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Abstract

We propose a model of the intergenerational transmission of education where children be-

long to either high-educated or low-educated families. Children choose the intensity of their

social activities while parents decide how much educational effort to exert. We characterize the

equilibrium and show under which condition cultural substitution or complementarity emerges.

There is cultural substitution (complementarity) if parents decrease (increase) their education

effort when their child socializes more with other children of the same type. By structurally

estimating our model to the AddHealth data in the United States, we find that there is cultural

complementarity for high-educated parents and cultural substitution for low-educated parents.

This means that, for both parents, the more their children interact with kids from high-educated

families, the more parents exert educational effort. We also perform some policy simulations.

We find that policies aiming at mixing high and low educated children perform well in terms

of average educational outcomes. We also show that a policy that gives vouchers to children

from high-educated families have a positive and significant impact on the educational outcomes

of all children while a policy that gives vouchers to children from low-educated families has a

negative effect on the outcomes of both groups.
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1 Introduction

Education is a crucial aspect of any policy that could be implemented in a country. Still, it is un-

clear which policy should be implemented to increase education in the population. In this paper, we

investigate the intergenerational transmission of education by studying how parental educational

effort and background (vertical transmission) as well as children’s social networks (horizontal trans-

mission) have an impact on educational outcomes.

Intergenerational transmission of education is indeed important for studying social mobility and

persistence of economic inequalities. For example Black and Devereux (2011) argue that focusing

on education makes sense because it is a good measure of lifetime welfare. What is less clear in

the literature is why parental education should be important for children education other than an

obvious wealth/income channel. Black and Devereux (2011) propose two channels: time allocation

and higher productivity in child-enhancing activities. Indeed it is well documented that involvement

in child care increases with parental educational attainment. Guryan et al. (2008) use American

Time Surveys data to investigate the issue of time allocation in child care. They find a positive

relation between parental years of education and child care. Such a relation is robust to all types

of childcare activities, whether educational or not. This suggests that it is very difficult to assess

how much productivity matters in education. In this paper, not only we explicitly model parental

effort in child care, but we are also able to identify empirically an index of parental effort that is

specifically related to education-enhancing child care.

To be more precise, we propose a model with two types (or groups), high-educated (type H) and

low-educated (type L) and examine a cultural transmission mechanism where children belonging to

each group choose a certain level of socialization effort that determines the probability of forming

links with other students and their degree of homophily1 with respect to their own type. In our

model, the way two children of different types socialize and their friendship link is formed essentially

depend on four key elements: (i) the preference bias captured by the preference of interacting with

someone from own versus the other type, (ii) the meeting bias, captured by the fraction of own

type children in the population but also by their geographical distance, (iii) the synergy of social

interactions between all children (iv) the ex ante heterogeneity in their observable characteristics.

Parents decide their education effort by trading off the cost of such an effort and the benefit of

having an educated child. What is key and new in this transmission process is that parents decide

upon their effort by looking at the (expected) degree of homophily of their children (i.e. how much

they form friendship links with children of their own types). We totally characterize the equilibrium

of this model and determine under which condition there is cultural complementarity and cultural

substitution. There is cultural substitution (complementarity) if parents decrease (increase) their

1Homophily is the tendency of agents to associate with other agents who have similar characteristics. It refers to
the fairly pervasive observation in working with social networks that having similar characteristics (age, race, religion,
profession, education, etc.) is often a strong and significant predictor of two individuals being connected (McPherson
et al., 2001).
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education effort when their child socializes more with other children of the same type.

We then structurally estimate our model using the AddHealth data, which study the impact

of the social environment (i.e. friends, family, neighborhood and school) on adolescents’ behavior

in the United States. We find that there is cultural complementarity for type−H parents (i.e.

high-educated parents exert more educational effort the more their children are homophilous) and

cultural substituability for type−L parents (i.e. low-educated parents exert more educational effort

the more their children are heterophilous).

We then perform some comparative statics exercises with respect to the preference bias of the

children and the intensity of the peer effects. We find that, when people of one group become less

prejudiced against the other group, they tend to socialize more and thus are more likely to form

links with individuals from the other group. As a result, they become less homophilous, which

induces high-educated parents to exert less educational effort (cultural complementarity) and low-

educated parents to provide more educational effort (cultural substituability). This, in turn, implies

that the probability of becoming educated decreases for children from high-educated families while

it increases for children from low-educated families.

When the intensity of peer effects increases (i.e. there are more synergies from interacting

with other children), children socialize more with each other and thus form more friendship links.

Because in our data there is a meeting bias in favor of the children from low-educated families

(only 28% of children are from high-educated families), children of type H become less homophilous

while those of type L become more homophilous. This leads to the fact that both parents exert

less educational effort. As a result, the impact of education outcomes is very small since vertical

transmission decreases while the horizontal one increases.

We then look at different policy experiments. First, we consider two-social mixing policies. In

the first one, we increase the fraction of children from high-educated families while keeping the

total number of children constant. The aim of this policy is to reduce the meeting bias so that

children have more chance to meet children from high-educated families (since they only constitute

28% of the population in our dataset). When implementing such a policy, we show that it not

only benefits the children from high-educated families but also the ones from low-educated families

since they all have a higher chance of becoming more educated. This is because children from

high-educated families become more homophilous while those from low-educated families become

more heterophilous. This, in turn, raises the educational effort of both types of parents.

In the second social-mixing policy, we reduce the geographical segregation (or distance) be-

tween the two types of children. We show that such a policy favors children from low-educated

families but harms those from high-educated families. This is because both types of children be-

come less homophilous, which, in turn, reduce the educational effort of type−H parents (cultural

complementarity) but increase the educational effort of type−L parents (cultural substituability).

Second, we also examine voucher policies, which consist in giving (monetary or non-monetary)
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incentives to children for socializing more in after-school activities. In the first voucher policy, we

only give vouchers to children from high-educated families while, in the second one, we only give

vouchers to children from low-educated families. We show that the former has a positive impact

on the education outcomes of both types of children while the latter has a negative impact on the

education outcomes of both types of children. In fact, if we increase the voucher by 83% in each of

these two policies, we show that the difference in the probability of becoming high-educated is as

large as 23% for type−H children and 17.5% for type−L children.

The rest of the paper unfolds as follows. In Section 2, we relate our paper to the relevant

literature and in Section 3 we propose some initial evidence from the data motivating our analysis.

In Section 4, we describe our model while, in Section 5, we characterize the equilibrium and show

under which condition it is unique. In Section 6, we structurally estimate our model using the

AddHealth data. Section 7 is devoted to the comparative statics exercises while Section 8 examine

the different policy experiments and their impacts on educational outcomes. Finally, Section 9

concludes.

2 Related literature

There is a very large literature on education and, in particular, on why children with different

backgrounds end up with different levels of education. Most studies have found that school quality

(e.g., Card and Krueger, 1992; Hanushek, 2002), family background (e.g., Ermisch and Francesconi,

2001; Sacerdote, 2002; Plug and Vijverberg, 2003), parental involvement in children’s education

(Jencks and Phillips, 1998; Patacchini and Zenou, 2009, 2011), and peer and network effects (Sac-

erdote, 2001, 2011; Calvó-Armengol et al., 2009) have a significant and positive impact on the level

of education of children.

In this paper, we propose a different approach by studying the role of parents, geographical

distance and children’s network of friends in the education outcomes of children. We also study

the efficiency of different policies (spatial and social) in this framework.

There is also an important theoretical and empirical literature on cultural transmission initiated

by the seminal papers of Bisin and Verdier (2000, 2001).2 In this literature, cultural transmission

is conceptualized as the result of interactions between purposeful socialization decisions inside

the family (direct vertical socialization) and other socialization processes like social imitation and

learning which govern identity formation (oblique and horizontal socialization). These two types of

socialization are cultural substitutes (complements) if parents have less (more) incentive to socialize

their children, the more widely dominant are their values in the population. Cultural traits are

endogenous in this context. Allowing for interesting socio-economic effects interacting with the

socialization choices of parents, the basic cultural transmission model of Bisin and Verdier has

2For an overview, see Bisin and Verdier (2011).
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been extended and applied to several different environments and cultural traits and social norms

of behavior, from preferences for social status (Bisin and Verdier, 1998), to corruption (Hauk and

Sáez-Mart́ı, 2002), hold up problems (Olcina and Penarubbia, 2004), development and social capital

(Francois, 2002), intergenerational altruism (Jellal and Wolf, 2002), labor market discrimination

and work ethics (Sáez-Mart́ı and Zenou, 2012), globalization and cultural identities (Olivier et al.,

2008), education (Botticini and Eckstein, 2005, 2007; Patacchini and Zenou, 2011), identity (Bisin

et al., 2011, 2016), leadership (Verdier and Zenou, 2015, 2016) and religion (Bisin et al., 2004;

Patacchini and Zenou, 2016).

Our approach brings several innovations with respect to this literature on cultural transmission.

First, contrary to this literature where peer effects are conceived as an average intra-group

externality with arbitrary group boundaries and at a quite aggregate level (residential neighborhood,

state or even country level), here peers will be defined by the smallest unit of analysis for peer effects,

that is the social network of social relationships.3

Second, in our paper, the social network is endogenous and is formed by socialization efforts

from children. In other words, we consider a model in which children play an active role in the

socialization process by choosing their socializing activity that shapes the distribution of type in

their neighborhood. In this respect, we provide one of the very few models with endogenous oblique

socialization.4 The standard literature and, in particular, the literature on discrete cultural traits,

considers a population based framework in which, during the horizontal socialization, all children

face the same distribution of types in their neighborhood. This can be considered as a mean-field

approximation of a network approach. The only model that considers the role of a (fixed and

exogenous) network is Panebianco and Verdier (2015), which also uses a mean-field approach. In

our model, the socialization choice of the children gives rise to a network, which, in turn, defines

the degree of homophily of each child.5

Third, we have a setting in which children are first and temporarily socialized to the parent

trait (early socialization), then children choose socialization effort and, at last, parents exert an

educational effort taking into account their offsprings’ choice. This allows us to have parental

socialization costs also to depend on the homophily choices of their children.

There are other papers that explicitly model network formation and homophily but do not

study the intergenerational transmission of a specific trait (such as education here). Currarini et

al. (2009, 2010) is a seminal contribution in the economic theory of homophily in networks. As in

our paper, they highlight two possible causes of homophily, meeting bias and preference bias, and

structurally estimate their model with the AddHealth data to empirically measure these two biases

3The economics of networks is a growing field. For overviews, see Jackson (2008), Blume et al. (2011), Ioannides
(2012), Boucher and Fortin (2016), Graham (2015), Jackson and Zenou (2015) and Jackson et al. (2016).

4To the best of our knowledge, Vaughan (2013) provides the only model of cultural transmission that attempts to
endogenize the horizontal socialization process. However, he does not propose a network approach.

5There is also some recent literature (Panebianco, 2014, and Buechel et al., 2014) that studies the impact of
network structure in horizontal socialization but the network is exogenous and cultural traits are continuous.
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for different racial groups. Golub and Jackson (2010, 2012a,b) propose a random model of network

formation and study time to convergence of a learning/behavior-updating process. They show that

homophily induces a lower speed of social learning. They also examine how well these theoretical

results match the process when it is simulated on empirically observed high school friendship

networks (AddHealth data). Finally, using the framework of Cabrales et al. (2011), Albornoz

et al. (2014) develop a model that integrates productive and socialization efforts with network

choice and parental investments. Individuals not only choose their efforts within a network but

also the network to which they belong. Because of complementarities, they show that individuals

underinvest in productive and social effort. They also show that there are more people than the

socially desirable number in the network whose distribution of types has a larger mean if individual

productivities are uniformly distributed.

Compared to this literature, we also propose a simple model of network formation based on

socialization efforts of the children. What is new in our framework is the fact that parents make

educational effort decisions based on the degree of homophily of their children. We also study

social-mixing as well as voucher policies by structurally estimating our model to the AddHealth

data.

3 A motivating example from the data

Consider two types of parents: type t = H are parents who are highly educated while type t = L

are parents who have a low level of education. Using the AddHealth data (see Section 6.1 below

for a description of this dataset), in Table 1, we report the results of a simple linear probability

model where the endogeneous variable is the probability of going to college (dummy variable) for a

student of type t while the key explanatory variables are the parental effort (how much time parents

spend educating their children) when the student is a teenager, the student’s homophily (measured

by the percentage of friends of the same type) when the student is a teenager and the interaction

of these two variables.6 We also add an array of control variables and school fixed effects to control

for school characteristics. We do not claim any causal relationship just simple correlations.

[Insert Table 1 here]

We can see, in columns (1) and (2) in Table 1, where we only consider parental effort as

explanatory variable, that the more parents put effort in educating their children, the higher is

the chance for the children to eventually become educated (i.e. go to college). The effect is

significant for both high- and low-educated parents, but the magnitude is higher for parents of type

t = L. Then, when we put together both parental effort and children’s homophily as explanatory

variables in columns (3) and (4), the effect of parental effort disappears for high-educated parents

6All these variables are precisely defined in Section 6.1
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but remains, albeit lower, for low-educated parents. Finally, when we add the interaction term

between these two variables (columns (5) and (6)), we observe that the education effort of parents

has no direct impact on the education level of their children while the children’s homophily has a

strong impact on their education outcomes for children whose parents are highly educated but no

impact if parents have a low level of education.

Table 1 suggests that both parental effort and children’s homophily are a key determinant of the

education outcomes of children but that the homophily variable erases the impact of parental effort

when these two variables are put together in the same regression. This is an interesting suggestive

evidence from a simple reduced-form regression.

We would now like to investigate further this issue by understanding more precisely the exact

mechanism behind the role of parental effort and children’s homophily on the education outcomes

of children. For that, we propose a theoretical model where both parental effort and children’s

homophily are endogenously determined in equilibrium and examine how they interact with each

other in explaining children’s education outcomes. We will then structurally estimate our model

to evaluate the role of each of these variables on the education outcomes of children and study the

relative importance of parental effort versus children’ homophily choices.

4 The Model

Consider a cultural transmission model with a two-cultural trait population of individuals. We

build on the model of cultural transmission of Bisin and Verdier (2000, 2001) in which vertical

socialization inside the family interacts with horizontal socialization outside the family. Contrary

to Bisin and Verdier (2001), we assume that children are active in the socialization process by

choosing how much social interactions they have with other children.

To be more specific, define T as the set of possible types of traits in the population. Assume

T = {H,L}, where H refers to “high educated” and L to “low educated”. We will mainly study

children who have not yet been educated. As a result, when we say that a child has trait t ∈ T ,

it means that this child has a parent who is of type t. The fraction of children with trait t = H

is denoted by q so that 1 − q refers to the fraction of children in the population who have trait

t = L. Families are composed of one parent and a child, and hence reproduction is a-sexual. All

children are first and temporarily socialized to the trait of their parent (early socialization). Then,

children choose their social interactions with other children of different types and a network is

formed. This is the homophily stage. Then, parents react to children’ choices by deciding the level

of education effort τ i. Interestingly, this allows us to have parental education costs that depend on

the homophily choices of children. Finally, children become educated or not, i.e. they become of

type H or L.
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Timing The timing is as follows. First, children choose how much socialization effort (or

activity) they are exerting with other children. This socialization choice is made by each child

knowing that it will have an impact on the probability that she will form links with other children.

Thus, the choice of socialization activities of all children endogenously determines the expected

friendship network structure. This is the network the child will be exposed to during horizontal

socialization, if the parent’s education effort in transmitting their trait fails.

Then, each parent, knowing this “expected” network,7 will decide how much education effort

to exert in transmitting their trait. This education effort is costly, which has a direct cost but also

a cost that depends on the socialization choices made by children. Indeed, parents may have lower

costs if their offsprings make socialization choices that are in line with the educational status of

the parent. For example, if a child, whose parent is highly educated, decides to mainly interact

with children with high-educated parents (homophily), then the parent of this child will experience

a lower socialization cost. Observe that all parents want their kids to be educated, even the low-

educated parents. As a result, they all exert education effort, which helps their kids to become

highly educated.

Finally, given the vertical and horizontal transmission mechanisms described above, children

will adopt either trait H or L.

Network formation Let us solve the children’ socialization choices. We consider a simultane-

ous move game of network formation (or social interactions) where each child i selects a socialization

effort, si ≥ 0. Let s = (s1, ..., sn) be a profile of socialization efforts. Then, children i and j, with

types t = H,L interact with a link intensity given by:

pij =
1

4
δijρijsisj (1)

In (1), pij is the probability of forming the link ij and δij = 1 if i and j are of the same type

and δij < 1 if they are of different types. Furthermore, ρij is an index of geographical proximity

between any two children i and j and, thus, is symmetric (ρij = ρji); this index decreases with the

geographical distance between i and j. Finally, 1/4 is a normalization scalar that ensures that pij

is always between 0 and 1.8 In other words, i and j are more likely to form a friendship link, if

they are of the same type (captured by δij) and if they reside close to each other. Moreover, the

higher is both socialization efforts si and sj , the more likely a link will be formed. Observe that

δij has been called preference bias by Currarini et al. (2009) since it says that people of the same

type are more likely to form a link than people of different types. For simplicity, we assume that

preference bias is homogenous among agents of the same type and take values 1 for children of the

7In fact, as we will see below, the parent does not need to know the whole (expected) network. He or she only
needs to know the homophily behavior of his/her offspring, which amounts to know the number of friends the child
has and how often they interact with each other.

8See Appendix A for further details.
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same type, i.e. δij ≡ δHH = δLL = 1, and takes values less than one for children of different types,

i.e., δij ≡ δHL < 1 (for a child of type H forming a link with child of type L) and δij ≡ δLH < 1

(for a child of type L forming a link with child of type H). We leave the possibility that δHL may

be different from δLH , which means that the network may be asymmetric since pij may have a

distinct value than pji. In the empirical analysis below, we will show that it is indeed the case in

our data.

As in Cabrales et al. (2011), in (1), the exact identity of the interacting partner is not an

object of choice. Rather, each child i chooses an aggregate level of socialization effort si. This total

effort is then distributed across each and every possible bilateral interaction in proportion to the

partner’s socialization effort. This interaction pattern arises naturally when meetings result from

casual encounters rather than from an earmarked socialization process. In our context, children at

schools participate to after-school activities (such as dance, music, honors club, foreign language

clubs, etc.) and si reflects how many activities and how often they practice these activities. Two

children who spend a lot of time practicing these after-school activities are then more likely to be

friends than those who don’t.

Payoffs The utility of child i choosing socialization effort si is given by:

ui = bisi + φ
∑
j

pij −
1

2
s2
i (2)

where φ > 0. By plugging pij from (1) into (3), we obtain:

ui = bisi +
1

4
φ
∑
j

δijρijsisj −
1

2
s2
i (3)

where bi is the ex ante heterogeneity (observable characteristics such as gender, race, etc.) of

individual i. In the utility function (3), the returns from socialization effort si for individual i

are the sum of a private component (bisi − 1
2s

2
i ) and a synergistic component (1

4φ
∑
j
δijρijsisj).

Quite naturally, we assume strategic complementarities between the different socialization efforts

of linked individuals so that:
∂2ui
∂si∂sj

=
φδijρij

4
≥ 0

Parents’ education effort Let us now focus on the parent’s effort choice. The parents are

assumed to know the socialization choice of their own child and that of her friends and thus the

resulting values of p∗ij , between their child i and her friends j.9 For each parent of a child i, denote

by d∗i =
∑

j p
∗
ij the expected degree of her child i, which is basically the number of friends of i

multiplied by probability that each pair forms a link. Denote also by pt∗ij the probability of forming

9All variables with a star refer to equilibrium or choice variables.

9



a link between children i and j when ti = tj (i.e. i and j are of the same type). For example, pH∗ij
is the (equilibrium) probability that a child i of type H (which means here that her parent is of

type H) forms a link with a child j of type H. Define p̂t∗ij ≡ pt∗ij/d
∗
i , for trait t = H,L. Then, for

an individual i of type t,

ht∗i ≡
∑
j

p̂t∗ij =
∑
j

pt∗ij
d∗i

(4)

is a measure of homophily of individual i of type t in the expected equilibrium network. Indeed,

ht∗i measures the homophily of child i since it divides the (expected) number of links with own type

t by the (expected) total number of links of individual i. Let us now consider, in turn, the choice

of the parents of type H and, then, of type L.

Consider a parent and a child of type H. Denote by πHHi the probability that a child i from

a parent of type H becomes of type H when adult (i.e. the child becomes high educated). Sim-

ilarly, denote by πHLi the probability that a child i from a parent of type H becomes of type L.

The education mechanism described above can then be characterized by the following transition

probabilities:

πHHi = τHi + (1− τHi )hH∗i (5)

πHLi = (1− τHi )(1− hH∗i ) (6)

where 0 ≤ τHi ≤ 1 is the socialization effort of a type−H parent who has a child i. It is also the

probability for which direct vertical socialization to the parent’s trait (t = H) occurs. Consider

equation (5). The child i will be socialized to trait H if either the direct socialization from her parent

H succeeds (this occurs with probability τHi ) or, if it does not succeed (this occurs with probability

1 − τHi ), she is then subject to horizontal socialization, which is here endogenous and determined

by the network of social interactions described above. To be more precise, it is determined by

hH∗i , the degree of homophily of child i or more exactly the (expected) fraction of child i’s friends

who are of type H. The more the child has (expected) friends of type H, the more likely she

will be of type H. Observe that, instead of considering the average population with trait H as

in Bisin and Verdier (2000), here we look at the average population share with a specific level of

homophily in each child’s environment. This has the striking implication of preventing us to have a

unique equation representing the whole set of agents in a type. This is why we need to index each

transition probability by i since it depends on the social behavior of the child (homophily) and not

on the average population with trait t. In this respect, the Bisin-Verdier model can be seen as a

mean-field approximation of this process, with the additional simplification of network exogeneity.

We can now define the utility function for a parent i of type H as follows:

10



UHi = (πHHi V HH + πHLi V HL)− 1

2

(
τHi
)2︸ ︷︷ ︸

Bisin-Verdier

+ αHhH∗i τHi︸ ︷︷ ︸
Reciprocate Homophily

(7)

where hH∗i is the homophily of child i (defined in (4)) that arises from the endogenous network

formation and where V HH > 0 and V HL > 0 denote the utility a type−H parent derives from

having a child of type H and L, respectively. Quite naturally, we assume that V HH > V HL so that

∆V H ≡ V HH − V HL > 0, i.e. there is a positive utility associated with having a high educated

child for a high educated parent.

The utility (7) is composed of two parts: (i) the standard utility function used in the Bisin

and Verdier framework, which depends on the benefits and costs of socialization, (ii) a new part,

which we refer to as “reciprocate homophily ”. To be more precise, when the parent considers hH∗i ,

she infers whether her child tends to interact more with other children of the same type as herself

(homophily) or with children from the other type (heterophily). Then, we assume that the higher

is hH∗i , i.e. the more homophilous is the child, the higher is the (marginal) utility of her parent of

exerting education effort, i.e.
∂2UHi

∂τHi ∂h
H∗
i

= αH > 0. If hH∗i is low, then there is a conflict between

the child’ choice and the parent’s preferences and thus the more heterophilous is the child, the

less utility her high-educated parent derives from exerting education effort. This is a reasonable

assumption, which is in fact verified in our data since we will show below that αH > 0 (see Table

3).

The problem for low-educated parents is slightly different because of opposite incentives with

respect to parents of type H in the education effort choices. Indeed, even low-educated parents

want their child to be educated and thus exert effort in this direction. We thus assume that parents

of type L would like to have children of type H. Therefore, their socialization effort is exerted in

order to increase the probability that their child becomes of type H. The transition probabilities

can then be written as follows:

πLHi = τLi + (1− τLi )(1− hL∗i ) (8)

πLLi = (1− τLi )hL∗i (9)

The first equation states that parents of type L exert an effort τLi to induce their kids to become of

type H. If they are unsuccessful, the probability that their children will become of type H is just

equal to their rate of heterophily, given by 1−hL∗i . The second equation has a similar interpretation.

We can then write the utility of type−L parents as follows:

ULi = πLLi V LL + πLHi V LH − 1

2

(
τLi
)2

+ αL(1− hL∗i )τLi (10)
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where V LL > 0 and V LH > 0 denote the utility a type−L parent derives from having a child of

type L and H, respectively. Since low-educated parents prefer their kids to be educated, we assume

that V LL < V LH so that ∆V L ≡ V LL − V LH < 0. This utility has a similar interpretation as (7)

since it has the standard benefits and costs of education effort and a new part that we can call

“reciprocate heterophily ”. Indeed, we assume that the higher is 1−hL∗i , i.e. the more heterophilous

is the child, the higher is the utility of her low-educated parent of exerting education effort, i.e.
∂2ULi

∂τLi ∂(1−hL∗i )
= αL > 0. This is again a reasonable assumption, which is in fact verified in our data

since we will show below that αL > 0 (see Table 3).10

5 Equilibrium analysis

Let us now determine the equilibrium of this model. Observe that each child i’s socialization effort

choice si is independent of the education effort τ ti of her parent of type t. However, τ ti is a function

of si since each parent of a child i needs to know the equilibrium homophily index hH∗i of her child

in order to decide how much education effort to exert. Let us solve first the child’s problem and

then the parent’s one.

5.1 Children’ Socializing Activity

General result By maximizing utility (3) with respect to si, we easily obtain for each child

i:

s∗i = bi +
1

4
φ
∑
j

δijρijs
∗
j (11)

Consider a total population of n parents/children (since the parent and the child are defined in the

same unit) with nH and nL parents/children of type H and L, respectively, and with nH +nL = n.

This means that we can define by q = nH/n the fraction of high-educated people in the population

and by 1 − q = nL/n the fraction of low-educated people in the population. Define R = (ρij) as

the (n × n) matrix of geographical proximities with ρii = 0. Define also D̃ = (δij) as the (n × n)

matrix of preference biases where clearly δii = 0. Remember that we assumed that δij could only

take 3 values: (i) δij ≡ δHH = δLL = 1 if i and j are of the same type, (ii) δij ≡ δHL < 1 for

a child i of type H interacting with child j of type L, (iii) δij ≡ δLH < 1 for a child i of type L

interacting with child j of type H. If by convention, and without loss of generality, in vectors and

matrices we write first the kids of type H and then those of type L, we can define D̃ as follows:

D̃ =

(
JH D̃H

D̃L JL

)
(12)

10Observe that we could have assumed that the cost of exerting education effort is higher for low-educated than
high-educated parents by adding some parameter in the cost function, but this will not change any of our results.
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where Jt (for t = H,L) is a (nt × nt) matrix with zeros on the diagonal and ones off the diagonal,

D̃H is a (nH×nL) matrix with δHL everywhere (both on and off the diagonal) and D̃L is a (nL×nH)

matrix with δLH everywhere (both on and off the diagonal).

In matrix form, we can then write (11) as follows:

s∗ = b+
φ

4
D s∗ (13)

where b is the (n×1) vector of bis and D ≡ D̃◦R, where ◦ is the Hadamard product (i.e. entrywise

product). Define µ1(D) as the spectral radius of D. We obtain the following result:

Proposition 1 If µ1(D) < 4/φ, then there is a unique interior equilibrium of children’ socialization

choices given by

s∗ =

(
I− φ

4
D

)−1

b (14)

The proof of this proposition is straightforward by observing that:(
I− φ

4
D

)−1

=
∞∑
k

(
φ

4

)k
Dk

which is the Neuman series and so there exists a unique equilibrium if the condition given in the

proposition is satisfied. Furthermore, by looking at the first-order condition (11), it is clear that

the solution is interior. Interestingly, s∗ is basically a weighted Bonacich centrality (see Ballester

et al., 2006) of the network of proximity D, which takes into account both geographical proximity

and preference biases. Notice that D has the same entries for agents of the same type and at

the same distance. Thus, heterogeneity in the link formation comes from the heterogeneity in the

vector of idiosyncratic characteristics b and in the geographical distance. Notice also that, in the

extreme case where there is no preference biases and all agents are located in the same location, D

becomes a matrix of ones, with zero diagonal. In that case, µ1 (D) = n − 1 and the condition for

the existence and uniqueness of equilibrium is given by φ < 4
n−1 .

Given the equilibrium s∗, we can calculate the expected network defined by the (n× n) matrix

P∗ =
(
p∗ij

)
, which represents all possible probabilities of forming a directed link between all agents

two by two. Indeed, using (1), we can write its matrix form equivalent as:

P∗=
1

4
D ◦ S (15)

where S ≡ s∗ s∗T and where the diagonal is made of zeros. This means that, given P∗, we do not

know the specific realization of the network but the expected network. Notice that p∗ij = p∗ji only

if δHL = δLH , which will generally not be true. As a result, the expected network is asymmetric.
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Let us define more precisely the (n× n) matrix P∗. We have:

P∗ =

(
PHH∗ PHL∗

PLH∗ PLL∗

)

where Ptt′∗ is a
(
nt × nt′

)
matrix that keeps track of the probability of links between children of

type t and of type t′.

To summarize, the way two children i and j of different types socialize and their friendship link

is formed essentially depend on four key elements: (i) the preference bias captured by δHL and δLH ,

(ii) the meeting bias, captured by q = nH/n but also by ρij , the geographical distance between i

and j,11 (iii) the synergy of social interactions, captured by φ, (iv) the ex ante heterogeneity in

their observable characteristics, bi and bj . If i and j are of the same type, then only (ii), (iii) and

(iv) would matter.

We will now illustrate these different elements with some examples. In details, the first example

shows the role of the standard preference bias and meeting bias; The second and third examples

show, respectively, the role of synergy and heterogeneity.

Example 1 Consider a very small society composed of n = 7 parents/children, two of them

are of type H and five of them of type L, i.e. nH = 2 and nL = 5 so that q = 2/7 = 0.28 (which

is the fraction of type−H students we have in our dataset; see Section 6.1 below). Assume that

δHL = 0.6284 and δLH = 0.6741, which are the estimation values that we obtain in our regressions

(see Table 3 below). This means that children of type L enjoy slightly more interacting with

children of type H than the reverse. Then, D̃ is a (7× 7) matrix defined as follows:

D̃ =



0 1 0.6284 0.6284 0.6284 0.6284 0.6284

1 0 0.6284 0.6284 0.6284 0.6284 0.6284

0.6741 0.6741 0 1 1 1 1

0.6741 0.6741 1 0 1 1 1

0.6741 0.6741 1 1 0 1 1

0.6741 0.6741 1 1 1 0 1

0.6741 0.6741 1 1 1 1 0


(16)

Assume that φ = 0.0011 (as in our Table 3 below). Assume also, for simplicity, that all agents

reside at the same location so that the distance between any pair of agents is normalized to 1 so

that the R matrix is a matrix of ones. Then, D = D̃. Assume, finally, that there is no ex ante

heterogeneity so that b = 1, where 1 is a vector of ones. Denote by M ≡
(
I− φ

4 D
)−1

, which is

11In a sense, our meeting bias is a mix of population shares and choices of some socialization activities which,
impact the possibilities to meet other people. It is worth noticing that the parameter ρij also captures the meeting
bias but at the neighborhood level.
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the matrix of (expected) discounted paths. Then,12

s∗ = M b =



1.0011

1.0011

1.0015

1.0015

1.0015

1.0015

1.0015


We see that, in terms of socialization efforts, type−H children socialize slightly less than type−L

children. This is only due to the preference bias difference, since we assumed that δHL < δLH .

Observe that the difference is tiny because φ is small. We can now obtain the matrix of probabilities

of each link. Using (1) or (15), we have:

P∗ =



0 0.25 0.158 0.158 0.158 0.158 0.158

0.25 0 0.158 0.158 0.158 0.158 0.158

0.169 0.169 0 0.25 0.25 0.25 0.25

0.169 0.169 0.25 0 0.25 0.25 0.25

0.169 0.169 0.25 0.25 0 0.25 0.25

0.169 0.169 0.25 0.25 0.25 0 0.25

0.169 0.169 0.25 0.25 0.25 0.25 0


which implies that

PHH∗ =

(
0 0.25

0.25 0

)
, PHL∗ =

(
0.158 0.158 0.158 0.158 0.158

0.158 0.158 0.158 0.158 0.158

)

PLH∗ =


0.169 0.169

0.169 0.169

0.169 0.169

0.169 0.169

0.169 0.169

 , PLL∗ =


0 0.25 0.25 0.25 0.25

0.25 0 0.25 0.25 0.25

0.25 0.25 0 0.25 0.25

0.25 0.25 0.25 0 0.25

0.25 0.25 0.25 0.25 0


Since we impose that, within a group, all children are homogenous, then we obtain only four

link probabilities, i.e. pHH = 0.25, pHL = 0.158, pLH = 0.169 and pLL = 0.25. For example,

pHH = 0.25 means that the probability that a child of type H (i.e. whose parent is high educated)

will form a link with a given child of type H is 25%. We can see that pLL = pHH > pLH > pHL.

This implies that type−L students are more eager to form links with type−H students than the

12It is easily verified that the condition µ1(D) < 4/φ states in Proposition 1 holds here since µ1(D) = 5.0468 and
since φ = 0.0011, we have: 5.0468 < 4/0.0011 = 3636.4.

15



reverse. This is also due to the fact that we assumed that δLH > δHL so that the preference bias

is higher among type−H children than among type−L children. Notice that, if we had introduced

some heterogeneity in the geographical proximity of agents (i.e. the ρij) or in the idiosyncratic

parameters (i.e. the bi), then this would induce different weights in the Bonacich centrality, with

agents with a higher level of bi having a larger probability of forming links with others. Notice at

last that the matrix of probabilities of links is asymmetric, treating each direction of the link as

independent.

We can now calculate the homophily behavior of all children in this network. Denote by d∗ the

(n×1) vector of (equilibrium) degrees, where the degree of child i is d∗i =
∑

j p
∗
ij so that d∗ = P∗1.

Denote also by P̃∗ =
(
p̃∗ij

)
the (n × n) matrix of (equilibrium) relative link probabilities for all

children, where p̃∗ij ≡ p∗ij/d
∗
i and P̃tt′∗ the corresponding (nt × nt′) matrix for children of type t so

that

P̃∗ =

(
P̃HH∗ P̃HL∗

P̃LH∗ P̃LL∗

)

Finally, denote by Ht∗ = P̃tt∗1, for t = H,L, the (nt × 1) vector of (equilibrium) homophily

behaviors for children of type t and by H∗ =

(
HH∗

HL∗

)
the (n×1) vector of (equilibrium) homophily

behaviors for all children. In our example,

d∗ =



1.04

1.04

1.338

1.338

1.338

1.338

1.338


, P̃∗ =



0 0.240 0.152 0.152 0.152 0.152 0.152

0.240 0 0.152 0.152 0.152 0.152 0.152

0.126 0.126 0 0.187 0.187 0.187 0.187

0.126 0.126 0.187 0 0.187 0.187 0.187

0.126 0.126 0.187 0.187 0 0.187 0.187

0.126 0.126 0.187 0.187 0.187 0 0.187

0.126 0.126 0.187 0.187 0.187 0.187 0


and H∗ =



0.240

0.240

0.748

0.748

0.748

0.748

0.748


which means, in particular, that

HH∗ =

(
0.240

0.240

)
and HL∗ =


0.748

0.748

0.748

0.748

0.748

 (17)

We see that there is inbreeding homophily for the type−L kids (hL∗ = 0.748) since, in expectation,

74.8% of their friends should be of type L, while, there is strong heterophily for type−H kids

(hH∗ = 0.240) since, in expectation, only 24% of their friends should be of type H. This result
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is due to both the preference bias (captured by δHL and δLH) and the meeting bias (captured

by q = 0.28). Indeed, even though type−H children have a relatively strong preference bias

(δHL = 0.6284), they have a very high heterophily behavior because there is a very high meeting

bias against them since they have only 28% chance to meet type−H children. On the contrary,

type−L children, who have both a strong preference bias (δLH = 0.6741) and a strong meeting

bias (the chance to meet a type−L child is 72%), will mainly interact (74.8% of their time) with

children of type L.

Example 2 In the previous example, we used for φ the parameter value that we obtain (see

below) in our empirical analysis. Because φ turned out to be quite small (φ = 0.0011) and because

we assumed that children were ex ante identical in both geographical distances and observable

characteristics, we mainly highlighted two channels: preference and meeting bias. Imagine, now,

that we keep exactly the same parameter values but just increase φ so that children will socialize

more. For example, take a φ = 0.2. In that case, D̃ and thus D are still given by (16) but, now,

children’s socialization efforts are given by:

s∗ =



1.277

1.277

1.358

1.358

1.358

1.358

1.358


We now see that the socialization efforts are much higher and that type−L children socialize more

than type−H children due to different preference biases. It is easily verified that:

P∗ =



0 0.408 0.272 0.272 0.272 0.272 0.272

0.408 0 0.272 0.272 0.272 0.272 0.272

0.292 0.292 0 0.461 05 0.461 0.461 0.461

0.292 0.292 0.461 0 0.461 0.461 0.461

0.292 0.292 0.461 0.461 0 0.461 0.461

0.292 0.292 0.461 0.461 0.461 0 0.461

0.292 0.292 0.461 0.461 0.461 0.461 0


,
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P̃∗ =



0 0.231 0.154 0.154 0.154 0.154 0.154

0.231 0 0.154 0.154 0.154 0.154 0.154

0.120 0.120 0 0.190 0.190 0.190 0.190

0.120 0.120 0.190 0 0.190 0.190 0.190

0.120 0.120 0.190 0.190 0 0.190 0.190

0.120 0.120 0.190 0.190 0.190 0 0.190

0.120 0.120 0.190 0.190 0.190 0.190 0


and

H∗ =



0.231

0.231

0.77

0.77

0.77

0.77

0.77


Compared to Example 1, we see that the probability of forming a link for all students is much

higher. This is because students socialize more due to higher synergies (i.e. higher φ). Despite this,

the homophily behavior of all students is relatively similar to that of Example 1 because type−L
children are still very homophilous while type−H children are still very heterophilous.

Example 3 Let us go back to the previous example (Example 1 with φ = 0.0011) but let

us introduce some heterogeneities in the geographical space. As in our data (see Section 6.1),

assume that ρHH = 0.09, ρLL = 0.12 and ρHL = ρLH = 0.10. To calculate this value, we use:

ρij = exp (−dij), where dij is the average geographical distance between two students i and j

(see Section 6.1 below). For example, ρHH = 0.09 means that the average distance between two

students of type H is 2.4 km. As a result,

R =



0 0.09 0.10 0.10 0.10 0.10 0.10

0.09 0 0.10 0.10 0.10 0.10 0.10

0.10 0.10 0 0.12 0.12 0.12 0.12

0.10 0.10 0.12 0 0.12 0.12 0.12

0.10 0.10 0.12 0.12 0 0.12 0.12

0.10 0.10 0.12 0.12 0.12 0 0.12

0.10 0.10 0.12 0.12 0.12 0.12 0
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and thus

D ≡ D̃ ◦R =



0 0.09 0.06284 0.06284 0.06284 0.06284 0.06284

0.09 0 0.06284 0.06284 0.06284 0.06284 0.06284

0.06741 0.06741 0 0.12 0.12 0.12 0.12

0.06741 0.06741 0.12 0 0.12 0.12 0.12

0.06741 0.06741 0.12 0.12 0 0.12 0.12

0.06741 0.06741 0.12 0.12 0.12 0 0.12

0.06741 0.06741 0.12 0.12 0.12 0.12 0


where D̃ is still given by (16). We obtain:

s∗ =



1.0001

1.0001

1.0002

1.0002

1.0002

1.0002

1.0002


As before, because φ is quite small, there is no much difference in socialization efforts. We also

obtain:

P∗ =



0 0.0225 0.0157 0.0157 0.0157 0.0157 0.0157

0.0225 0 0.0157 0.0157 0.0157 0.0157 0.0157

0.0169 0.0169 0 0.03 0.03 0.03 0.03

0.0169 0.0169 0.03 0 0.03 0.03 0.03

0.0169 0.0169 0.03 0.03 0 0.03 0.03

0.0169 0.0169 0.03 0.03 0.03 0 0.03

0.0169 0.0169 0.03 0.03 0.03 0.03 0


,

P̃∗ =



0 0.223 0.155 0.155 0.155 0.155 0.155

0.223 0 0.155 0.155 0.155 0.155 0.155

0.110 0.110 0 0.195 0.195 0.195 0.195

0.110 0.110 0.195 0 0.195 0.195 0.195

0.110 0.110 0.195 0.195 0 0.195 0.195

0.110 0.110 0.195 0.195 0.195 0 0.195

0.110 0.110 0.195 0.03 0.195 0.195 0
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H∗ =



0.223

0.223

0.775

0.775

0.775

0.775

0.775


The probabilities of forming links are quite small because they are now weighted a proximity index

ρij , which is relatively small. However, the homophily behaviors are relatively similar.

5.2 Parents’ Socialization Effort

We now turn to the analysis of the parents’ effort choice. As stated above, parents do not observe

the realization of the network G created by the probability matrix P∗, but just know the matrix

P∗ and thus the expectation over each possible link.

General result Remember from above that we defined by Ht∗ = P̃tt∗1, the (nt × 1) vector

of (equilibrium) homophily behaviors for children of type t = H,L. Using (5) and (6), the utility

of high-educated parents is given by:

UHi = V HHτHi + V HH(1− τHi )hH∗i + V HL(1− τHi )
(
1− hH∗i

)
− 1

2

(
τHi
)2

+ αHhH∗i τHi

Similarly, using (8) and (9), the utility of low-educated parents can be written as:

ULi = τLi V
LH + (1− τLi )hL∗i V LL + V LH(1− τLi )(1− hL∗i )− 1

2

(
τLi
)2

+ αL(1− hL∗i )τLi

Proposition 2 Assume that

αt ≤ 1, and
∣∣∆V t

∣∣ ≤ 1, ∀t ∈ {H,L} (18)

(i) The optimal education effort of each parent i of type t ∈ {H,L} is given by:

τH∗i = ∆V H +
(
αH −∆V H

)
hH∗i (19)

τL∗i = αL −
(
αL + ∆V L

)
hL∗i (20)

where ∆V H = V HH − V HL > 0 and ∆V L = V LL − V LH < 0.

(ii) The behavior of type−H parents exhibits cultural substitution (cultural complementarity) if
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and only if αH < ∆V H (αH > ∆V H) since

∂τH∗i
∂hH∗i

T 0⇔ αH T ∆V H

(iii) The behavior of type−L parents exhibits cultural complementarity (cultural substitution) if

and only if αL < −∆V L (αL > −∆V L) since

∂τL∗i
∂hL∗i

T 0⇔ αL S −∆V L

First, observe that, since 0 ≤ ht∗i ≤ 1, ∀t = H,L, τH∗i > 0 since ∆V H > ∆V HhH∗i and

τL∗i > 0 since αL > αLhL∗i . Moreover, conditions (18) are sufficient conditions that guarantee

that τH∗i ≤ 1 and τL∗i ≤ 1. Second, each parent of each type t has a different socialization effort,

which depends on the specific (expected) network her children belong to and thus the homophily

behavior of the children. Third, an interesting result here, is that parents’ efforts may show either

cultural complementarity or substitution depending on the gain of having a child educated (∆V H

or −∆V L) and the marginal benefit of having an homophilic (for type−H parents) or heterophilic

child (for type−L parents) since
∂2UHi

∂hH∗i ∂τHi
= αH and

∂2ULi
∂hH∗i ∂τLi

= αL. To understand this result, let

us rewrite the equilibrium efforts (19) and (20) as follows:

τH∗i =
(
1− hH∗i

)
∆V H + hH∗i αH

τL∗i =
(
1− hL∗i

)
αL + hL∗i

(
−∆V L

)
One can see that the optimal parental’s effort is a convex combination between the utility gain

of having an educated child and αt, where the weights are the degree of homophily of children.

When αH or αL are large enough, then all the weights are on hH∗i and 1 − hL∗i and thus there is

cultural complementarity between hH∗i and τH∗i , i.e. the more the child is prone to have type−H
relationships (which means homophily for type−H children but heterophily for type−L children),

the more parents of both types exert effort in influencing their child of becoming educated. On

the contrary, when ∆V H or −∆V L are large enough, then all the weights are on hL∗i and 1− hH∗i ,

and, as a result, there is cultural substitutability, since parents exert more effort, the less children

are likely to have type−H relationships.

Example 1 Let us go back to our example 1 of the previous section where homophily behaviors

were given by (17). Assume that ∆V H = 0.2794, −∆V L = 0.1787, αH = 0.3212 and αL = 0.2221.

These are the values we obtained when we calibrated our model to our data (see Table 2 below).

These values mean that there is cultural complementarity for type−H parents (Proposition 2, part

(i)) since αH > ∆V H but cultural substituability for type−L parents (Proposition 2, part (iii))
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since αL > −∆V L. Then, it is easily verified that, using (19), (20) as well as (17), the optimal

socialization choices of parents are given by:

τH∗ = 0.289 and τL∗ = 0.190

This result is easy to understand. First, ∆V H = 0.2794 > 0.1787 = −∆V L, which means parents

of type H value much more than parents of type L that their offsprings become educated. Second,

αH = 0.3212 > 0.2221 = αL, which means that the marginal benefit of having an homophilic child

for a type−H parent is much more higher than for a type−L parent. Third, type−L children

are much more homophilous than type−H children (hL∗ = 0.748 > 0.240 = hH∗). Since there is

cultural substituability for parents of type L, higher homophily means less educational effort. As

a result, for all these reasons, type−H parents exert more educational effort than type−L parents.

We can now calculate the equilibrium transition probabilities. They are given by:

πHH∗ = 0.460, πHL∗i = 0.540, πLH∗i = 0.394 and πLL∗i = 0.606

Children of high-educated parents are more likely to become highly educated than children of low-

educated parents (πHH∗ > πLH∗i ). Indeed, on the one hand, type−H parents put more educational

effort (τH∗ > τL∗) so their children have more chance to become directly (vertical transmission)

highly educated. On the other hand, both types of children have nearly the same level of social

interactions with type−H children (hH∗i = 0.252 for i of type H and hH∗i = 1 − hL∗i = 0.240 for

i of type L), i.e. their probability of becoming highly educated through horizontal transmission

is roughly 25%. As a result, πHH∗ > πLH∗i . Moreover, social mobility for type−L children is

relatively low (πLH∗i = 0.394) because their parents do not exert enough effort in education, they

are surrounded by mainly low-educated children and they are too homophilous.

6 Structural estimation

We would now like to structurally estimate the model and perform some comparative statics results

as well as some policy experiments.

6.1 Data

For that, we use a (relatively) well-known database on friendship networks from the National Lon-

gitudinal Survey of Adolescent Health (AddHealth).13 The AddHealth survey has been designed

13This research uses data from Add Health, a program project directed by Kathleen Mullan Harris and designed by
J. Richard Udry, Peter S. Bearman, and Kathleen Mullan Harris at the University of North Carolina at Chapel Hill,
and funded by grant P01-HD31921 from the Eunice Kennedy Shriver National Institute of Child Health and Human
Development, with cooperative funding from 23 other federal agencies and foundations. Special acknowledgment is
due Ronald R. Rindfuss and Barbara Entwisle for assistance in the original design. Information on how to obtain
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to study the impact of the social environment (i.e. friends, family, neighborhood and school) on

adolescents’ behavior in the United States by collecting data on students in grades 7-12 from a na-

tionally representative sample of roughly 130 private and public schools in years 1994-95. A subset

of these adolescents, about 20,000 individuals, is also asked to compile a longer questionnaire con-

taining sensitive individual and household information, and includes the geographical coordinates

of their residential address.

From a network perspective, the most interesting aspect of the AddHealth data is the friendship

information, which is based upon actual friends nominations. Indeed, pupils were asked to identify

their best friends from a school roster (up to five males and five females).14 As a result, one can

reconstruct the whole geometric structure of the friendship networks (each network is denoted by

g), summarized in the adjacency matrix G = (gij), where gij = 1 if i and j are friends, and gij = 0,

otherwise. Quite naturally, gii = 0. Consider a student i of type t = H,L. Then, we denote by∑
j g

t
ij the number of friends of student i of type t. Such a detailed information on social interaction

patterns allows us to measure the peer group precisely by knowing exactly who nominates whom in

a network (i.e. who interacts with whom in a social group). To define a type of a parent or a child,

we say a child is of type H if any one of his/her parent (father or mother) is a college graduate.

Otherwise, he/she is of type L.

We removed private and vocational public schools from the sample, in order to remove an addi-

tional potential source of self-selection and to ensure that distance between students is exogenous

conditional on school choice. The final sample size, after removing unconnected individuals and

members of networks with less than four members is of 5, 281 students. Among these 5, 281 students,

28% are from high-educated families so that we have: q = nH/n = 0.28 and 1− q = nL/n = 0.72.

In our sample we have 66 school and 113 networks. The definition of all variables can be found in

Table A1 in Appendix B and a complete summary statistics can be found in Table 2.

[Insert Table 2 here]

From the geographical coordinates, we are able to build our proximity index ρij in the following

way. For each pair of individuals i and j in school r, we first compute the Euclidean distance dij

between their homes. The proximity index is then given by: ρij,r = exp(−dij). The index has

two desirable properties: it is always in [0, 1) and decreases exponentially as distance increases. In

our data, the average distance between two students of type H is 2.41 km (i.e. ρHH = 0.09), the

average distance between two students of type L is 2.12 km (i.e. ρLL = 0.12) and the average

distance between a student of type H and a student of type L is 2.3 km (i.e. ρHL = ρLH = 0.10).

To measure socializing activity levels of the children (the sis in the model), we use a composite

the Add Health data files is available on the Add Health website (http://www.cpc.unc.edu/addhealth). No direct
support was received from grant P01-HD31921 for this analysis.

14The limit in the number of nominations is not binding. Less than 1% of the students in our sample show a list
of ten best friends.
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index variable so that si is defined as the sum of after-school activities of student i that requires

interactions with others. Each of these after-school activities takes a value of 1 if the student

perform the activity, and zero otherwise. The activities are: dance, music, any kind of sports,

writing or editing the school newspaper, honors club, foreign language clubs, participating in the

school council, other clubs. We also add whether it is common for them to just hang out with

friends, and whether they know people in their neighborhood and if during the month before the

interview they stopped on the street to talk to someone they knew. Finally, if they use physical

fitness or recreation center in the neighborhood. To sum it up, our proxy for s is a sum of all

possible after school activities that could spur social interactions with other fellow students. The

sum is then normalized between zero and one. Summary statistics for all these variables can be

found in Table A2 in Appendix B. The average of such socialization activity index for type−H
students is 0.54, while it is 0.49 for students from low educated families (type−L students). This

indicates that students from high-educated families socialize more than those from low-educated

families.

As a measure for parental effort τ , we also use a composite indicator, which is calculated by

averaging all the non-zero answers to the questions asked to students regarding the relationship

with their parents. In particular, we use the three following questions asked to the parents whether:

(i) they talked to the child about his/her grades, (ii) they helped the child on a school project, (iii)

talked to the child about other things he/she did at school. The index is then normalized to one by

averaging the answers over the number of parents. The average value of τ is 0.24, with 0.23 for low-

educated parents (type L) and 0.28 for high-educated parents (type H). This again indicates that

high-educated parents put more effort in education-related activities than low-educated parents.

If we use the observed network G, then we can calculate homophily as in the model (see (4)).

On average, it is equal to 0.66 overall, with h
H∗
i = 0.48 (for type−H students) and h

L∗
i = 0.74

(for type−L students).15 This suggests that low-educated students are more homophilic than high-

educated students.

6.2 Empirical strategy

We now describe the strategy we employ in order to obtain point estimates of the parameters and

how we make inference on them. First of all, recall that our model is based on a definition of a link

probability (1), i.e.

pij =
1

4
δijρijsisj

and the three following equilibrium equations (11), (19) and (20) that determine, respectively, the

equilibrium socialization effort of children, the socialization effort of parents of type H and L,

15A variable with a bar indicates an average value of this variable.
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respectively:16

si = bi +
1

4
φ
∑
j

δijρijsj

τHi =AH +BH
∑
j

p̂Hij (21)

τLi =AL +BL
∑
j

p̂Lij (22)

where AH ≡ ∆V H , BH ≡ αH − AH , AL ≡ αL and BL ≡ −∆V L − AL and where homophily for

type−t students is defined as hti ≡
∑

j p̃
t
ij =

∑
j p

t
ij/di. It is easily verified that equations (19) and

(20), and equations (21) and (22), are the same.

Estimation of the preference bias parameter Let us start with the estimation of the

preference-bias parameter. In the model, we assume that δHH = δLL = 1 so that there is, quite

naturally, no preference bias against own group. Now, we need to estimate δHL and δLH .

First, let us assume that δHL = δLH = δ (homogenous case), which implies that pij = pji

(this is, of course, not necessary true when δHL 6= δLH , which we study below). We would like to

structurally estimate δ. Remember that P = (pij) is a matrix whose element pij is defined by (1),

where δij = δ if i and j are of different types and 1, otherwise. In fact, P = 1
4D◦S (see (15)), where

D = D̃ ◦R (D̃ keeps tract of the preference-bias parameters so in our case it is made of δ and 1

with zero diagonal while R keeps tract of the geographical distance ρij between the residences all

students). Moreover, S = s sT. Remember also that P̃ = (p̃ij), where p̃ij = pij/di and di =
∑

j pij ,

is a matrix of relative link probability and the vector H =

(
HH

HL

)
(with H = P̃ 1) keeps tract of

homophily behavior for all students in the network. As discussed above, in our dataset, we observe

s (the socialization effort of each student i), R (the geographical distances ρij) and the network

g of friendship links between all students but not D̃ since δ is unknown. As a result, we choose

a δ, denoted by δ̂, that minimizes the distance between the observed homophily in the network g

and the expected one predicted by our model. We define the vector of observed homophily in our

dataset by the vector Ω =

(
ΩH

ΩL

)
, where ωti =

∑
j g

t
ij/
∑

j gij , for t = H,L.

We now determine the δ that minimizes the quadratic distance between observed homophily Ω

and predicted homophily H, i.e.

δ̂ = arg min
δ

n∑
i=1

(ωti − hti(δ))2

where n is the number of individuals in our sample. Note that, to determine δ̂ we are using basically

16To ease the presentation of this section, we skip the superscript star for the equilibrium variables.
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a nonlinear least squares estimator that poses Ω = H(δ). Since analytical derivatives are difficult

to calculate, to make inference on δ̂, we use a boostrap routine, where we resample Ω within each

school/network.

We can now relax the assumption that δHL = δLH = δ so that δHL 6= δLH (heterogenous case).

We proceed exactly as before, but to calculate δ̂HL and δ̂LH , we split the sample into two as follows:

δ̂HL = arg min
δHL

nH∑
i=1

(ωHi − hHi (δHL))2

δ̂LH = arg min
δLH

nL∑
i=1

(ωLi − hLi (δ))2.

Estimation of the socialization spillover parameter We know from equation (11) that

s∗i (φ) = bi +
1

4
φ
∑
j

δijρijs
∗
j

which, in matrix form, can be written as (14), i.e.

s∗(φ) =

(
I− φ

4
D

)−1

b

In our dataset, we have: s∗i (students’ socialization efforts defined in Section 6.1), ρij = exp(−dij)
(index of proximity based on geographical distances) and, from above, we have an estimation of

the δs. For bi, we use b̃i, the predicted values of a regression of s∗i on a set of individual level

characteristics and school fixed effects. So, the only unknown is φ. Denote by soi,r the observed

socialization value of individual i in school r.

We can now determine the φ̂ that minimizes the quadratic distance between observed socializa-

tion so and predicted socialization s∗(φ) (defined in (11)), i.e.

φ̂ = arg min
φ

nr∑
i=1

(soi,r − s∗i,r(φ))2

For inference, as above, we use a boostrap routine, where we resample soi,r within each school.

Estimation of parental parameters For all the other parameters, we can estimate (21)

and (22) by OLS. Their econometric equivalent can be written as:

τHi,r =AH +BH
∑
j

p̂Hij,r + β′xHi,r + ηHr + εHi,r (23)
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τLi,r =AL +BL
∑
j

p̂Lij,r + β′xLi,r + ηLr + εLi,r (24)

where the vectors xHi,r and xLi,r are vectors of individual-level characteristics. Observe that, from

the model, p̃tij = ptij/di and di =
∑

j pij , is a matrix of relative link probability, so that hti =
∑

j p̃
t
ij .

In matrix form, P =1
4D ◦ S. Denote, now, by p̂tij the estimated value of p̃tij , which is defined in

the same way with one difference: the matrix D is replaced by the matrix D̂, where estimated δ̂

are used. In equations (23) and (24), we use these values in
∑
j
p̂Hij,r and

∑
j
p̂Lij,r. Finally, in order

to account for the generated regressor
∑
j
p̂Lij,r and cluster heteroscedasticity, standard errors are

bootstrapped at the cluster (school) level. We also include a school fixed effect ηr to control for

school selection.

6.3 Empirical results

The estimated parameters are reported in Table 3 for both the homogeneous case (δHL = δLH = δ)

in column 2 and the heterogeneous case (δHL 6= δLH) in column 3. We find that, in the homogenous

case, the estimated preference bias is δ̂ = 0.6546, which means that groups do tend to prefer friends

of their own type. When we consider heterogeneous preferences across groups, students from high-

educated families have a stronger bias against the other type (δ̂HL = 0.6284) than those from a

low-education background (δ̂LH = 0.6741).

[Insert Table 3 here]

We also find that the socialization spillover parameter φ is positive and significant but very small

in magnitude (φ̂ = 0.0011).17 This means that socialization spillovers are not that strong. Observe

that its values does not change a lot from the homogeneous to the heterogeneous case.

Finally, the parameters governing parental effort are shown at the bottom of Table 3. First, we

see that all variables are very significant and with the right signs.18 Second, we observe that the

utility of a high-educated parent having an educated child is higher than that of a low-educated

parent having an educated child, i.e. ∆V H > −∆V L. Finally, when looking at the estimations

of αH and αL (in the heterogeneous case), we find that 0.3212 = α̂H > α̂L = 0.2221. This

means that the (marginal) benefit for type−H parents of having an homophilic child is higher

than the (marginal) benefit for type−L parents of having an heterophilic child. More importantly,

since αH > ∆V H and since αL > −∆V L (for both the homogeneous and heterogeneous cases), we

have cultural complementarity for high-educated parents and cultural substitution for low-educated

parents (see Proposition 2). This means that, the higher is the homophily behavior of children from

17We verified that the condition is Proposition 1 is satisfied.
18We performed an F test for AH = 0, BH +AH = 0, AL = 0 and BL +AL = 0.
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high-educated parents, the more these parents exert effort (here spend time doing homeworks with

their kids) in educating their offsprings. The converse is true for low-educated parents. This means,

in particular, that, for type−L parents, the more their children are heterophilous, i.e. the more

they spend time with educated kids, the more they spend effort in educating their offsprings.

7 Comparative statics results

Let us we perform some comparative statics in order to evaluate the properties of the equilibrium.

It is, however, very difficult to derive analytical results.19 As a result, we will resort to simulations

based on the calibrated model. We calibrate the model as follows. Apart from the exercise when we

vary δ, we will always consider the heterogeneous case when δHL 6= δLH . For the parameters of the

model, we will take the values given in Table 3 so that δHL = 0.6284, δLH = 0.6741, φ = 0.0011,

∆V H = 0.2794, −∆V L = 0.1787, αH = 0.3212 and αL = 0.2221.

As stated above, among the 5, 281 students in our dataset, 28% are from high-educated families

so that we have: q = nH/n = 0.28 and 1 − q = nL/n = 0.72. For the geographical proximities,

ρij , recall we defined it as ρij = exp(−dij), where dij is the euclidean distance between i and j

residential locations. From the data, we take only three values: ρHH , ρLL, ρHL = ρLH , where ρtt
′

is the average (over all schools) ρ between a child with a type−t parent and another child with a

type−t′ parent. In our dataset, we obtain: ρHH = 0.09, ρLL = 0.12 and ρHL = 0.10. Finally, for

bi, the ex ante characteristics of each student i, we take two values: bH and bL, one for type−H
students and one for type−L students. To obtain these values, we take b̃i as described before, which

is the predicted value of a regression of si on all observable characteristics described in Table A1

and school fixed effects. We then take a linear combination of all these estimated characteristics.

We obtain: bH = 0.54 and bL = 0.49.

7.1 Equilibrium behavior and preference bias

Let us study the effect the preference bias on equilibrium behaviors. For simplicity and tractability,

we consider the homogeneous case so that δHL = δLH = δ. Figure 1 displays the results of the

simulations. In panel (a), we see that, when δ increases, children’s socialization efforts of both types

increase while children’s homophily of both types decrease. Furthermore, when δ increases, parents’

education effort increases for the low-educated parents while it decreases for the high-educated ones.

Indeed, where people of a group become less prejudiced against the other group (i.e. δ increases),

they tend to socialize more and thus are more likely to form links with each other. This implies

that, for each pair i and j, p∗ij increases but also the expected degree d∗i increases. Since, homophily

ht∗i of child i of type t is defined as the ratio between
∑
j
pt∗ij and d∗i =

∑
j
p∗ij , then it should be

19We have some analytical results that we derive in Appendix C.
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clear that ht∗i is reduced following an increase of δ because d∗i decreases faster than
∑
j
pt∗ij increases.

Since we have cultural complementarity for type−H parents and cultural substituability for type−L
parents, parents of type H decrease their education efforts while the opposite is true for type−L
parents. Observe, however, that, even if the parental effort (τ∗L) of type−L parents is increasing, it

is still much lower than that of type −H parents but the homophily behaviors of their children is

roughly the same.

[Insert F igure 1 here]

In panel (b), we look at the impact of δ on the transition probabilities πHH (probability that

a high-educated parent has a child who becomes high-educated) πLH (probability that a low-

educated parent has a child who becomes high-educated) and πH = qπHH + (1− q)πHL (average

transition probability). Remember that πHHi = τHi +(1− τHi )hHi and πLHi = τLi +(1− τLi )(1−hLi ).

Interestingly, Figure 1 shows that, when kids of one type become less prejudiced against kids of the

other type (higher δ), the chance of becoming educated decreases for children from high-educated

families while we have the opposite result for children from low-educated families. As stated above,

when δ increases, type−H parents decrease their educational effort τHi and their kids become less

homophilous (interact less with educated kids). As a result, πHHi decreases. On the contrary, when

δ increases, type−L parents increase their educational effort τLi and therefore πLHi increases. This

is interesting because it shows that less preference bias benefits the low-educated kids but harms

the high-educated ones. When we look at the average effect πH , we see that it is slightly increasing

with δ meaning that, on average, children, whatever their origin, tend to be more educated with

less preference bias. Observe finally that, at the extreme when δ = 1 so that there is no prejudice

bias at all, πLHi tends to converge towards πHHi so that the education status of the parent does

not matter anymore. This is due to the fact that, in our data, the majority of students have low-

educated parents (72 %) and thus, when students do not take into account the education status of

of their friends’ parents when forming friendship links, they all have nearly the same probability of

becoming educated.

7.2 Equilibrium behavior and peer effect

Consider now the effect of an increase in the peer effect parameter φ. Figure 2 displays the

simulation results. Consider first panel (a). When φ increases, there are more synergies and thus

more returns from socialization between children (see (11)). As a result, because of these higher

complementarities in efforts, children’s socialization efforts increase for both types. This increases

the probability pij of forming links between any pair of students (see (1)) and thus the expected

degrees di of all students increases. In terms of homophily, both types of students interact less with

type−H students (less homophily for type H−students and less heterophily for type L−students).

This is due to the meeting bias q = 0.28, which means that students tend to meet more often type−L
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students than type−H students. As a result, when both types of students exert more socialization

efforts, they tend to socialize more with type−L students than with type−H students. Because

there is cultural complementarity for type−H parents and cultural substitution for type−L parents,

this, in turn, leads to the fact that both types of parents decrease their educational effort. Both

parents do so because their children spend more and more time with low-educated children.

[Insert F igure 2 here]

Let us comment the effects on the transition probabilities, as displayed by panel (b). Contrary

to Figure 1, when φ increases, there is very little effect since the curves are relatively flat. Take,

for example, parents and children of type H. The curve of πHH is slightly decreasing when φ

rises because parental educational effort decreases (less vertical transmission) but only slightly and

homophily increases only slightly.

8 Policy experiments

So far, we have studied how the variation of two interesting parameters (δ, the preference bias,

and φ, the synergy of social interactions) of the model affects equilibrium outcomes. However,

these two parameters are not policy relevant since it is difficult for a policy maker to manipulate

either of them. We would now like to study three different policy parameters: q, the fraction of

high-educated children (measuring the meeting bias between high and low-educated children), ρ, the

geographical proximity between students of different types (measuring the geographical segregation

between high and low-educated children) and b, the degree of ex ante heterogeneity of the children

(measuring the differences in observable characteristics between high and low-educated children).

These three parameters are highly relevant for policy and can clearly be manipulated by the policy

maker. The variation of these different parameters correspond to different policies that we would

like to investigate now.

8.1 Social-mixing policies

We would like to study two social-mixing policies, which both reduce the meeting bias between

students of different types. First, we examine a social-mixing policy where we increase q, the

fraction of high-educated children, keeping constant the total number of children in the population.

Second, we investigate another type of social-mixing policy where we reduce the geographical

distance between children from high-educated and low-educated families.
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8.1.1 Social-mixing policy 1: Increasing the fraction of high-educated children in the

population

It is well-documented that children from high-educated families and low-educated families do not

interact much with each other. For example, they tend not to attend the same school, the same

after-school activities, etc. In this section, we would like to see what will happen to the equilibrium

outcomes if we “integrate” more these two types of children by increasing q, the fraction of type−H
children in the economy. Observe that a higher q affects outcomes only through the matrices D̃H

and D̃L, located in D̃ (see (12)), since they change their dimension. Indeed, D̃H and D̃L are

(nH × nL) and (nL × nH) matrices, respectively. So when q augments, so that, for example, nH

increases to nH
′
> nH while n stays constant so that nL decreases to nL

′
, then the dimension of

these matrices change to (nH
′×nL′) and (nL

′×nH′). These changes have an impact on socialization

effort since the preference bias parameter δHL(= δLH) have now more weights than the δLH .

Figure 3 displays the results. In panel (a), we see that the impact of q on outcomes are quite

different between the children. First, when q increases, type−H students tend to socialize (slightly)

more while type−L students tend to socialize (slightly) less. Indeed, when q rises, both types of

students are more likely to meet type−H students. Since there is preference bias only for type−L
students, we obtain the effect on socialization efforts. Not surprisingly, this implies that type−H
students will become more homophilous while type−L will become more heterophilous since both

types will interact more with high-educated students. This implies that, in more segregated envi-

ronment with more type−H students, children from high-educated families will tend to have more

friends while children from low-educated families will have less friends. Interestingly, both parents

will exert more educational effort because, for type−H parents, higher homophily induces them

to invest more in their children’s education (cultural complementarity) while, for type−L parents,

higher heterophily have a similar effect (cultural substituability).

Consider now panel (b). We find that, when q increases, both πHH and πLH increase, which

means that both types of parents have more chance to have a highly educated kid. Indeed, for

type−H parents, we have seen (panel (a)) that, when q increases, their educational effort is in-

creased. As a result, the vertical transmission of education (within the family) is higher. We have

also seen that their offsprings become more homophilous so that the horizontal transmission is also

higher. Therefore, πHHi increases. For type−L parents, they reduce their educational effort (lower

vertical transmission) but their kids become more heterophilous (higher horizontal transmission).

The latter effect is much stronger than the former and, as a result, πLH increases. When we look

at the average effect of πH , it is clearly positive and even above the 45 degree line, where the

probability of being educated (y axis) is equal to the population share (x axis), πH = q.

[Insert F igure 3 here]
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8.1.2 Social-mixing policy 2: Reducing the geographical segregation between children

from high and low-educated families

Another related social-mixing policy instrument consists in manipulating ρ, the geographical prox-

imity (inverse of the distance) between students of different types. This instrument is relatively

similar to that of q even it has a different impact: q was acting directly on the meeting bias while

ρ, also has an impact of the meeting bias but in a more indirect way. We now implement a policy

where we only increase ρHL, which means that we decreases the geographical distance between

children of high-educated and low-educated families. Indeed, since ρij,r = exp(−dij), then when

ρij,r increases, dij decreases. For example, in our dataset, ρHL = ρLH = 0.12, which implies an

average distance of 2.12 km. If one increases ρHL = ρLH to 0.5, then the average distance between

a type−L and a type−H child decreases to 0.69 km. Figure 4 displays the results of the simulations

of our calibrated model.

In panel (a), we see that, quite naturally, children of both types interact more with each other

(higher socialization efforts) and thus have higher (expected) number of friends (degrees) but they

both tend to be less homophilous. Indeed, since children of both types become closer in the

geographical space, type−H students have more type−L friends while type−L students have more

type−H friends. These two effects lead to the fact that both types of students are less homophilous.

Because of cultural complementarity for type−H parents and cultural substituability for type−L
parents, the former increase their educational effort while the latter decrease it when ρHL increases.

If we now consider panel (b), we see that this policy favors low-educated families while harming

high-educated families. Indeed, for families of type H (type L), the direct vertical socialization

is decreased (increased) since parents reduce (increase) their educational effort. Because kids of

type H (type L) become less homophilous (more heterophilous), the horizontal transmission is also

reduced (increased). As a result, when one spatially integrates children from low and high-educated

families, the probability of becoming high-educated decreases for children from the high-educated

families (πHH decreases) while the probability of becoming high-educated increases for children

from the low-educated families (πLH increases). When we look at the average effect of πH , we see

that it is generally positive. This is also because there are much lower kids from high-educated

families (q = 28%) compared to kids from low-educated families.

This implies that the two social-mixing policies have very different impact on the probability

of becoming educated for the children of different types. This is because they are quite different.

Indeed, the first one, by increasing q without affecting the geographical distance between the

different children, mechanically decreases 1 − q, the fraction of kids from low-educated families,

which, in turn, puts more weight on the preference bias of children from high-educated families. The

second one, by increasing ρHL = ρLH but keeping q = 0.28, changes the distribution of geographical

distances between children of different types in the population, and, as a result, changes both the

behavior of children (in terms of homophily) and of parents (in terms of educational efforts). In
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terms of educational outcomes, this favors type−L children while harming type−H children.

[Insert F igure 4 here]

8.2 Voucher policies

Let us now consider another policy, which consists in helping one type of children by giving vouchers

to them. In our estimation, bi is a linear combination of individual-level characteristics (described

in Table A1). A way this policy can work is to increase the bi of each student. For example, with

this voucher policy the value of bi increases from bti = bt to bti = bt+vt, where bt is the idiosyncratic

individual. Remember that, in our model, bi is the direct marginal benefits from socialization for

children of both types. In reality, such a policy could be implemented by giving some monetary or

non-monetary incentives to children for socializing more. For example, one could induce children to

participate more to after-school activities (such as the ones described in our data, i.e. dance, music,

any kind of sports, writing or editing the school newspaper, honors club, foreign language clubs,

participating in the school council, other clubs). In other words, any incentives that could be given

to students for after school activities that could spur social interactions with other fellow students

would be part of this policy. We call this policy a voucher policy, even though it is not the way

researchers have designed voucher policies in the education literature since it usually means giving

money or incentives to go to school and not necessary to participate to after-school activities.

8.2.1 Voucher policy 1: Helping only children from high-educated families

In our first policy experiment (Figure 5), we give a voucher only to children from high-educated

families, that is we only increase vH , so that bHi increases from bH = 0.54 to 0.54 + vH while

bLi remains constant and equal to bL = 0.49. In panel (a), we see that this has a very large

positive impact on the socialization effort of type−H students and a small positive impact on the

socialization effort of type−L students. Moreover, both types of students tend to interact more with

type−H students and have higher (expected) degrees. Indeed, by giving incentives to socialize more

to only type−H students spurs socialization efforts from this group who, because of preference bias,

interact even more with type−H students (higher homophily). This, however, generates positive

externalities to type−L students because their socialization effort is a function of the socialization

effort of both types of children (see (11)). Therefore, type−L students increase their socialization

effort and also their degree of heterophily. These outcomes and the fact that we have cultural

complementarity for type−H parents and cultural substituability for type−L parents, imply that

both parents increase their educational effort.

If we now look at panel (b), we see that this policy benefits everybody since both types of

children have a higher chance of becoming educated. Indeed, because parental’s educational efforts

increase, there is more vertical transmission for both types of children. Because there is more
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homophily for type−H kids and more heterophily for type−L kids, the horizontal transmission is

also increased. As a result, all children have now a higher probability of becoming educated. For

example, if we increase the voucher vH from 0 to 0.45 (so that bH increases from 0.54 to 0.99, i.e.

an increase of 83%), then the probability of becoming educated for a type−H child increases from

46% to 58% while, for a type−L children, it increases from 27.5% to 37.5%.

[Insert F igure 5 here]

8.2.2 Voucher policy 2: Helping only children from low-educated families

In our second policy experiment (Figure 6), we give a voucher only to children from low-educated

families, that is we only increase vL so that bLi increases from bL = 0.49 to 0.49 + vL while bHi
remains constant and equal to bH = 0.54. In panel (a), in terms of socialization effort, we obtain the

opposite result to Figure 5: type−L children increase a lot their sLi while type−H children increase

slightly their sHi . The key difference is in terms of homophily. Because there is more benefits for

type−L students to socialize and because there is more type−L children around (1 − q = 0.72),

both types of students socialize more with students from low-educated families. This implies that

both parents reduce their educational efforts. As can be seen in panel (b), this has dramatic

consequences on the (expected) level of education of children. Because both vertical and horizontal

transmissions decrease, children from low and high-educated families are less likely to be educated.

For example, if we increase the voucher vL from 0 to 0.41 (so that bL increases from 0.49 to 0.90, i.e.

an increase of 83%), then the probability of becoming educated for a type−H child decreases from

45% to 35% while, for a type−L children, it decreases from 27.5% to 20%. We have seen above

that an increase of the voucher vH of also 83% has exactly the opposite effect with an increase of

these two probabilities from 46% to 58% (type−H children) and from 27.5% to 37.5% (type−L
children). Starting from the same probability, the difference in outcome is very large between the

two policies, i.e. it is equal to 23% for type−H children and 17.5% for type−L children.

[Insert F igure 6 here]

9 Concluding remarks

In this paper, we presented a model of intergenerational transmission of preference for high educa-

tion, in the presence of an endogenously-determined social context. To be more precise, we study

the formation of a network of students as an equilibrium outcomes of of socializing activities be-

tween students. Parents observe the (expected) homophily of their children (i.e. share of own-type

friends) and decide accordingly how much educational effort to exert. We structurally estimated

all parameters of the model using adolescent friendship networks in the United States. We find
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that children’s homophily acts as a complement to the educational effort of high-educated parents

and as a substitute to the educational effort of low-educated parents

With the goal of increasing the probability of being educated of all students, we use the estimated

parameters to run some policy experiments. We find that place-based policies that facilitate social

mixing lead to higher probabilities of being educated, even though children from high-educated

families may be harmed by a policy aiming at reducing geographical distance between the two

groups. We also find that school-based policies aiming at increasing the socialization levels of

children by giving them vouchers have a positive effect on educational outcomes only if these

vouchers are given to children from the high-educated families.

Interestingly, social-mixing or place-based policies have been implemented in the United States.

The most prominent social-mixing policy is the so-called Moving to Opportunity (MTO) programs

(Katz et al., 2001; Kling et al., 2005, 2007; Ludwig et al., 2013), which give housing assistance (i.e.

vouchers and certificates) to low-income families if they relocate to better and richer neighborhoods.

The main idea of these programs is to reduce the geographical segregation between poor low-

educated families and richer better-educated families. In some sense, our second social mixing

policy (that increases ρHL) is very similar to the MTO programs. The main effect of the Moving

to Opportunity (MTO) programs is to show no significant effects of neighborhoods on educational

outcomes (see Katz et. al., 2001; Kling et al., 2001, 2007; Ludwig et al., 2001, 2013; Sanbonmatsu

et al., 2006). However, it also shows a significant and positive long-term effect of neighborhoods

on education (college attendance) and earnings only for kids who move when they were younger

than 13 years old (Chetty et al., 2016). The main explanation of this result is that, when the MTO

programs move people (mostly ethnic minorities) from poor areas to richer areas, they do not much

interact with their “new neighbors” but instead with their “old neighbors” who are their real peers.

For example, de Souza Briggs et al. (2010) document the fact that many African American families

who moved to richer areas thanks to the MTO programs did not interact with their new neighbors

because they felt rejected. In particular, on Sundays they were still going to the church in their

previous neighborhood, even though it was located very far away from their current residence.

However, when young children (below 13) move to a new area, they have time to build a new

network of friends and therefore their new neighbors can become their peers and have a positive

impact on their education outcomes. In our policy experiments where we increased ρHL, we have

shown that this policy can be successful for the education outcomes of children from low-educated

families because it helps them socializing more with children from high-educated families. We have

also shown (Figure 4) that this positive effect was at this expense of children from high-educated

families since they probability of being educated was decreasing with less segregation.

Our results in terms of voucher policies suggest that school-based policies could also be successful

in terms of educational outcomes if they target the right students. Fryer and Katz (2013) and Katz

(2015) suggest that school-based policies could be more effective than place-based policies. In
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other words, it could be better to improve the quality of schools in a bad neighborhood rather than

moving people to better neighborhoods unless they are very young (Fryer and Katz, 2013).

Which policy is best for improving the educational outcomes of children is a very difficult

question. In this paper, we have proposed an answer based on the role of children’s socialization

and homophily behavior and of parents effort in education outcomes. We believe that a successful

education policy should therefore take into account its impact on children’s social networks and on

parents’ education transmission.
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Tables

Table 1: Determinants of college attendance.

(1) (2) (3) (4) (5) (6)
High Low High Low High Low

Parental effort 0.0621** 0.105*** 0.0296 0.0938** 0.187 0.186
(0.0318) (0.0242) (0.0569) (0.0400) (0.134) (0.157)

Homophily 0.0916 -0.0568 0.185** -0.0291
(0.0886) (0.0771) (0.0922) (0.100)

Effort × homophily -0.341 -0.114
(0.262) (0.194)

Female 0.137*** 0.0737*** 0.172*** 0.0734*** 0.174*** 0.0734***
(0.0158) (0.00869) (0.0305) (0.0141) (0.0304) (0.0141)

Black -0.0658*** -0.0146 -0.0346 -0.0116 -0.0318 -0.0114
(0.0250) (0.0132) (0.0531) (0.0364) (0.0532) (0.0364)

Other Races 0.0350 -0.0190* 0.00723 -0.0224 0.00915 -0.0216
(0.0270) (0.0114) (0.0432) (0.0318) (0.0430) (0.0318)

Religion practice 0.0403*** 0.0276*** 0.0373*** 0.0378*** 0.0370*** 0.0377***
(0.00599) (0.00366) (0.0116) (0.00669) (0.0117) (0.00669)

Physical devel -0.00255 -0.000269 -0.0193 0.00117 -0.0190 0.00110
(0.00682) (0.00432) (0.0155) (0.00789) (0.0153) (0.00789)

Family size -0.0284*** -0.0124*** -0.0277** -0.0154** -0.0274** -0.0154**
(0.00586) (0.00312) (0.0122) (0.00703) (0.0122) (0.00702)

Two parents family 0.170*** 0.0491*** 0.138*** 0.0370* 0.138*** 0.0373*
(0.0224) (0.0111) (0.0521) (0.0211) (0.0520) (0.0210)

Parental education 0.120*** 0.0595*** 0.106*** 0.0583*** 0.106*** 0.0584***
(0.0181) (0.00587) (0.0328) (0.0115) (0.0329) (0.0116)

Hours worked (parent) -0.000529 0.000750** -0.000954 0.00172*** -0.000927 0.00172***
(0.000514) (0.000317) (0.00111) (0.000534) (0.00111) (0.000532)

Parent unemployed -0.0690 -0.0697*** -0.0615 -0.120*** -0.0607 -0.119***
(0.0524) (0.0228) (0.0921) (0.0412) (0.0927) (0.0411)

Family income 0.000542*** 0.000729*** 0.00197*** 0.000782* 0.00198*** 0.000782*
(0.000197) (0.000197) (0.000520) (0.000395) (0.000519) (0.000395)

Family income refused 0.0230 0.0225 0.129* -0.00643 0.127* -0.00651
(0.0298) (0.0148) (0.0744) (0.0269) (0.0749) (0.0269)

Age 0.00403 -0.00488 0.00346 0.00549 0.00378 0.00555
(0.00447) (0.00336) (0.0101) (0.00586) (0.0101) (0.00583)

Constant -0.304** 0.0471 -0.231 -0.217 -0.288 -0.241
(0.150) (0.107) (0.330) (0.175) (0.328) (0.171)

Observations 3,596 8,990 1,036 2,777 1,036 2,777
R-squared 0.097 0.048 0.105 0.048 0.107 0.049
Number of schools 139 145 89 93 89 93

Linear probability model with school fixed effect. Dependent variable is college attendance.
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
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Table 2: Summary statistics

Mean St. dev. Min Max

Parental effort 0.2469 0.2410 0 1
Socialization 0.5112 0.1698 0.0714 1
Female 0.5266 0.4993 0 1
Other races 0.1322 0.3387 0 1
Two parent family 0.7232 0.4475 0 1
Parent unemployed 0.0718 0.2581 0 1
Family income refused 0.1110 0.3141 0 1
Black 0.2115 0.4084 0 1
Parental education 3.1515 0.9327 0 5
Family size 3.5111 1.4565 1 14
Religion practice 2.5737 1.433 0 4
Family income 42.6965 55.9145 0 999
Physical developement 3.2566 1.1001 1 5
Parent worked hours 40.2340 19.2336 0 84
Student grade 9.5755 1.5916 7 12

Sample size is 6,060

Table 3: Estimation results

Parameter Homogeneous Heterogeneous

Preference bias

δ 0.6546*** -
δHL - 0.6284***
δLH - 0.6741***

Spillover in socialization

φ 0.0010*** 0.0011***
(0.0001) (0.0001)

Parental effort

∆V H 0.2796*** 0.2794***
−∆V L 0.1788*** 0.1787**
αH 0.3211*** 0.3212***
αL 0.2227*** 0.2221***

Bootstrapped standard errors clustered at the school level in parentheses.
*** p<0.01, ** p<0.05, * p<0.1
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Figures

(a)

(b)

Figure 1: Simulation of equilibrium values for different levels of preference bias’ parameter δ.
Parameter values: φ = 0.0011, q = 0.28, bH = 0.54, bL = 0.49, ∆V H = 0.2794, −∆V L = 0.1787 ,
αH = 0.32, αL = 0.22, ρHH = 0.09 , ρLL = 0.12, ρHL = 0.10
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(a)

(b)

Figure 2: Simulation of equilibrium values for different levels of socialization spillover parameter
φ. Parameter values: δHL = 0.6284, δLH = 0.6741, q = 0.28, bH = 0.54, bL = 0.49, ∆V H = 0.2794,
−∆V L = 0.1787, αH = 0.32, αL = 0.22, ρHH = 0.09, ρLL = 0.12, ρHL = 0.10
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(a)

(b)

Figure 3: Simulation of equilibrium values for different levels of population share q. Parameter
values: φ = 0.0011, δHL = 0.6284, δLH = 0.6741, bH = 0.54, bL = 0.49, ∆V H = 0.2794, −∆V L =
0.1787, αH = 0.32, αL = 0.22, ρHH = 0.09, ρLL = 0.12, ρHL = 0.10
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(a)

(b)

Figure 4: Simulation of equilibrium values for different levels of ρHH . Parameter values: φ = 0.0011,
δHL = 0.6284, δLH = 0.6741, q = 0.28, bH = 0.54, bL = 0.49 , ∆V H = 0.2794, −∆V L = 0.1787,
αH = 0.32, αL = 0.22, ρLL = 0.12, ρHL = 0.10
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(a)

(b)

Figure 5: Simulation of equilibrium values for different levels of bH . Parameter values: φ = 0.0011,
δHL = 0.6284, δLH = 0.6741, q = 0.28, bL = 0.49, ∆V H = 0.2794, −∆V L = 0.1787, αH = 0.32,
αL = 0.22, ρHH = 0.09, ρLL = 0.12, ρHL = 0.10
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(a)

(b)

Figure 6: Simulation of equilibrium values for different levels of bL. Parameter values: φ = 0.0011,
δHL = 0.6284, δLH = 0.6741, q = 0.28, bH = 0.54, ∆V H = 0.2794, −∆V L = 0.1787, αH = 0.32,
αL = 0.22, ρHH = 0.09, ρLL = 0.12, ρHL = 0.10
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Appendix A: Normalization Constant

Consider our link formation probability (1) for a general constant c > 0:

pij =
1

c2
δijρijsisj

where pij is the probability of forming the link ij, δij = 1 if i and j are of the same type and

δij = δij < 1 if they are of different types. In this formulation, c is a normalizing constant

representing the highest possible value of s independent of the network structure. We will show

below how c is computed so that it guarantees that pij ∈ [0, 1]. Plugging this link probability into

the utility function (3) leads to:

ui = bisi +
φ

c2

∑
j

δijρijsisj −
1

2
s2
i

First-order condition for individual i is given by:

s∗i = bi +
φ

c2

∑
j

δijρijs
∗
j

In matrix form:

s =

(
I− φ

c2
D

)−1

b

where, as in the text, D = D̃ ◦R, where R is the matrix of proximity indexes and D̃ is the matrix

of δs. Notice that D have the same entries for agents of the same type and at the same distance.

Thus heterogeneity in the link formation comes from heterogeneity in the vector of idiosyncratic

characteristics and in the distance. Observe that(
I− φ

c2
D

)−1

=

∞∑
k

(
φ

c2

)k
Dk

Thus if φ < c2

µ1(D) , where µ1 (D) is the largest eigenvalue of D, there exists a unique equilibrium.

Notice that, in the most extreme case (where all preference-bias parameters as well as all the

proximity indexes are equal to 1), D = U is the matrix of ones with a zero diagonal. This is the

highest value it can take. In that case, µ1 (D) = n−1, so that a sufficient condition for the existence

of an equilibrium is φ < c2

n−1 .

Let us now consider how c is computed. This is an upper bound for si. This upper-bound can

be found by computing

s =

(
I− φ

c2
D

)−1

b
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in the most favorable case for s, that is δij = 1 for all i and j, bi = 1 for all i and ρij = 1 for all i

and j. Then it is immediate to see that c is defined as any of the identical entries of the vector

c =

(
I− φ

c2
(U− I)

)−1

1

This is well defined when φ < c2

n−1 . It is easily shown that

c =
1

1− φ
c2

(n− 1)

This equation has three solutions. In order to bound pij away from 1, we choose the highest

solutions among these three solutions, which is:

c =
1

2

(
1 +

√
1 + 4φ(n− 1)

)
Notice that this value makes φ < c2

n−1 always satisfied. Finally, observe that c ∈
[
1,
(
1 +
√

5
)
/2
]

so that using c =
(
1 +
√

5
)
/2 ' 1.618, or c equal to any other larger scalar, makes pij ∈ [0, 1]. In

the model, we take c = 2 >
(
1 +
√

5
)
/2 so that

pij =
1

4
δijρijsisj
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Appendix B: Description of Variables and Additional Tables

Table A1: Variable Definitions

Variable Description

Individual socio-demographic variables
Female Dummy variable taking value one if the respondent is female.
Black or African American Race dummies. “White” is the reference group
Other races Race dummies. “White” is the reference group
Student grade Grade of student at the time of Wave I interview

Religion practice

Response to the question: “In the past 12 months, how often
did you attend religious services?”, coded as 0= never, 1= less
than once a month, 2= once a month or more, but less than
once a week, 3= once a week or more.

Physical development

Response to the question: “How advanced is your physical de-
velopment compared to other boys/girls your age?”, coded as
1= I look younger than most, 2= I look younger than some, 3=
I look about average, 4= I look older than some, 5= I look older
than most

Two parent family Dummy that takes the value 1 if respondent lives with two par-
ents

Family size Number of element in respondent’s household

Parent unemployed
Dummy that takes the value 1 if respondent’s parents are both
unemployed

Parent worked hours
Hours worked by parents. Mean is considered if both parents
are present.

Religion practice

Response to the question: “How often have you attended reli-
gious services in the past 12 months?”, coded as 0= never, 1= a
few times, 2= once a month, 3= 2 or 3 times a month, 4=once
a week, 5=more than once a week.

Parent education

Schooling level of the (biological or non-biological) parent who
is living with the child, distinguishing between “never went to
school”, “not graduated from high school”, “high school grad-
uate”, “graduated from college or a university”, “professional
training beyond a four-year college”, coded as 1 to 5. We con-
sider only the education of the father if both parents are in the
household.

Family income
Yearly family income in thousands USD, as asked to the parents.
Missing answers are treated as zeros

Family income refused
To account for possible reporting bias, this dummy takes the
value 1 when the respondent didn’t answer.

Socialization variables Defined in the text.
Parental effort Defined in the text.
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Table A2: Summary statistics for socialization variables

Mean St. dev. Min. Max

Extra activities at school
School clubs 0.3991 0.8244 0 6
Dance 0.0718 0.2582 0 1
Music 0.1820 0.4447 0 3
Sport 0.7350 1.1077 0 4
Newspaper 0.0352 0.1842 0 1
Honors 0.0741 0.2619 0 1
School council 0.0613 0.2399 0 1
Yearbook 0.0654 0.2473 0 1

Extra activities outside school
Rollerblades 0.2076 0.3119 0 1
Sport (out of school) 0.4622 0.3817 0 1
Exercise 0.5454 0.3518 0 1
Hangout with friends 0.6582 0.3362 0 1

Socialization in the neighborhood
Know people 0.7053 0.4559 0 1
Stopped to talk 0.7843 0.4113 0 1
Fitness 0.2040 0.4030 0 1

Sample size is 5,281
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Appendix C: Equilibrium Behavior and Transition Probabilities

We have the following proposition:

Proposition 3 For any parameter x ∈ {q, bi, φ, δij , ρij}, we have:

Sign|∂π
HH

∂x
| = Sign|∂h

H
i

∂x
|

and

Sign|∂π
LH

∂x
| 6= Sign|∂h

L
i

∂x
|

Proof. The proof stems from simple algebra. Consider

τH∗ =
1

2
∆V H1 +

1

2
[αH −∆V H ]hH

and

πHHi = τHi + (1− τHi )hH∗i

Then it is immediate to have

∂πHHi
∂x

=
∂τH∗i
∂x

+ (1− τH∗i )
∂hHi∗

∂x
− hHi∂τ

H∗
i

∂x

where

∂τH∗i
∂x

=
1

2
(αH −∆VH)

∂hHi∗

∂x

By substituting equilibrium efforts we get

∂πHHi
∂x

=
∂hHi∗

∂x

[1
2

(αH −∆VH) + 1− 1

2
∆VH − (αH −∆VH)hH

i]
then,

Sign|∂π
HH

∂x
| = Sign|∂h

H
i

∂x
|

if and only if the term in square brackets is positive. Solving for hH
i

we get that

• If αH > ∆VH then Sign|∂πHH∂x | = Sign|∂h
H
i

∂x | if and only if hHi <
1−∆VH+

αH
2

αH−∆VH
;

• if If αH < ∆VH , then Sign|∂πHH∂x | = Sign|∂h
H
i

∂x | always.

Notice now that
1−∆VH + αH

2

αH −∆VH
> 1

if αH < 2 which is always the case. Then it is always true that If αH > ∆VH then

Sign|∂π
HH

∂x
| = Sign|∂h

H
i

∂x
|
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In a very similar way consider

τ ∗L =
1

2
αL · 1 +

1

2
[∆VL − αL]hL (25)

and

πLHi = τLi + (1− τLi )(1− hL∗i )

Then
∂πLHi
∂x

=
∂τ iL∗
∂x
− (1− hLi)

∂τ iH∗
∂x

− (1− τ iL∗)
∂hL

i∗

∂x
(26)

where

∂τ iL∗
∂x

=
1

2
(∆VL − αL)

∂hH
i∗

∂x
(27)

by substituting equilibrium efforts we get

∂πLHi
∂x

=
∂hL

i∗

∂x

[1
2

(∆VL − αL)hL
i − 1 +

1

2
αH +

1

2
(∆VL − αL)hL

i]
(28)

then Sign|∂πLH∂x | = Sign|∂h
L
i

∂x | if and only if the term in square brackets is positive. Solving for

hL
i

we get

• If αH > ∆VH then Sign|∂πLH∂x | 6= Sign|∂h
L
i

∂x | always;

• if If αH < ∆VH , then Sign|∂πLH∂x | = Sign|∂h
L
i

∂x | if only if hHi >
1−αL

2
∆VL−αL

Notice now that
1−αL

2
∆VL−αL > 1 whenever αL > 2(∆VL − 1) which is always the case, then it is

impossible to satisfy the condition hH
i
>

1−αL
2

∆VL−αL , and the result in the proposition holds. Q.E.D.

This proposition shows how parental effort and homophily balance each other to shape the
transition probabilities of becoming educated. In particular, Proposition 3 shows that the sign of
the effect is totally independent of the ordering among α and ∆V and independent of τ as well.
Notice that this does not mean that parental effort does not play any role. It just states that
parental efforts either go in the same direction as homophily or it is not strong enough to revert
the direction imposed by homophily. However, the magnitude is strongly affected by the effort τ .
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