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Abstract 

That institutions matter is widely accepted among economists and so are social norms as an 
important category of informal institutions. Social norms matter in many economic situations, 
but in particular for markets. The economic literature has studied the interrelation between 
markets and social norms in both directions – how social norms affect markets and how markets 
affect social norms. Adding to the literature starting from these two perspectives, we suggest a 
new link between product markets and the evolution of social norms: we analyze how the 
evolution of a social norm may be affected by a product innovation which adds to the variation 
of products with respect to their level of norm compliance. We derive necessary and sufficient 
conditions for a) a positive impact of the innovation on the level of norm adoption and b) for 
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1. Introduction 

That institutions matter is widely accepted among economists and so are social norms as an 
important category of informal institutions (see e.g. Huck et al. 2012, Saak 2012, Elster 1989, 
Cole et al. 1992, Lindbeck et al. 1999). Social norms matter in many economic situations, but in 
particular for markets. The economic literature has studied the interrelation between markets and 
social norms in both directions – how social norms affect markets and how markets affect social 
norms. 

Not the least because of an increased interest in “sustainable consumption” the impact of social 
norms on market outcomes has gained attention in national and international agendas (e.g. Heap 
and Kent 2000, UN 2002). With respect to theory, there are various attempts to incorporate 
norm-motivated behavior into neoclassical consumer theory (see e.g. Nyborg et al. 2006, Brekke 
et al. 2003). Another branch of the literature treats social norms as a prerequisite for working 
market systems (e.g. Platteau 1994)1. However there is no general or partial equilibrium theory 
based on norm-motivated behavior2. It may be for this lack that most of the research is empirical. 
Hong and Kacperczyk (2009) and Johnson (2004) study the impact of norms on financial 
markets. Kim (2007) finds support for the relevance of norms for the market pricing of private 
property rights. A series of competitive market and bilateral bargaining experiments carried out 
by Fehr et al. (1998) indicate that competition has a rather limited effect on market outcomes if 
the norm of reciprocity is operative. The impact of a preference to keep a positive self-image as a 
morally responsible person on the demand for “green” electricity is studied by Ek and Söderholm 
(2008). Using evidence from Central Kenya, Johnson (2004) develops a framework for the 
relation of gender norms and financial markets, i.e. the demand and access to financial services.  

From the opposite perspective, the research on the impact of markets on the (evolution of) 
norms primarily deals with the analysis of the relationship of norm-driven intrinsic motives and 
market- or price-driven extrinsic motives. Fehr and Gächter (2001) provide empirical support for 
incentive contracts crowding out reciprocity-driven voluntary cooperation. In a similar vein, 
Gneezy and Rustichini (2000) present results of a field study that contradict any deterrence 
hypothesis. A first survey of this stream of empirical literature on motivation crowding-out 
effects is given by Frey and Jegen (2001). With respect to theory, Benabou and Tirole (2006) 
provide a theory of pro-social behavior where rewards or punishments create doubt about the 
true motives for which good deeds are performed and hence may lead to partial or even total 
crowding-out of pro-social behavior. Huck et al. (2012) provide a model of the interplay of social 
norms and economic incentives in a firm in which crowding-out of social incentives may occur. 
Bohnet et al. (2001) study the connection between contract enforceability and individual 
performance, both theoretically and in the laboratory. They find that trustworthiness is “crowded 
in” with weak and “crowded out” with medium enforcement.  

 

                                                 

1 For a normative theory of social norms in market economies see Bergsten (1985). 
2 For a discussion of an extension of Walrasian economics by social norms and psychological dispositions see Bowles 
and Gintis (2000). For a multi-agent simulation model on the psychological factors like need for identity on market 
dynamics see Janssen and Jager (2001). 
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Adding to the literature starting from these two perspectives, we suggest a new link between 
product markets and the evolution of social norms: we analyze how the evolution of a social 
norm may be affected by a product innovation which adds to the variation of products with 
respect to their level of norm compliance. We consider markets where at the pre-innovation stage 
the individual characteristic of having adopted a specific norm is not observable, neither by 
observation of the individual itself or its general behavior, nor by observation of its consumption 
behavior. Obviously, the latter presupposes that products or services fail to differ with respect to 
their norm compliance. If a new product or service which is characterized by a relatively high 
degree of norm compliance enters this scene, this has two effects on the process of norm 
adoption. First, the innovation allows an individual to consume in accordance to its norm. 
Thereby it directly facilitates the adoption of the norm by reducing potential cognitive 
dissonances that would occur if a norm adopter consumes in contradiction to his norm. We call 
this the cognitive bias. Second, although the innovation enables an individual to consume in a 
norm-compatible way, it will also expose him to social influence (Cialdini and Goldstein 2004), in 
particular to the conformity bias (Boyd and Richerson, 1985). The consumption of the (old) norm-
violating product and of the (new) norm-complying product will hence become the more 
attractive, the more other individuals still, or already consume the respective product. 

This link between the process of norm adoption and the market may only be relevant, if the 
product or service of concern is sufficiently important for individuals in terms of time spent with 
it, money spend on it, utility drawn from it, social status connected to it etc., since otherwise 
cognitive dissonances would be too weak to have a major impact. For our analysis, we therefore 
take e-mobility as the innovation and sustainable transportation as the norm. In 2010 German private 
households spent around two third of their income on the following four categories: 
accommodation, water, electricity, gas and other fuels (30.8%), transportation (13.2%3), leisure, 
entertainment and culture (11.6%) and food including non-alcoholic beverages (10.4%). Of these 
four categories essentially only expenditures for transportation and food can reflect the attitude 
towards sustainable consumption in an observable way for others.4 According to an extensive 
study on the mobility in Germany conducted by the infas Institute for Applied Social Sciences and 
the DLR German Aerospace Centre in 2008 (Source: MiD 2008, p.21) a mobile person on 
average spent 1,5 h a day on traveling excluding regular travel time associated with the job, e.g. 
bus-driver. Almost 60 % of that time, i.e. about 54 minutes are assigned to private individual 
transportation. In summary, the car is expensive, important, omnipresent, relevant for sustainable 
consumption and therefore a product with a high potential for a conformity bias and cognitive 
dissonances for norm adopters. However our analysis is not limited to this case. Three other 
examples shall illustrate the wider relevance of our approach, two in which the innovation already 
took place and one where it hasn’t yet. Consider first the technological innovation of social 
networks based on internet services like Facebook or Twitter etc. and the norm share yourself 
(opinions, activities etc) in opposition to the norm protect your privacy. Prior to the innovation, 
individuals willing to share their lives with a wide public and gather information about others 
could not live in accordance to their norm. However, privacy-loving individuals were able to 

                                                 

3 More than 85% of these expenditures are spent on private transportation. 
4 Exceptions are things like solar panels for the accommodation category or the attendance of a pro-environmental 
concert. 
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conceal most information about themselves. Protect your privacy was the prevalent norm in many 
countries. When internet services like Facebook or Twitter etc. entered the market, individuals 
who did never share this norm became able to, and actually started to live according to their 
norm share yourself. The innovation has entailed a complete reversal of the social norm. The 
second example is the innovation of ecological food and the norm of sustainable and healthy 
consumption. Today almost all big supermarket chains include ecological food in their product 
portfolio, most of them even with own brands. With this innovation people concerned with 
sustainability, health but also with the conditions of livestock breeding can live in accordance to 
this norm and have become a large minority. Finally, consider a not yet invented weapon that can 
only be used for defensive purposes and the norm of (bourgeois) pacifism. This innovation could 
well destroy the norm outside the US and it’s rests inside. 

To make our argument precise, we proceed as follows in the remainder of the paper. In Section 2 
we introduce the model. Assumptions and notation are presented in 2.1. In 2.2 we first derive the 
market equilibrium for a given share of norm adopters and a given number of firms operating on 
the innovative and on the traditional markets and then deduce the equilibrium number of firms 
supplying on the innovative market. We turn to studying the dynamics of norm adoption in 2.3. 
Results are summarized in Section 3. Policy implications are discussed in Section 4 and Section 5 
concludes.  

 

2. The Model 

We consider a market where the demand side is characterized by a large number of consumers, 
who differ only with respect to their having adopted a particular consumption-related norm. The 
commodity traded on the market may occur in two specifications, one in compliance with the 
norm and one in violation thereof. We base our argument on a specific example, the market for 
automobiles and the norm of sustainable transportation, with which electrically powered cars as 
the norm-compliant variant and gasoline-powered cars as the norm-violating variant. However, 
as we have already argued in the introduction, the argument extends to other examples as well. 

To make identification of the two consumer groups easy, we call those consumers who have 
adopt the norm adopters and those who did not, hedonists. { },t a h∈  identifies the type of 

consumers in the natural way, while { },v e g∈  identifies the variant of the norm-compliant 

(electrically powered) and, respectively, the norm-violating (gasoline-powered) variant of the 
commodity automobiles. Both variants of the commodity are imperfect substitutes to each other 
and the slopes of demand curves as well as substitutability are assumed to be independent of the 
type of the consumer for simplicity. With the simplification of linearity, and ep  and gp  denoting 
the prices of electrically powered and gasoline powered cars, respectively, demand per consumer 
may therefore be written as 

 ( ),v e g v v v
t tx p p p pχ κ λ ¬= − +  with { },v v e g≠ ¬ ∈ , 0v

tχ >  and 0κ λ> > , (1) 
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for those price combinations which induce strictly positive quantities. We refer to v
tχ  as the 

zero-price consumption of variant v by type t . To keep the analysis simple, we concentrate on 
these combinations and leave other cases to a companion paper: 

Assumption 1: ( ) ( ) ( ) ( )( )min , , , , , , , 0e e g g e g e e g g e g
a a h hx p p x p p x p p x p p > . 

To reflect that electrically powered cars comply with the norm of sustainable transportation to a 
larger degree than gasoline-powered cars, we state the following 

Assumption 2: If prices of the two variants of the commodity are identical ( e gp p= ), then the 
difference between consumption of the norm-compliant variant and of the norm-violating 
variant will be larger for the norm adopters than for the hedonists: ( ) ( ), ,e g

a ax p p x p p− >     

( ) ( ), ,e g
h hx p p x p p−    .  

Corollary 1: e g e g
a a h hχ χ χ χ− > − . 

All differences in the costs of using the two variants are assumed to only affect these two 
differences. We will later make use of the effect of norm adoption on individual demand for electric cars 
and for gasoline-driven cars, e e e

a hχ χ∆ ≡ −  and g g g
a hχ χ∆ ≡ − , respectively, where the former is 

obviously larger than the latter due to Corollary 1.  

If we normalize the number of consumers to unity and write q  as the proportion of consumers 
who have adopted the norm, market demands for the two product variants is: 

 ( ) ( )
( ) ( )
1 1

1 1

e e e e e e g
a h a h

g g g g g g e
a h a h

X qx q x q q p p

X qx q x q q p p

χ χ κ λ

χ χ κ λ

= + − = + − − +

= + − = + − − +
 (2) 

or equivalently the system of inverse demand functions:  

 
( )( ) ( )( )( )
( )( ) ( )( )( )

2 2

2 2

1 1 1

1 1 1

e e e g g e g
a h a h

g g g e e g e
a h a h

p q q q q X X

p q q q q X X

χ χ κ χ χ λ κ λ
κ λ

χ χ κ χ χ λ κ λ
κ λ

= + − + + − − −
−

= + − + + − − −
−

 (3) 

On the supply side, we assume myopic profit maximization5 on an extremely simple Cournot 
oligopoly market for both variants of the commodity with constant marginal production costs of 

gc  and ec  for the gasoline-powered and electrically powered cars, respectively. We assume that 
the number of suppliers on the market for gasoline-powered cars is given exogenously by n . The 
number m  of suppliers on the market for electrically powered automobiles is given by the 
maximum number of producers who can produce for both markets when adding the second 
production line entails a fixed cost of k . Note that the Oligopoly market may well turn into a 

                                                 

5 There are models (source) that also incorporate a norm on the side of producers. However, we believe that 
especially in large incorporations profits are the main concern of decision makers.  



6 
 

monopoly market. For consistency with the simplifications on the demand side, we here exclude 
by assumption the absence of any producer on the market for electrically powered cars.  

We assume that markets find their equilibrium fast enough to neglect the specific dynamics when 
investigating the norm dynamics. In other words, we make use of the method of adiabatic 
elimination6 which allows us to include markets into the norm dynamics only by their equilibria, 
which may, of course, depend on the current level of norm adoption. 

We finally assume that dynamics of norm adoption and norm abandonment is a Markov process 
driven by randomly assigned moments in which each individual may adopt or abandon the norm. 
Whether it does, may depend on the current state of the society with respect to norm adoption 
and norm-related market behavior. The proportion of individuals having adopted the norm is 
thus given by  

 ( )1 h a a hq q qπ π→ →= − −  (4) 

where the transition rates h aπ →  and a hπ →  are the expected number of adoptions and, 
respectively of abandonments of the norm per individual and per second.7 This standard 
approximate equation of motion is standard in population dynamics8 and has a simple intuition. 
The change in the share is simply the difference in the inflow and outflow. The inflow (outflow) 
is the product of the share of hedonists (norm-adopters) and the rate of transition from 
hedonists to adopters (adopters to hedonists). 

In order to clearly identify the effect of the market innovation on the norm dynamics we assume 
that norm adoption is not observable when no product variant compliant with the norm exists. 
The transition rates are thus independent of the current proportion of norm adoption in society 
and any parameters relating to the (non-existent) market for the norm compliant variant of the 
commodity: 

 o
a h hπ σ→ =  and o

h a aπ σ→ = , where hσ  and aσ  are constants. (5) 

To make the exposition plausible, we will usually assume in our numerical examples that 

h aσ σ>> , i.e. that adopting a norm is much harder than abandoning it, but this does not drive 
our results. The assumption reflects the cognitive dissonance implied in adopting the norm and 
not being able to behave in compliance with the norm. 

If the norm-compliant variant of the product enters the market, this has two effects on the 
transition rates. The cognitive dissonance effect and the conformity bias effect. The former is due 
to the possibility to behave according to the norm. It makes adopting the norm easier and having 

                                                 

6 The method was introduced under this label by Haken (1977) for the synergetic approach of aggregation of 
dynamics of micro-data to the dynamics of macro-data. It has been introduced to economics e.g. by Weidlich and 
Haag (1983). The basic idea of the method may, however, already be found in Samuelson’s “Foundations” (1947). 
7 Strictly speaking, the transition rates are the limits of the expected number of transitions per second, when we 
consider ever shorter time intervals (similar to the speed of a car being measured in miles per hour, but measured for 
a specific point in time, not for an entire hour). 
8 See e.g. Weidlich and Haag (1983). 
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it less repelling. We capture this idea in the formal presentation of the dynamics by increasing the 
norm adoption rate by a factor ( )1 CB+  and lowering rate by which norm holders abandon it by 

a factor ( )1 CB− , where CB is the reduction in cognitive dissonances from having the norm but 

not complying with it. We assume 1CB <  to ensure that the transition rates remain positive. 

The conformity bias has a similar effect on norm adoption and norm abandonment. Once the 
norm-compliant variant of the product enters the market, individual consumers may observe 
whether their consumption conforms to the majority of consumers. Acting against the majority 
implies dissonances, which will be larger the larger the majority is. An individual is more likely to 
adopt the norm, if norm-compliant behavior reflects the consumption pattern of the majority, i.e. 
if the ratio of electric cars to gasoline cars exceeds unity, then the transition rate towards norm 
adoption should increase relative to the pre-innovation level. If the opposite is true with respect 

to 
e

g

X
X

 then the abandonment should be facilitated.9 If ( )0,1α ∈  measures the relative weight 

on the conformity bias, the post-innovation rates of transition can be written as follows:  

 ( ) ( )1 1
e

h a a g
XCB
X

π σ α α→

 
= + + − 

 
 and ( ) ( )1 1

g

a h h e
XCB
X

π σ α α→

 
= − + − 

 
 (6) 

Thus the dynamics of the proportion of norm adopters become: 

 ( )( ) ( )( ) ( ) ( )
pre-innovation dynamics (linear) cognitive bias (linear)

conformity bias (non-linear)

1 1 1 1
e g

a h a h a hg e
X Xq q q CB q q q q
X X

α σ σ α σ σ α σ σ
 

= − − + − + + − − − 
 


 



 (7) 

The norm-cum-market dynamics described in equation (7) completes the model, the equilibria of 
which will be discussed in the following sections. 

3. Equilibria 

3.1 Market equilibrium 
To find the equilibria of the norm-cum-market system described in the previous section, we first 
determine the market equilibrium and then turn to the dynamic part (section 3.2). 

As oligopolists, each producer { }1,2, ,i n∈   maximizes { }ˆmax ,Π Π , with ˆ ˆ ˆg g g
i i

gp cx xΠ = −  and 
g g e e g g e e

i i i ip x p x c x c x kΠ = + − − −      over his production quantities ˆ g
ix , g

ix  and e
ix .  

Proposition 1: For each share of norm adopters [ ]0,1q∈  and each number { }0, ,m n∈   of firms 
producing the innovative product there is a unique equilibrium in the Cournot oligopoly game.  

                                                 

9 We neglect the possibility of having a conformity bias affecting consumption directly. This allows us to concentrate 
on the effects of the conformity bias on norm adoption and abandonment. We conjecture that this has no qualitative 
effects because the conformity bias affecting consumption directly should only reinforce the effects of the norm-
related conformity bias. 
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The proof follows Okuguchi and Szidarovszky (1990) and is given in the appendix, as are all 
other proofs too. 

Taking the derivatives of Π  with respect to g
ix  and e

ix  yields two first order conditions which 
entail 

 ( ) ( )g g g e e
ix p c p cκ λ= − − −  and ( ) ( )e e e g g

ix p c p cκ λ= − − − . (8) 

Similarly, the derivative of Π̂  with respect to ˆ g
ix  yields a first order condition which simplifies to  

 ( )( )2 2ˆ g g g
ix p c κ λ κ= − −  (9) 

Summing up all g
ix  and all e

ix  yields 

 
( ) ( )( )
( ) ( ) ( )

1

2 2

1 1
ˆ

me e e e g g
ii

m n mg g g g g e e
i ii i

X x m p c p c

n n m
X x x p c m p c

κ λ

κ λ
λ

κ

=

−

= =

= = − − −

− −
= + = − − −

∑

∑ ∑




 (10) 

Inserting ep  and gp  from equation (3) and solving for eX  and gX  gives the market 
equilibrium quantities 

 
( )( )

( )( ) ( )( )

1
1

1 11 1
1 1 1

e e e e g
a h

g g g g e e e e g
a h a h

mX q q c c
m

nX q q c c q q c c
n m n

χ χ κ λ

λχ χ κ λ χ χ κ λ
κ

∗

∗

= + − − +
+

 = + − − + + − + − − + + + + 

(11) 

and equilibrium prices: 

 

( )( ) ( ) ( ) ( )( )

( )
( )( )

( )( ) ( )( )

2 2 2

2 2

2 2

1 1 1
1 1 1

1 1 1

1 11
1 1

e e e g g
a h a h

e g

g g e e
a h a hg g

p q q q q
m n n

n mmc c
m n m

q q q q np c
n n

κ λ λ λχ χ χ χ
κ κκ λ

λ
κ

χ χ κ χ χ λ

κ λ

  −
= + − + + + −    + + +−   

−
+ +

+ + +

+ − + + −
= +

+ +−

 (12) 

As it is obvious from equations (8) and (9) already, the equilibrium is symmetric in the sense that 
each type of firms (only conventional cars or both types of cars) produces the same quantities. 
Indeed from Proposition 1 we know that this equilibrium is unique.  

It is noteworthy that the equilibrium price for conventional cars does not depend on m, the 
number of firms serving both markets, nor on ec , the marginal costs of producing electrically 
powered cars. 

The market entry equilibrium in terms of the equilibrium number of firms operating in both 
markets is given by the condition of equal payoffs. Due to indivisibility, the equilibrium number 
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of firms active also on the market for e-mobility, eqm , corresponds to the integer part of m* 
solving i iΠ = Π  and is thus given by:  

 ( ){ }{ }* min , max 0, integerparteqm n m=  where ( )* 1
1 

e ge e
a hq c c

m
k

q κ λ

κ

χ χ− − +
= −

+
 (13) 

Note that the condition on eqm  to be of integer value will cause discontinuity in equilibrium 
prices and quantities at levels of q that induce a change in the value of eqm . The number of firms 
serving both markets in equilibrium is increasing in the weighted willingness to pay for e-mobility 
and in the weighted cost differential between conventional cars and electric cars. It is decreasing 
in the fixed costs k . Notably the equilibrium number of firms producing both products is 
independent of the total number of firms n. We further note the following: 

Lemma 2: The number of firms m* is monotonically increasing in the share of norm adopters if 
and only if e e

a hχ χ> , i.e. if and only if the effect of the norm adoption on individual demand for 

electric cars is positive ( 0e∆ > ).  

Hence, if the sustainable-transportation norm goes along with a reduced overall demand for 
individual mobility, then an increasing share of norm adopters may induce a larger number of 
producers of electric cars only if the reduction in the demand for transportation exclusively 
affects the demand for gasoline-powered cars, the demand for which has to be partially 
substituted by an increased demand for electrically powered cars. Lemma 2 will be helpful in 
section 3.2.2 when we study the impact of the discontinuity of eqm  on the number of stable 
equilibria.  

Having derived the number of firms serving both markets, we can now determine the quantities 

emerging if the expansion of firms on the e-mobility market is endogenous as ˆ e e
eqm m

X X ∗

=
=  

and ˆ g g
eqm m

X X ∗

=
= . For expositional simplicity, we will make heavily use of the continuous 

version of m  for the moment:  

 

( )( )

( ) ( )( )

( ) ( )

*

*

1

(1 ) 1 +
1 1

1

 =

1

1

1

e e e g
h a

g g g e e

e e e e

e e g
h a h a

g g

g g

e e

m m

m m

q q c c

n q q c c q q c c
n n

n q
n n

X X k q

X X

k

q

κ θχ χ κ λ

λ λχ χ κ κ
κ κ

θ

λ χ χ κ λ

λθ
κ

∗

∗

=

=

− + −= = − ++

− + − + − − + − +
+ +

+ ∆ −

∆

=

=

= + ∆
+ +





, (14) 

where the tilde denotes simplification of the continuous version of m  and the two terms 

 0 and 0e e e g g g g e
h hc c ck kc λθ χ κ λ θ χ κ λκ κ

κ
= − + − = − + + >>  (15) 

facilitate notation in the remainder of the paper. Before we turn to the analysis of the norm 
dynamics we briefly study the total demand for private transportation: 
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( ) ( ) ( )( )
( )( )

( )( ) ( )

(1

1

) 1
1

1 1 1
1

1
1 1

1

g g e e e g
h a h a

e e e g
h a

e g e g e e

g e n q q q q c c
n

q q c c
n

n q

X X

q
n

k

n

χ χ χ χ κ λ

λ λχ χ κ λ

λ

κ
κ κ

θ θ θ
κ

+ =

   − 

− + + − + − − +
+

+ − + − + − −
+

+ + ∆ + ∆ + + ∆ −
+

 
  

+


 =  
 

 

 (16) 

Total demand for individual transportation is a linear function in the share of norm adopters. 
Neglecting a factor of proportionality close to 1, it increases (decreases) if the effect of norm 
adoption on the individual demand for electric cars ( e∆ ) is larger (smaller) than the opposite 
effect on the individual demand for conventional cars ( g−∆ ).10 The precise condition is: 

( ) ( )0  
1

e g
e g

q

X

n

X n
λ
κ

> >

< <

∂
= ⇔ ∆ = −∆

∂ −

+

+

 
.  

3.2 Norm equilibrium 
We now turn to the evolution of the share q in the population carrying a norm to consume in a 
sustainable way. In particular we will study the existence, stability and multiplicity of equilibria. 
We concentrate on this multiplicity of equilibria, because this phenomenon may most 
substantially affect the consequences of policy measures affecting market parameters only 
temporarily and of the sequence of their choice. 

In the pre-innovation stage where transition rates are given by the constants defined in equation 
(5) the dynamics of equation (4) has an easy-to-calculate stable and unique equilibrium at 

( )o
a h aq σ σ σ= + .  

When the innovation enters the market, transition rates change, depending now on the 
equilibrium quantities of the different product variants and as given in equation (6). In the 
following paragraphs we study the effects of three phenomena which become relevant in 
consequence. We first study the interplay of the cognitive dissonance bias and the conformity 
bias and the turn to the discontinuity resulting from the fact that the number of firms has to be 
an integer. 

3.2.1 Cognitive Bias and Conformity Bias 
In order to understand the interplay of the cognitive dissonance bias and the conformity bias we 
neglect the requirement that the number of firms supplying the norm-compliant variant of the 
product be an integer and base our argument on the continuous version of the equilibrium 
number of such firms as defined by m∗  in equation (13). Obviously, this requires assuming for 
the moment that demand for electric vehicles by hedonists is large enough to keep eX  as defined 
                                                 

10 Note that 1
1

n

n
κ
λ

≈

+ −
1

1

n

n
κ
λ

≈

+ −
 for sufficiently large n and if the cross price “elasticity” is sufficiently close 

to the direct price “elasticity”, i.e. if the two types of goods are very close substitutes.  
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by equation (14) strictly positive. In order to clearly differentiate between the continuous-m* 
version of the model from the version with the discrete eqm , we write q  instead of q  whenever 

we use eX  and gX  instead of ˆ eX  and ˆ gX  in equation (7). 

Neglecting the conformity bias ( 1α = ), inspection of equation (7) shows that the cognitive bias 
shift the norm dynamics upwards and turns it counterclockwise, thus increases the equilibrium 
level of norm adoption. The conformity bias changes the motion of the norm adoption 
proportion described in equation (7) from a linear function to an s-shaped function with at most 
one increasing branch in the middle: 

Lemma 3: Assume that e
hχ  and g

aχ  are large enough to guarantee that eX  and gX  as defined 

by equation (14) are strictly positive for all [ ]0,1q∈ . Then: 

1. ( )
0

1 0aq
q CBα σ

=
> + >  and ( )

1
1 0hq

q CBα σ
=
< − < ; 

2. Any value of q  is reached for at most three different [ ]0,1q∈ . 

3. 
e

e g
g

θ
θ

∆ ≤ ∆  implies 
( )

0
e gd X X

dq
≤

 
, which in turn implies 0dq

dq
<


 

The intuition behind claims 1 and 2 is simple: claim 1 is obvious when eX  and gX  are strictly 
positive. Claim 2 follows from the fact that eX  and gX  are linear in q  and thus solving 

equation (7) for q  for any given value of q  is tantamount to solving a polynomial of degree 
three. The first implication of Claim 3 follows from the fact that the denominator of the 

derivative 
( )e gd X X

dq

 
 is strictly positive and the numerator is given by: 

 ( ) ( ) ( )1

1

1
1 1

1
1

g g e

e g
g e

e g e e e

g e

e

e g

n nq

dX dXX X
dq d

q q
n n n

q

n
n

n

θ θ θ

θ θ

λ λ
κ κ

−

 + ∆ − + ∆ ∆ − ∆ + ∆   = ∆ −        

=

+ + + +

 ∆ ∆ −
+

 
 

 (16) 

The second implication of Claim 3 follows from the observation that all three terms summed up 
in 

 

( ) ( )( ) ( )

( ) ( )
( ) ( )2 2

1 1

1

1

1

e g

a h a hg e

e g
g ea h

g e

dq X X
CB CB

dq X X

q q dX dX
X X

dq dqX X

α σ σ σ σ

σ σ

α

α

= − + + − − +

−
+ + −

 
−  

 
   −     

  

 

 
 

 

 (17) 

are negative if
( )

0
e gd X X

dq
≤

 
. As a consequence of claim 1 of Lemma 3, q  must have at least 

one branch declining in q .  
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Claim 2 of the lemma then implies that there is at most one increasing branch. Such an increasing 
branch is a necessary condition for multiple inner equilibria of the market-norm dynamics. 
Hence, a direct consequence of Claim 3 is the following 

Corollary 4: If the market-norm dynamics has multiple (two) stable inner equilibria then e gX X   

increases strongly in q, i.e. e g e gθ θ∆ >> ∆ .  

Since ( ) ( ) ( )g e g e e g
h h c c kθ θ χ χ κ λ λ κ κ− = − + − − + +  consists of three terms which tend 

to be, or necessarily are positive,11 and thus e gθ θ tends to be smaller than unity, we note that 

satisfaction of the inequality in Corollary 1 is neither sufficient to induce e g e gθ θ∆ > ∆  nor to 
induce multiple equilibria.  

We are not able to find a general solution for 0q = . However, we can state the following 
conditions for the existence of multiple equilibria: 

Lemma 4: If α  is small enough, 0q =  may have three solutions if (necessary condition): 

2 2

1 2

5 9 ,
4 4

h

a

e g e
e g g

e g

σ
σθ θ θ
θ θ

 +
∆ ∈ + ∆ Θ + ∆ Θ 

  
 

where 
2 2

1

5
4

h

a

e g

e

σ
σθ θ
θ
+

Θ <  and 2
9
4

e

g
θ
θ

Θ > . 

0q =  has three solutions if: 

( )2 2

3 2

5 81 16 9 ,
324 4

h

a

e g e
e g g

e g

σ
σθ θ θ

θ θ

 +
∆ ∈ + ∆ Θ + ∆ Θ 

  
 where 

( )2 2

3

5 81 16
324

h

a

e g

e

σ
σθ θ

θ
+

Θ <  

                                                 

11 0g e

h hχ χ− > 0g e

h hχ χ− >  if hedonists prefer gasoline to electrically driven cars; ( ) ( ) 0e gc cκ λ− − >

( )( ) 0e gc cκ λ− − >  if electric cars entail higher marginal production costs than conventional cars; and 

( ) 0kκ λ κ+ > ( ) 0kκ λ κ+ >  by definition, 
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Figure 1 shows the ranges of the effects of norm adoption on individual demand for electric and 
for gasoline-driven cars in which multiple equilibria may occur if α  is small enough. The 
conditions stated in Lemma 4 are the linear approximations of these bounds connecting their 
respective extreme ends. 

The intuition behind having an upper and a lower limit for e∆  is simple. If e∆  were too large, 
( )eX q  increases so quickly relative to ( )gX q  that ( )qq  increases at 0q =  or the minimum of 

( )qq  is above the 0q = -axis. If e∆  were too small, ( )gX q  declines so quickly relative to 

( )eX q  that ( )qq  never increases or only has a minimum but no maximum or has a maximum 

which remains below the 0q = -axis. In our application, a relatively large e∆  implies that norm 
adoption has so strong an effect on the market equilibrium amount of norm compliant 
consumption that the growth in this consumption (possibly at the cost of norm violating 
consumption) reinforces the norm so quickly that norm adoption is always self-reinforcing until 
the number of individuals not having adopted the norm becomes very small. If, on the other 
hand, e∆  is very small, than norm adoption has to small an effect on norm compliant 
consumption to become self-reinforcing. 

The effects of market parameter variations on the location of ( )q q  and on the number of 

equilibria are best understood by observing that they only enter via eX  and gX  into equation (7). 

Since ( ) ( )
0

e g

dq q dq q
dX dX

> >
  

 
, the derivatives are all straight forward and mention of their signs may 

be left to the discussion. 

Before studying the effect of the cognitive bias and the transition rates ,a hσ , it is worth 

mentioning that these parameters are not subject to policy measures. They reflect the dynamics 
of norm adoption before the innovation takes place. In particular the cognitive dissonance from 

Figure 1: Range of multiple equilibria: red line:  to the right of the 

red line; blue lines: upper and lower bound of  allowing for multiple 
equilibria; green line: . .  
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having adopted a norm to which one cannot comply is beyond the reach of political measures. 
Discussing these parameters is thus only relevant for understanding the circumstances within 
which any policy has to act. Since the transition rates ,a hσ  occur in each and every term of the 

right-hand side of equation (7), it is only their ratio which is relevant. If a hσ σ  is small, there will 
be only few norm adopters in equilibrium before the innovation takes place, in particular because 
too much cognitive dissonance is implied by having the norm. After the innovation, small values 
of a hσ σ  imply that the range of e∆  for which multiple equilibria occur shifts upwards and 

stretches along the e∆ -axis.  

If the cognitive bias CB is large, that is, if the innovation removes a lot of cognitive dissonance 
from norm adopters, then the innovation tends to have a particularly positive effect on norm 
adoption. Starting from the pre-innovation equilibrium value of the rate of norm adoption, 

( )o
a h aq σ σ σ= + , exemplifies the effect of the size of CB and its interplay with the conformity 

bias on which most of our hitherto discussion was concentrated. From equation (7) we can 

immediately see that ( )oq q  is positive at oq , if and only if  

 2
1

0
o o

e g

g e
q q q q

X X
CB

X X
α
α = =

−
−

+ >
 

 
, (18) 

Which may be transformed to  

 
1 1

1 1 1 1

g e
e g

o o
n

n q n q
µ θ λ κ θµ

µ µ
   ∆ > + ∆ + −  + + + +  

, (19) 

where 
( )

2
2

21
1

11
CB CB

n
α α
α

λ κµ
α−

 
 = − + +
  +− 

. Equation (19) describes a straight and 

increasing line in Figure 1, above which ( )oq q  is positive so that the innovation induces a 

growth of norm adoption, while below this line, norm adoption will decline when the innovation 
occurs. The straight line moves upward, if CB or α  increase. 

If ( ) 0oq q < , then this implies that the positive cognitive bias is offset by a negative conformity 

bias with a sufficiently large weight α . Obviously, the conformity bias is negative only if at oq  
the market-equilibrium quantity of the norm-compliant variant of the good is less than the 
corresponding quantity of the norm-violating variant.  

If the quantities of the two variants of the good are hardly affected by the number of norm 
adopters or the quantity of the norm-compliant variant grows only slightly as compared to the 
quantity of the norm-violating variant, i.e. if the effects of norm adoption on individual demand 
are small or not too much diverging, then 0q <  may hold true for all oq q≥ . However, if the 

effects of norm adoption are strong and induce a quick growth of 
e g

g e
X X
X X

−
 

 
 in q, then q  may 
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turn positive for some ( ),1oq q∈  so that a (second) stable equilibrium with a large level of norm 

adoption is generated by the conformity bias. 

3.2.2 Discontinuity of Firm Number 
We now drop the simplifying assumption of continuity of the equilibrium number of firms 
producing the norm-compliant variant of the product. We first study the effect of the 
discreteness of this number of firms on the pace at which norm adoption changes and then 
deduce consequences for the number and location of equilibria with reference to the structure of 
the market of the innovative good. 

A helpful first insight is the following: 

Lemma 5: 1. Except for the discontinuities, where ( ) ( )q q q q=    holds true, we have: 

1. ( ) ( )q q q q<    and ( ) ( )
0edq q dq q

dq dq
< >⇔ ∆> <

 
 for all q . 

2. Let 1q  and 1q  be two instances of discontinuity of q  with 2 1q q> . Then: 

a. 2 1 e
kq q κη− =
∆

 where { }1,2,η∈   

b. ( ) ( )( ) ( ) ( )( )
1 2

1 2lim lim 0
q q q q

q q q q q q q q
↑ ↑

− > − >     if 0e∆ >  and 

( ) ( )( ) ( ) ( )( )
1 2

1 2lim lim 0
q q q q

q q q q q q q q
↓ ↓

− < − <     if 0e∆ < . 

Proof: (1.) At the discontinuities we have eqm m∗ =  and thus ( ) ( )q q q q=   . Otherwise, eqm m∗ >  

implies ˆe eX X>  and ˆg gX X<  due to 0
edX

dm

∗

>  and 0
gdX

dm

∗

< . Hence ( ) ( )q q q q<    for all q in 

the intervals of continuity. For the second part of the claim note that we can write 

( )( ), ,
e

g

X
q q m q q q

X
=

 
 
 

   and thus 
e e

g g

e

g

X X
X X

X
X

dq q dm q
dq m dq q q

δ δδ δ
δ δ δ δ

= + +
 
 
 

  
. Since 

edm
dq kκ

∗ ∆
=  and 

0
eqdm

dq
=  for all q  in the intervals of continuity, and the other terms in dq

dq


 are the same for the 

discontinuous version of q  and its continuous approximation q , the observation 

( ) ( )
( )21 1 0e e

g g

h
aX X

X X

q q
q

δ σ
α σ

δ
= − − + >

 
 
 
 


 implies the second claim of the lemma.  

(2.) The distance between two discontinuities is a natural multiple of ekκ ∆  because 
edm

dq kκ

∗ ∆
=  and thus m∗  reaches the next integer at this frequency. Finally for 0e∆ > , the lower 

limit at the discontinuities is obviously smaller than the upper limit and size of the “jumps” of 
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ˆ eX  at a discontinuities iq  is given by ( )ˆ ˆ 1
ˆ ˆ ˆ1

e e e g
h i

m m k
q c c

m m m
κ

χ κ λ
−

− + ∆ − + =
+

 
 
 

, where 

( )ˆ im m q∗= . Since m∗  grows in q , the size of the “jumps” declines in q . For 0e∆ < , exactly the 
opposite is true. q.e.d. 

Figure 2 visualizes the relationship between ( )q q  and ( )q q  reported in the lemma. 

The discontinuities described in Lemma 5 may increase the number of instances, at which the 
sign of ( )q q  changes from positive to negative as q  increases, i.e. the number of stable 
equilibria. It does not reduce this number. The additional stable equilibria may not occur over the 
entire range of q , but only in those intervals, in which the “jumps” and the slope in the 
neighborhood of the discontinuities are in opposite directions. Only then the discontinuities may 
result in additional sign changes. We state the argument more precisely in the following: 

Corollary 5: Additional stable equilibria due to the discontinuities of ( )q q  occur if and only if 

the discontinuities entail additional sign changes of ( )q q . All additional stable equilibria are in 

the continuity intervals whose lower bound is in the decreasing branches of ( )q q  if 0e∆ >  and 
almost always12 at the discontinuities which form the lower bound of a continuity interval which 
is at least partly in the increasing branch of ( )q q  if 0e∆ < . 

We note that this corollary implies that with negative e∆  and a monotonously decreasing 
function ( )q q  the discontinuity will hardly ever induce additional equilibria. The relevance of 

this insight becomes obvious if one remembers that with negative e∆  the existence of an 
increasing branch of ( )q q  is only possible if g∆  is sufficiently smaller than e∆ .  

                                                 

12 The only case in which an additional equilibrium may be in a continuity interval of ( )q q  occurs if ( )q q  has a 

minimum, this minimum is positive, and a continuity interval of ( )q q  embraces this minimum, has an interior 
minimum which is negative and has positive limits at both bounds. 

 

 

  

 
 

 

Figure 2: Effects of discontinuity on . Left: , right :  Additional stable 
equilibria marked by an arrow.  
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With more stable equilibria, temporary policies are more likely to induce a permanent shift in 
market structures or market outcomes, but as the larger number of stable equilibria become less 
distant, such permanent effects of temporary policies tend to be smaller. Much of the discussion 
in the following section on policy implications is based on this insight. 

 

4. Policy implications 

Policy implications of our model depend to some degree on the exact definition of policy goals. 
Within the realm of environmental policy in general and traffic-emissions policy in particular, 
policy goals may run the gamut from the dissemination of environment-friendly products over a 
reduction of particularly polluting products to straight emission reductions. Very often, 
improvement of the environment and emission reductions may be the final goal, but political 
activism concentrates on preliminary targets such as electrically driven cars replacing gasoline-
driven cars. General adoption of environmental norms, such as the sustainable-transportation 
norm we have been using as a running example in our model, may also serve as one of the more 
immediate goals.  

All these goals may be affected by the occurrence of an innovation such as electrically driven cars 
with similar consumption properties as conventional cars have today. If the innovation is 
unrelated to a norm, or if adoption and abandonment of the norm do not depend on the relative 
frequency of the consumption of the new, norm-compliant product variant, then there would be 
few arguments for government support of the new technology, except for the internalization of 
external effects. However, if the dissemination of the innovation is linked to a norm in the two 
ways we have described in our model, namely both higher valuation of the new product by norm 
bearers and the feedback of norm-compliant consumption on the dissemination of the norm, 
then the introduction of a norm-compliant innovation ceases to have unambiguous effects.  

We have discussed the case that the conformity bias may be so strong that it hinders the 
dissemination of the innovation. In fact, as the innovation allows for the observable choice 
between norm-compliant and norm-violating behavior, the innovation may reduce the number of 
norm adopters, if it enters the market only in small numbers at the beginning, and thereby hinder 
its own further dissemination into the market. It is particularly in these cases were political 
interference with market forces (and norm formation!) is appropriate. However, policy measures 
should be carefully chosen. It would be detrimental, if policy aimed at (and succeeded in) 
increasing the influence of the normative sphere on the market by strengthening the conformity 
bias in society. Such policy measures would only reinforce the innovation-curbing effects of the 
conformity bias. However, policy should be willing to strongly support the innovation in an early 
stage by improving the market parameters in order to shift the market-norm system into the 
region of attraction of the high level of norm adoption. Only in the long run, such policies 
should be replaced by supporting the conformity bias in order to further shift the “good” 
equilibrium towards more norm adoption. The reverse order of these measures may have 
detrimental effects: the system may be driven to the bad equilibrium if it exists, and this may 
make later successful market interference extremely expensive. 
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Among the market parameters to be influenced politically, choices should be made according to 
the dissemination of the norm in society. Political measures which affect mainly the effect of the 
norm on demand should only be taken when norm adoption is wide already. If it is not, the effect 
is not only diminished by the small number of individuals who may react to the policy measure, 
but also by a possible reintroduction of at least some cognitive dissonances from having the 
norm but not complying with it, which in our model would be tantamount to reducing CB. The 
effect would be less norm adoption and thus even less effectiveness of the political instruments. 
Policies which affect the valuation of both norm adopters and hedonists in the same way (such as 
a subsidy for consumption of norm-compliant behavior) or operate on the supply side (such as 
cost reductions) will of course have the desired effects too, but cannot be tailored to the level of 
norm adoption.  

If the norm compels individuals to use electric mobility rather than to avoid gasoline-driven cars, 
i.e. if the effect of norm adoption on individual demand for electric cars ( e∆  in our model) is 
positive, then discontinuity of firm numbers providing electric cars may have to be considered in 
making decisions on political action to support the innovation of electric cars. In particular, if the 
number of suppliers is small due to an initially low demand for such cars, discontinuity effects 
tend to be large. If they are, temporary policy measures supporting the innovation are more likely 
to have permanent effects. In addition, the permanence of the effects is triggered faster than if 
multiplicity of equilibria only stems from positive feedback loops in norm formation (in our 
model working via the market). However, this permanence cuts both ways. Not only the return 
to an initial equilibrium with lower consumption of the innovation is avoided, but also further 
increases in consumption may be blocked. If additional stable equilibria occur on the way from 
an equilibrium of little consumption to an equilibrium of much consumption, then their regions 
of attraction may trap the system before it can evolve to the region of attraction of the “best” 
equilibrium. Hence, if policy suspects the existence of multiple equilibria due to positive feedback 
loops in the norm formation process and the market structure on the new market is a small 
oligopoly or even a monopoly, then policies aiming at overcoming equilibria of little norm 
adoption have to be particularly strong and patient.  

 

5. Conclusions 

In this paper, we have shown that norms may not only be self-stabilizing if norm adoption is a 
frequency dependent opinion formation process with direct positive feedback loops, but also if 
norm adoption depends on observed market behavior, in particular on the proportion of norm 
compliant consumption. The positive feedback loop necessary for self-stabilizing norms is then 
mediated through the market effects of norms. We also have discussed a second source of norm 
stabilization, the market structure, which allows easier norm adoption and compliance if more 
suppliers offer a norm-compliant good at lower prices. It turned out that this feedback loop may 
reinforce already existing positive frequency dependency as source of multiplicity of equilibria, 
but will rarely induce multiple equilibria on its own. 

We have shown that norm stabilization via the market is only possible, if adoption of the norm 
strongly alters preferences. Only when the norm-compliant variant of a good is hardly consumed 
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at all by “hedonists”, i.e. individuals who have not adopted the norm, but replaces the 
consumption of the norm-violating variant to a very large extent, when an individual adopts the 
norm, may we get multiple equilibria in the norm-market dynamics. Even when this is the case, 
equilibria tend to be multiple unless the effect of the norm on the consumption levels is extreme. 
With multiple equilibria, there is a good reason for policy to support the dissemination of the 
norm-compliant variant of the product and thereby the dissemination of the supporting norm. 

For the case of electric mobility, one may well have severe doubts whether a norm favoring this 
form of sustainable transportation may affect consumption decisions strongly enough to allow 
for self-stabilization of the norm. As a consequence, political measures to replace conventional by 
electric individual transportation should probably not rely too much on social norms and the 
hope that they influence markets in a way which stabilizes the norms again. 

If, however, this pessimism is not fully justified, then a narrow supply side on the market for 
electric mobility may have to be considered as well. If at least initially, only a small number of 
oligopolistic producers supply on the market, the discontinuity of the number of firms may entail 
additional equilibria of the norm-market system. If it does, permanent effects of temporary 
parameter changes are more likely, but are smaller than without the discontinuity.  
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