl

2

)
(15)

P ′′combi = (1− A) [p′ (s− xl) + p′ (xh − s)] + Ap′′
(
s− xh + xl

2

)
(16)

P ′′′combi = (1− A) [p′′ (s− xl)− p′′ (xh − s)] + Ap′′′
(
s− xh + xl

2

)
.(17)

Since limy→0 p
′′ (y) = −∞, we get that

lim
s→xh+xl

2

P ′′combi = (1− A) p′
(
xh − xl

2

)
+A lim

s→xh+xl
2

p′′
(
s− xh + xl

2

)
= −∞,

i.e., Pcombi (s) is concave around s̄. Since limy→0 p
′ (y) =∞, we get that

lim
s→x+l

P ′′combi = (1− A) p′ (xh − xl)+Ap′′
(
xh − xl

2

)
+(1− A) lim

s→x+l
p′ (s− xl) =∞.

Similarly, lims→x−h
P ′′combi = ∞. That is, Pcombi (s) is convex as s ap-

proaches either of the extreme stances, xh or xl.
By assumption, p′′′ (y) > 0 for all y > 0, hence if s ≥ xh+xl

2
, we have

p′′ (s− xl) > p′′ (xh − s) and p′′′
(
s− xh+xl

2

)
> 0, and so P ′′′combi > 0. This

means that P ′′combi (s) is strictly increasing in the interval
(
xh+xl

2
, xh
)
, and

therefore it changes signs exactly once, at some point s̄+∆ ∈
(
xh+xl

2
, xh
)
.

A mirror image applies to the range
(
xl,

xh+xl
2

)
.�

Proof of proposition 5
Statements 1) and 2) follow from Lemma 3.
We now prove suffi ciency in statements 3) and 4). By Lemma 3 we

also know that P ′type (0) = 0. Furthermore, using equation 7 with xl = tl
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and xh = th, we get that lim
s→th−

P ′type (s) = lim
s→th−

[p (s− tl)− p (th − s)] =

p (th − tl) = K (th − tl)β. So for a broad enough range of types condition
(ii) in Lemma 11 holds. All other conditions in Lemma 11 hold, and
suffi ciecny in statements 3) and 4) thus follow from that lemma.
For necessity in statements 3) and 4) note that P is convex with

P ′(0) = 0. If α ≥ 1 then L” is positive and a unique inner solution exists
for each type. In particular, types close to s̄ have an inner solution. This
proves necessity in 3). Equation 5 describes the properties of the inner
solution. With a weakly convex D it is weakly positive and hence by
definitions 1 and 2 conformity is weakly decreasing for all t and there is
no inversion. This proves necessity in 4).�

8.3 Exponential and Gaussian distribution of pres-
sure sources

An interesting complement to the previous analysis is looking at other
distributions of pressure sources but continuing with individual pressure
being concave. It turns out that it is hard to say anything in general
about this, so we will analyze two specific types of distributions, the
Exponential and the Gaussian, with individual pressure being a power
function. These two distributions both have a clear peak and sharply
declining tails. We are interested in seeing whether they can produce
orthodox aggregate pressure.
Posit a distribution of pressure sources f (x) which symmetrically has

an exponential shape peaking towards the social norm from each side.
W.l.o.g. let the social norm be at s = 0, i.e. E (x) = 0. The minimum
and maximum pressure source in society are at ±∞.

Pexp (s) =

th∫
tl

p (|x− s|) f (x) dx

=
λ

2

∞∫
−∞

|x− s|α e−λ|x|dx =
λ

2

∞∫
−∞

|x|α e−λ|x+s|dx

where 0 < α < 1. Differentiating we get

P ′exp (s) =−λ
2

2

∞∫
−∞

|x|α e−λ|x+s|sgn (x+ s) dx

P ′′exp (s) =
λ3

2

∞∫
−∞

|x|α e−λ|x+s|dx.
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To see the behavior of this function around the social norm, we now
look at

P ′′exp (0) =
λ3

2

∞∫
−∞

|x|α e−λ|x|dx = λ3

∞∫
0

xαe−λxdx

=λ2−αΓ (α + 1) > 0

where Γ (α + 1) is an incomplete Gamma function. This implies that
total pressure is convex near the norm. Let us now investigate the
asymptotic behavior of Pexp (s) for s → ∞. To this end, let us use
the “dimensionless” integration variable z = x/s, so that Pexp (s) =

λ
2
sα+1

∞∫
−∞

|z − 1|α e−K|t|dt, where K = λs. The integral can be written as

Pexp (s) =
λ

2
sα+1

 0∫
−∞

(1− z)α eKtdt+

1∫
0

(1− z)α e−Ktdt+

1∫
0

(z − 1)α e−Ktdt


=
λ

2
sα+1

[
K−α−1eKΓ (α + 1, K) +K−α−1e−Kγ (α + 1,−K) +K−α−1e−KΓ (α + 1)

]
where Γ (a, b) are incomplete Gamma functions. For largeK, Γ (α + 1, K) ≈
Kαe−K , so the second and third terms of the sum, which contain the
rapidly decreasing exponent e−K , can be neglected and we finally obtain
for s→∞:

P (s) ≈ λ

2
sα+1K−1 =

sα

2
,

whence P ′′ ≈ 1
2
α (α− 1) sα−2 → −0.

This means that total pressure is convex near the norm and concave
for extreme stances (at least when the extreme stances are suffi ciently
extreme for the limit case to be relevant). Unfortunately, it is hard to
say anything about when and how many times it switches from convex
to concave.
Let us now in a similar fashion analyze the case where the pressure

sources follow a Gaussian distribution, so that f (x) =
√

λ
π
e−λx

2
, tl =

−∞, tl = −∞. The pressure is a concave power function

Pgauss (s) =

th∫
tl

p (|x− s|) f (x) dx

=

√
λ

π

∞∫
−∞

|x− s|α e−λx2dx =

√
λ

π

∞∫
−∞

|x|α e−λ(x+s)2dx
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P ′gauss (s) =−2λ

√
λ

π

∞∫
−∞

|x|α (x+ s) e−λ(x+s)2dx

P ′′gauss (s) =−2λ

√
λ

π

∞∫
−∞

|x|α
[
1− 2λ (x+ s)2] e−λ(x+s)2dx

P ′′gauss (0) =−4λ

√
λ

π

∞∫
0

xα
[
1− 2λx2

]
e−λx

2

dx

Substituting the integration variable with u = x2, we have

P ′′gauss (0) =−2λ

√
λ

π

∞∫
0

u(α−1)/2 [1− 2λu] e−λudu

=− 2√
π
λ3/2λ−(α+1)/2

[
Γ

(
α + 1

2

)
− 2Γ

(
α + 3

2

)]
=− 2√

π
λ(2−α)/2Γ

(
α + 1

2

)[
1− 2

α + 1

2

]
=

2α√
π
λ(2−α)/2Γ

(
α + 1

2

)
> 0.

Here, we have used the property of the Gamma function, Γ (z + 1) =
zΓ (z). Let us now investigate the asymptotic behavior of P (s) for
s→∞. To this end, let us use the “dimensionless”integration variable

z = x/s, so that P (s) =
√

λ
π
sα+1

∞∫
−∞

|z − 1|α e−λz2dz, where K = λs2.

The integral above has a saddle point at t = 0, so for K →∞, P (s) ≈√
λ
π
sα+1

∞∫
−∞

[1− αz +O (z2)] e−Kz
2
dz =

√
λ
π
sα+1

√
π
K

[
1 +O

(
1
K

)]
≈ sα.

From here, P ′′ ≈ α (α− 1) sα−2 → −0.
So the total pressure is convex around the norm and concave towards

the extremes. In this case, it is once more hard to say anything about
where and how many times the shift between convex and concave forms
takes place.
Under Gaussian and Exponential distributions, it seems that the

switch of pressure from convex to concave towards the extremes is de-
pendent on the pressure sources virtually vanishing. Then, from the
point of view of someone taking an extreme stance, the perception is
that there is just a mass of punishing individuals located at the norm.
What truly is a distribution of pressure sources then looks like one au-
thority for someone standing suffi ciently far away. On the other hand, for
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someone close to the norm the variation in the pressure sources becomes
visible since she is standing within the main mass of people.

41


