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Abstract

This paper studies how the existence of a minority culture influences the well-being

of the native population and its attitude towards immigrants. In this context, I as-

sume that multicultural interaction can be advantageous for immigrants and natives

if intercultural obstacles and communication problems are abolished. It is found that

certain shares of the immigrant as well as of the native population have incentives to

acquire knowledge of the respective other culture since it enables them to interact with

each other. I find that immigrants are more likely to acquire knowledge of the domestic

culture than vice versa what I attribute to differences in the respective population size,

assortative matching behavior and potentially asymmetric learning costs. The model

further predicts that natives who have sufficiently low costs of learning the foreign cul-

ture are willing to vote for free migration whereas those who have higher learning costs

will be in favor of immigration restrictions.
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1 Introduction

Immigration is a crucial topic in most countries all over the world. Whereas some regions face

enormous problems in coping with the inflow of illegal economic immigrants or refugees from

poor or war-suffering regions, many OECD member states have ageing populations and face

an economic need to attract skilled workers from emerging countries such as India or China

to maintain their high levels of industrial productivity. Thus, many researchers suggest that

immigration guidelines should be restructured in order to attract workers, especially if they

are highly qualified.1

By contrast, the gains and losses that are related to immigration are much more con-

troversially discussed by the general public, and most OECD countries’ governments do not

seem to be in favor of a substantial reduction of immigration barriers. The traditional lit-

erature on the economics of immigration explains the restrictive attitudes of host countries

by focusing on the labor supply and welfare state effects that are caused by immigration.

The idea is that immigration leads to a deterioration of wages and employment, especially

for workers with lower education. However, there does neither seem to be broad empirical

evidence that the labor market effects are significantly large nor that they to a sufficient

degree explain the native attitude towards immigrants.2

Contrary to this, there seems to be a consensus among empirical researchers that non

economic and cultural factors based on ethnocentrism, racism or sociotropic considerations

play an important role (Espenshade and Hempstead 1996, Burns and Gimpel 2000, Mayda

2006, O’Rourke and Sinnott 2006, Dustman and Preston 2007, Hainmueller and Hiscox 2007).

This is hardly surprising, as it indicates that individuals will not simply regard immigrants

as an inflow of homogenous labor, but also as an influx of foreign cultural norms, habits

and beliefs as well as potentially different languages and traditions which we will for short

summarize as immigrant culture. The gains and losses from multiculturalism have widely

impacted the political debate and besides immigration cultural integration has become a

frequently discussed issue in many countries.

In this paper, I account for the empirical evidence that cultural aspects are important

in influencing the individual attitudes towards immigration. More precisely, I analyze the

1The advantages that are attributed to high skilled workers are summarized by Chiswick (2007).
2Some empirical studies support the theoretical suggestion that the native population’s attitude towards

immigration is influenced by traditional economic factors (Schewe and Slaughter 2001, O’Rourke and Sinnott
2006, Mayda 2006, Facchini and Mayda 2009), whereas another strand of the recent empirical literature
concludes that potential labor supply effects that are generated by an inflow of migrants do not significantly
shape the attitudes towards immigration (Espenshade and Hempstead 1996, Citril et al. 1997, Hainmueller
and Hiscox 2007, 2010).
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costs and benefits that are related to an influx of foreign culture and examine how they affect

the domestic view on immigrants. In this context, I do not distinguish between economic

and non-economic interaction, but assume that cultural interaction in all spheres affects an

individual’s well-being, for good or bad. Thus, I see no general difference whether natives

and immigrants interact as co-workers in an international company or on the playground

where they are attending to their children. In both cases, interaction can be advantageous

or disadvantageous for the encountering individuals depending on their mutual willingness

and ability to communicate with each other. I do not limit the ability to communicate to

the existence of language skills but suppose that people need to find a common culture. This

requires knowledge of the differences in cultural customs and taboos, life styles and social

norms.

I construct a simple framework where individuals match with individuals from the same

or the foreign culture. I suggest that gains of intercultural exchange exist if the matching

individuals are of different cultural origin and at least one of the two has knowledge of the

other culture. If this is not the case, payoffs shrink to zero since intercultural exchange does

not take place. This creates incentives for both, immigrants and natives to acquire knowledge

of the respective other culture. However, I assume that ”learning” the other culture requires

time costs which are heterogeneous among individuals. I find that the incentive for an

immigrant (native) to learn the domestic (immigrants’) culture decreases with the share of

immigrants (natives) in the total population. Migrants have a higher incentive to learn the

native culture than vice versa as long as the migrant population is smaller than the native

population. Thus, I account for the empirical fact that population size can explain how likely

an individual learns about another culture.3

Moreover, I use these results to study the domestic attitudes towards immigrants. I find

that the individual view on immigrants depends on the individual ”learning cost” level. Those

whose costs of learning the foreign culture are relatively large will benefit by immigration

only if the share of migrants is relatively low. Contrarily, individuals with sufficiently low

”learning costs” would support free entry of immigrants since they do not have to fear any

communication problems but gain from intercultural exchange.

Additionally, I find that, due to the basic assumptions of the model, the individual with

median learning costs is always not ”learning” the immigrant culture. By assuming that

3With regard to the acquisition of foreign language skills, Chiswick and Miller (1999) find that members
of large linguistic minorities perform worse than those of smaller minorities. A main reason for this is that
the latter will at a higher probability interact with individuals with different linguistic backgrounds and thus
face a higher incentive to learn the country’s dominant language. Additionally, individuals that belong to
small linguistic minorities anticipate that their mother tongue is learnt by only few individuals of different
linguistic origin.
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the individual with median ”learning cost” is also the decisive median voter, I can conclude

that positive immigration quotas are an outcome of a political process. Further, I analyze

the impact of assortative matching. Inter alia, the model predicts that increased cultural

segregation leads to a reduction of immigrants’ cultural learning but potentially increases

the probability that a native learns the immigrant culture. Finally, I find that not only

asymmetries in the population size but also with respect to learning costs may account for

the differences in integration probabilities between natives and immigrants.

The core of the model framework that is provided in this paper is similar to the model

used in Lazear (1999a). However, since in Lazear’s approach there does not exist any gain of

intercultural activity but purely costs in terms of time that needs to be spent for learning the

respective other culture, in his model, the existence of a cultural minority group is always

harmful for the native majority. Thus, Lazear’s framework cannot be used to analyze the

impact of cultural interaction on the domestic attitude towards immigration. By inserting a

cultural gain in Lazear’s core model framework, I combine the theoretical idea of ”cultural

learning” with the vast theoretical and empirical literature on the gains of multicultural

interaction.

The paper is structured as follows: The next section provides an overview over the related

literature on the gains and losses of cultural diversity, in section 3, I construct a simple model

framework which examines the ambition of the native as well as an immigrant population

to learn the other culture, respectively. In section 4, the impacts of the results of section 3

on the attitude of the native population on immigration and the optimal immigration choice

from a median voter’s perspective are analyzed. In Section 5 and 6, I extend the framework

by allowing for assortative matching and asymmetric learning costs. Section 7 concludes.

2 Literature on Cultural Interaction

In recent years, there has been a growing literature dealing with the impact of cultural

diversity on economic performance. Many economists conclude that there is a link between

a country’s cultural heterogeneity and the innovation power of the country’s enterprises. For

example, Hunt and Gauthier-Loisell (2010) for the U.S. and Niebuhr (2010) for Germany

find a significant impact of cultural diversity of the labor force on patent application. Their

results partially point at the differences of capabilities and knowledge of workers from different

cultures.

Another strand of the economic literature investigates the interaction of different cultures

in large cities and metropolitan areas. Based on the traditional view that diversity is an
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important feature for the economic performance of geographical regions4, the vast majority

of these research papers finds a positive impact of cultural diversity on the economic outcome

of the respective agglomeration (Ottaviano and Peri (2005, 2006) and Bellini et al. (2008)).

Similarly, Florida (2002) finds that US cities which are most tolerant towards bohemians and

minority cultures are at the same time among the most innovative ones with regard to high

tech sectors.

Apart from the studies that investigate innovation on the regional level, there exists a

broad literature, mainly from the management and psychological sciences, analyzing the

success of culturally heterogeneous teams, for example in sports or in international enter-

prises. Lazear (1999b) suggests that immigrants and domestic team mates can be regarded

as complements in team production since they can take advantage of a larger pool of ideas

and experiences due to different cultural or educational backgrounds. In this context, he

describes the search for best practices as one example of factor complementarity.5

Contrary to the described benefits are the losses which may arise due to communication

difficulties among workers as well as cultural and ethnical conflicts or xenophobia among the

domestic population. Parts of the negative view on multiculturalism can be explained by the

similarity-attraction-paradigm (Byrne 1971) and the identity theory (Tajfel and Turner 1979)

which proposes that individuals favor interactions with people who share the same or similar

backgrounds, norms and beliefs. For example Ayub and Jehn (2006) regard nationalism

as an important feature of an individual’s identity which is even emphasized when people

from different ethnics or nationalities come together, e.g. in international workgroups. Schiff

(2002) mentions the role of social capital which makes people feel closer to individuals with

whom they share same or similar values and beliefs which simplify interactions.6 Finally,

there is broad empirical evidence that culturally heterogeneous societies value public goods

less, patronage more and collectively care less about fiscal discipline (Easterly and Levine

(1997), Alesina et al (1999) and Habyarimani et al. (2007)).

Whether the benefits or the losses from cultural heterogeneity are dominant depends

on the underlying context. With regard to team performance, Earley and Mosakowski

(2000) suggest a curvilinear relationship between cultural heterogeneity and team perfor-

mance. They presume that homogenous and highly heterogeneous teams outperform moder-

4More general, diversity can exist at the industry, firm or individual level. Empirical studies in general
find that diversity of a city has a positive impact on its economic performance. (Jacobs 1969, Bairoch 1988,
Glaeser et al. 1992, Sassen 1994)

5Berliant and Fujita (2008) also highlight the importance of cultural diversity for
knowledge creation and transfer.
6Besides, Schiff (2002) stresses the role of social capital to explain why opposition against trade and capital

mobility is less likely than opposition against immigration.
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ately heterogeneous ones. They argue that after forming ways to interact and communicate,

multinational teams are able to create a hybrid team culture which permits efficient use of

member talents and information. Lazear (1999b) states three aspects which are essential for

a positive effect of complementary skills of members in multinational teams. Besides disjoint

information of the cultural heterogeneous participants and the non-existence (irrelevance) of

communication costs, he mentions the task relevance of the diverse information sets. With

regard to the latter argument, Pratt (2002) proposes that activities for which a good fit

between various units is the first concern will need a homogeneous workforce in order to

maximize coordination, whereas activities that revolve around exploitation of new oppor-

tunities will require a more diverse workforce in order to increase the chance of developing

successful innovations.7

Fujita and Weber (2004) account for the task relevance on the country level by theoret-

ically analyzing the differences between immigration policies of developed countries. They

attribute the low immigration quotas in Japan to the necessity of Japanese firms to be

provided with homogenous workers with good language and identical educational skills to

guarantee precise production processes and maintain the high quality of the final goods. On

the contrary, countries such as the U.S. in which enterprises put a higher value at innova-

tion and creativity are less concerned about the heterogeneity of their workforce. In fact its

diversity is regarded to be a trigger of innovation and economic growth.

3 A Simple Model Framework of Cultural Interaction

3.1 Basic Framework

In this paper, I present a simple model framework which examines the causal relationship

between multicultural interaction of migrants and immigrants, cultural learning and immi-

gration policy. Figure 1 illustrates the sequence of these actions.

First, the immigration policy determines the stock of migrants which determines the

cultural composition of the population. Second, due to the cultural composition, immigrants

and natives face incentives to learn the respective other culture. Third, interaction between

individuals takes place. I assume that interaction at stage 3 is not a result of individual

decision making but due to the structure of the society. The individuals only decide over

the optimal level of cultural learning at stage two. Taking this into account, the government

7For example, in the sports literature on team performance, the irrelevance of culturally heterogeneous
information sets of team members is often mentioned to explain why culturally diverse teams tend to be less
successful than cultural homogenous teams (Brandes 2009, Haas and Nüesch 2011).
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Time 

Immigration 
Policy 

Learning 
decision 

Matching,
Payoff 

Stage 1 Stage 2 Stage 3 

Figure 1: The sequence of actions

chooses the optimal cultural composition by the use of an adequate immigration policy.

In this section, I begin at stage 2 analyzing the ambition of migrants and natives to acquire

knowledge of the respective other culture. I construct a simple model in which both, parts of

native as well as the immigrant population have incentives to learn the other culture. Thus,

I examine short-term cultural learning rather than long-term cultural integration which is

mostly assumed to take place over several generations.8

By referring to Lazear (1999a), I assume that individuals can learn a new culture without

necessarily losing the traditional one. The easiest way to understand this is to think in terms

of language which is an important element of every culture. Learning a second language does

not mean that an individual has to give up his/her mother tongue.

I set the native population to unity and assume that the immigrant population is equal to

m (0 < m < 1). In this section, I keep it simple and abstract from the potential of assortative

matching and assume that encounters between individuals are completely random. Thus, the

probability that a native (immigrant) individual matches with another native (immigrant) is

qn,n = 1
1+m

(qm,m = m
1+m

).

Individual welfare depends on the ability to trade (interact) with each other. More

precisely, it is derived by the expected payoff from intra- or intercultural exchange. I follow

Lazear (1999a) in assuming that there is one period in which each individual randomly

interacts with exactly one other individual. Trading requires communication. Thus, at least

one of both must have knowledge of the trading partner’s culture. This is the case if both are

of the same origin or if at least one has learned the respective other culture. Before interaction

takes place, each individual must decide whether to learn the other culture or not. Since each

individual has only one fixed unit of time, learning the other culture is costly since the time

8Long term cultural exchange due to the existence of a nearby population leads either to cultural integra-
tion where parts of the individual societies adapt to the other culture (Ashraf and Galor 2007), or cultural
hybridization where both cultures melt together (Kuran and Sandholm 2008).
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that is spent on learning cannot be used for beneficial trade. The individual costs of learning

the other culture depends on the individuals’ characteristics such as education, age or prior

knowledge which I assume to be heterogeneous among the native as well as the immigrant

population.

I now turn to the possible payoffs from intercultural or intracultural exchange. If an

encounter takes place between individuals of the same origin, communication problems do

not exist, however, there is also no gain of intercultural knowledge exchange. I regard the

payoff which both trading partners achieve due to this exchange as a reference value and

normalize it to 1.

If the encountering traders have different cultural backgrounds the payoffs largely depend

on whether they are able to communicate. I assume that if at least one has learned the

respective other culture payoffs will rise to 1+x where x indicates the size of the intercultural

gain.9 However, if they are not able to communicate, trading does not work and thus the

individual payoffs are 0. The individual welfare of a native and an immigrant is respectively:

Wi = max ((1− θi) (qn,n + (1− qn,n) (1 + x)) , qn,n + (1− qn,n) (1 + x)Pm,n) . (1)

WM
j = max

((
1− θMj

)
(qm + (1− qm,m) (1 + x)) , qm,m + (1− qm,m) (1 + x)Pn,m

)
. (2)

where θi describes the learning cost level of native i and θMj the learning cost level of

immigrant j. Pm,n (Pn,m) indicates the probability that a randomly chosen immigrant (native)

as a potential trading partner has learnt the native (immigrant) culture.

According to (1), a native individual i will decide to learn the immigrant culture if

(1− θi)
1 +m (1 + x)

1 +m
≥ Pm,n

m (1 + x)

1 +m
+

1

1 +m
. (3)

According to (2), an immigrant j will decide to learn the native culture if

(
1− θMj

) 1 + x+m

1 +m
≥ Pn,m

1 + x

1 +m
+

m

1 +m
. (4)

Rearranging equation (3) and (4) leads to the following benchmarks θ̃ for natives and θ̃M

for immigrants, which indicate the minimum cost level at which a native (immigrant) person

will learn the immigrant (native) culture.

9As has been mentioned in the prior section, this gain can vary across countries and societies because of
differences in the task relevance of the shared knowledge pool. For example, if the main industry of a country
requires a very homogenous workforce because tasks afford high preciseness, the gain from intercultural
exchange is zero.
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θ̃ = (1− Pm,n)
m (1 + x)

1 +m (1 + x)
(5)

θ̃M = (1− Pn,m)
1 + x

1 +m+ x
(6)

In the basic framework, I assume that learning costs are the same for the native and the

immigrant population and are equally distributed over the learning cost level ranging from

0 to 1.

Due to the assumptions on the distributions of learning costs, one can conclude that the

probability that a randomly chosen native (immigrant) will learn the immigrant (native)

culture Pn,m (Pm,n) is equal to θ̃ (θ̃M). Thus, the probability that a native person will learn

the foreign culture can be described as a function of the probability that a migrant is going

to learn the native culture and vice versa.

Pn,m = (1− Pm,n)
m (1 + x)

1 +m (1 + x)
(7)

Pm,n = (1− Pn,m)
1 + x

1 +m+ x
(8)

(7) describes that a native is willing to learn the immigrant culture if immigration is

high and if the probability that the immigrant will learn the native culture is low. The

gain of cultural exchange positively affects the probability that a native learns the foreign

culture. (8) indicates that an immigrant is willing to learn the native culture if immigration

is low and if the probability that a native person will learn his culture is also low. The gain

of intercultural exchange positively affects the probability that a migrant learns the native

culture.

3.2 Equilibrium

By inserting (8) into (7) one achieves the Nash equilibrium probability for both agents learn-

ing the other culture, respectively:

P ∗m,n = θ̃M
∗

=
1 + x

(1 + x) (1 +m2) +m
(9)

P ∗n,m = θ̃
∗

=
m2 (1 + x)

(1 + x) (1 +m2) +m
(10)

Thus, one observes that Pn,m < Pm,n as long as m < 1 which is the normal case where
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Pn , m

Pm ,n

Pn ,m(Pm , n)

Pm ,n(Pn ,m)

Pn,m

Pm ,n

Figure 2: Nash Equilibrium

migrants are a minority in the country. The size of the cultural gain stimulates the incentives

for natives and immigrants to learn the other culture. The Nash equilibrium is graphically

illustrated by figure 2.

4 The Effect of Immigration on Native Payoffs

4.1 Who Gains and Who Loses?

In this section, I show who of the native population will benefit and who will lose due to

the existence of the minority culture. This is important since I suggest that the balancing

of advantages and disadvantages that are related to the foreign culture to a large extent

shapes the native attitude towards immigrants. Moreover, this can influence the scope of the

minority culture if the immigration policy which determines the number of migrants depends

on the rational choice of native individuals. In this context, natives have to trade off the

gains from an inflow of a foreign culture and the costs that arise from it. By analyzing the

individual effects of immigration on native payoffs, I distinguish the native population in

those who, due to sufficiently small learning costs, learn the foreign culture (learners) from

those who do not (non-learners).
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In the absence of the immigrant culture, the payoff for all native individuals is 1. In case

of immigration, a learner receives (1− θi) 1+m(1+x)
1+m

.

Thus, a learner will benefit from immigration if

(1− θi)
1 +m (1 + x)

1 +m
> 1. (11)

Rearranging (11) leads to the conclusion that all learners will benefit from immigration

if θi < θ̂ = mx
1+m+mx

. Therefore, a learner will gain by immigration if m and x are high.

Keep in mind that an individual i will become a learner only if θi < θ̃
∗
. One can conclude

that among learners, there might be some individuals who lose and some who benefit by

immigration. An individual who becomes a learner is losing by immigration if θ̂ < θi < θ̃
∗
.

All non-learners will be equally affected by immigration since they all do not learn the

foreign culture. Hence, they all lose in the same way due to possible communication problems

with migrants but are in the same way positively affected by intercultural exchange. There

exists a net gain for non-learners if the expected benefit outweighs the expected loss. The

expected surplus from immigration is indicated by (12).

ES =
(
P ∗m,n (1 + x)− 1

) m

1 +m
(12)

From (12) one can deduce that immigration is beneficial (ES > 0) for non-learners if

m < m̂ =
√

1
4(1+x)2

+ x− 1
2(1+x)

. Thus, immigration is beneficial if it is relatively low and if

the gain through intercultural trade x is relatively high.

Figure 3 illustrates the various areas in (θ,m)-space where native individuals learn the

immigrant culture and where they benefit from the existence of the minority culture. The

area beneath the θ̃
∗
-curve indicates those native individuals who learn the immigrant culture.

Those who do not learn the foreign culture are divided by the (m = m̂)-curve in winners

(Area B) and losers (Area D) of immigration. Winners and losers are also distinguished

among the individuals who learn the foreign culture. Area C (above the θ̂-curve) represents

those who lose by immigration, whereas the beneficiaries of immigration are contained in

Area A (beneath the θ̂-curve).

Individuals in C and D could benefit by a substantial reduction of immigration, however,

an increase of m can lead to the case that an individual j with θj will learn the immigrant

culture and move from Area C into Area A, thus gaining from an increase of immigration.

Therefore, at least for some individuals moderate immigration is unfavorable.
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Figure 3: the dividing line between winners and losers of immigration as well as learners and
non learners of the immigrant culture

4.2 Median Voter’s Choice for an Optimal Scope of Immigrants

In this section, I apply the framework by implementing a median voter’s choice over immigra-

tion. Therefore, I assume that initially, the total population contains only native individuals

who have to decide over an optimal immigration level. Hence, I do not regard immigration as

an external inflow but as a factor that is driven by a specific immigration policy. The latter

is determined by individual preferences of voters. In order to keep the analysis tractable, I

suggest the median voter to be decisive with respect to the election outcome. The assump-

tions of the model lead to the feasible case that the median voter is always a non-learners

as long as 0 < m < 1. This is true since due to the uniform distribution of learning costs

between 0 and 1, the median voter’s learning cost level θMV is equal to 0.5. Hence, I can

easily calculate that θMV = 0.5 > m2(1+x)
(1+x)(1+m2)+m

= θ̃
∗
.

This simplifies the analysis since all non-learners are in the same way affected by im-

migration. In order to find the median voter’s optimal immigration rate, I maximize a

non-learner ’s expected surplus that is achieved by immigration with respect to m. I provide

proof that there is an optimal scope of immigration which is between 0 and m̂. It is the root

of the first derivative of ES with regard to m.
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∂ES

∂m
=
∂P ∗m,n
∂m

(1 + x)
m

1 +m
+
(
P ∗m,n (1 + x)− 1

) 1

(1 +m)2
= 0 (13)

Rearranging of (13) leads to the following equation:

1 +m =
A∣∣∣ξP ∗
m,n,m

∣∣∣ . (14)

where A =
P ∗
m,n(1+x)−1
P ∗
m,n(1+x)

and ξP ∗
m,n,m

is defined as the relative change of the probability

that a randomly drawn immigrant is learning the domestic culture P ∗m,n due to a relative

change of the number of immigrants m. From (9) I can deduce that ξP ∗
m,n,m

=
∂P ∗

m,n

∂m
m

P ∗
m,n

=

− (1+x)2m2+m
(1+x)(1+m2)+m

is smaller than 0 since an increase of immigration reduces the incentive for

immigrants to learn the native culture.

Proposition 1 There exists exactly one optimal value of m on the interval [0, m̂] that max-

imizes the expected surplus through immigration for domestic non-learners.

Proof. Examining (14) for m on the interval [0, m̂] indicates that the left hand side (LHS)

is a continuously increasing, positive function with a minimum of 1 and a maximum of

1 + m̂, whereas the right hand side (RHS) is a positive, but decreasing function of m with

limm→0RHS = ∞ and RHS = 0 if m = m̂. This is a sufficient condition to prove that

there is exactly one intersection of LHS and RHS and hence exactly one extreme value on

the interval [0, m̂]. Since ES is positive only on the interval ]0, m̂[ and is zero if m = 0 and

if m = m̂, the identified extreme value must be a maximum.

This way, I find that there is an optimal immigration rate from the median voter’s point

of view between 0 and m̂. The intuition is straightforward. An individual who does not

learn the foreign culture will gain by immigration due to the intercultural gain. However,

only if immigration is relatively low, immigrants to a sufficient extent learn the native cul-

ture which is a pre-condition for every non − learner to achieve the intercultural gain. By

trading off the positive effects of immigration (enlarged intercultural gain) and drawbacks

(decreased integration of immigrants) the median voter finds an optimal immigration level

as it is illustrated by figure 4.

One can further examine how the median voter’s choice for an optimal immigration rate

is affected by the size of the intercultural gain. An increase of x has no effect on the left

hand side, yet positively influences the right hand side of equation (14).10 Graphically, this

10This is true because
dP∗

m,n

dx > 0 and
d
∣∣∣ξP∗

m,n,m

∣∣∣
dx < 0 .
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Figure 4: Optimal immigration from median voter’s point of view

can be illustrated as an outward shift of the RHS-curve indicating the right hand side of

equation (14). An increase of x thus leads to an increase of the immigration rate chosen by

the median voter.

5 Assortative Matching

In the former section, I assumed that matching between two individuals is fully random.

However, it is feasible that in order to avoid transaction costs, workers prefer to match with

individuals of the same culture. This can lead to geographical or vocational segregation,

meaning that immigrants live and work in regions where the share of immigrants from the

same origin is large. Famous examples are the ”china towns” which have developed in many

metropolises outside of China within the last 200 years.

I take account of the potential of cultural segregation by implementing a parameter α

which describes the level of assortative matching. Similar to Burchardi (2011), I assume

that cultural segregation is exogenous from the individual point of view. So assume that

individuals with probability α match with individuals of the same cultural origin. With

probability 1−α, they match randomly with an individual from the total population. There-

fore, qn,n = α+ (1−α)
1+m

and qm,m = α+ (1−α)m
1+m

. Thus, α = 0 can be thought of as purely random

matching like in the prior sections. Conversely, α = 1 is equivalent to perfectly assortative

matching. Implementing α into equations (1) and (2) leads to:
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Wi = max

(
(1− θi)

(
α+ (1− α)

1 +m (1 + x)

1 +m

)
, Pm,n (1− α)

m (1 + x)

1 +m
+ α+

(1− α)

1 +m

)
, (15)

WM
j = max

((
1− θMj

)(
α+ (1− α)

m+ 1 + x

1 +m

)
, Pn,m (1− α)

1 + x

1 +m
+ α+

(1− α)m

1 +m

)
. (16)

Equivalently to section 3, I form the response functions for natives as well as immigrants:

Pn,m = (1− Pm,n)
(1− α)m (1 + x)

1 +m+ (1− α)mx
(17)

Pm,n = (1− Pn,m)
(1− α) (1 + x)

1 +m+ (1− α)x
. (18)

The intersection point of (17) and (18) constitute the equilibrium probabilities:

P ∗n,m = θ̃
∗

=
(α +m)m (1− α) (1 + x)

(α +m) (1 +m+ (1− α)mx) + (1− α) (1 + x) (1 + αm)
(19)

P ∗m,n = θ̃M
∗

=
(1 + αm) (1− α) (1 + x)

(α +m) (1 +m+ (1− α)mx) + (1 + αm) (1− α) (1 + x)
(20)

I analyze how sorting affects the probability that natives and immigrants learn the other

culture. Intuitively, one might suggest that sorting always reduces the individual incentive

to learn the other culture since the probability that individuals from different cultures match

is reduced. However, in equilibrium things are more complex, since learning a culture also

depends on the probability that the own culture is learned by the respective other population.

E.g., an immigrant anticipates that larger segregation will affect natives to be more reluctant

in learning the immigrant culture. Hence, there are two effects that work against each other.

On the one hand, an increase of sorting leads to a negative matching probability effect that

reduces the incentive to learn the other culture. On the other hand, an increase of sorting

leads to a positive anticipation effect which increases the incentive to learn the other culture.

For the immigrant population, we can identify that the matching probability effect dominates

the anticipation effect since

∂P ∗m,n
∂α

= −
(1 +m) (1 + x)

[
(1 + αm)2 +m (1−m) (1 + x) (1− α)2

]
[(α +m) (1 +m+ (1− α)mx) + (1− α) (1 + x) (1 + αm)]2

< 0. (21)

For natives, there is not a unique result since the first derivative of P ∗n,m with respect to
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α can be positive as well as negative.

∂P ∗n,m
∂α

= −
m (1 +m) (1 + x)

[
(α +m)2 − (1−m) (1 + x) (1− α)2

]
[(α +m) (1 +m+ (1− α)mx) + (1− α) (1 + x) (1 + αm)]2

≷ 0 (22)

(22) indicates that in equilibrium, sorting increases the natives’ probability to learn the

immigrant culture if 1 + x > (α+m)2

(1−m)(1−α)2 .11 Thus, the anticipation effect is strong and might

outweigh the matching probability effect if the gain of intercultural interaction x is large, the

stock of immigrants m is small and assortative matching indicated by α is rare.

How will assortative matching influence the natives’ attitudes towards migrants? Again

I distinguish between learners and non-learners. According to (11) a learner i gains if

(1− θi)
1 + αm+ (1− α)m (1 + x)

1 +m
> 1. (23)

Rearranging (23) leads to the conclusion that a learner i will benefit from immigration

if θi < θ̂ = mx(1−α)
1+m+mx(1−α) . Thus, an increase of sorting will make less learners to be in favor

of immigration. This can be deduced from the fact that enlarged segregation reduces the

potential of intercultural knowledge transfer.

Again I prove that non-learners hold the majority in the native population.12 Non-

learners will gain from the existence of the minority culture if the gains outweigh the costs.

According to (12) we formulate the expected surplus generated by immigration.

ES = (1− α)
(
P ∗m,n (1 + x)− 1

) m

1 +m
(24)

Now I examine the critical value m̂ at which ES is exactly 0. This is the case when

P ∗m,n (1 + x) = 1. Building the total differential with respect to m and α leads to dm̂
dα

=

−
∂P∗
m,n
∂α

∂P∗
m,n
∂m

< 0. This means that the maximum number of immigrants which is acceptable for

median natives will be lower when assortative matching is frequent.

How is the median voter’s choice affected by sorting? One can easily deduce from (24)

that the optimal scope of immigration is again determined by (14).13 In order to examine

how the optimal choice of m is influenced by sorting, I refer to the right hand side RHS of

(14) and examine whether it is positively or negatively affected by α.

11For a more detailed analysis of the two opposing effects see Appendix A.1.
12It is still guaranteed that the median voter will not learn the immigrant culture since P ∗

n,m < 0.5.
13This is straightforward since (1−α) is a constant factor in (24) that doesn’t affect the optimal choice of

m.
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RHS =
A∣∣∣ξP ∗
m,n,m

∣∣∣ (25)

Keep in mind that A =
P ∗
m,n(1+x)−1
P ∗
m,n(1+x)

. By differentiating (25) with respect to α I find that

there are potentially two opposing effects.

∂RHS

∂α
=

∂A

∂P ∗m,n︸ ︷︷ ︸
>0

∂P ∗m,n
∂α︸ ︷︷ ︸
<0

1∣∣∣ξP ∗
m,n,m

∣∣∣︸ ︷︷ ︸
>0

− A(∣∣∣ξP ∗
m,n,m

∣∣∣)2︸ ︷︷ ︸
>0

∂
∣∣∣ξP ∗

m,n,m

∣∣∣
∂α︸ ︷︷ ︸
≶0

≶ 0 (26)

The numerator of (25) is obviously negatively dependent on α. However, it is uncertain

whether the denominator depends negatively or positively on α since
∂
∣∣∣ξP∗

m,n,m

∣∣∣
∂α

≷ 014. Hence,

it is unclear whether the total effect is negative or positive. On the one hand, sorting reduces

the probability that immigrants learn the domestic culture which complicates communication

and makes non-learners further restrict immigration. On the other hand, the argument that

an increase of the immigrant population size hampers the cultural learning of immigrants

is relativized by sorting. The second effect simply illustrates that population size does not

matter as much anymore when assortative matching becomes more frequent.

6 Asymmetric ”learning costs” between immigrants and

natives

In this section, I alter the framework by allowing for systematically different learning costs

between natives and immigrants. This is important since one typically assumes different

characteristics of immigrants and natives. I mention three arguments that justify systematic

disparities between the two populations in learning the respective other culture. First, natives

on average might have higher costs of learning the foreign culture since in many cases,

immigration is an outcome of a self-selection process. At least a certain share of immigrants

faces the opportunity to immigrate into the host country because their integration costs are

low for example if language and cultural skills have already existed before. Second, countries

are different in size or international influence. A small or less influential country’s population

will on average certainly know much more about a population’s culture from a large or

influential country than vice versa. This applies for example to language skills and historical

14See Appendix A.2 for further proof of
∂
∣∣∣ξP∗

m,n,m

∣∣∣
∂α ≷ 0.
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and cultural knowledge. Third, there might be substantial differences between the native

and the immigrant population with regard to age, skill, mobility or the level of conservatism

that all have an impact on the learning cost level. In general, immigrants are on average

younger and more mobile than natives but do not need to have a higher skill level. Moreover,

some characteristics can also be required by a specific immigration policy (e.g. the existence

of sufficient language skills or a higher educational level).

I insert the feature of systematically different learning costs into the model by assuming

that a certain share of immigrants as well as natives will in no case learn the respective other

culture. Consider that for this group time costs are larger than 1, so that for these individuals

there does not exist any incentive to learn the respective other culture. By denoting ρ to

describe the share of immigrants who will never learn the native culture and µ the share of

natives who will never learn the immigrant culture, I change equation (7) and (8) to:

Pn,m = (1− Pm,n)
m (1 + x)

1 +m (1 + x)
(1− µ) (27)

Pm,n = (1− Pn,m)
1 + x

1 +m (1 + x)
(1− ρ) . (28)

This affects the Nash equilibrium as the intersection of (27) and (28) as indicated by (29)

and (30).

P ∗m,n = θ̃M
∗

=
(1 + x) (1− ρ) (1 +m (1 + x)µ)

(1 + x) (1− ρ) (1 +m (1 + x)µ) + (m+ (1 + x) ρ) (m (1 + x) + 1)
(29)

P ∗n,m = θ̃
∗

=
m (1 + x) (1− µ) (m+ (1 + x) ρ)

m (1 + x) (1− µ) (m+ (1 + x) ρ) + (1 + x+m) (1 +m (1 + x)µ)
(30)

By comparing (29) and (30), I find that if m < 1 and ρ < µ, the probability that a native

individual learns the foreign culture is smaller than the opposite case. Besides the distinctions

according to the incentives that arise from the differences in population size, systematic

differences in learning costs can be responsible for asymmetries in cultural learning. By

concentrating on the self-selection argument, one should suggest that immigrants on average

have lower learning costs than natives (ρ < µ). By contrast, in the case when an individual

immigrates from a large or influential country into a small and less influential one, immigrants’

learning costs could on average also be higher than those of natives (ρ > µ). If this effect is

large, it can even outweigh the differences in incentives which arise from different population
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sizes between immigrants and natives, leading to a situation where the probability that a

native learns the immigrant culture is higher than vice versa. 15

From (29) and (30) I deduce that in equilibrium an increase of ρ reduces (increases)

the probability that an immigrant (native) learns the native (immigrant) culture, whereas

an increase of µ reduces (increases) the probabaility that a native (immigrant) learns the

immigrant (native) culture.

From the calculated probabilities, it can be examined how the native populations’ attitude

towards immigration is affected by the systematic difference between learning costs of natives

and immigrants.

There is no impact of the asymmetric costs of learners, since for them the success of

trading does not depend on the probability that the immigrant has learned the domestic

culture. This, however, is important for non-learners. I can again refer to the root of (12)

and check how the critical immigration rate m̃ is influenced by µ and ρ. Hence, I build the

total differential of P ∗m,n (1 + x) = 1 with respect to m̃, µ and ρ and compute that

dm̃

dµ
= −

∂P ∗
m,n

∂µ

∂P ∗
m,n

∂m

> 0, (31)

dm̃

dρ
= −

∂P ∗
m,n

∂ρ

∂P ∗
m,n

∂m

< 0. (32)

(31) and (32) indicate that the maximum immigration level that is accepted by a non-

learner is positively affected by an increase of ρ and negatively by an increase of µ. The latter

is unambiguous since an increase of learning costs for immigrants reduces the probability that

they will learn the native culture which reduces the expected surplus of non-learners. By

contrast, it is surprising that ceteris paribus an average increase in learning costs of natives

will make non-learners better off. This can be explained by the circumstance that a non-

learner is an individual that due to high learning costs does not acquire the foreign culture.

An increase of ρ means that immigrants are additionally enforced to learn the native culture

which makes all non-learners better off.

How will the median voter decide over immigration when asymmetric learning costs do

exist? First of all, one must check whether the native individual with median learning cost

is still not learning the immigrant culture. It could indeed be the case that immigrants have

much higher learning costs compared to natives so that natives are so extremely motivated

to learn the immigrant culture that the median voter is a learner. However, we abstract

15More precisely, this is the case if ρ > m(1+x)µ+1−m2(1−µ)
m2+m+1+x .
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from this unusual case and assume that the share of immigrants who never learn the native

culture is sufficiently low.16

Like in the previous section, I examine the right hand sight RHS of equation (14) and

study how the optimal immigration rate from a median voter’s perspective depends on the

cost parameters ρ and µ. I find that the first partial derivative of RHS with respect to ρ is

negative:

∂RHS

∂ρ
=

∂A

∂P ∗m,n︸ ︷︷ ︸
>0

∂P ∗m,n
∂ρ︸ ︷︷ ︸
<0

1∣∣∣ξP ∗
m,n,m

∣∣∣︸ ︷︷ ︸
>0

− A(∣∣∣ξP ∗
m,n,m

∣∣∣)2︸ ︷︷ ︸
>0

∂
∣∣∣ξP ∗

m,n,m

∣∣∣
∂ρ︸ ︷︷ ︸
>0

< 0. (33)

All effects on the right hand side of (33) except for the last one are obvious and have

been described before. In Appendix A.3, I provide proof that
d
∣∣∣ξP∗

m,n,m

∣∣∣
dρ

> 0 so that the

overall effect is unambiguously negative. Thus, an increase of ρ will decrease the scope of

immigration chosen by the median voter. The first partial derivative of of RHS with respect

to µ is positive.

∂RHS

∂µ
=

∂A

∂P ∗m,n︸ ︷︷ ︸
>0

∂P ∗m,n
∂µ︸ ︷︷ ︸
>0

1∣∣∣ξP ∗
m,n,m

∣∣∣︸ ︷︷ ︸
>0

− A(∣∣∣ξP ∗
m,n,m

∣∣∣)2︸ ︷︷ ︸
>0

∂
∣∣∣ξP ∗

m,n,m

∣∣∣
∂µ︸ ︷︷ ︸
<0

> 0 (34)

Again, all effects on the right hand side of (34) except for the last one are obvious and

have been described before. In Appendix A.3, I additionally show that
∂
∣∣∣ξP∗

m,n,m

∣∣∣
∂ρ

< 0 so that

the total effect is unambiguously positive. Thus, an increase of µ will lead to an increase of

immigration. Whereas it is straightforward that an increase of learning costs of immigrants

will be negatively rewarded by the non learning median voter, it is somewhat surprising that

an increase of average learning costs of natives increases immigration. The reason is that

increasing average costs ceteris paribus influence the immigrants’ learning decision. If the

politically decisive non-learner anticipates that the population as a whole is on average not

very efficient in learning the immigrant culture, he or she also anticipates that immigrants will

face an enlarged necessity to learn the domestic culture which is positive for all non-learners.

16More precisely, we assume that ρ < 1+m+x+µm(1+x)(2m+1+x)

m(1+x)2(1−µ) .

20



7 Conclusions

By use of a simple theoretical model framework I studied the various effects that are caused

by an influx of a foreign culture on the domestic population. Thereby, I did not distinguish

between market and nonmarket interactions but generally analyzed the gains and losses that

might be attributed to multicultural interaction. Like in Lazear (1999a), I found that immi-

grants who were assumed to be the cultural minority face more incentives to acquire specific

knowledge of the native culture than vice versa which can be explained by the differences

in population size. In equilibrium, I showed that the probability that natives and immi-

grants learn the respective other culture positively depends on the gain that is achieved by

intercultural exchange.

I also analyzed whether individual natives are positively or negatively influenced by the

existence of the immigrant culture and thus rather prefer or oppose immigration. I found

that natives who are very efficient in learning the immigrant’s culture are in favor of free

immigration whereas those who have comparably high costs of acquiring knowledge about

the foreign culture will vote for limited immigration.

With regard to the empirical literature on the attitudes towards immigrants, one finds

large support for the suggestion that those who are rather inefficient in learning another

culture on average to the strongest degree oppose immigration. More precisely, it is mainly

argued that opposition to immigration is higher if the individual is among the old, unedu-

cated, nationally immobile, patriotic and does not belong to a cultural minority (Espenshade

and Hempstead 1996, O’Rourke and Sinnott 2006, Hainmueller and Hiscox 2007, 2010). All

the mentioned groups can certainly be assumed to face higher cultural learning costs. Besides

the heterogeneity in cultural learning costs, I pointed at the gain of intercultural exchange

which shapes the attitude towards immigration and multiculturalism on a country level.

From our results, one can propose that countries which are in favor of a multicultural society

(due to gains from intercultural interaction) will also be more open for immigration. As has

been mentioned by Fujita and Weber (2004), differences according to the task relevance of

multicultural exchange can explain differences between immigration policies of the U.S and

Japan.

According to the basic framework, I found that the median voter will not learn the im-

migrant culture. Thus, I expect positive immigration quotas to be a rational outcome of a

political process. Even if the median voter is not learning the foreign culture, a circumstance

that I expect to be feasible, he/she will not completely shut the borders against immigrants.

By trading off the gains through intercultural exchange and the losses from potential com-

munication problems, he/she will find an optimal immigration rate. This highly reflects the
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attitudes of large sections of society who are not strictly against immigration but fear a very

substantial inflow of people from other countries.

The results remained feasible after I extended the basic model to assortative matching and

asymmetric learning costs. I found that enlarged cultural segregation reduces the probability

that immigrants learn the native culture so that it influences the native attitude towards

migrants, negatively. However, surprisingly, it is not clear whether the median voter’s choice

of immigration is positively or negatively affected by sorting. With regard to asymmetric

learning costs, the results indicate that enlarged learning costs of natives increase the immi-

grants’ necessity to integrate into the native society and thus make the native society to be

in favor of an enlarged scope of immigrants.

Of course, the simple model cannot account for all relevant gains and losses from immi-

gration and cultural integration. Hence the influence of immigration on factor proportions

and thus wages as well as the fiscal effects has been excluded although they certainly af-

fect the domestic attitude towards immigrants. With regard to cultural interaction, I also

assumed that individuals can avoid all the negative aspects of intercultural interaction by

simply learning the other culture. However, probably some intercultural problems might be

much more complex and cannot be solved so easily even though basic obstacles such as com-

munication barriers have been abolished. Hence, one could also assume that the intercultural

gain is smaller than zero. Finally, I concentrated on the existence of one minority culture. It

may be interesting for future research to analyze the impact of not only the scope but also

of the diversity of the immigrant culture on domestic well-being.

References

[1] Alesina, A., R. Baqir and W. Easterly. (1999). ”Public Goods and Ethnic Divisions,”

Quarterly Journal of Economics 114: 1243–84.

[2] Ashraf, Q and O. Galor (2007). “Cultural Assimilation, Cultural Diffusion and the Origin

of the Wealth of Nations,” Mimeo (Brown University).

[3] Ayub, N. and K. A. Jehn (2006). ”National diversity and conflict in multinational work-

groups. The moderating effect of nationalism,” International Journal of Conflict Man-

agement, 17: 181–202.

[4] Bairoch, P. (1988). Cities and Economic Development: from the Dawn of History to the

Present, Oxford: Oxford University Press.

22



[5] Bellini, E., G I. P. Ottaviano, D. Pinelli and G. Prarolo (2008) “Cultural Diversity and

Economic Performance: Evidence from European Regions,” HWWI Research Paper 3-

14.

[6] Berliant, M. and M. Fujita (2008). “Knowledge Creation as a Square Dance on the

Hilbert Cube,” International Economic Review, 49 (4): 1251–1268.

[7] Brandes, L., E. Franck and P. Theiler (2009). ”The Effect of National Diversity on Team

Production – Empirical Evidence from the Sports Industry,” Schmalenbach Business

Review, 61: 225–246.

[8] Burchardi, K. B. (2011). ”Language Heterogeneity and Structural Change,” IIES Work-

ing Paper.

[9] Burns, P. and J. Gimpel (2000). “Economic Insecurity, Prejudicial Stereotypes, and

Public Opinion on Immigration Policy,” Political Science Quarterly, 115 (3): 201–25.

[10] Byrne, D. (1971). The Attraction Paradigm, New York/London: Academic Press.

[11] Chiswick, B. R. (2007). “High skilled immigration in the international arena,” in T. R.

Shastri (Ed.). Emigration: economic implications, Hyderabad: Icfai University Press:

84–95.

[12] Chiswick,B. R. and P. W. Miller (1999): ”Language Skills and Earnings among Legalized

Aliens,” Journal of Population Economics - Special Issue on Illegal Migration, 12(1): 63–

89.

[13] Citrin, J., D. P. Green, C. Muste and C. Wong (1997). “Public Opinion towards Immi-

gration Reform: The Role of Economic Motivations,” Journal of Politics, 59: 858–81.

[14] Dustmann, C. and I. P. Preston (2007). “Racial and Economic Factors in Attitudes to

Immigration”, B.E. Journal of Economic Analysis and Policy, 7 (1) (Advances): Article

62.

[15] Earley, P. C. and E. Mosakowski (2000). ”Creating Hybrid Team Cultures: An Empirical

Test of Translational Team Functioning”, The Academy of Management Journal, 43:

29–49.

[16] Easterly, W. and R. Levine (1997). “Africa’s Growth Tragedy: Policies and Ethnic

Divisions,” Quarterly Journal of Economics, 112: 1203–1250.

23



[17] Espenshade, T. J., and K. Hempstead (1996). “Contemporary American Attitudes to-

ward U.S. Immigration,” International Migration Review, 30: 535–70.

[18] Facchini, G. and A. M. Mayda (2009), “Does the welfare state affect individual attitudes

toward migration? Evidence across countries,” The Review of Economics and Statistics,

91:. 295–314.

[19] Florida, R. (2002). ”Bohemia and Economic Geography”, Journal of Economic Geogra-

phy, 2: 55–71.

[20] Fujita, M. and S. Weber (2004). ”Strategic immigration policies and welfare in hetero-

geneous countries,” FEEM Working Paper No 2.

[21] Glaeser, E. L., H. D. Kallal, J. A. Scheinkman and A. Shleifer (1992). ”Growth in cities,”

Journal of Political Economy, 100: 1126–1152.
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A Appendix

A.1 The anticipation and the matching probability effect

Recall that (17) and (18) are:
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Pn,m = (1− Pm,n)F (qn,m) (35)

Pm,n = (1− Pn,m)G (qm,n) (36)

where F (qn,m) = (1+x)qn,m
1+xqn,m

and G (qm,n) = (1+x)qm,n
1+xqqm,n

indicate that the learning intensity

is increased if matching with the other cultural group becomes more probable. This is true

because ∂F (qn,m)

∂qn,m
> 0 and ∂G(qm,n)

∂qm,n
> 0. The probabilities to be matched with an individual of

the other cultural origin depend negatively on the degree of segregation α since qn,m = (1−α)m
1+m

and qm,n = (1−α)
1+m

.

Total differentiation of (35) and (36) leads to:

dPn,m = (1− Pm,n)
∂F (qn,m)

∂qn,m

∂qn,m
∂α

dα− F (qn,m) dPm,n (37)

dPm,n = (1− Pn,m)
∂G (qm,n)

∂qm,n

∂qm,n
∂α

dα−G (qm,n) dPn,m. (38)

In equilibrium, one finds that:

dPn,m
dα

=

<0︷ ︸︸ ︷
(1− Pm,n)

∂F (qn,m)

∂qn,m

∂qn,m
∂α

>0︷ ︸︸ ︷
− (1− Pn,m)F (qn,m)

∂G (qm,n)

∂qm,n

∂qm,n
∂α

1− F (qn,m)G (qm,n)
(39)

dPm,n
dα

=

<0︷ ︸︸ ︷
(1− Pn,m)

∂G (qm,n)

∂qm,n

∂qm,n
∂α

>0︷ ︸︸ ︷
− (1− Pm,n)G (qm,n)

∂F (qn,m)

∂qn,m

∂qn,m
∂α

1− F (qn,m)G (qm,n)
. (40)

The denominators of (39) and (40) are positive because F (qn,m) < 1 and G (qm,n) < 1.

The numerators respectively however show two oposing effects: the first terms depict the

matching probability effect. It states that an increase of segregation reduces the matching

probability and thus discourages the individual from learning the other culture. Hence,

the effect is negative for both groups. The second effect describes the positive anticipation

effect. It states that the individual anticipates that the individual of the other cultural group

will also decrease their extent of cultural learning. Since in equilibrium, Pm,n > Pn,m and∣∣∣∂qm,n∂α

∣∣∣ > ∣∣∣∂qn,m∂α

∣∣∣, the anticipation effect is much stronger for the native population whereas

the matching probability effect is more important for the immigrant population.
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A.2 The impact of an increase of the assortative matching param-

eter α on the elasticity term
∣∣∣ξP ∗

m,n,m

∣∣∣
I find that the elasticity term

∣∣∣ξP ∗
m,n,m

∣∣∣ is

∣∣∣ξP ∗
m,n,m

∣∣∣ =
m

1 + αm

(1 + αm) (1 +m+ (1− α)mx) + (1 + αm) (1− α) (1 + x)

(α+m) (1 +m+ (1− α)mx) + (1 + αm) (1− α) (1 + x)
. (41)

After some transformations, I achieve:∣∣∣ξP ∗
m,n,m

∣∣∣ =
m

α +m
(1−D) . (42)

where D =
(1−m2)(1−α2)

(1+αm)2
P ∗m,n.

The first partial derivative of (42) with respect to α leads us to:

∂
∣∣∣ξP ∗

m,n,m

∣∣∣
∂α

= − m

α+m

 1−D
α+m︸ ︷︷ ︸
>0

+
∂D

∂α︸︷︷︸
<0

 ≶ 0. (43)

A.3 The impact of an increase of the learning cost parameters ρ

and µ on the elasticity term
∣∣∣ξP ∗

m,n,m

∣∣∣
I can infer from (29) that

∣∣∣ξP ∗
m,n,m

∣∣∣ =
1

1 +m (1 + x)µ

µ (1 + x)2m3 + 2m2 (1 + x) +m
(
1 + ρ (1− µ) (1 + x)2

)
µ (1 + x)2m+ (1 +m2) (1 + x) +m

(
1 + ρ (1− µ) (1 + x)2

) .
(44)

In order to calculate the marginal effect of an increase of ρ on
∣∣∣ξP ∗

m,n,m

∣∣∣, I differentiate

(44) with respect to ρ.

∂
∣∣∣ξP ∗

m,n,m

∣∣∣
∂ρ

=
m
(
1−m2

)
(1− µ) (1 + x)3[

µ (1 + x)2m+ (1 +m2) (1 + x) +m
(

1 + ρ (1− µ) (1 + x)2
)]2 > 0 (45)

I now prove that
∂
∣∣∣ξP∗

m,n,m

∣∣∣
∂µ

< 0. For illustrative purpose, rewrite (44) to
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∣∣∣ξP ∗
m,n,m

∣∣∣ = B (µ) · C (µ) (46)

where B = 1
1+m(1+x)µ

and C =
µ(1+x)2m3+2m2(1+x)+m(1+ρ(1−µ)(1+x)2)
µ(1+x)2m+(1+m2)(1+x)+m(1+ρ(1−µ)(1+x)2)

. It is obvious that

∂B(µ)
∂µ

< 0. Additionally, one finds that

∂C (µ)

∂µ
= −

m
(
1−m2

)
(1 + x)2 (m (1 + x) + 1) (m+ ρ (1 + x))[

µ (1 + x)2m+ (1 +m2) (1 + x) +m
(

1 + ρ (1− µ) (1 + x)2
)]2 < 0. (47)

Thus, differentiation of (46) with respect to µ.leads to

∂
∣∣∣ξP ∗

m,n,m

∣∣∣
∂µ

=
∂B (µ)

∂µ
·︸ ︷︷ ︸C

<0

+ .
∂C (µ)

∂µ
·B︸ ︷︷ ︸

<0

< 0. (48)
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