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Abstract

We study how the distribution of an inherited trait evolves through marriage if couples
are formed at random. If the matching occurs across the entire population, the variance
of the trait tends to diminish, and the distribution converges to a common trait. If the
matching is restricted to specific subpopulations, each of these converges to a different
trait. This has implications for the consequences of immigration. Using a specific model
where the trait is a parameter measuring a person’s taste for receiving filial attention (a
good without perfect market substitutes) in old age, we also show that it may be in a
couple’s interest to obey a rule requiring them to give specified amounts of the good to
their respective parents. The matching is random in this model because preferences are
private monitoring. In the long run, if the matching extends to the entire population,
either everybody obeys the rule, or nobody does. In the interim, some do, and some do
not. If the matching is restricted to specific ethnic or religious groups, the population
will tend to break down into a number of sharply characterized subpopulations. That
may undermine social cohesion and call for policy intervention.
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JEL classification: C78, D13, J12

1 Introduction

The way individual preferences and collective values are transmitted and evolve from one

generation to the next was traditionally the concern of ethnic or religious minorities intent

on preserving their identity. More recently, it has become also the concern of natives worried
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about loosing their identity to immigrants. A strand of economic literature stemming from

Bisin and Verdier (2001), and Tabellini (2008), assumes that optimizing parents motivated

either by a paternalistic form of altruism, or by a social conscience, undertake costly actions

in order to transmit their preferences or values on to their offspring. Preferences or values

evolve over time as a result of social interaction among individuals who received different

inputs from their respective parents. The implicit assumption underlying these models is

that the parental couple think and act as if they were one person. What happens if mother

and father have different preferences or values?

The issue is taken up by Cigno et al. (2017) in a more complex setting where at least some

working-age individuals respond rationally not only to the economic and legal environment,

but also to a family rule that is itself a collectively rational response to the environment.1

The rule in question concerns the provision of filial attention (a good without perfect market

substitutes) by working-age children to retirement-age parents. Assuming that preferences

are common knowledge, the article demonstrates that a person whose preference parameters

satisfy a certain condition will marry a person of the opposite sex who holds the same pref-

erences, and that the couple thus formed will transmit their common preferences on to their

children. In equilibrium, a person whose preferences are thus characterized gives attention

to her or his parents while he or she is of working age, and receives attention from her or

his children when he or she reaches retirement age. What happens if some dimensions of a

person’s preferences are not observable before marriage, and cannot thus be a criterion for a

match?

In Section 2 of the present paper we look at the way the distribution of a generic trait

evolves from generation to generation, first under the assumption of random matching across

the entire population, and then under the assumption that matching is restricted to particular

segments of it (e.g., to the original residents, or to immigrants from a particular region). In

Section 3, we interpret the trait in question as a preference parameter measuring a person’s

1The approach was originally developed by Cigno (1993, 2006) under the assumption that individuals
reproduce asexually. Cigno et al. (2017) demonstrate that it works also in a world where sexually differentiated
individuals marry, have children and bargain with their respective spouses over the allocation of domestic
resources.
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taste for filial attention, and show that this may give rise to a family rule. Assuming that

this parameter is private monitoring before a marriage takes place, and that matching is

consequently random (either across the entire population, or within recognizable segments

of it), we also show how the distribution of this parameter and of the associated family

rule evolves across generations. Our results are compared with the empirical evidence. The

concluding section summarizes the results and compares them with those of others who view

the same or similar issues from different standpoints.

2 Evolution of individual traits

Take a large population differentiated by sex, and by an inherited trait δ. The latter might be

a genetically transmitted physical characteristic, or a cultural trait transmitted in some other

way (we shall be more specific in Section 3). Assume that a person’s trait is the mean of his

or her parents’traits.2 Suppose that everybody marries, and that each couple has a son and

a daughter, so that the number of men and the number of women will remain the same also

in subsequent generations.3 Marriages between siblings are not allowed. Assuming, for now,

that couples are drawn at random from the entire population, we show that the distribution of

δ evolves from one generation to the next as a result of "mixed marriages" (marriages where

the man and the woman have different δ).

In each generation, there are nmen and n women, where n is a large number. In generation

0, each man (woman) is characterized by either δ = δH or δ = δL, with δH > δL. In that

generation, the number of traits is then S(0) = 20 + 1 = 2. In subsequent generations, the

number of possible traits will be larger as a result of mixed marriages. In generation 1, the

possible traits are δL, δL+δH

2
and δH . Therefore, S(1) = 21 + 1 = 3. In generation 2, the

possible traits are δL, 3δ
L+δH

4
,2δ

L+2δH

4
, δ
L+3δH

4
and δH . Hence, S(2) = 22 + 1 = 5. In generation

2A more general assumption would be to say that a person’s δ is symmetrically distributed between those
of this person’s parents, so that the expected value of the former is equal to the mean of the latter.

3In reality, the balance of the sexes is ensured by the fact that (barring selective abortion or infanticide)
a child has an equal probability of being born male or female.

3



t, the possible traits are

δt(j) :=
(2t − j)δL + jδH

2t
= δL +

δH − δL

2t
j, j = 0, 1, . . . , 2t,

and their number is S(t) = 2t + 1.

Now let nJ denote the number of persons of each sex who are characterized by the trait δJ ,

J = H,L, in generation 0. Define π0 = (π0(0), π0(1)) := (1 − π, π) as the distribution of δL

and δH , with π0(0) = nL

n
, and π0(1) =

nH

n
, in generation 0. In generation t, the distribution

will be

πt = (πt(0), πt(1), . . . , πt(2
t)), with

2t∑
j=0

πt(j) = 1 for all t ≥ 0.

Hence, the average trait of that generation will be

δt :=
2t∑
j=0

πt(j)δt(j),

How does the distribution evolve from generation to generation? Appendix 1 demonstrates

the following.

Proposition 1. In each generation t , for n suffi ciently large, the distribution of δt(j)

converges to a binomial, with mean (1− π)δL + πδH and variance π(1− π) (δ
H−δL)2
2t

.

Corollary 1. As t→∞, the expected trait held by all agents is

δ∗ := (1− π)δL + πδH .

Now let δH = 1 and δL = 0. In the long run, everybody has the same trait, δ∗ = π, where

π =
nH

n
.

How long is the long run? A sensible way to address this question is to calculate in how

many generations t the standard deviation of the binomial distribution of δ will become
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σ ∈ {0.01, 0.05} for π ∈ {0.1, 0.5}. The answer is found solving the equation

(δH − δL)2

2t
π(1− π) = σ2 for π ∈ {0.1, 0.2, . . . , 0.5}.

The value of t associated with each (π, σ) is shown in Table 1. Of course, the limit δ (equal

to the mean of the distribution) will vary with (π, σ) too.

π = 0.1 π = 0.2 π = 0.3 π = 0.4 π = 0.5

σ = 0.01 9.81 10.64 11.04 11.23 11.29
σ = 0.05 5.17 6.00 6.39 6.58 6.64

Table 1: Number of generations needed to reach a distribution of the population with standard
deviation σ given π.

The first column of this table says that, if 10 percent of the population is initially charac-

terized by δ = 1, and the remaining 90 percent by δ = 0, so that the limit value of δ is 0.1,

it will take 5.17 generations for the standard deviation to become equal to 0.05, and another

4.64 generations for it to fall to 0.01. If generations overlap every 20 years, this means that

it will take 130 years for approximately 68 percent of the population to have a δ comprised

between 0.095 and 0.105, and more than 245 years for that same share of the population to

have a δ comprised between 0.099 and 0.101 (virtually 0.1). The remaining columns show

how the convergence slows down, and the limit value of δ gets closer to zero, as the initial

share of individuals with δ = 1 rises from one tenth to a half of the total population.

In order to better appreciate the implications of these numbers, imagine that the entire

population was originally characterized by δ = 0. Suppose that there is then a once-for-

all influx of immigrants, equal in size to one ninth of the native population, and that all the

newcomers are characterized by δ = 1. After between five and ten generations, the population

will be fairly homogeneous again, and its characteristics will be very similar to those of the

original population. In other words, the immigrants will have been absorbed by the native

population. If the number of immigrants is larger than one ninth, but no larger than one half

of the native population (i.e., not so large that the immigrants outnumber the natives), it

will take longer for the population to become homogeneous again, and the future inhabitants
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will not look much like the original ones. In other words, there will be convergence, but not

absorption. Whichever is the case, however, it takes a relatively short time in evolutionary

terms (between 130 and 245 years) for the descendants of the original immigrants to become

virtually indistinguishable from those of the original inhabitants.

Is that what happens in reality? Galor and Özak (2016) find that a region’s pre-industrial

agro-climatic characteristics affect time-preference, technological adoption, education, saving,

and smoking behaviour to our days. Alesina et al. (2013) find that European and US residents

descending from populations who introduced the plough many thousand years ago in their

countries of origin still display less equal gender norms than those descending from populations

who did not implement that innovation. Hazarika et al. (2019) show that, even after ancestral

plough use, the timing of the Neolithic Transition, and many other potentially confounding

factors are controlled for, there are proportionately more missing women in countries where

ancestral ecological endowments were poorer than in others. According to Guiso et al. (2016),

Italian cities that achieved self-government in the Middle Ages display still today greater

civic sense than similar cities in the same area that did not. These empirical findings do not

necessarily contradict our illustrative calculations, because, in reality, immigration does not

occur all at once. In our numerical examples, if a new wave of immigrants with δ > 1 follows

after a while the one with δ = 1, the limit value of δ will obviously rise, and the convergence

process consequently start all over again from a new initial distribution. For this reason,

convergence may take longer than our calculations suggest. But there are also other reasons.

Diamond (1997, 2003, 2005) reports that, in a traditional society like New Guinea, if two

persons meet outside their respective villages, they will start a long discussion to establish

whether they have a relative or friend in common, and there is thus good reason for not try-

ing to kill each other.4 Bar the bloody outcome, something similar happens also in modern

societies and may extend to the political sphere. Tabellini (2019) finds evidence of political

opposition to immigration even when immigrants bring significant economic benefits to res-

4Something analogous happens in the plant kingdom. If two specimen of unrelated species are planted next
to each other, each of them responds by laying down a vast amount of roots (a costly activity). By contrast,
if the two are specimen of related species, they produce a smaller amount of roots and save the resources for
other uses; see Callaway and Mahall (2007), and Dudley and File (2007).
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idents. Add to this that, for linguistic and cultural reasons, immigrants from a part of the

world find it diffi cult to communicate not only with the original residents, but also with im-

migrants from other parts of the world, and you have an explanation for the well documented

phenomenon that immigrants tend to stick together and marry among themselves. It is thus

not surprising that the echo of ancient events is still detectable in the actions and attitudes

of today’s people.

3 Family rules and individual decisions

We now examine a specific decision model where δ is a preference parameter reflecting a

person’s taste for filial attention.5 In the last section, we assumed that δ is transmitted

from parents to children. Is that a reasonable assumption to make in the case where δ is a

preference parameter, rather than a physical characteristic? Bjorklund et al. (2006) find that

parents transmit their preferences to their children even if the latter are adopted. It would

thus seem that the transmission is not genetic. Cox and Stark (2005) report that preferences

are transmitted by way of example. By contrast, Ottoni-Wilhelm et al. (2017) report that

children can be talked into doing good deeds, but setting them a good example has limited

effect. Albanese et al. (2016) find that parental influence diminishes, but does not vanish, as

the children become exposed to external (school, peer group, etc.) influence. Bisin and Topa

(2003) show that it is possible to discriminate empirically between the effect of the family

and the effect of the outside world in preference formation. Cohen-Zada (2006) shows that

some parents contrast external influence by sending their children to appropriate confessional

schools. Summing up, there is evidence that preferences or values are inculcated by parents,

and may be modified through socialization. As mentioned in the Introduction, Bisin and

Verdier (2001), and Tabellini (2008) focus on the latter. We study the way preferences and

family rules evolve through intermarriage.

We start by establishing whether the following behaviour is incentive-compatible.

Definition 1. (Cooperative behaviour) The young give attention to their elderly parents.

5The model is a stripped-down version of the one in Cigno et al. (2017).
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This definition partitions the population into two groups: those who give attention to their

parents (“cooperators”), and those who do not (“non-cooperators”). The latter may include

two subgroups: the “accountable", who do not give attention to their parents when the latter

were cooperators, and the "unaccountable", who do not give attention to their parents when

the latter were non-cooperators. We use the term “deviator” to designate an accountable

non-cooperator.

We then inquire whether the following family rule will support cooperative behavior as an

equilibrium outcome.

Definition 2. (Family rule) The young must provide attention to their elderly parents if the

latter are not deviators.

An implication of this rule is that a person is not obliged to give attention to a deviating

parent. We will show that it is in the former’s interest not to give attention if not obliged to

do so, and that deviators may thus be punished by their grown-up children. If a person does

not give attention to a parent who deviated from the rule, then he or she is an unaccountable

non-cooperator. Conversely, if he or she does not give attention to a parent who did not

deviate from the rule, then he or she is a deviator. This rule identifies two individual states,

cooperator and unaccountable non-cooperator, that do not justify punishment. We will show

that these states may coexist in the short run (i.e., different persons may be in different

states), but only one state survives in the long run.

3.1 Basic assumptions

People live two periods. A person is young in period 1, old in period 2. The young can

work and marry, the old can do neither. Let wi and ct,i denote respectively the individual

i’s wage rate and his or her consumption of market goods (including the personal services

of professional helpers) in period t = 1, 2.6 Let aiki be the amount of filial attention that i

receives from ki = Di, Si, where Di is i’s daughter and Si is i’s son, in period 2. The utility

function is

Ui = c1i + ln c2i + max
[
0, δi

(
ln βaiDi + ln βaiSi

)]
, (1)

6Recall that individuals can work only in period 1.
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where the parameter δi measures i’s taste for filial attention, and the constant β is a scaling

factor designed to make ln βaik positive for a
i
k suffi ciently large.

7 Notice that market goods are

not perfect substitutes for filial attention. Notice also that parents are not altruistic towards

their children, and children are not altruistic towards their parents. Allowing for a modicum

of altruism on either side would make the analysis less sharp without altering the results in

any substantive way.

As in the last section, the couple formed by a particular woman f and a particular man

m is a random draw either from the entire population of young men and women, or from a

particular segment of it. Why random? In the present context, the answer is that, ex ante

(i.e., before the couple is drawn), δi is private monitoring, and wi is uncertain. Ex post, (δi, wi)

are common knowledge where the members of this couple are concerned, but their children’s

future wage rates are still uncertain. We shall assume that the individual wage rate is a

random variable taking value wH with probability ψ, and wL with probability 1 − ψ, where

wH > wL > 1.

The (f,m) couple may either marry or split (there is no re-sampling). If they split, then

aiD = aiS = 0. Therefore, i maximizes (1) subject to the budget constraints


c1i + si = wi,

c2i = rsi,

where si is the amount of saving in period 1, and r is the interest rate. The pay-off of

singlehood is then

Ri := max
si

(wi − si + ln rsi) = wi − 1 + ln r.

If f and m marry, they Nash-bargain over the allocation of their time and income. Having

assumed that people are not altruistic, f and m will neither give attention to their respective

parents, nor get it from their children, as a present. They would do both if they and their

children complied with the rule set out in Definition 2. Alternatively, they could buy it off

their children. Given that the filial attention does not have a perfect market substitute,

7Otherwise, ln tik would be negative for any t
i
k smaller than unity.
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however, the children would form a cartel, and set the price so high that the entire surplus

generated by the transaction would go to them.8 Parents are thus indifferent between buying

and not buying filial attention. We assume that they do not.

3.2 Bargaining in the absence of a family rule

Suppose that the (f,m) couple do not follow any family rule, and thus that aiki = 0. As there

will be no re-sampling, f’s (m’s) best alternative to marrying m (f) is to stay single. The

Nash-bargaining equilibrium then maximizes

N = (Uf −Rf ) (Um −Rm) , (2)

subject to f’s and m’s period budget constraints


c1f + sf = wf + T,

c2f = rsf ,


c1m + sm + T = wm,

c2m = rsm,

(3)

where T is defined as a transfer from m to f in period 1.

We show in Appendix 2 that the equilibrium is

ŝf = ŝm = 1, T̂ = 0.

The equilibrium pay-offs are

Ûi = wi − 1 + ln r = Ri, i = f,m.

Strictly speaking, therefore, the couple are indifferent between marrying or splitting. We

8Bernheim et al. (1985) argue that, as an alternative to paying cash, a parent could commit to bequeathing
her entire fortune either to the child who has given her the most attention or, if that attention falls below
a certain minimum, to a third party. According to this argument, the surplus would go to the parent,
rather than to the children. Cigno (1991) points out, however, that the children could counter the parent’s
strategy by drawing-up a perfectly legal contract committing only one of them to give the parent the minimum
amount of attention required to inherit the lot, and then to share the inheritance (minus a specified amount
as compensation for the attention given) equally with the others. That would give the entire surplus back to
the children.
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assume that they marry.

3.3 Bargaining in the presence of a family rule

Alternatively, suppose that f and m comply with the rule in Definition 2. Let Fi and Mi

denote, respectively, i’s mother and father.9 For the assumption that a child i’s δi is equal to

the mean of his parents,

δi =
δFi + δMi

2
.

Given that the couple give attention to their respective parents, the first-period budget con-

straint is now

c1f + sf = wf (1− a
Ff
f − a

Mf

f ) + T,

for f and

c1m + sm + T = wm(1− aFmm − aMm
m ), (4)

for m. In Subsection 3.4 we will demonstrate that the amount given by i = f,m to hi =

Fi,Mi is

ahii =
δhi

wi
. (5)

Given that i’s reservation utility is now Ûi = Ri, the Nash-bargaining equilibrium then max-

imizes

N ′ =
(
Uf − Ûf

)(
Um − Ûm

)
, (6)

subject to


c1f + sf = wf (1− a

Ff
f − a

Mf

f ) + T,

c2f = rsf ,


c1m + sm + T = wm(1− aFmm − aMm

m ),

c2m = rsm.

(7)

Assuming an interior solution (or the rule would be inoperative), and recalling that ki’s

9Here F and M stand for female and male respectively.
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wage rate is uncertain, we show in Appendix 3 that the equilibrium is

s′f = s′m = 1,

T ′ = δm

(
ψ ln

βδm
wH

+ (1− ψ) ln
βδm
wL
− 1

)
− δf

(
ψ ln

βδf
wH

+ (1− ψ) ln
βδf
wL
− 1

)
= δm (ln βδm − w̄ − 1)− δf (ln βδf − w̄ − 1) ,

where

w̄ := ψ lnwH + (1− ψ) lnwL.

In contrast with the case examined in the last subsection, where no family rule is in force, the

compensatory transfer T may thus be positive, negative or zero (the spouse with the higher

δ shares the benefit of obeying the rule with the spouse who has the lower δ).

U ′f = wf + δf (ln βδf − w̄ − 1) + δm (ln βδm − w̄ − 1)− 1 + ln r

and

U ′m = wm + δf (ln βδf − w̄ − 1) + δm (ln βδm − w̄ − 1)− 1 + ln r,

where U ′f and U
′
m are expectations, because the children’s wage rates are uncertain. Note

that U ′f may differ from U ′m because wf may differ from wm.

A condition for it to be in the (f,m) couple’s common interest to obey the rule in Definition

2 is that they would not be better-off disobeying it,

U ′f − Ûf = U ′m − Ûm = δf (ln βδf − w̄ − 1) + δm (ln βδm − w̄ − 1) ≥ 0. (8)

Since this condition may hold for some couples and not for others, it may be the case that

some couples comply with the rule and some do not.10 The latter will neither give nor receive

attention. The former will do both, but the amount of attention i gives may be different from

10Notice that for (8) to be satisfied for some couples it must be the case that lnβδH > w̄ + 1. We assume
that this is satisfied.
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the amount i receives, because (δi, wi) may differ from (δhi , whi) and (δki , wki). Furthermore,

(8) is a necessary but not a suffi cient condition. For the (f,m) couple to want to obey the

rule, they must expect that their children will do the same. Actually, (8) is written taking

it for granted that the children will comply. Therefore, a condition analogous to (8) must be

expected to hold also for each of their children,11 for each of their children’s children, and so

on. In addition to (8), it must then be true that

Et(U ′d` − Ûd` |δf , δm) ≥ 0 with d` ∈ {descendants of (f,m)},∀` ≥ 1, (9)

where ` denotes the number of generations that separate the (f,m) couple from their descen-

dant d`. What this says is that, for each `, d` complies with the rule.

We want to track how condition (9) and the distribution of δ evolve as a result of random

matching. First, however, we must justify the assertion that, if a couple comply with the rule

in Definition 2, the amount of attention they give to their respective parents is (5) .

3.4 Optimality of the family rule

We want to show that, if the (f,m) couple comply with the rule in Definition 2, it is optimal

for i = f,m to give hi = Fi,Mi the amount of attention a
hi
i = δhi

wi
, and for ki = Di, Si to give

i the amount of attention aiki = δi

wki
. To do so, we specialize the rule by imposing that the

amount of attention due to a parent is equal to the mean of the amounts that the latter gave

his or her own parents. Expressing the amount given as a function of the giver’s wage rate

(and writing the k index without the i = f,m subscript, because f’s children are also m’s),

we then have

aik(wk) =
aFii (wk) + aMi

i (wk)

2
. (10)

11Given that siblings have the same preferences and that they face not only the same wage rate distribution,
but also the same distribution of potential spouses’s preferences and wage rates, the (f,m) couple will expect
either that it is in both their children’s interest to comply with the rule, or that it is in both their children’s
interest not to do so.
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The allocation which maximizes (6) subject to (7) is (see Appendix 4)

sf = sm = 1,

T =
wm(1− aFmm (wm) + aMm

m (wm))− wf (1− a
Ff
f (wf ) + a

Mf

f (wf ))

2

+δm
[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
−δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]
.

After substituting for T, f’s and m’s equilibrium expected utilities are

Uf = Um = U =
wm(1− aFmm (wm)− aMm

m (wm)) + wf (1− a
Ff
f (wf )− a

Mf

f (wf ))

2

+ ln r − 1 + δm
[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
+δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]
.

Given that the rule will have been formulated before not only Dk’s and Sk’s, but also f’s

and m’s, wage rates were revealed, and given that f’s and m’s ancestors share the same

expectations regarding wf and wm, we find the optimal rule by maximizing the expected

value of U . Using (10), this may be written as

EU = ψ
wH(1− 2amk (wH)) + wH(1− 2afk(w

H))

2

+(1− ψ)
wL(1− 2amk (wL)) + wL(1− 2afk(w

L))

2

+δm
[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
+δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]

+ ln r − 1

If an interior solution exists (otherwise the rule would not be obeyed), it will be (see Appendix

4)

aik(wk) =
δi
wk
, i = f,m, k = Di, Si.

Therefore, by implication,
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ahii =
δhi

wi
, i = f,m, hi = Fi,Mi,

as assumed in the last subsection.

3.5 Evolution

We established in Section 2 that, if young men and women distinguishable by an inherited

trait δ are matched at random across the entire population, the distribution of this trait

will tend to converge to a single value. By contrast, if different segments of the population

(the original inhabitants and their descendants, immigrants from a certain part of the world

and their descendants) are initially characterized by different distributions of δ, and random

matching is restricted to men and women falling in the same segment, different distributions

will converge to values of δ.

In the specific model examined in the present section, δ is private monitoring before a

couple is made, but it becomes common knowledge where a couple is concerned once the

match is made. The couple then decide whether to marry or split. If they marry, they will

obey or disobey the rule according to whether (8) and (9) are or are not satisfied. The first of

these two conditions concerns the couple. The second concerns their descendants ` generations

on. Consider, for example, the daughter’s line of descendants (the same applies to the son’s

descendance). As ` goes to infinity, (9) tends to

lim
`→∞

Et(U ′d` − Ûd`|δf , δm) = (11)

Eδ∗ [δf (ln βδf − w̄ − 1) |δf,1] + Eδ∗ [δm (ln βδm − w̄ − 1)] ≥ 0,

where Eδ∗ denotes the expected value of ln βδi− w̄− 1 under the assumed initial distribution

of δ, and δf,1 is the realization of δf in generation d1. In the long run, if couples are matched

at random over the entire population, everybody has the same trait δ∗, and condition (11)
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can then be re-written as

2δ∗ (ln βδ∗ − w̄ − 1) ≥ 0. (12)

Notice that (9) may not hold for all t ≥ 0 and all l ≥ 0 even if (12) is satisfied, but both

these conditions will always hold if ln βδL > w̄ + 1. With ln βδL < w̄ + 1, there may exist

realizations of δi, and (conditional and unconditional) probability distributions for which the

expected value of ln βδi is smaller than that of (w̄ + 1) for i = f,m. Even if that is the case,

however, (11) will converge to (12). If the latter is satisfied, there will then exist a generation

t̄ such that (9) holds for all t ≥ t̄. Summing up, it is possible that every member of each

generation obeys the rule, or that nobody ever does. It is also possible that some members

of a generation do not obey the rule, but some of their descendants will. In the long run, if

there are no restrictions on whom one can marry, either everybody obeys the rule or nobody

does. By backward induction, if nobody obeys in the long run, nobody ever does.

Now suppose that people are distinguishable by a characteristic θ. If θ denotes religion

or ethnicity, it could then be the case that marrying somebody with a different θ is regarded

by those who practice that religion or recognize themselves in that ethnic group as a sin or

betrayal, and that it thus reduces the utility of doing so. Or it could be that a person’s utility

is not directly affected by the spouse’s θ, but there is a different distribution of δ for each value

of θ. If the probability that (8) and (9) are both satisfied increases with the spouse’s θ, no

young man (woman) will then accept to be paired with a young woman (man) recognizable by

a θ lower than his (her) own. For either negative or positive motivations, the matching may

thus be restricted to population members displaying the same θ.12 In the long run, there would

then be a different δ for each θ. In other words, the population would tend to break down in

a number of sharply characterized subpopulations. This prospect may appeal to those who

value identity above all else, but it could lead to sectarian conflict. A government concerned

about the latter should aim at lowering barriers to cross-marriages (e.g., by investing in public

education, and banning schools accessible only to those who practice a certain religion, have

12In the extreme case were there is only one δ for each θ, couples would then be positively assorted in δ,
and the distribution of this parameter would not evolve. That is effectively the case examined in Cigno et al.
(2017).
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a particular ancestry, or speak a certain minority language).

4 Discussion

We have shown that, if the members of each sex are differentiated by an inherited trait,

and couples are formed at random across the entire population, the variance of the trait in

question will gradually diminish as a result of marriage between individuals with different

traits, and that everybody will ultimately have the same trait. If people are differentiated

also by another trait, and the matching is restricted to young men and women characterized

by the same value of this second trait, there will be no convergence towards a common value

of the first one. Different groups characterized by different values of the second trait will

converge to different values of the first one. This has implications for the consequences of an

inflow of immigrants who differ in some way from the original residents.

Using a specific model where the inherited trait is a parameter measuring a person’s

taste for receiving filial attention (a good without perfect market substitutes) in old age,

and individuals are completely selfish, we have also shown that, if the parameter values

characterizing a couple satisfy certain conditions, it will be in the couple’s common interest

to obey a rule requiring them to give specified amounts of attention to their respective parents.

The amount given will depend on the receiver’s taste for filial attention, and the giver’s wage

rate. Once again, if couples are formed at random across the entire population, the variance

will gradually diminish as a result of intermarriage. In the long run, either everybody will

have the same preference parameter and obey the same family rule, or nobody will. Before

getting there, however, some couples may obey the rule, and others may not. It is also

possible that a couple will obey the rule, but their descendants will not obey it for a few

generations, and then obey it again. The reason why couples are formed at random in this

model is that a person’s taste for filial attention is private monitoring (and her or his wage

rate is uncertain) until the couple is actually formed. If young people are differentiated not

only by this unobservable trait, but also by an observable one such as ethnicity or religion,

however, it is possible that the matching will be restricted to those who belong to the same
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ethnic group or practice the same religion. If that is the case, the population will tend to

break down into a number of sharply characterized subpopulations. That may undermine

social cohesion and call for policy intervention.

The present paper bears similarities to a number of other contributions to the literature

that also aim to predict how preferences evolve across generations, but it differs from them

in one fundamental respect. All those contributions assume that individual preferences have

either a paternalistic or a pro-social component, and that the evolution of these preferences

has nothing to do with sexual reproduction and intermarriage. Bisin and Verdier (2001),

and Tabellini (2008), assume that parents inculcate their preferences (or "values") into their

children, and that preferences evolve through socialization only. Alger and Weibull (2013)

assume that preferences have an egoistic component, that by itself would lead a person to

behave like "homo oeconomicus", and a “Kantian”one, that by itself would drive a person

to "do the right thing”if everyone else did the same. Using the evolutionary stability notion

developed in Weibull (1995), those authors show that Kantian behaviour may prevail over

selfish behaviour in pairwise encounters of a non sexual nature (there is no reproduction,

sexual or asexual) if the matching has a certain degree of assortativity. In our model, doing

the right thing can be the equilibrium behaviour even if people are perfectly selfish, and men

and women are matched at random. All these different contributions are complementary

rather than antithetical. Each from its own perspective helps to explain how preferences and

behaviours evolve across generations.

5 Appendix 1. Evolution

Proof of Proposition 1. In period t = 0, each group (male of female) is partitioned in

two subgroups: nπ0(0) individuals have the trait δL, while nπ0(1) individuals have the trait

δH . Given that siblings cannot marry each other, there are n(n− 1) possible couples, where

n = nL + nH .

In period t = 1, S(1) = 3 traits are possible, that is, δL, δ
L+δH

2
, δH . The probability to

have a match between two L-types, which gives birth to a male and a female with the trait
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δL, is

π1(0) =
nL(nL − 1)

n(n− 1)
=
π0(0)(nπ0(0)− 1)

n− 1

n large︷︸︸︷
≈ π20(0)

Similarly, the probability to have a match between two H-types, which gives birth to a male

and a female with the trait δH , is

π1(2) =
nH(nH − 1)

n(n− 1)
=
π0(1)(nπ0(1)− 1)

n− 1
≈ π20(1)

Finally, the probability to have a match between a L-type and an H-type, which generates

two individuals with the mixed trait δL+δH

2
, is

π1(1) =
2nHnL

n(n− 1)
=

2π0(1)π0(0)n

n− 1
≈ 2π0(1)π0(0).

At the end of period t = 1 there are still n males and n females (grandchildren replace

grandparents), however, for each of these groups π1(0)n individuals will have now a trait

δ1(0) = δL, π1(1)n individuals will have a trait δ1(1) = δL+δH

2
, while π1(2)n individuals will

inherit a trait δ1(2) = δH .

In period t = 2, S(2) = 5 traits are possible, that is, δL, 3δ
L+δH

4
, 2δ

L+2δH

4
, δ
L+3δH

4
, δH . The

probability to have a match between two L-types, which will preserve the native trait δL, is

now

π2(0) =
π1(0)n[π1(0)n− 1]

n(n− 1)
≈ π21(0) = π40(0)

The probability to generate a trait δ2(1) = 3δL+δH

4
is the probability that a L-type meets a

type with a trait δL+δH

2
, that is

π2(1) =
2π1(0)nπ1(1)n

n(n− 1)
≈ 2π1(0)π1(1) = 4π30(0)π0(1)

The probability to generate a trait δ2(2) = 2δL+2δH

4
is the probability that two types with
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trait δL+δH

2
meet each other plus the probability that L meets H, that is

π2(2) =
π1(1)n[π1(1)n− 1]

n(n− 1)
+

2π1(0)π1(2)n

n− 1
≈

π21(1) + 2π1(0)π1(2) = 6π20(0)π20(1)

The probability to generate a trait δ2(3) = 1δL+3δH

4
is the probability that an H-type meets a

type with a trait δL+δH

2
, that is

π2(3) =
2π1(2)nπ1(1)n

n(n− 1)
≈ 2π1(2)π1(1) = 4π30(1)π0(0)

and finally, the probability to generate a match between two H-types, which generates again

a native trait δH , is

π2(4) =
π1(2)n[π1(2)n− 1]

n(n− 1)
≈ π21(2) = π40(1).

For a generic generation t, there S(t) = 2t + 1 possible traits,

δt(j) :=
(2t − j)δL + jδH

2t
= δL +

δH − δL

2t
j, with j = 0, 1, . . . , 2t,

identified by a random variable, j, which converges, if n is large, to a binomial distribution

B(2t, π), with mean 2tπ and variance 2tπ(1 − π), where we have defined π := π0(1), with

π0(0) = 1− π. In other words, the probability to have j in period t is πt(j), with

πt(j) =

(
2t

j

)
πj(1− π)2

t−j, j = 0, 1, . . . , 2t. (13)

We now formally prove expression (13). Start by considering t = 1. We proceed by induction.

Recall that the population is initially distributed in two groups: those with δL and those with

δH , where (π, 1−π) denotes the initial distribution of δ values. As already shown, in the first

generation, t = 1, there are S(1) = 3 possible traits: the trait δL is generated with probability

(1 − π)2, the trait δL+δH

2
with probability 2π(1 − π), and δH with probability π2. In other

20



words, the distribution of traits in period t = 1 is

π1(j) =

(
21

j

)
πj(1− π)2

1−j.

Consider now a generic t. Assume that for the generation in t the S(t) = 2t + 1 traits

are distributed according to the binomial distribution (13). We want to show that for the

generation in t+ 1 the S(t+ 1) = 2t+1 + 1 traits are also distributed according to a binomial

distribution, with probabilities

πt+1(j) =

(
2t+1

j

)
πj(1− π)2

t+1−j, j = 0, 1, . . . , 2t+1.

By construction each trait δt+1(j) of the generation in t + 1 is generated by mixing the

traits δt(j′) and δt(j′′) of the previous generation in t, such that j = j′ + j′′. Therefore, the

probability of generating δt+1(j) is

∑
j′,j′′

j′+j′′=j

[πt(j′)nπt(j′′)n
n(n− 1)

1{j′ 6=j′′} +
πt(j

′)n[πt(j
′′)n− 1]

n(n− 1)
1{j′=j′′}

]
n large︷︸︸︷
≈

∑
j′,j′′

j′+j′′=j

[
πt(j

′)πt(j
′′)1{j′ 6=j′′} + πt(j

′)πt(j
′′)1{j′=j′′}

]

= πj(1− π)2
t+1−j

[ ∑
j′,j′′

j′+j′′=j

(
2t

j′

)(
2t

j′′

)
1{j′ 6=j′′} +

∑
j′,j′′

j′+j′′=j

(
2t

j′

)(
2t

j′′

)
1{j′=j′′}

]

= πj(1− π)2
t+1−j

j∑
j′=0

(
2t

j′

)(
2t

j − j′

)
=

(
2t+1

j

)
πj(1− π)2

t+1−j

where in the last line we have used the identity

j∑
j′=0

(
2t

j′

)(
2t

j − j′

)
=

(
2t+1

j

)
.

Hence, the distribution of the random variable j that identifies each trait of the S(t+1) traits
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of the generation in t+ 1 is also binomial, with mean 2t+1π and variance 2t+1π(1− π).

We conclude the proof by noting that each trait δt(j) is a linear transformation of the

random variable j. Therefore, the distribution of δt(j) in each period t is given by a binomial

distribution with mean δL(1−π) + δHπ and variance (δH−δL)2
2t

π(1−π). Clearly, as t→∞ the

variance goes to zero and every individual displays the same trait δ∗ = (δH−δL)2
2t

π(1− π).

Appendix 2. Nash-bargaining without family rules

Using the FOCs for the maximization of (2),

∂N

∂T
= (Um −R)− (Uf −R) = 0,

∂N

∂sf
=

(
−1 +

1

sf

)
(Um −R) = 0

∂N

∂sm
=

(
−1 +

1

sm

)
(Uf −R) = 0,

we find

ŝf = ŝm = 1 and T̂ = 0.

Substituting ŝf , ŝm and T̂ into the expression for Uf or Um gives us the equilibrium pay-offs

Ûf = Rf and Ûm = Rm.

Appendix 3. Nash-bargaining with family rules

Using the FOCs for the maximization of (6) subject to (7)

∂N

∂T
=
(
Uf − Ûf

)
−
(
Um − Ûm

)
= 0,

∂N

∂sf
=

(
−1 +

r

rsf

)(
Um − Ûm

)
= 0

and
∂N

∂sm
=

(
−1 +

r

rsm

)(
Uf − Ûf

)
= 0,
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we find the Nash-bargaining equilibrium for the case in which f and m obey family rules,

and the solution to the Nash-maximization problem subject to these rule is interior (i.e., the

amount of filial attention received by f and m is large enough to add to their utility),

s′f = s′m = 1, T ′ = δm (ln βδm − w̄ − 1)− δf (ln βδf − w̄ − 1) .

T ′ is determined so that
(
U ′f − Ûf

)
=
(
U ′m − Ûm

)
. Substituting s′f and T

′ into the expression

for U ′f or U
′
m, we find the equilibrium values of the f’s and m’s utility.

Appendix 4. Optimality of the family rule

The utilities of f and m are

Uf = wf (1− aFif (wf ) + aMi
f (wf ))− sf + ln rsf + 2δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]

+ T

Um = wm(1− aFim (wm) + aMi
m (wm))− sm + ln rsm + 2δm

[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
− T

The FOC’s of the maximization of (6) subject to (7) have the form as those in Appendix 3,

but the solution under a generic family rule is

sf = sm = 1,

T =
wm(1− aFim (wm) + aMi

m (wm))− wf (1− aFif (wf ) + aMi
f (wf ))

2

+δm
[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
− δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]
.

Substituting for T, sf and sm into (14) and (14) we obtain the equilibrium utilities

Uf = Um =
wm(1− aFmm (wm) + aMm

m (wm)) + wf (1− a
Ff
f (wf ) + a

Mf

f (wf ))

2
+ ln r − 1 +

+δm
[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
+ δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]
.
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The renegotiation proof family rule will maximize

E (EU) = ψ
wH(1− 2amk (wH)) + wH(1− 2afk(w

H))

2

+(1− ψ)
wL(1− 2amk (wL)) + wL(1− 2afk(w

L))

2

+δm
[(
ψ ln βamk (wH) + (1− ψ) ln βamk (wL)

)]
+δf

[(
ψ ln βafk(w

H) + (1− ψ) ln βafk(w
L)
)]

+ ln r − 1

with respect to afk and a
m
k . The FOCs for an interior solution are

∂E (EU)

∂aik
= −wJ + δi

1

aik(w
J)

= 0 for J = L,H

which yield

aik(w
J) =

δ

wJ
, for J = L,H.
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