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ABSTRACT. Has online dating increased social integration? The aim of this paper is to analyze
the interdependent relationship between matching and the network in which the matching
takes place. In a highly clustered network, the expected probability of a match between
agents belonging to two different clusters is low. On the other hand, a high number of matches
between agents belonging to different clusters will contribute to the integration of the clusters
in the following period. I develop a model of meeting and matching that sheds light on the
patterns of ethnic homophily observed in the marriage market. The model is a two-stage
game: in the first stage, agents engage in a population game to strategically increase their
set of acquaintances, with the objective of maximizing their expected indirect utility in the
second stage. In the second stage, the actual matching occurs, with the restriction that agents
can only match with individuals they are connected to in the network. The model is then
used to investigate how changes in the meeting technology, such as the introduction of online
dating, affect matching frequencies and couples’ assortativeness. In particular, the model is
used to explain three empirical patterns of romantic relationships: (i) all ethnic groups are
biased toward same-ethnicity partners, (ii) couples who meet online are more likely to be in
an interracial relationship than those who meet offline, (iii) minorities who meet their partner
online are significantly more likely to be in a relationship with a white person, but equally
likely to be in a relationship with a member of another minority group other than their own.
The model is estimated and bounds are found for the network effect on matching probabilities.
The estimates show that online dating has increased integration between minorities and white
people, but has not increased exposure among minorities. Moreover, its effect has not been
uniform across the United States. Finally, the model estimates are used to form a prediction
on the evolution of the clustering of the network over time with and without online dating.
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1. INTRODUCTION

Traditionally matching is studied as an isolated phenomenon, abstracting from the context in
which it takes place. This work is an attempt at embedding what we currently know around
matching systems into the context of a network, by relaxing the assumption of completeness of

the network and allowing for an uneven exposure to different types of agents.

Assortativeness is a well-known phenomenon both in the matching and network literaure, and it
has been extensively studied across fields in economics, sociology and psychology. It refers to the
tendency to associate with people who are similar to oneself along some dimension, for instance
race, ethnicity or education. Several papers, such as McPherson, Smith-Lovin, and Cook (2001);
Siow (2010); Hitsch, Hortagsu, and Ariely (2010a); Greenwood, Guner, Kocharkov, and Santos
(2014), provide evidence of this tendency both in friendships and marriages. Sorting patterns
can however arise for two different reasons. First, assortativeness can be a consequence of the
structure of the network, which affects the composition of acquaintances of a person by skewing it
towards same-type individuals. On the other hand, even in a perfectly integrated social network,
sorting can arise due to the individuals’ preferences to associate with similar people. The relative

contribution of these two forces on sorting patterns remains unclear.

In this paper I investigate the effects of the two forces that act on assortativeness in one-to-
one matching systems: the composition of the choice set and individual preferences over the
elements of such set. I start from the observation that our social networks present a high
degree of clustering around race, ethnicity and education. Recent surveys report that 92% of
the acquaintances of a white person in the United States are also white, and that about 75%
of white Americans do not have links with members of minority groups in their core social
network®. Assuming that the set of acquaintances of a person looking for a partner coincides
with their choice set, it is easy to imagine how an uneven racial and educational composition
of acquaintances is reflected on their matching probabilities, making them relatively more likely
to marry someone with the same socio-economic background. From a theoretical standpoint,
the existing literature on discrete choice (Luce (1959) and Dagsvik (2000)) informs us that the
conditional choice probabilities of agents facing different choice sets are different, even when the
systematic utilities of the two agents are identical. The degree of exposure that a person has
towards people who are different to them has a major impact on their probability of marrying
someone that is different to them. However, the composition of the choice set is not the only
driving force of assortativeness: agents might have a preference to match with someone similar to
them, in which case sorting arises from characteristics of preferences rather than characteristics
of the choice set. In this paper, I propose a model of matching that occurs in an incomplete
and clustered network in order to take into account both the effect of the network and the effect
of preferences. In particular, I use the model to investigate how online dating has affected the

relative contributions of the network structure and of preferences on matching probabilities.

2Source: American National Social Network Survey, August 2020.
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The introduction of online dating in 1995 and its widespread adoption have changed the dynamics
of meeting and dating. On one side, online dating makes it possible to reduce barriers to meeting
distant people in the network. This would lead us to think that the meeting probabilities for
people of different races, ethnicities and educational levels is higher on an online dating platform
than it is offline. This characteristic of online dating has indeed the potential to attenuate the
effects of a highly clustered network on matching probabilities. However, on the other side,
by reducing search frictions, online dating allows its users to direct their search only towards
potential partners that maximize their preferences. This second aspect makes the contribution
of preferences on matching probabilities much more significant online than it is in an exogenous
social network. Moreover, if individual preferences are biased toward same-type individuals, the

effects of directed search can counteract the potential integration effect.

In recent years, there has been a growing debate around how online dating has impacted the
diversity of the set of acquaintances of individuals who use it, and as a consequence their proba-
bility of entering an interracial marriage. In particular, attention has been devoted to studying
the social integration effect that online dating can provide. Ortega and Hergovich (2017) observe
that online dating has created a dramatic change in the structure of the network we live in by
allowing the possibility for connections to be made between otherwise distant clusters. Using
a simulation based model utilizing real-world data about racial preferences, they show that in
a world where people are highly connected with others of their own race, but only poorly so
with people from other races, even random links to perfect strangers will quickly increase the
percentage of interracial marriages. Studies on neighborhood segregation such as Ananat (2011)
explain how the presence of physical barriers, such as railroads and rivers, are major causes of
segregation in both urban and rural areas. Geographically based matching services that present
users to potential partners within a certain mile radius, have the potential of overcoming some

of those barriers.

While it is true that online dating has contributed to the expansion and diversity of the pool
of acquaintances, it is also true that the effect of directed search on the platform might be
equally significant. Looking at a sample of American couples who have been surveyed in How
Couples Meet and Stay Together (HCMST) in 2009 and in 2017, I observe three patterns. Firstly,
the majority of individuals across races are in a relationship with someone of their own race.
Secondly, couples who meet online are more likely to be in a relationship with a partner of a
different race. Thirdly, the fraction of mixed couples with one of the partners being white and the
other belonging to a minority group is significantly higher among couples who have met online
than among those who have met offline. However, the fraction of couples of individuals belonging
to two different minority groups is roughly the same in the online and offline dating samples.
Excluding same ethnicity marriages, minorities form romantic relationships with white people at
a rate that exceeds the relative fractions of the population, while they form romantic relationships
with other minority groups at a much lower rate than the relative fractions of the population.

These summary statistics seem to suggest that online dating has favored the formation of certain
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types of inter-ethnic relationships while disadvantaging or not affecting others, therefore pointing

at the impact of directed search.

In Section 3, I present suggestive evidence of various stylized facts that justify the theoretical
model, including the lower ethnic assortativeness of couples that met online. Descriptively, the
data presents strong assortativeness along ethnic lines that has however steadily decreased since
1967, when in Loving v. Virginia the U.S. Supreme Court ruled that marriage across racial lines

was legal throughout the country.

In order to shed light on the observed matching patterns, I develop a model of meeting and
matching that allows us to investigate how changes in the meeting technology - and therefore the
meeting frequencies - affect matching frequencies and assortativeness. The model is compatible
with the patterns observed in the data. In this paper, I try to point at the two contrasting
effects that online dating creates: on one side, an integration effect, as pointed out by Ortega
and Hergovich (2017), given by the creation of new ties between agents belonging to distant
clusters. On the other side, a segregation effect, due to the directed search users put in place
when looking for a partner that they are interested in. Online dating alters the probabilities
of meeting someone of one’s own ethnic group versus a different ethnic group, but the overall
effect is ambiguous due to the simultaneous presence of these two contrasting phenomena, an
integration effect introduced by the platform and the directed search put in place by its users.
I show how the overall effect that online dating has on the probability of two agents belonging
to different clusters meeting depends jointly on agents’ preferences and the current degree of
clustering of the network. In certain cases I am able to predict the overall effect of online dating
on the network, in other cases the effect is ambiguous and needs to be assessed on a case by case

basis.

In order to understand the relationship between online dating and the societal network, in Sec-
tions 4 and 5 I model online dating as a population game. The model consists of a two stage
game: in the first period, agents decide whether to download an online dating platform. If they
do, they engage in the dating game with the objective of strategically expanding their set of ac-
quaintances. The goal is to maximize their expected utility in the second period, when the actual
matching occurs. The matching phase is described through a non transferable utility model a la
Gale and Shapley. Agents do not know everyone in the economy and are therefore constrained
to propose to or accept proposals from people that they are connected to in the network. Two
people in the network can be connected either because they were originally connected in the
exogenous network or because they met through the population game in the first period. The
equilibrium of the population game consists of an optimal decision to use online dating or not,
and a subsequent action profile describing the effort made by each agent to meet potential part-
ners of the same or different types. The population game allows us to determine which factors
contribute to directed search towards specific subgroups of the population. Some of the incentives
to direct search include a low cost of crossing a racial boundary, a low expected cost of crossing

an educational boundary, the size of the subgroup being large, and reciprocity (that is a correct
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expectation that the subgroup the agent is directing attention to will reciprocate their interest).
Moreover, it is shown that depending on exogenous parameters, online dating can result either in
an increased or decreased diversity of the set of acquaintances of its users. Given that individual
decisions to use an online dating platform arise as an equilibrium object, the distribution of types
on the online dating platform is described as part of the equilibrium. Section 4 describes the
model and the equilibrium in general form, and establishes results of existence and uniqueness
of an equilibrium. Section 5 applies the model to the case of interracial and inter-educational

marriages, assuming both network clustering and same-type bias in preferences.

I study the matching phase of the game assuming that the matching outcome is a pairwise stable
matching with non transferable utilities (NTU). Each agent has a strict preference ordering over
individuals of the opposite side of the market, and associates a random utility to each potential
partner. The utility is composed of a systematic part, which we will assume only depends on
the observables of the agent, and a taste shifter in the form of an additive idiosyncratic shock to
the systematic utility. Using matching theory, I am able to predict matching frequencies in the
matching game. In particular it is possible to compare matching probabilities for agents that
have used online dating with those of agents that have not. Clearly, the use of online dating
will have an impact on matching probabilities. In particular we will be able to estimate the
expected number of interracial marriages among agents that have used an online dating platform
and agents who have not. Using such estimates, I analyze the effect that matching patterns have
on the shape and clustering of the network. Indeed, the creation of newly formed connections
between otherwise distant clusters will indirectly affect the matching in the following period
by making the two clusters more connected. Thus, the close interdependence of networks and
matching is studied in Section 8. I apply this logic to the marriage market, focusing especially
on interracial marriages, and hingeing on the idea that interracial marriages are both the cause

and the consequence of social integration.

In Section 6, adapting Menzel (2015) identification strategy to the model and following a similar
logic to Jaffe and Weber (2018), I show that failing to take into account meeting probabilities
into matching probabilities in an incomplete and clustered network leads to a biased estimation
of couples’ surpluses. The magnitude of the estimation bias is directly related to the sparseness
of the network, and the exact value of the bias is derived. Finally, I propose an identification
strategy that, if used on appropriate data, allows us to disentangle preferences from the network
effect.

In Section 7 the model is estimated using data from How Couples Meet and How they Stay
Together (HCMST) collected in 2009 and 2017. The data cover relationship information of a
representative sample of the American population. The information contained in the database
includes observables about the couple such as ethnicity, education and income, as well as in-
formation about when and how they met. I estimate couples’ surpluses firstly based on their
ethnicity and gender and subsequently also including education and in what region of the United

States they are located. I adjust the estimates to take into account the network effects in the
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different regions of the country. The surplus estimates are then used to assess the effect of online
dating on assortativeness, both educational and racial, in different parts of the country. Esti-
mates show a statistically significant cost associated with crossing both an ethnic boundary and
an educational boundary in a romantic relationship. Furthermore in some regions of the country,
namely the Northeast and West, such “costs” appears to be lower for couples who met online,
in particular if one of the spouses is white. This suggests that online dating has had an effect
in diminishing racial and educational assortativeness in those areas of the country. However, no
significant effect is detected in the Midwest and the South, implying that the effect of directed
search there has trumped the integration effect of online dating in those areas. Since it is not
possible to disentangle what part of the effect of online dating on mixed couples is due to a
higher meeting frequency and what part is due to a lower bias, I derive bounds on the increase in
exposure to different races that has been caused by online dating. According to my estimates, the
probability for a white person of knowing a minority group member online is 11.6%, compared
to the 8% offline.

Finally, in Section 8 I discuss the evolution of the network. A high number of matches between
different clusters contributes to the network becoming more connected in the following period.
I assume that after a match is created, the core social networks of the two people in the couple
form new connections among themselves. I show how interracial marriages contribute to creating
diversity in the set of acquaintances of the people connected to the couple, whereas same-race
marriages exacerbate the clustering of the network. I derive the steady states of the evolution
of the network, and I show that complete integration can be achieved even in the presence of

preferences that are biased toward same-type individuals.

2. RELATED LITERATURE

Homophily in human relationships is a widely known phenomenon extensively investigated in
papers such as McPherson, Smith-Lovin, and Cook (2001), Currarini, Jackson, and Pin (2009).
Homophily in friendships is investigated by Currarini, Jackson, and Pin (2009). Their paper
similarly aims at explaining empirical observations, builds and estimates a model of friendship
formation that is compatible with the empirical patterns observed in a sample of high school
students in the United States. They reach the similar conclusion that patterns of homophily in
friendship formation can be explained only by the simultaneous presence of a bias in meeting
frequencies and a bias in preferences towards same-type friends. My model differs from theirs
in two aspects: firstly, I look at the one-to-one matching of romantic relationships, rather than
the many-to-many matching of friendships; secondly, I do not directly observe the network of
acquaintances in which the matching takes place. I instead develop a method in this paper to

derive information about the network entirely from matching frequencies.

In recent years there has also been a growing literature around patterns in online dating; papers

like Ortega and Hergovich (2017) explore the effects on racial integration of online dating. They
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argue that by opening up a racially mixed pool of partners in places where social groups tend
to be more homogenous, the internet has increased the number of mixed-race couples. Using
a simulation based model based on real-world data about racial preferences, they show that in
a world where people are highly connected with others of their own race, but only poorly so
with people from other races, even random links to perfect strangers will quickly increase the
percentage of interracial marriages. Their model takes the online network as exogenously given,
and does not take into account the effects of directed search. As a result, their model predicts
an even increase in the shares of interracial marriages for all possible combinations of races.
As highlighted in the introduction, this result contrasts with the empirical patterns observed in
our sample HCMST. Moreover, other papers, such as Hitsch, Hortagsu, and Ariely (2010a) and
Hitsch, Hortagsu, and Ariely (2010b) find that agents sort along various attributes even when
search frictions are minimal, as in the case of online dating. However, their results differ from
the ones found in my paper mainly because in the difference degree of homophily that I observe
in the offline sample compared to the online sample. Hitsch, Hortagsu, and Ariely (2010a) argue
that the sorting patterns observed online are qualitatively similar to the ones observed offline.
I find however there are interesting quantitative differences that I extensively explore in my
paper. Moreover those studies, and similar studies on speed dating such as Fisman, Iyengar,
Kamenica, and Simonson (2006) and Fisman, Iyengar, Kamenica, and Simonson (2008), have
been conducted over 10 years ago. Use of online dating platforms has since then skyrocketed,
with most recent estimates reporting that 75% of relationships that started in 2019 have started
on an online dating app. Such dramatic changes in attitude toward the use of online dating
have most likely also had an impact on the way people use online dating platform and who they

match with on these platforms.

As mentioned in the introduction, we will assume that utilities are non transferable. The match-
ing outcome in the NTU setting was first studied by Gale and Shapley in Gale and Shapley
(1962) and properties of pairwise stable matchings have been extensively studied in the match-
ing literature (Roth and Sotomayor (1990) provide a comprehensive summary on the topic).
An asymptotic approximation of matched observable characteristics in such setting is studied
extensively by Menzel (2015). I use and adapt Menzel’s identification strategy to my setting in

an incomplete network.

3. DATA

The data used in this paper are obtained from the databases “How Couples Meet and How
They Stay Together” (HCMST) ®) of 2009 and 2017. HCMST is a collection of survey answers
about how Americans meet their spouses and romantic partners. The data consists of individual
level observations which include detailed information about the subjects’ current relationship,

if any. The information in the data includes, but is not limited to, the race and ethnicity of

3This data is publicly available at https://data.stanford.edu/hcmst
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the subject, their age, gender, sexual orientation, educational level, income, religion, political
affiliation, geographical location in the United States, whether they were raised in the United
States or not, questions about their family of origin, and relationship status. If the participant
has a significant other at the time of the study, similar information is collected about their
current partner. Furthermore, if the participant has a significant other at the time of the study,
information about the relationship is collected. The information about the relationship that is
recorded is on the nature of the relationship, in particular whether the couple is married, in a
relationship or they are sexual partners. Moreover it records in what year and month they met,
and in what year and month the relationship officially started. More importantly for this paper,
for each relationship the data report how the couple met: online or offline. Other information is
collected, such as the perceived quality of the relationship, that is not going to be used in this
paper. If the participant is single, they are asked whether they used online dating services in the

past year, which allows me to recover the shares of singles among the online community.

The sample is representative of the American population. The databases of 2009 and 2017 have
respectively 4,002 and 3,510 data points. For the scope of the analysis, I will investigate patterns
both in committed and casual relationships. I report results both considering as couples only
those who reported being married or in a committed relationship, and including also individuals
who reported having a sexual partner, but no stable relationship. In the two databases combined
5,686 of interviewed individuals were in a romantic relationship, while 1,826 were single. I restrict
attention to couples who have met after 1995, the year Match.com was launched. Furthermore,
in order to control for time effects on the perception of an interracial marriage and of online
dating, I include in the sample only subjects between the ages of 18 and 75 at the time of the
interview. This serves the double purpose of partially controling for the fact that preferences and
attitudes toward interracial relationships have changed dramatically over the last few decades,
and comparing a sample of individuals who had the possibility of using online dating if they

wanted to. Table 1 provides summary statistics for the sample.

3.1. Stylized Facts

Before moving to the model and its estimation, I present some descriptive statistics of dating
patterns. Dating dynamics have changed dramatically over the last decades, and two important
trends have arisen. Firstly, after Loving vs. Virgina in 1967, when laws banning interracial
marriages were declared unconstitutional, the number of interracial marriages started increasing
rapidly. Despite interracial marriages still representing a small fraction of the total number
of marriages, their number increased over fivefold since the 1970’s. Secondly, another relevant
change in dating dynamics has been brought upon by the introduction of online dating in the
mid-1990’s. The entry on the market of Match.com in 1995 marked the beginning of the rise of

online dating services. Reports® show that the percentage of new relationships that begun online

4Tyro “The Dating Market: Thesis Overview”



TABLE 1 - DEMOGRAPHIC CHARACTERISTICS OF THE SAMPLE

Online Sample Offline Sample US Population
Total Population 699 3845 3282 M
Percentage of Women 0.48 0.53 0.51
Race
White 0.72 0.71 0.71
Black 0.08 0.10 0.10
Hispanic 0.13 0.12 0.11
Asian 0.03 0.03 0.04
Other 0.04 0.04 0.03
Age
17 to 20 0.04 0.05 0.06
21 to 30 0.27 0.27 0.23
31 to 40 0.25 0.21 0.22
41 to 50 0.25 0.17 0.20
51 to 60 0.17 0.15 0.21
Over 60 0.06 0.13 0.08
Education
High School or less 0.21 0.32 0.28
Some College 0.24 0.23 0.26
College Degree 0.39 0.32 0.28
Graduate 0.15 0.13 0.18

1

LSource: HCMST 2009-2017

in 2019 is around 75%. Facts 3 and 4 present descriptive statistics of how these two trends have
progressively influenced dating dynamics. Fact 3 shows the increasing trend in the percentage of
interracial relationships since the 1960’s. Fact 4 provides evidence of the increasing relevance of
online dating in the way couples meet. These changes in the dating scene, have had consequences

on assortativeness patterns.

In this section I also present descriptive statistics of the American social network and of ethnic
sorting patterns in romantic relationships. Facts 1 and 2 provide evidence of homophily patterns
both in social and romantic relationships in the United States. Fact 2 further suggests that a
considerable part of the observed homophily is driven by preferences, and that therefore, even in

a world without search frictions, we could still witness homogamy.

Finally, I present comparisons in sorting patterns among the online and offline samples. Fact 5
shows that couples who meet online are more likely to be ethnically and racially diverse when
compared to couples who met offline. Fact 6 suggests the presence of directed search on online
dating markets. It does in fact show that when focusing on minorities, the sample of couples
who met online is much more likely to be in a relationships with a white person, but equally or

less likely to be in a relationship with a person belonging to a different minority group. Facts 5

https://2378nh2nfow32gm3mb25krmuyy-wpengine.netdna-ssl.com/wp-content /uploads/2019/11/Menratewomen.pdf
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and 6 jointly suggest that the network has a major effect on matching frequencies offline, and

that directed search has a major effect on matching frequencies online.

The descriptive results presented here serve as strong suggestive evidence of the network effect
on matching probabilities, and in turn of the effect that online dating has on the network effect.
These facts provide support to the theoretical model by suggesting that agents on online dating

platforms direct their search towards specific subgroups of the population.

Fact 1: The social network in the United States is highly clustered

Racial segregation among Americans social networks is still pervasive across ethnic and racial
groups. More than 75% of white Americans report not having any connections in their core
social network to non-white individuals and about 92% of the acquaintances of a white person
are also white. The same pattern is observed to a lesser degree for black, asian and hispanic
people who live in the United States. Despite efforts to promote social integration and diversity
in education, in the work place and other institutions, patterns of composition of social networks
have not changed much in the past few years. Studies conducted in 2020 by the American
National Social Network Survey found essentially the same patterns of racial homogeneity found
in 2013. The racial and ethnic segregation found in Americans’ social networks is pronounced
among white Americans regardless of educational background, age, or political affiliation. Table
2 summarizes information on the racial composition of acquaintances of individuals in the United
States.

Fact 2: All ethnic groups are biased towards same ethnicity partners

Couples present a clear pattern of homophily, a tendency to match more often with other people
of the same ethnic group. This phenomenon is widely studied in the literature, although it is
still unclear what part of such pattern is due to preferences and what part is due to a higher
meeting frequency between people of the same race. Table 3 displays the percentage composition
of couples across different races. The first columns represents the marginals of each ethnicity in

the general population.

Similar findings are reported in Hitsch, Hortagsu, and Ariely (2010a), where the authors find

sorting patterns in a sample of individuals from an online dating webiste.

Suggestive evidence of same-race bias in preferences is provided by Table 3.1 produced by OkCu-
pid in 2004 and reported in the book Dataclysm by Rudder (2014). Users on OkCupid were
asked to rate potential partners on a scale from 1 to 5, where 1 meant they did not find the pro-
posed partner attractive and 5 meant they found them very attractive. The number in the box
represents the percentage difference between the average score conditional on ethnicity and the
average score across ethnicities. Users preferences display a clear tendency for ethnic homophily,

especially among women.
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TABLE 2 - NETWORK COMPOSITION

Marginals White Black Hispanic Asian
White 0.71 0.92 0.15 0.33 0.27
Black 0.10 0.02 0.77 0.05 0.02
Hispanic 0.10 0.02 0.03 0.53 0.03
Asian 0.04 0.01 0.01 0.02 0.63
Multi-race 0.03 0.02 0.04 0.05 0.05
Other 0.01 0.00 0.01 0.01 0.00

TABLE 3 - ROMANTIC RELATIONSHIPS COMPOSITION

Marginals White Black Hispanic Asian
White 0.71 087 0.14 0.42 0.33
Black 0.10 0.02 0.70 0.09 0.02
Hispanic 0.10 0.06 0.11 0.43 0.10
Asian 0.04 0.03  0.02 0.02 0.50
Other 0.05 0.02  0.03 0.04 0.04

3

23ource: American National Social Network Survey, August 2020.
3Source: HCMST 2009-2017

Fact 3: The share of interracial marriages is small, but steadily increasing

In the 1967 Loving v. Virginia the U.S. Supreme Court ruled that marriage across racial lines
was legal throughout the country. That year the percentage of interracial marriages over total
number of new marriages was 3%. In 2015, the percentage of interracial marriages has increased
more than fivefold to 17%. Despite it still being a small fraction of the number of total marriages,
the number of romantic relationships between individuals belonging to different ethnic groups has
increased significantly and consistently over the last 60 years. The United States Census Bureau
reports that the number of interracial marriages in 1970 was 310,000, compared to 2,340,000
in 2008. It is important to keep in mind that Census reports do not provide information on
inter-ethnic couples, i.e. they do not keep track of marriages between a hispanic and a non-
hispanic person if they belong to the same race. The sample in HCMST allows us to both
control for ethnicity and to keep track of all romantic relationships, not only marriages. On the
horizontal axis of the table below is the year the relationship between two people in the sample
started. From the data in the sample, we see that the percentage of interracial relationships that
started before 1960 is below 5% of the total number of relationships that started that year. Such
percentage increased over the years to about 35% in 2017. Figure 3.2 shows the trend of the new

interracial relationships that were formed each year in the sample HCMST.
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WHITE women rating...

FicURE 3.1. Dataclysm
Rudder (2014)

Fact 4: The fraction of relationships that begun online increased steadily since
1995

In 1995 the first online dating website, Match.com, was launched. Online dating websites were
initially mostly used by individuals who were facing “liquidity constraints” in the marriage mar-
ket. These were the individuals who had few potential partners within their set of acquaintances.
For instance, a socio-demographic group that largely utilized online dating platforms when they
first came out were homosexual people. However, online dating services picked up quickly, and
since 1995 the number of users on dating platforms and the number of relationships that started
online has increased dramatically. According to a 2020 report by Pew Research, 30% of Amer-
icans adults reported having used an online dating website or app. The percentage of couples

that met online over the total number of couples has in particular peaked after the entry in
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the market of three players: Match.com in 1995, OkCupid in 2004 and Tinder in 2012. As of
September of 2019, Tinder reported having 7.86 million users. Focusing attention on the sample
at hand, we can see that the percentage of couples that met online has increased from virtually 0
in the early 1990’s to 43% in 2017. The percentage of relationships that started online has been
increasing year after year, with market reports estimating that 75% of heterosexual relationships
that began in 2019, began online. Figure 3.3 displays the percentage of couples who met online
from 1990 to 2017.

Fact 5: Couples that meet online are more likely to be ethnically diverse

Splitting the database into couples who have met online and couples who have met offline, it
is immediately noticeable that shares of inter and intra marriages are significantly different for
the two groups. The number of couples that have met online in the sample is 648, which is
10.57% percent of the total number of couples recorded in the database. Tables 4 and 5 report
the observed frequency of relationships conditional on ethnicity of the subject interviewed. For
instance, 83% of white people who met their partner online have a white partner, compared to
the 88% of white people who met their partner offline and are in a relationship with another

white person. Figures along the diagonal are consistently higher for the sample of couples who
13
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FIGURE 3.3. Percentage of newly formed relationship that started online per year.
Source: HCMST 2009-2017

TABLE 4 - COMPOSITION OF COUPLES WHO MET ONLINE

Marginals White Black Hispanic Asian
White 0.71 0.83  0.24 0.53 0.50
Black 0.10 0.04  0.60 0.05 0.05
Hispanic 0.10 0.07  0.08 0.32 0.05
Asian 0.04 0.04  0.06 0.02 0.36
Other 0.05 0.01  0.02 0.07 0.05

TABLE 5 - COMPOSITION OF COUPLES WHO MET OFFLINE

Marginals White Black Hispanic Asian
White 0.71 0.88 0.12 0.38 0.27
Black 0.10 0.02 0.72 0.10 0.01
Hispanic 0.10 0.06 0.12 0.46 0.13
Asian 0.04 0.02 0.01 0.02 0.54
Other 0.05 0.02 0.03 0.04 0.04

4

4Source: HCMST 2009-2017

met offline, showing a higher degree of same-ethnicity concentration of relationships in the latter
sample. The difference in frequencies of mixed couples in the online and offline population is

statistically significant for all ethnicities with a p-value of less than 1%.
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TABLE 6 - MINORITIES RELATIONSHIPS COMPOSITION

Online Offline A Online Offline A
Same-Race Partner 0.36 0.52 —0.16"** | 0.33 0.41 —0.08**
Different-Race White Partner 0.47 0.31 0.16*** 0.44 0.24 0.20***
Different-Race Minority Partner | 0.17 0.17 0.00 0.23 0.35  —0.12%**
Casual Relationships Included N N N Y Y Y

Note: *p<0.1; **p<0.05; ***p<0.01

ot

5Source: HCMST 2009-2017

Fact 6: Minorities who meet their partner online are less or equally likely to be in
a relationship with a member of a different minority group

Comparing the sample of couples who met online with the sample of couples who met offline
in Tables 4 and 5, it is possible to observe that white people who meet their partner online are
more likely to be in a mixed relationship of any kind than their offline counterparts. Focusing
on minorities, however, their probability of being in a mixed relationship with a white person is
much higher than it is offline. In the case of Hispanic and Asians who meet their partner online,
the assortative pattern reverts, making them more likely to be in a relationship with a white

person than with someone of their own ethnic group. This difference is remarkable.

However, the percentage of relationships between members of different minority groups (i.e. his-
panic and asian, or asian and black) is not significantly different for the online and offline samples.
Looking only at committed relationships there is no statistical difference in the percentage of
mixed-minority couples in the online compared to the offline samples. Including casual relation-
ships (subjects who reported having a sexual partner, but not being in a relationship) in the
sample, the percentage of mixed-minority relationships becomes significantly less in the online
sample, compared to the offline sample. Grouping together all non-white observations and only
considering subjects who reported being married or in a relationship, 52% of the offline sample
relationships are same-race, compared to the 36% of the online sample. This represents a reversal
of assortativeness, because the majority of relationships for the minority online sample is mixed.
The percentage of relationships with white people goes from 31% in the offline sample, to 47%
in the online sample. However, the percentage of relationships with other minority members
belonging to a different minority is equal to 17% both in the online and offline sample. Table
6 summarizes these statistics: in the first three columns I am only considering marriages and
committed relationships, while in the second three columns I am including in the sample casual
relationships as well. The column denoted A represents the difference in percentage between the

online and the offline sample for each type of relationship, and its significance level.

Concluding, the above mentioned facts point at the presence of two important trends in dating of
the last few decades: a significant increase in the number of interracial couples and a significant

increase in the number of couples who met online. The estimation part of this paper aims at
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determining whether the two trends are related, and in particular whether online dating has
contributed to social integration in the form of an increase in the number of inter-racial and
inter-educational couples. I will show in Section 7 that online dating has had a positive effect
on the number of interracial couples, but only in certain parts of the United States, namely the
Northeast and the West, and there is no significant evidence of it having an effect in the South
and Midwest. Moreover, I will show that the rate on white-minority couples in the online sample
is significantly higher, both before and after adjusting for network estimates. However, this is not
the case for mixed-minority couples. The share of mixed-minority couples (individuals belonging
to two different minority groups) is not significantly different in the online sample compared to

the offline sample.

4. MODEL

Let Z and J be two sides of the market. Individuals ¢ belonging to Z can match with individuals
j in J or choose to remain single. Similarly for individuals in 7. Individuals on both sides of the
market Z x J are also nodes of an exogenous network of friendships. Using standard notation
as in Jackson (2010), let the exogenous network be described by an adjacency matrix N, where
the elements N;; of N are

N {1 if there is a direct link between ¢ and j

0 otherwise

The network is undirected, therefore if N;; = 1 it must be that N;; = 1. The adjacency matrix
N is therefore symmetric. We will denote with A + {ij} the network resulting from adding
edge ij to N. In order to take into account the effects of the incompleteness of the network into
matching probabilities, we assume that two individuals ¢ € Z and j € J can match only if they
know each other, that is if V;; = 1. Agents are aware of the set of people they are connected to
and therefore aware of what matching partners are available to them. Formally, let the matching

outcome be described by the matching matrix y. The entries p;; of the matching matrix are

1 if 4 and j are matched
Hij = .
0 otherwise
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Definition 1. A feasible matching is a matrix p such that for every 7 and j

(4.1) pij € {0, 1}

(42) S =1
iU{0}

(4.3) Z pij =1
ju{0}

(4.4) pij < Nij

In this setting, (4.1) indicates that fractional assignments are not allowed; jointly, (4.2) and (4.3)
express that the matching is one-to-one; (4.4) formalizes the assumption that a matching can

occur only between two people who are connected in the network.

4.1. Types, Preferences and Network

Each individual is described by a vector of observable characteristics. Let x; € X and y; € Y
denote the vectors of observable characteristics of individuals ¢ € Z and j € J respectively.
Assume X and ) are bounded subset of some Euclidean space. The marginal distributions
of types in X and ) are given respectively by p(x) and ¢(y). The observable characteristics
of an individual affects simultaneously the systematic utility they obtain when they match with
someone, and the type of people that they are connected to in the network. I consider a matching
model with non transferable utilities (NTU), where individual ¢ derives utility u,;; from being
matched with individual j and individual j derives utility v;; from being matched with individual
i. The utility u;; is modeled to be the sum of the systematic utility u,,,,, that only depends
on the observable types of ¢ and j, and an independent individual-specific chemistry shock &;;.
Similarly for vy;.

WUij = Ug,y; +Eij Vi €T

Vji = Uyz, T 050 V] ET
We assume €,7 are independent across ¢ and j’s and identically distributed as a Gumbel with
mean 0 and variance o. Chemistry shocks are realized upon meeting someone, which can only
happen if those two individuals know each other. The systematic utility for the outside option,

that is remaining single, is normalized to zero. The random utility obtained by 7 and j that

remain unmatched is
U0 = €40 Viel
vjo =10 Vj €T

where, following Menzel (2015) €;90 = maxy_; | m| {€i0,x} and njo = max,_; | /m| {njo.r} -
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As mentioned above, the type of an individual will impact not only the utility the obtain from
a potential match, but also the type of potential partners they are directly connected to in the
network A. Define the network degree of i as

J#i
And the type-conditional network degree of i as

AN, y;i) = > Ny

jAi:
Yj=y

In words, d(N;4) is the size of the set of acquaintances of individual 4, and is the size of the
subset of acquaintances of 7 that are of type y. Therefore, the fraction of acquaintances of type
y in i"’s network is described by q(N,y;1)

qWN,y5i) = W
In this model, same types have similar sets of acquaintances. Formally, we make the assumption

that for every y € Y and every x € X

d(N,y;1) = d(N,y; x) for all i such that z; =z
d(N,z;j) = d(N,z;y) for all j such that y; =y

For ease of notation we denote 6, = d(N;z) and d,y = d(N,y;z). To model the clustering of

the network, I will assume that for certain characteristics z, we have 05 > 5y .

Definition 2. Let the coefficient of exposure § be a value 8, € R4 such that

Opy  Oyz
PT{Nij=1|xi:9€73}j Zy}: Ty'%:ﬂzypIQy
x Yy

where p, and ¢, are the masses of x and y respectively.

The coefficient of exposure § links the characteristics of the network to the relative masses of
types in the economy. S can be considered a Radon-Nykodim derivative measuring the degree
of distortion in meeting probabilities, compared to the neutral benchmark of uniform meeting
probabilities, independent of types. I am going to use both § and § as measures of clustering,
depending on which one is more convenient to use. The measure % > @y indicates over-exposure
of types z to types y but does not provide information on the exbosure of y to . On the other
hand, f3;, > 1 indicates clustering of the network and an over-exposure of both z to y and y to

x.

Assume that agents have a strict preference order over potential partners in their set of ac-

quaintances and that utilities derived from a match are non transferable (NTU). Once they have
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established their set of acquaintances, agents in the economy engage in a Deferred Acceptance
algorithm a la Gale and Shapley resulting in a pairwise stable matching. A matching p is pair-
wise stable if, given the preferences expressed by u;; and v;;, each agent prefers their partner

under the matching p to any other achievable partner.

Definition 3. Let u(i) and pu(j) indicate the partners matched with ¢ and j respectively under
matching p. The matching p is stable if
(i) if wi; > ;) then v

ju(j) = Vji and

(ii) if vj; > vju() then w,e) > ug;.

The existing literature informs us that if preferences are strict, a pairwise stable matching always
exists. It is important to notice that existence of a pairwise stable matching does not require that
agents have perfect knowledge of all participants’ preferences, but each matching partner needs
to have awareness of what potential partners are available to her. Therefore in this context,
individuals need to be aware of the agents in their personal network of acquaintances and in

equilibrium they need to be aware of the indirect utility obtained by those agents.

Let N (i) = {j € J : N;j =1} be the set of acquaintances of individual 7 in network . Let Z
be the random variable representing the indirect utility of agent ¢ when she has chosen the best
candidate out of her choice set
Z; = ma Ug.y. + Eis
17 jeowynnGy s T
For the next result recall that d,, = d(N,y;z) is the number of individuals of type y that an
agent of type x is directly connected to in the network, and that §, = Zy Oy is the total number

of individuals connected to her in the network.

Proposition 1. The conditional expectation of the indirect utility for individual i of type x,

given the network N is

E[Z;|z; =x] =7+ log (Zyey Oy €XP {umy})

where «y is the Euler-Mascheroni constant.

Proof. In Appendix A
O

The expression 1 > yey exP {uy,y} is referred to in the literature as the inclusive value of agent i
of type z, and denoted I;(z). The inclusive value has the form of a sample average over the utility

that potential partners are able to provide in case of a match. I will call inclusive value the mod-

ified version of it % ZyGJ/ %—y exp {Ug,y }, which takes into account that agents are not connected

to everyone else in the network. Notice that - > yey P {ug,y} > 1 D oyey %’”—y exp {uz,y }, which
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implies that individual welfare is always higher in a complete network. Menzel (2015) shows that
for large matching markets, when n — oo, the inclusive value I;(x) converges to its conditional
expected value given type z;. This implies that two agents with similar characteristics will have

in expected value a similar indirect utility as the market grows large.

4.2. A Population Game of Strategic Network Formation

Now suppose that a meeting technology is introduced that allows agents to strategically modify
their set of acquaintances. By modifying and expanding their set of acquaintances, agents can
increase the conditional expectation of their indirect utility from a match. The new technol-
ogy allows each i to increase d(N,y;7) for each y, that is it allows the agent to increase the
number of individuals of type y that they are connected to in the network. However, such mod-
ifications are costly. Recall that we have assumed that the network is such that d(N,y;4) is
type dependent but not individual dependent, and in particular that it is set to be equal to 0,
for every ¢ of type x. Since the expectation of the indirect utility for an agent i of type x is
v + log (Eyey Ozy €XP {uw}), agents have an incentive to increase their exposure d,, towards
individuals of those types y that, in case of a match occurring, will provide them with a high
utility. In particular, since the shock only occurs once the link in the network is created, agents
will direct their search towards individuals who provide them with a high systematic utility ug,,
since they have no way of predicting ex-ante what will be the magnitude of the chemistry shock
E€ij-

Formally, agents in the economy engage in the following two stage simultaneous game: in the
first stage players decide whether to purchase the new meeting technology or not. The cost of
purchasing such technology is individual specific and equal to k;. We assume that k; is indepen-
dent across i’s and identically distributed with c.d.f. F, (k). Purchasing the technology provides
access to a meeting platform that allows connections to be formed among a pool of potential
partners. The technology also allows agents to strategically expand their set of acquaintances to-
wards types they prefer. If agents decide to not purchase the technology, their expected indirect
utility is the one expected from matching in the exogenous social network as described in the
previous section. If on the other hand, they do purchase the technology, in the second stage after
entering into the meeting platform they make strategic decisions on how to expand and mod-
ify their network of acquaintances. Such modifications require effort and are, therefore, costly.
The expected indirect utility derived if the agent enters the game is the convex combination
of the exogenous expected utility and the inclusive value obtained online. To summarize, both
purchasing the meeting technology and directing search using the technology are costly: there
is an individual specific fixed cost associated with buying access to the online dating platform
and a variable cost that depends on the effort made to meet specific types of individuals on the

platform.
20



The technology provides access to the pool of potential partners who have also purchased the
same technology. Assume that in equilibrium the technology introduces a number equal to
Smy of types y to an individual ¢ of type x. If agents purchase the technology, in equilibrium
their expected indirect utility is the convex combination of the expected indirect utility in the
exogenous social network and the expected indirect utility derived in the endogenous network of

online dating. Formally:

E [U; |x; = x, purchasing tech] = y+(1 — 6) log Z Ozy €xp {Uzy} | +61log Z Oy XD { Uy}
yeY yey

Denote p(x) and ¢(y) the marginal distributions of types z € X and y € Y respectively that
have purchased the technology. Notice that p(z) and ¢(y) are endogenous. We will now make
the extra assumption that the technology is type-neutral, meaning it introduces to each user a
random set of \ potential partners selected independently of their type. Namely, if n people from
J have purchased the technology, the probability of any of them being selected to be introduced
to an agent ¢ from Z who has also purchased the technology, is simply % Therefore, the expected
number of people of type y that any agent will be introduced to is equal to Sxy = \gy for all
x € X, where g, is the fraction of types y that have purchased the technology and A > 0 is an

exogenous parameter. We will call this assumption type-neutrality of the online dating platform.

Assumption 1: The meeting technology is type-neutral, that is Sw = \Gy for every x € X, and
for a constant \ > 0.

Assumption 1 implies that the platform does not favor certain types over others by presenting
them to potential partners more often. The distribution of partners each agent is introduced to
is equal to the distribution of types that are on the meeting platform. Under Assumption 1, the
expected indirect utility of agent ¢ is in this case

(4.5)

E [U; |z; = x, purchasing tech] = y+(1—60) log Z Opy €xXp {Ugy} | +01og | A Z Gy exp {ugpy }
yeY yeYy

Where we substituted Szy = AGy from the previous expression. Let us now focus only on the
part of expected utility derived from purchasing the technology log ()\ > yey Ty exp {“my}) In
order to make the problem more tractable and without loss of generality we will consider the
exponential of such expected utility, which we will refer to with an abuse of notation as the

inclusive value online and denote I(z) for every z € X and y €

I(z) =\ Z Gy exp {Uzy

yey
f(y) = A Z D €XP {Uyz}
reX
21
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The above expressions represent the inclusive values and indirect utility of agents that have
downloaded the platform, but used it passively, that is who have not directed their search. The
technology allows agents to alter g, in the following way: if types y direct their attention towards
types x while agent i of type = directs their attention towards types y the derived exposure will
be
(I+aiy) > (1+a50) = (1+aiy) (1 + aye) Ay
Jyi=y

If effort is 0 on both sides of the market, people on the platform randomly bump into each other
following a uniform distribution. Therefore, exposure to any particular type will be proportional
to the number of agents of that particular type that are present on the platform. If however
a > 0 for both sides of the market and for a particular type combination z and y, z and y will
become over-exposed to each other. On the other hand a < 0 will cause types = and y to be
under-exposed to each other. The action profile a; has cost c¢(a;). We assume that agents are

utility maximizers, that is the problem that they aim to solve is

(4.6) max Ulaj,a_i|lzi=x) = Z?gi)\ Z(l + @iy) (1 + ayz)Gy exp {tay} — c(a;) — Ky
yey

(47)  maxV(aja;ly; =y) =max Ay (1+aj)(1+ ay)pr exp {vy} — cla;) = ri
/ ‘ zeX

A link between two agents forms if and only if the incremental benefit of that link for either
individual exceeds the cost of forming it. Finally, agents are assumed to be rational. They
purchase the technology if and only if the net increase in inclusive value minus the cost of
directing search is higher than the fixed cost of purchasing the technology. That is agents
purchase the technology if and only if the rationality constraint (RC) is satisfied

(RCy) gleaif/\ (1 + aiy)(1 + aya)@y exp {uzy } — c(a;) > K
¢ yey

(RC,) maxA (14 a;z)(1 4 agzy)Py exp {vyz } — c(aj) > k;

Since the chemistry shock is realized only upon meeting an individual, during the search period
agents are maximizing their utility in expected value. I now define an equilibrium concept in

this context.
Definition 4. An equilibrium in the dating game I' = (Z x 7, (5i);c7y 7 > (Ui(-))iczy 7 ) I8

— A decision to Enter or Not Enter into the meeting platform for each player 4

— An attention profile (a;y)ycy foralli € Z and y € Y
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— An attention profile (a;z)zex for all j € J and 2 € X
Such that

— The attention profile (a;y)ycy maximizes the payoff in (4.6), given the distribution of
types G(y) in J who have entered the platform

— The attention profile (a;,)scx maximizes the payoff in (4.7), given the distribution of
types p(x) in Z who have entered the platform

— The decision to Enter or Not Enter is optimal given the indirect utility in the subgame

after entry

The strategy space of each player i is S; = {(E, NE), (aiy)yey} where (E, NFE) is the decision
of entering or not entering the meeting platform (purchasing or not purchasing the meeting
technology) and a;y, € [a,a] is the amount of effort player i directs towards a player of type y on

the online dating platform.

4.3. Solution

Assume that agents in the economy are expected utility maximizers. We have shown in the
previous section how in this setting that is equivalent to being inclusive value maximizers. If
agents enter the population game by purchasing the online dating technology they will choose
an attention profile a; that maximizes the monotone transformation of their inclusive value

U (a;,a—; |x; = x) of being on the platform. Moreover, they will purchase access to the platform

if and only if the benefit of doing so exceeds its cost.

Proposition 2. If the strategy space A is a compact set and the cost function ¢ : A — R is
continuous and convex in A, then a pure strategy Nash equilibrium ezists in the subgame after

entry.

Proof. The strategy space A is compact set for every ¢ and every y and for every j and every
. The inclusive values I(a;,a_; |z; = ) and I(aj,a_j|y; = y) are continuous in a_; and a_;
respectively. Since c is a continuous and convex function of a;, for every y (and of aj, for every
x), the payoft function U;(a;,a—;) is continuous and concave in a; and similarly Vj(a;,a_;) in
a;. By Kakutani’s theorem, a pure strategy Nash equilibrium exists in the subgame after buying
the technology. Since the strategy space at the first stage is finite, a Nash Equilibrium exists in
the game.

(]
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Let a* = {(a:y)yey’ (a;w)xex}i,jelxj be an equilibrium strategy profile and let U;(z) be the
utility of an agent i of type x that enters into the game by downloading the online dating

platform.

A Z (1+ay,) (1+aj,) Gy exp {uwy} — claf,) | — ki

yESupp(q)
a;m = / ajxd(j
{7yi=y}

As seen in the previous section, agents who download the platform obtain an expected utility
that is the convex combination of their inclusive value offline I(z), and the expected value of
utility they obtain online U;(z). Let V; (z) be the indirect utility of individual ¢ of type x that

is using an online dating platform. The value of V;(x) is given by

Vi(z) =1 —0)I(z)+ 0U;(x)

Remember that if the agent does not download the platform their utility is fixed and equal to
their inclusive value I(x). Each individual ¢ is assumed to behave optimally, which implies that
if they download the platform the effort exerted to try and meet potential partners of type y is
given by

a;, € argmaxqeo,1Ui(ai, a—;)

In particular if ¢ is differentiable, a best reply (a},) in the subgame after entry satisfies the

yey
following conditions

(4.8) C’(aZy) = [AuayGy(ly + Gys )]
(4.9) aiy € [0, 1]

Agents decide that it is worth it to download the platform if given they will use it optimally, its
use improves on their inclusive value, that is if and only if V;(z) > I(x). This condition boils
down to U;(x) > I(z). Notice that if it is rational and utility-maximizing for an agent to enter
the platform, the RC constraint is satisfied. In fact, since I(z) > 0

Ui(z) > I(z) = U;(z) >0 (RC)

Moreover, in a large enough economy, I(z) > 0 and the (RC) condition holds strictly. Sum-
marizing, individuals 7 of type z will use the online dating platform if they belong to the set
K,

(4.10) K, =<i€Z: Ja € BR*(a~;), A Z Gyuazy (1+ay,) (14 aj,) — c(a,) — ki > I(x)
yey
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The probability of an individual i of type x downloading the platform is given by

Pr(ie K;) = Pr{r; <A Z Uzy (14 ay,) (14 aj,) Gy — c(a,) — I(x)
yeY

=Fo | A uay (L+ay,) (1+a},) ¢ — cla},) — I(z)
yey
Let kz, = AD_ ey Uay (14ap,) (1+ afy) py — claj,) — I(z). If ki < kg, then i will download
the platform. Notice that the distribution of types on the platform ¢ is an equilibrium ob-
ject, as it is the result of individual choices of entering the online dating game. In particular,
the distribution of types present on the online dating platform is such that p, = p,Fy(ks,)
and ¢, = q,F.(ky;) where k;, = Zyey Ugy (1 —|—EL§$) (1 +a;-‘y) Gy — c(ajy) — I (z) and k,, =

4.4. Monomorphic Equilibria

Let us now restrict attention to monomorphic equilibria, that is equilibria where all agents of the
same type adopt the same strategy. In particular we focus on equilibria that are monomorphic in

the subgame after entry. Formally, in a monomorphic equilibrium the following condition holds:
(4.11) Qiy = Qzy Vi € 1 with z; =2

When (4.11) holds the dimensionality of the strategy profiles decreases, and for every i whose
type is x the strategy space is S, = {(E, NE), (awy)ye)}}- Similarly, the utility in the subgame

after entry will be the same for every player i of type z and we can simply write

(4.12) Ui(az,a—z) = Z (1 + aye) (1 + azy) Gy exp {uay} — clawy) | — ki
yESupp(q)

Where a,, now replaces @y, as the two are equal. Let us now define formally a monomorphic

equilibrium in this setting.

Definition 5. A monomorphic equilibrium in the dating game I" = <X X Y, (82 X Sy)peryey (Ua(), Uy(-))I€X7y€y>

is
— A map O, : k; = {E,NE} for every € X and a map ®, : k; = {E, NE} for every

yey
— Amapa,:q— [0, 1]‘3}| for every z € X and a, : p — [0,1]|X‘ for every y € )

Such that:
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— The attention profiles described by the maps a, : ¢ — [0, 1]|y\ and a, : p — [0, 1]‘)(|

maximize the utility U; in (4.12), given the distribution of types on the platform p and
¢ induced by the entry maps ®, and @,,.
— The entry maps ®, and ®, maximize the expected utility of a player of type x and y,

through a decision of entry or not on the online dating platform

Looking only at monomorphic equilibria greatly simplifies the problem, and allows us to derive
more intuition from the solution. In particular, imposing further conditions on the cost function
we are able to investigate the nature of the equilibrium.

Assumption 2: The cost function is differentiable

Assumption 3: The cost function is separable, c(3_, ¢y aiy) = >, cy c(aiy) -

If Assumptions 2 and 3 hold, the optimality conditions in the subgame after entry for a type x

are as follows

Cl(a;y) =1+ ayx)‘iy €xXp {Uacy}
afy € [Oa 1]

And the set of types = that enters into the meeting platform is K,
K,={ieZ: (1+a;,)(1+ad},)dexp{usy} —cla},) > ri+1(x)}

If the function c is differentiable and if two types = and y are on the online dating platform, the
optimal level of attention they will give each other is determined by the two by two system of
equations

C/(a‘;y) = (1 + ayz)qy exp {uzy }

(ay,) = (1 + azy)Ps exp{vy:}
Proposition 3. If the cost function c : [a,a] — Ry is continuously differentiable with continuous

derivative ¢, there exists a monomorphic solution to the population game T’

Proof. Assume z € Ay, for every a., and that y € A,, for every ay,. Notice that if c is
differentiable the optimal level of attention that two types x and y will give each other is the

solution to the following system of equations

*

;m;) = (1 + ayz)qy exp {uay}

*

yav) = (1 + azy)Pz exp {vys }

d(a

d(a
If ¢ is continuous and ugy ,vy, are bounded, by Brower’s fixed point theorem, the system has a
solution (a;y, ayy)-

]
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Theorem 1. Let the cost function ¢ : R — R be continuously differentiable and strictly convex
and let ¢’ be the first derivative of c. If the inverse function of ¢’ is Lipschitz continuous with
Lipschitz constant ¢ < exp {—% (Ugy + vyx)}, there exists a unique monomorphic solution to the

population game T.

Proof. Assume x € Ay, for every a,, and that y € Ay, for every ay,. If c is differentiable
the optimal level of attention that two types z and y will give each other is the solution to the

following system of equations

C/(a;y) = Gy exp {uzy} (1 + aya)
(al,) = poexp{vya} (1 + aay)

Since c is strictly convex, ¢ is strictly increasing, and therefore invertible. Let f = (¢/)~!. Then

the above system can be rewritten as

*

Apy = [ ([@y exp {uay } (1 + ayz)])
[ ([Pz exp {vya } (14 aqzy)])

The existence of a solution boils down to the existence of a solution to the equation a,, =
Gy - exp{uzy} 1+ f (P exp{uys} (1 + apy))). Or in other words the existence of a fixed point
for the mapping f(z) = f (G, - exp {uzy} (1 + f (Bs - exp {vy:} (1 + x))). Notice that the function

f is a contraction mapping. In fact

Flan) = fla2)| = [f (exp {uay} (By + f (B exp {vye} (1+21))) = f (exp {ttay} (By + f (B exp {tya} (14 2)))]
< qlexp {uay} (By + f (P exp {vye} (1 + 1)) — exp {uay} (By + [ (Po xp {vya} (1 + 22))]|
= q - exp{uay} - |f (P exp{vye} (14 21)) — f (exp {vya } (1 + 22))]
< ¢ - exp{uay} - lexp {vye} (1+21) — exp {vye } (1 + 22)]

=q?exp {tgy +vya} - |21 — 22

f(z1) —f(&?g)‘ < |@y — 23]. Since f: R - Ris a

contraction mapping, by Banach contraction theorem it has a unique fixed point.

Since we assumed ¢ < exp {—% (Uzy + Vya) }

O

It becomes now easier to characterize the group of individuals of type x that will be on the online

dating platform. An individual ¢ will download the platform if they belong to the set K,
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(4.13) K,=i1€T: Z Ugy (1+ a;x) (1+ a;y) Py — clay,) — I(z) > K;
yeY

From the optimality condition of entry ®, I can derive the distribution of types on the platform
in equilibrium. The mass of agents that enter the platform, conditional of being of type x € X
is
Pr(ie K,) = / I{®, = E}dF,
zi=x
Given the cdf of the random variable k, the probability of an individual ¢ downloading the

platform given they are of type x is

Pr(ie K;) = Pr{ rx; < Z Uzy (1+ay,) (14 a},) By — claf,) — I(x)
yeY

= Fo [ Dty (1 +a},) (1+ab,) by — clal,) — I(x)
yey

We know that ®,(k;) = E if and only if k; < k, where k, = Zyesupp((}) Ugy (1 + a;m) (1 + a;y) Gy—

*
Yy

mass of type z agents that are going to be using online dating is given by p, Fy(k;). This in

c(ak,) — I(x). This implies that if p, is the fraction of type = agents in the entire economy, the

turn implies that the mass of types x on the platform is p, = %. Notice that the
z/ex Pz/ H'rlFz
behaviour on the platform is type specific, while the decision to enter the platform is individual

specific.

In the following part I will explore two special cases for the cost function, namely linear and

quadratic, that allow me to pin down a closed form solution for the equilibrium.

4.4.1. Linear Cost Function

Assume the cost function is linear, formally let Assumption 4a hold
Assumption 4a: The cost function is linear with functional form ¢(a) = ¢ja + ¢2, and ¢; > 0.

In this case the population game boils down to a classical model of strategic network formation
where a link is formed if the marginal cost ¢; of forming it is less than the benefit of having it.
More precisely, let a € [a,a] and Assumption 4a hold. Then the best reply correspondence for

this game is

- : crexp{—uay} _
a if Ayy > 2 1

a=1<0.a] ifay, = ool
0 otherwise
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In particular, if u,, is above or below a certain threshold the decision to direct attention or not

does not depend on the action of the opponent. That is

G if gy > 1In(c) — In(G,)

0 if ugyy <In(c) —In(gy) — In(1 + a)

In the interval of ugy [In(c) —In(¢y) —In(1+a),In(c) —In(g,)] the best reply depends on the
action of the opponent: if the opponent is seeking types x, it is an incentive for types x to make

an effort to seek types y.

4.4.2. Quadratic Cost Function

The second special case is the one of a quadratic cost function with form c(a) = %cl a4+ coa+cs.
In particular, by Theorem 1 if ¢; > A (ﬁwcjy)% exp {% (u+ v)} there exists a unique monomorphic
solution, and we are able to obtain a closed form solution for it. For the next part let Assumption

4 hold.

Assumption 4: The cost function is increasing in the domain and quadratic.

Assume the cost function has form c(a) = $ca®. Then the objective function for an agent who

has purchased the meeting technology is

- 1
Ulaj,a_;|z; =2) = Z AL+ aiy) (1 + ayz)Gy exp{ugy } — zc- afy — Ky

2
yey
- 1
V(aja a—j |yj = y) = Z /\(1 + aj:c)(l + aﬂcy)px €xXp {Uysr} - 50 ’ a?x — K
yey

Considering the subgame after entry and focusing once again on the monomorphic equilibrium,

we obtain the following system of equations that holds in equilibrium

(1+ a;z)ij exp {Uzy }

o> ol

(1+ a;y)ﬁz exXp {vyz}

Solving the system we obtain the following closed form equilibrium

*  _ __ MctApa exp{uye}) 5

ary T 2—=A%p. Gy exp{usy+vye } qy €Xp {uzy}
* o Ac+AGy exp{uzy}) ~

Ay = c2—=X2p. Gy exp{uzy+vye } Pz €Xp {vyz}

Looking at the closed form solution for the equilibrium we can make a few observations that

allows us to gain intuition into the nature of the population game equilibrium.

(1) The best reply functions are decreasing in ¢. The higher the cost coefficient ¢ the lower

the optimal level of effort a*
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(2) The best response of a type = depends both on the utility u,, that the player herself
would obtain from a match with another type y, and on the utility v,, that they would
be able to provide to the other person.

(3) The optimal level of attention directed to types y is positively dependent on exposure to
the group on the platform p,: there is more of an incentive to direct attention to larger

groups on the platform or groups that are largely present on the platform.

4.4.3. Comparative Statics

Looking at the characteristics of the equilibrium in the model, before making any assumption
on the characteristics of the cost function, we can conclude that there are a few patterns worth
noting.

(1) People with lower inclusive values I(z) are ceteris paribus more likely to download the
platform. The low inclusive value might be caused by either one of two factors: a sparse
network, where exposure to appealing potential partners is low, or a low utility derived
from the average acquaintance in the network. In either case, the probability of someone
downloading the platform is negatively affected by their inclusive value in the exogenous
network.

(2) The mass of people of type x on the platform is determined by F (k). In particular the
following factors contribute to a higher mass of individuals of type = on the platform: A
higher average utility obtained from matching with other people on the platform; being
sought after by desirable people who are also on the platform; a low inclusive value, due
to a sparse network or a network of undesirable partners.

(3) The more people are on the platform, the more people will want to be on the platform.
More people on the platform is reflected by p having a larger support, contributing to
> yeSupp(p) Py €xP {Uay } (14 aj},) being larger. The larger D oyey 2oyesupp(p) Py €XP {tay} (1+a},)
the larger k, and the larger k, the larger F,(k,) and therefore p,.

(4) The more selective an agent is, the least likely they are to download the platform. An
agent that is planning to look for several categories of people is more likely to have an
incentive to download the platform. In other words if aj, is positive for several y’s,
then a type x is more likely to have an incentive to download the platform. The more
selective agents are, the more unlikely to download the platform, because downloading
it to only look for a specific and very small subgroup of the population might not be
worth the downloading costs. In other words, if the distribution of u(z,-) tends to be
uniform across ¥’s then the agent is more likely to download the platform. On the other
hand, if the distribution of u(z,y) across y's has very high variance agents are less likely
to download the platform. This implies that when the logic is applied to mixed couples,
people that have a smaller ethnic biases are more likely to be willing to use an online

dating platform.
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(5) The increase in probability of a match jg, through the online platform is non-trivial.

Notice that the probability of a type x and a type y to match offline is given by

_ exp {Uzy + Vyo }
On the other hand their probability to match online if they both are using the online
dating platform is

_ __ exp{ugy +vya}

oy = (L4 agy) (14 Qyg) PGy ——=———
ey = (14 ) (1 ) By 0
Fr(ke)pa Fy.(ky)ay

where ﬁx = m , qy = m and k, = ZyeSupp(ﬁ) Ugy (]. + a;m) (1 + a;y) (jy_
c(ay,) — I(z). Also notice that if both i and j are on the platform it means that

Ii(z) > I(z) and I;(y) > I(y). The matching probability i, of two individuals of type

myﬂympmpy < (1+awy~)(1'~:aym)ﬁqu
I(z)I(y) I(z)I(y)

or rearranging and substituting for p, if and only if ﬁigfgg; < F”(kw)F”(k%)(lgazy)(H“yz).
xyPyx

In other words for two people of type x and y respectively, their probability of matching

x and y is greater online than it is offline if and only if A

is higher online than it is offline if the increase in exposure to each other that they obtain
on the platform is greater than the relative increase in inclusive value that they obtain
by using the platform. Overall, the probability of types x and y matching if they are
online is (1 — A)ftzy + Aflzy, the convex combination of their probability of matching

offline and their probability of matching online.

In order to better understand how the model works and its implications, consider the following
example.

Example. Suppose that there is only one type of individual in the set Z, that is z; = x for all
i € T and assume that the number of individuals in Z is n, = 100. Suppose there are two types

of agents in the set 7, y,yey and that ny =ng = 50. Let Ugcg =0,U,y =2, VEI =1, Vg =2.
Also assume that the cost function is ¢(a) = %aQ, k ~ U [90, 150] and assume for simplicity that
I(z) = I(y) = I(y) = 0. Assume the matchmaker/platform proposes a fixed proportion o = 1

of the total number of participants in the platform, uniformly choosing among types.

Using backward induction to find the Nash equilibria in the subgame after entry it is easy to
verify that af, = 0, aj; = §A} + 8A%, aj, = 5A}, aj, = A} + 55, where \* are the Poisson
rates at which individual types are proposed to potential partners. Plugging the best replies into

the payoff function we obtain the following

6 2 2
6 2 2
by = o (9A3 4+ 27A A5 4 14X7)

* | * 1
ky = N\, + gAi
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From these values we can determine A7, A7 and A} as fixed point solutions to the following

equations
1
Ay = an(ka:)naf ~ 2.32
, 1
, 1
)\2 = zFﬁ(k’g)ng ~ —59.09

Since the value of A\, cannot be negative, it must be 0, or in other words the cost of entry is too

high for low types. Therefore the platform will only have z’s and g’s.

This implies optimal actions are

ry
a’y = 6.344
ay, = 5.776
ay, =0.773
and
k, = 104.5
ky = 114.8
ky =2.7

From here we can calculate the expected utility of each type and distribution of types on the
platform. For all ¢ and j, if k; < k; or ky < kj, I(2;) = I(y;) = 0 because they do not enter the

online dating game and we assumed the inclusive values in the exogenous network are 0. The

distribution of types, we know that p, = % We have
z/ex Prllfig!

F. (k) = 0.090
F(kg) = 0.297
Fr(ky) =0

This means that about 9% of x agents will be on the platform, 29.7% of y agents and 0% of y

agents. Therefore the distribution of types on the platform is

P, = 0.38
~2 -0

Whether online dating increases or decreases exposure to potential partners of a specific type

depends on the shape of the network and the inclusive value offline. In particular if B,ynyng, <
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()\; + agy) ()\; + azz) then online dating increases exposure of types = to types y. Otherwise it
decreases it. In this particular case since we assume there are 0 connections on the exogenous

network, the platform does increase exposure.

4.5. Imperfect Directed Search

So far we have assumed that when an agent downloads and uses an online dating platform they
can specifically direct their efforts to meeting people of type y. However it might be the case that
the platform does not allow for such a specific search, and only allows agents to direct search to
subsets )’ of Y. Formally suppose £ = {)1, ..., V»} is a partition of the space of types and that
players on the platform can direct their effort to meeting someone of any element of the partition,
but not specifically to members of the partition. In other words their action profile must be an
&-measurable function. Let a;y, be the effort made by individual i to meeting individuals of the
partition element };. The expected utility of downloading the platform and directing effort a;y,

to meet people of group Y; is

(4.14) Ui(ai,a—;) = (Do + aiyr) Z Usy (ﬁyll” + dyx) I{zx € X} — cla;y) — K
yey’

where p,y: is the conditional probability of y given ), G,x is the average attention that an
individual of type y will give to the whole category X to which = belongs. We can reformulate

the utility above as

(4.15) Uiai,a—i) = (P + aiy' ) E[Usy ly € V'] = c(aiy) — ri

where the expected utility Eﬁ is taken with respect to the probability measure p defined as
py = (F.(ky) 4 ayx). In other words the probability with respect I is taken is also an equilibrium
object. The best reply for individuals of type z satisfies

C/(a:ryj) = Z Usy (ﬁylyj + ayXi)
yeY;

Focusing once again on the monomorphic equilibria, we impose a,x = ayx. The equilibrium
action profile determining the effort that groups &; and Y; will make to try and meet each other

is determined by the following system of | ;| x |);| equations
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d(azy;) = 2 yey Uy (ﬁyD)j +ayx) VreX’
C/(ayXi) = Zzg){/ Vyx (ﬁz\)@; + azy) Yy € V'

Notice that when compared to the case of perfect directed search, the optimal action profiles
depend on the category the individual is choosing to give attention to, but also and at the same
time on the behavior of all individuals belonging to the same category as him or her, creating

some sort of “reputation” effect.

Consider the value of k2* in the case of imperfect directed search.

Z Z o (Bypy, + aye) (Boj, + aay) — claay,) — I1(x)
J=1yey;

The expected surplus of the game depends crucially on the grouping or partition. For types that
are grouped together with lower types - or types that provide lower utility to the counterpart
- the surplus decreases. Vice versa for types that are grouped together with individuals that

provide a higher surplus to the counterpart.

5. APPLICATIONS

5.1. Interracial Marriages. Let there be K different racial groups {1, ..., K} and let {Ak}le
be a finite racial partition of the population. Let the type of each individual ¢ be a vector (k, )
where k indicates i’s ethnic group and z is the vector of other observables as defined in the
previous sections. Let py, indicate the mass of men of group k and type x and g, the mass of
women of group k and type y. Let the characteristics of the network be dictated by ethnicity.
In particular let By indicate the coefficient of exposure of agents of race k to agents of race &/,

as formalized in Section 3. Formally,

Opry = E Ok k'y

yey

Since we have assumed that the shape of the network is only determined by race k, for every

xz, 2’ € X | for every y € Y and for every k, k' we have
5km,k’y = (;km/,k’y

and

Ok kry = Okl * Qy
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where g, is the frequency of agents y in the economy. This allows us to define 6x ry = Opa,ky

and to simplifies the above expression of exposure to be

Opir = Z Ok - Qy

yey

From dy; we define the coefficient of exposure the Radon-Nykodim derivative By defined as

Okt
174
Zk”:l 5kk”

The left-hand side represents the fraction of connections of anyone in group k£ with anyone in

= Brk Deqi

group k. We will further decompose 3 - p - ¢ into that the probability for a woman of group
k of knowing any man of group k' is ng,pk/ and we will sometimes refer to b’,{k, as the degree
of exposure of a woman of group k to a man of group &’. Similarly the probability for a man
from £’ of knowing a woman of group k will be 87}, qx. We will allow the degrees of exposure of
men and women J3};, and ng, to be different. Again, we keep the assumption from the previous

section that two people can match only if they know each other.

Notice that we need to impose some natural bounds on this degree of exposure, and we will have
that 87}, € [0, i} and B,’:k, € [07 ﬁ] , where a degree of exposure of 0 means that the two
clusters k and k' are completely disconnected, so that no one in k knows anyone in &’. On the
other hand B,J:k, cannot be above i because an agent cannot know more people than there are
in the economy. So when b’,{k, is equal to pik, it means that people from k& know everyone from
k’. In this sense 8 can be interpreted as a Radon-Nykodim derivative. To ease notation we will

denote By = Bﬁ/ﬁf;k . We denote with ™ the K x K matrix

Bl Bz - Bk
pm . N
M . ... BTk

and similarly B,{k,. The probability that ¢ of type k,z and j of type &',y know each other is

P’/‘ {N,L] =1 |$Z = (k,.]f),y] = (k/7y)} = Bkk'pkqu:’y

In order to capture the ethnic clustering of the network we can assume that Spr > SBrx for
all ¥ # k. In terms of the utility that two agents obtain from matching we will model a
heterogeneous preference towards ethnic homogamy, that is, agents in general prefer, other things
being equal, to marry someone of their own race and educational group. Formally, let i € Ay

and j € Ay/. Utility from a match is
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Usj = u(xi,Y5) — brrr + €45
Vii = v(xi,y5) — bk + i

We can interpret by as the social cost sustained by someone from ethnic group k& marrying
someone from ethnic group k’. Assume there is no cost in marrying someone of one’s own race,
that is by = 0 for all k. As usual

eij ~ Gumbel (0, Var) Vi, j
n;i ~ Gumbel(0,Var) Vi, j

Agents’ inclusive value offline is determined both by their type and the ethnic group they belong
to, as the ethnic group affects both their network of acquaintances and their preferences

K
I(kwx) = Z Bkk’pk’y exp {ua:y - bkk:’}

k'=1

In the exogenous network, the probability of a marriage of types x and y belonging to the same
race is

exp {Uzy + Vyo }
Hzy = ﬂkkpkakyW

While the probability of a marriage of types = and y belonging to different races is

€Xp {Umy + Vyx — bkk’ - bk/k}
I(k, 2)I(K',y)

Hxy = ﬂkk/pquky

We can predict the probability of an interracial marriage being lower than the probability of a
same race marriage, other things being equal, due to two factors: the clustering of the network

Brkr < Brk, and the presence of a social cost byg + by of crossing an ethnic boundary.

5.1.1. Heterogeneous Bias. Now suppose that agents differ in their perceived social cost of cross-
ing a boundary. In particular let utilities be now described by

Uij = w(zs, y;) — bl + €3
Vii = 0(@i,y5) = by + i
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with b%,, ~ N(—bgk,0p) and bi,k ~ F(Oki) for all k # k’. Now the probability of a match
between ¢ and j when they belong to different races depends on their subjective cost of crossing
a racial boundary. In particular

exp {uzy + Vyp — b};k, - bi,k}
Ii(k,z)I'(k, y)

Hij = BrkPraQky

and the predicted share of couples x and vy is

exp {“ry + Vyz — b%ck’ = by,
I'(k, 2) I (k,y)
exp {*bikﬂ — bi,k}
Ik, @) (K, y)

} dF(0)

Hry = 5kkpkquy/

= ﬁkkpka;qky exp {ux,y + Uyl}/ dF(a)

5.2. Ethnic and Educational boundaries. Let us now add a layer to the model, by adding
education as a factor impacting both the network and individual preferences. Let again K be
the number of different ethnic groups in the economy, and let L be the number of different
educational groups. Let {Ak}f:1 be a finite racial partition of A and {El}lL:1 is an educational
partition of A. We can in general also introduce a gender partition {Gl}lL:1 of A, but for the
sake of exposition in this paper I will assume that the gender partition is only composed of two
groups, proposers and receivers of a proposal, which, again for the sake of the presentation, I
will sometimes refer to as men and women, although it would not make a difference if it was

otherwise. To simplify notation, I will sometimes write i € (k,{) in lieu of i € A, N E}.

We will denote with m the number of women and n the number of men; in particular we will use
the notation ng; to denote the number of men from group k£ and educational attainment [, and
similarly for women we will use my;. When we use the notation ny or mj we want to indicate the
cardinality of the set of men and women, respectively, belonging to the ethnic group k, formally
ng = |Ax N I| and my = |Ar N J|. Moreover we will indicate with M and N respectively the
total number of women and men respectively in the economy. Similarly we will denote pg; and
qr1 the relative frequency of males and females respectively of type (k,1), formally py; = % and
qr = "5+ Each individual 7 in the economy is also characterized by a type z; for men and y;
for women that can be any discrete or continuous variable indicating characteristics other than
ethnic group and educational attainment, like wealth, income, political affiliation, appearance,
weight and so on. Each individual in the economy forms a node in the network and is connected
to other individuals through an arc in the network; two people are connected in the network A/
if they know each other; in particular we will assume that each agent in the economy is more
well-connected to other nodes that are similar to her both on an ethnic or educational level. In
this sense the network presents 2-dimensional clusters, each of which is represented by an element
of the partition described above. We introduce now the variables 8(t) and «(t) to describe the
degree of connectedness of the clusters in the network at a given time ¢t. We will then attach a

similar interpretation to 7, which will indicate the degree of exposure of people with educational
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attainment [ to people with educational attainment {’. Thus, we will model the probability of

i € (k,l) and j € (K',I') being in each other’s set of acquaintances as

Pr{N;; =1|z; = (k,l,x),y; = (K',I',9) } = Bew Y Pria@hrrry

The probability of any two types x and y knowing each other, given they belong to (k,1) and
(K',1") respectively is
Pr {Nl] =1 “Tl = (kvla ')ayj = (kl7l,7 )} = Z Z Bkk/r}/ll/pklmqk/l/y
zeX ye)y

= Brr Y Priqi

We will allow the shape of the network to change as a result of social interaction, therefore we will
denote B(t) and ~(t) when necessary. Finally, in order to capture the clustering of the network

we can impose

Bik > Briw VK €{1,..,K}

>y YU e{l,..,L}

The degree of exposure Six and -y can be further decomposed into the respective degrees of
exposure of men and women, S = 8L} ﬁ,{, e and v = v - Vl]:z so that the probability that
i € (k,l) and j € (K',I') know each other can be written as

Pr{N; =1|z; = (k,1,-),y; = (K,I',-)} = (51?12/5;{%) (’Yﬁ}%}:l) Dr1qr/ 1

This notation will make the analysis of the dating game easier to formalize.

Utility is again non transferable and preferences over potential partners are described by a
systematic part, given by the type of the other person, and a random shock that we will sometimes
refer to as a chemistry shock. Moreover we assume people have a preference towards homogamy,
that is, they prefer, other things being equal, to marry someone of their own race and educational

group. Formally, let ¢ € (k,1) and j € (K',1")

W@, y;) — b I{k # k'} — dI{l # '} + 45

Vii = v(ys,zi) — el {k # k'} — dinI{l # 1"} 4+ nji

Where by is the social cost of someone from ethnic group &k to marry someone from ethnic group
k', and dj; is the social cost for someone with education ! to marry someone with education I’.
We allow both b and d to be either positive or negative. We will assume that the functions u

and v are bounded above. As usual
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i ~ Gumbel(0, Var) Vi, j
n;i ~ Gumbel(0,Var) Vi, j

5.3. The Dating Game: Strategic Network Formation. Suppose now agents are
given the option of playing the game described in Section 3. Agents have now the possibility to
purchase access to a dating app that allows them to take an action a’ € RX to increase their
exposure to potential partners of a certain race. I model the game in a way that allows agents to
filter for race but not for education or other characteristics of the potential partner, although the
model can be easily extended to allow for a more or less coarse search, as described in the general
model in section 3. Let Assumption 1 hold, the technology is type-neutral. In this context, it
implies that when downloading the platform the probability of bumping into a potential partner
of race k, educational level [ and type y is given by priy, where Py is the fraction of such agents
that are present on the platform. Therefore, the ex-ante degrees of exposure on the platform, 3
and v are assumed to be equal to 1 for all agents of all types. This is equivalent to Assumption
3 of the previous section. Agents can increase or decrease their individual exposure to agents
of race k to (1 + a;x) by exerting effort a;;. Notice that this might cause every individual ¢ to
form a different distribution of acquaintances. It is assumed that if individual 7 € k’ exerts effort
a;; to meet potential partners of group k and individuals in group k exert effort a;i to meet

potential partners of k’ the resulting exposure to one another will be given by

(1+a1k |A ‘ Z ajk’ qk’
JEAK
In particular, in a monomorphic equilibrium a; = a,, for all i € (k,l) and a; = a,, for all
€ (k',1"). Therefore in a monomorphic equilibrium the resulting exposure in the game of types
(k,1,x) to types (K',l',y) is

nk/l’y
ag'l'y,k

(14 agrer) (1 + Z

Uy
If agents decide to play the game their total exposure to a certain race k is given by the convex
combination of their exposure offline and their exposure online. Let Bkk/ be the exposure of

group k to group k' if they decided to enter the online dating game.
Brewr = (1= N) B + A1+ apr ) (1 + anrk)

The objective for the agent is to maximize her inclusive value. Intuitively the agent’s objective
is to increase the number of acquaintances of ethnic and educational categories of people with

whom they will obtain a high utility from a match.
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Let i € (k,1) belong to Z. Agent #’s inclusive value without the meeting technology is

Ilifes =2,k = 3237 BuwwawvE lexp {ular, yy) — T {k # k') — duT{1 £ Y} |j € (K, 1)]

kU

Notice at this stage agents are abstracting from taking into account whether potential partners
are going to be willing to match with them or not. Although this is a simplifying assumption to
make the problem tractable, we will see that no important intuition is lost, and the equilibrium
best reply for each agent will take into account the utility that their potential partner would
derive by matching with them. If agents download the online dating platform, they can act to
maximize their inclusive value online. The resulting inclusive value will be a convex combination
of their inclusive value online and their inclusive value offline. Introducing the possibility for
agents to exert a certain effort to modify their distribution of acquaintances, the inclusive value
online depends on actions in the following way

Ilia] =33 (1+a}) mj’\}’” E[(1+a}) exp {u(wi, ;) — bl {k # '} — d1{L £} } |5 € (W.0) ]
k/ l/

The search action has a cost

k=1
where a* = [a’i, - alk]. Notice that the total effect of taking an action is also determined by the

action of agents in the other set, and their type y. Notice now that a’ has some natural bounds:

in fact a}, cannot be below —1, because total exposure to another group cannot be less than 0.

1
] D
k'. In other words, a’ needs to be constrained in the closed interval

Similarly, and a}, cannot be above because ¢ cannot know more people than there are in set

. 1
a' € Xprek [1, - }
Pk

Summarizing the objective function of agent 4 is

max (1 — \)I[i] + M [i,a’] — c(a®)

at

st. —1<a}, < =
Pr

Now let’s estimate the optimal action a’ when it is an interior point. The objective is to maximize

Z e~ brr H{k#K"} % (1+ a};,) E Kl + ai) {w(@i,y;) — dy I{l #U'}} |j € (K, l’)] — Z c(az,)
Kk’ K’
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Taking first order conditions we have

(al) = e*bkk/ﬂ{kik’}%’;E [(1+ad) {utwi ) — dwi {t £V} } i € (W.0) ]

The first observations that we can make are:

(1) A lower bias towards other ethnic groups will cause a higher effort to meet them. This
points to the segregation effect. Other things being equal, there is a higher incentive
to look for one’s own ethnic group, since this will imply not paying the social cost of
crossing a racial boundary.

(2) Higher optimal effort to meet bigger populations - high values of ny.

(3) Race will be utilized by users as a proxy for education. Indeed, ¢ has an incentive
to exert more effort in equilibrium to meet a population that has a similar educa-
tional level to his own. This is reflected in the fact that a population k' with a sim-
ilar educational level to i’s will provide ¢ with a higher value of the expected utility
E [(1 + ai) {u(zi,y;) —dwl{l #1U'}}|j € (K',")| because he has to pay the cost dy
will lower frequency.

(4) The higher the expected surplus from the match, the higher the effort i is going to put
in

(5) Low cost of search will incentivize a more intense search.

Example 6. Consider a very simple example where systematic utilities are flat u(z,y) = u and
v(y, ) = v, everyone has the same educational achievement, and there are two ethnic groups, 1
and 2. Crossing an ethnic boundary and marrying with someone of the other group has a social
cost equal to b for both groups and both sides of the market. Assume that the cost function ¢(a)
is quadratic and separable and in particular assume c(a) = %ca% + %ca%. The best replies are

summarized by
1
aly = qu(l + a{l)eu
1 _
aly = qu(l + a{l)eu b
—b

a{l = Epl(l + aﬁ)@v

a§2 = E102(1 + alh)e’
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And the solution to the game is

c+ pi1e’

m* u
ai] =qe 54—
11

2 —prqrevty

—-b
am* q eu—b c+ plev
= {42
12 C2 _ p1q2eu+v72b
—b
(Zf* =p evib C+QZ€u
— /M1
21 c2 — p1q2eu+v—2b
. ¢+ ge”
ok = e’

? — pigaet TV

Notice how, other things being equal the effort made to meet someone of the other group is made

lower by the presence of the bias b.

The resulting exposure to different ethnic groups after playing the game is given by (1+agxr)(1+
ari)Pr - Whether the game increases or decreases exposure to different groups of agents depends
jointly on the bias towards a different group and the current clustering of the network. The game
results in overall higher exposure when (1 4+ agr/)(1 + ag/k)DPrGr > BrkrPrqr. To summarize, a
general picture of the effect of online dating on exposure and integration is given in the following
table.

Network Clustering
Low High
Low No Yes
Ambiguous total effect Integration Effect > Directed Search
Bias
High No
Integration Effect < Directed Search Ambiguous total effect

People can only match with people they know. At each ¢ the people from cohort ¢ match
following a Gale and Shapley algorithm. People are divided into proposers and receivers of the
proposal. For a proposer i € (k,l), a strategy s* = {y1, ..., yn,0} in the matching game is an
ordered list of potential partners to propose to among the ones he’s connected to in the

network. The last element of the list is always a 0, meaning remaining unmatched.
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For a receiver j € (k,l’), a strategy is a contingent plan indicating whom to retain from the

ones that proposed to her at a given round.

At each moment in time, an individual 7 considers the set of people he is connected to in the

g
network, meaning the set of people he knows. This set will be composed of % men
k! Pkk! N
%
from their own group and LN% people from other groups &’.
Zk/ Bk N

A matching system p is called stable if for all ¢ and j such that u;; > 0,
Uip(iy + €ip@y > Uiy +e4j for all j € Y(i) and Vj, ;) + 1;.¢) = Vi + ;i for all other i € X(j).
Or in other words, if U;; 4 €;; > Uw(i) + €ine) it must be Vj; + 15 < VjM(i) + Mju(s) and vice

versa, ruling out the existence of blocking pairs.

Proposition 4. The probability of i € (k,1) and j € (K',1") matching in the exogenous network
s given by

exp{u(z;,y;)+v(y;,@i)— By I{ k#k' } =D, 1{14
Wij = Brk' Vi Prly Qi vy { 2 ! I[i]);)fj]{ }-DuI{iA }}

where I [i] =370 > Brw v exp {—brw I{k # &'} — dwI{l #U'}} 37 gy exp {u(zs, y5)}, Bow =
bkk’ + bk/k and D”/ = dll’ —+ dl’l

Notice that if groups k and k' are educationally similar, that is the value ~y;;-py; is large compared
to others, there is a higher chance of interracial marriages between the two groups. Compare

now the probabilities of different matches.

Same ethnicity and educational level

n(k,1) m(k, 1) exp{u(zi,y;) +v(y;, i)}
N M L1

Mij = BrrYu

— Same ethnicity but different educational level

n(k,1) m(k, ") exp {u(zs,y;) + v(y;, ) — Dy }
N M L

Hij = BrrYu

— Different ethnicity but same educational level

n(k, 1) m(k', 1) exp{u(@s,y;) + v(y;, :) — Bppr }
N M L1

Hij = Brr i

— Different ethnicity and different educational level

n(k,1) m(K', ") exp{u(ws,y;) +v(y;,#s) — Bra — Dy}
N M LI,

Hij = BrrYur
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Notice how the probability of a match between people belonging to different clusters is lower,
due to two reasons: the first one is the bias, or social cost, of crossing a racial or an educational
boundary. Notice that these costs b and d can in principle be positive or negative. The second
reason is the network effect: people belonging to different clusters have a lower probability of
matching each other. However for instance two agents that belong to different racial clusters
but same educational cluster can compensate the crossing of a racial boundary with the
non-crossing of an educational one - not to mention, this increases their probability of knowing

each other.

Proposition 5. The expected number of interracial marriages between i € k and j € k' in the
exogenous network is

Aiir = B Do HF74} vy R HE { ~PuH{iA} exp{u(xljf/]ﬁ)lﬁ vtk | e (i, l’)}

Proof.
To see this
Apwr =D Pri{pi; >0[j €k}
i€k
_ myrp 1 Texp{u(@i, y;) +v(y;, @) — DwI{l #1'}} /
;ﬁkk/exp{ Bkk/]l{k;ék}}z:é” i IHE[ 0] li ek 1)}
G 1 X i Yy + jo L . VAR
= B exp {— Bkklﬂ{k;ék}}z:é”/m]\k/[l ;mE [e p{u( y;[)j] olyi, =)} 1J€(k,l)]

= Biu exp { — By / e i [ exp {ul@a,yg) + oy @)}
= Brk p{ By H{k’;ﬁk}}lzléll 7 NEl: T }]E(k,l):|

Notice that populations with similar educational distributions will have higher expected
number of interracial marriages, due to a higher value of v, mung; . Recall that v, > .
Suppose that the distribution of educational levels for populations k and k’ are similar. This
will cause the product my/ng; to be higher when multiplied by ~;;. Intuitively, if people of
different ethnic groups have similar educational levels, they have a higher chance of knowing

each other, and therefore of marrying each other.

The effect of the online dating game on the number of any particular type of marriages is not
trivial. This is because a change in meeting probabilities affects both the probability of a
particular match, but also the inclusive value of each agent. Intuitively, the meeting technology

introduced by online dating changes both meeting frequencies and the overall competition that
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anyone faces for obtaining a match. Since we have assumed that players download the online
dating platform only if it increases their inclusive value, in this model online dating increases
competition for a partner. In order to obtain some insight, let us first restrict attention to a

simplified case.

5.5. The effect of a change in exposure in matching frequencies

Suppose that utilities are constant in z and y, so that u(x,y) = v and v(y,z) = v. Suppose
also that there are K racial groups, and the cost of crossing a racial boundary is the same for
everyone, that is by for all k, k’. Also, let p; be the fraction of same race individuals an agent
from k knows and (1 — py) the total number of agents from different groups. Notice that in such

case, the inclusive value for agents is equal to

I,{(to) =n' +ppe” + (1 —prp)e* * =nf +e" [pr + (1 — pr)e ]
I (to) = n™ + gre’” + (1 = q)e" " = n™ +¢” [qp + (1 = gr)e "]

Therefore the predicted shares of matches between i and j where i belongs to k& and j belongs
to k' is equal to

(1 _ pk)(l _ qk/)eu+v—2b
nd + pre + (1 — pr)et =) (n™ + gre? + (1 — qi)ev—?)

P (to) = (

Proposition 6. Let b be the bias, and let pr, and qir be the meeting frequencies for agents of the
same the cluster of k and k'. A change € in meeting frequencies causes a change in inter-cluster

marriages of

—b —b —b —b
_ e (0= pr) (e P HA—e k) - 15
A,Ukk/ = 1re (e*"+(1—e*b)pk—lis)(e’b-i-(l—@*b)%—la?)

Proof. In Appendix A

Notice how the effect of a change in exposure is non-trivial, as it affects both meeting probabilities
and inclusive values. In particular, higher values for the bias b will cause the change in inter-

cluster relations to be lower
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6. IDENTIFICATION STRATEGY

In matching models with a complete network the probability of a match between two individuals
of type x and y respectively will be given by

exp {u(z,y) + v(y, )}
Iz]I1y]

(6'1) Hay =

Where the inclusive value I[z] is defined as I[z] = 3 co(,) exp{Usy} with O(2) being the
opportunity set of z. Relaxing the assumption that the network is complete we need to enrich
the matching probability in (5.1) with the probability that a type z and a type y will know
each other, that is with their probability of being connected in the network. Thus, letting
Pr{(z,y) € N} being the probability of a link existing between a type z and a type y, the
resulting matching probability is

_ Pr{(z exp {u(z, y) + v(y, )}
fay = Pri(z,y) € N} I[2)1[y]

Substituting the probability Pr {(z,y) € N’} with the probability as we modeled it in section 3

we obtain
_ - exp{u(z,y) +o(y,z)}
Hey = Pry T[z]1[y]

exp {u(z,y) +v(y, )}
I[2]Iy]

= Bmypm Qy

with 1 [e] = (o + X, ey 81,0, 0x0 {u(e,y)}) and T[] = (nm + e Bape exp {0y, 2)}).
Following Menzel (2015), the inclusive values I [z] and I [y] can be recovered by looking at the

shares of singles and in particular

piz0 = exp {—1I [x]}
toy = exp {—1 [y]}

So that

1
— = BzypIQy €xXp {'LL(.’E, y) + v(y, .’E)}
Hxo Moy

Notice that it is at this point impossible to separately identify the surplus of a match between a
type x and a type y from the probability of the two types knowing each other. This in particular
means that if we did not take into account the effect of the network on the matching probabilities
and two types = and y are poorly connected in the network, we would end up concluding that

the surplus of their match u(z,y) + v(y, z) is lower than it is in reality.

Proposition 7. If the clustering of the network is not taken into account for surplus estimation,

the surplus estimates of a couple xy will be biased by —In(Brr paqy)-
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Proof. Let s(x,y) be the pseudo-surplus of a couple, with s(z,y) = u(z,y) + v(y,x). Since

Hay

ot = BoyPaqy exp {u(z, y) + v(y,z)} the real value of the pseudo-surplus is
x y

S(Z,y) =In (/ﬂ) —In (ﬂmyprqy)
T Yy

However, disregarding the clustering and incompleteness of the network we estimate
s = (2
Hzo Moy

The result follows.

O

Notice in particular that if we are estimating the surplus of a match of two types z and y with
similar mass in the population, p(z) = p(y) but that are poorly connected to each other in the
network, that is By > Bay

Hzz MO
S(ova) = o) =t (42 20 ) g, )
/~Lry NJOx
The more segregated and clustered the network is, the bigger the difference (., — By, and
therefore the bigger the estimation bias if we were to not take into account the shape of the

network.

Now suppose that there are two types of people, the ones who will use an online dating platform
to look for a partner and those who will not. The composition of acquaintances and exposure
to other types for these two types of people will be different. The goal is to disentangle the
bias from the network effect. By comparing shares of couples who met online with the shares of

couples who did not meet online we can obtain the network effect induced by online platforms.

Consider the share of couples with types x and y respectively that met online and the share of
couples with the same characteristics that met offline. Let them be denoted by fi,, and piy
respectively. We will assume that the bias is the same for both, as we think of it as an objective
social cost incurred by people when marrying someone different. Since degrees of exposure of
the online types are different than the ones of the offline types, their respective inclusive values

will also be different. In particular, for the offline type we will have

exp{U(z,y) + V(y,x) — byy}

o2 fow = P 11
For the online type
~ - €xXp {U(‘Ta y) + V(yv :C) B bTy}
6.3 = J T
o oy =l Tlal Ty



Next following Menzel (2015) the inclusive values for singles can be easily recovered by looking at

the shares of singles among the online and offline people, p.o and i, respectively. In particular
tzo =exp{—I(x)} f[iz0 = exp {—f (x)}
oy = exp{~I(y)}  fio, = exp {~I(y)}

Therefore we can rewrite fiz, and fig, as

Hzy = PryHzoMoy €EXP {U(xv y) + V(ya (E) - bmy}
/lmy = ﬁmyﬂwoﬂOy e€xp {U(SL‘7 y) + V(ya aj) - bwy}

Or

(6.4) My exp {U(x,y) + V(Y @) — by}
Mooy

(6.5) Moy exp {U(x,y) + V(Y ) — by}
Hxo Moy

Taking the ratio of the above expressions we obtain the odds of x and y meeting on an online

dating platform versus them meeting in the exogenous network offline

Pry _ finy _piaoti

pm’y Nmy ﬂz()ﬂ()y
Since Zyey Py = 1 and Zy Pzy = 1 we can pin down g,y and pg,,. Having these two probabilities
we can now estimate the cost of being in a relationship with a different type. By plugging p,,

and P, into expression 3.6 we obtain

_MHay Dy EXD {U(z,y) +V(y,z) — bmy}
Hx0 Moy

Which finally leads to estimation of the surplus
Ulz,y)+V(y,z) — byy = log <sz . A1>
Hzotoy Pzy
Note: If the bias represents the social cost of crossing an ethnic boundary, then such bias by
would be simply estimated by subtracting the surplus obtained for a couple of type z and y that
belongs to the same ethnicity with the surplus obtained for a couple with the same characteristics

but belonging to two different ethnic groups.

7. ESTIMATION

Using the identification method proposed by Menzel (2015), firstly I estimate the pseudo-surplus
for each couple in the sample using the following equation discussed in Section 6 that links
observables to primitives

(7.1) In (Mmy) =Inpgy +u(z,y) + vy, )

Hax0 Moy
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Notice that when u and v are constant in z and y, the left-hand side of the equation captures
merely meeting frequencies. On the other hand, when p,, is constant across x and y, the left-
hand side captures the sum of systematic utilities for  and y. I assume the specification of the
surplus to be as in Section 3, that is

pseudo-surplus = In <Mmy) = In (B papy) + u(z,y) +v(y, ) — b I{k # k'} —dyI{k # k'}

Hoz0 oy

Where recall that Bgrs is a coefficient of clustering around race and the type vectors x and y
include race, education, region of the United States, age and whether the couple met online
or offline. The assumption here is that the race or ethnicity of an individual dictates both
her preferences and the composition of her set of acquaintances. Moreover I will assume for
the network adjustment that the composition of acquaintances of an individual is jointly and
uniquely determined by their race and the region of the United States in which they reside,
therefore disregarding the effect of education on the structure of the network. After estimating
the pseudo-surplus for each couple, I adjust it by taking into account network estimates in
different parts of the country from the American National Social Network Survey. I use such
estimates as an approximation for B p.py. In particular, since I use different network estimates
for different regions of the country, I am approximating Bipzp, With pi,,, where pyy is the
probability that two people from ethnic groups k and k' respectively know each other, and r
indicates the region of the United States (South, Northeast, West, Midwest). I will call the
resulting estimate the adjusted pseudo-surplus.

adj. pseudo-surplus = <ln Hay > —In (py) = u(z,y) +v(y, z) —bewI{k # k'} —diI{k # k'}
Mo Moy

The adjustment increases the estimated surplus of mixed couples, taking into account that their

meeting frequencies are lower compared to same-race couples. Notice that in the approximation
we are assuming that the probability of two types x and y of knowing each other is entirely
dependent on their race and the region where they live. This is clearly a significant limit of the
estimation, as the clustering of the network depends on other factors as well, such as education
and income. In order to take into account also the dimension of clustering dictated by other

factors such as educational levels, I would need more detailed data on the social network structure.

As presented in Section 6, in order to be able to estimate utilities we need to have the shares
of singles o for each type z that is taken into consideration. The shares of singles divided
by ethnicity among the online and offline dating community - fi,o and p.o respectively - will
be derived from the information provided in question w6_otherdate_app in the questionnaire
(“In the Past Year have you ever used an app on your phone (such as Tinder or Grindr) to
meet someone in person, for dating, romance, or sex?”). Using this information we are able
to distinguish among single people who used online dating and people who did not in the year

before the survey.

The resulting estimated utilities thus obtained are in line with the results published by online

dating companies such as OkCupid regarding the behavior of their users when it comes to race and
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ethnicity. Firstly, in general, there seems to be a remarkable preference for ethnic homogamy
both for men and women. Secondly, the adjusted psuedo-surplus of mixed-race and mixed-
education couples who met online is consistently higher than the adjusted pseudo-surplus of
mixed couples who met offline, suggesting once again the likely impact of a network effect on
matching probabilities. Thirdly, minorities who use online dating seem to focus their search for a
partner primarily on other individuals of the same ethnicity or the majority group of white people.
A possible explanation for this phenomenon is provided by the theoretical model presented in the
previous sections. Finally, online dating seems to have contributed to the creation of a higher
number of mixed-race-same-education or same-race-mixed-education couples, but not mixed-

race-mixed-education couples. These results are summarized in Table 1.

As mentioned above, the utility derived from an ethnically homogamous match seems higher
across ethnicities and this seems particularly true for minorities. However, since the formula for
the pseudo-surplus includes both the network effect and the effect of preferences, the higher utility
estimate obtained among the ethnically homogamous couples that met offline might be simply
due to a higher probability of two people of the same ethnicity knowing each other compared
to their probability of knowing someone of another group. In other words, the higher estimate
might simply reflect a higher degree of exposure Bgr. This problem is resolved by estimating the

adjusted pseudo-surplus and taking into account network probabilities.

Finally T use the pseudo-surplus and the adjusted pseudo-surplus estimates to establish the
existence of a social cost of crossing an ethnic and an educational boundary and of a network
effect that influences the probabilities of a match between individuals in different regions of
the United States. I compare estimates of the social cost of crossing a racial boundary using
the pseudo-surplus and the adjusted pseudo-surplus in order to show the magnitude of the
estimation bias in the first case. I then assess whether the way people meet has a significant
effect on their degree of assortativeness. The estimation shows the existence of significant costs
of crossing both racial and educational boundaries across all areas of the United States. The
cost of crossing a racial boundary appears to be higher in the South and the Midwest when
compared to the West and Northeast of the country. Moreover, interracial and intereducational
couples who have met online in the Northeast and the West appear to have a higher pseudo-
surplus and adjusted pseudo-surplus than the couples who have met offline. This suggests that
the way a couple has met influences their degree of assortativeness, and in particular that in
the Northeast and the West the degree of ethnic and educational assortativeness is lower for
couples who have met online. Since I do not observe meeting probabilities online, the difference
might be due to an increase of exposure to other races online or it might be due to a selection
effect onto the platform. On the other hand, in the South and the Midwest I find no significant
difference in surplus estimates for mixed couples in the online and offline sample, both before
and after network adjustments. This empirical finding is compatible with the theoretical model
presented in Section 4, in the sense that it appears to be the case that in the Southern and

Midwestern areas of the United States, due to a higher cost of crossing a racial boundary in a
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romantic relationship, the effect of directed search on online dating platforms is greater than the
integration effect introduced by those same platforms. Results are summarized in Tables 2 and
3.

Finally, estimates are used to establish the increase in exposure to different races on online
dating platforms. Table 4 reports the percentage of acquaintances of a different race for white
people and minorities in the United States as a whole, and then in the Northeast and West
of the country, where we know online dating has contributed to increasing diversity of the set
of acquaintances. The estimates show that for an average white person in the United States
the probability of knowing someone of a different race has increased from 8% to 11.6% as a
result of the introduction of online dating. Effects in the Northeast and the West are even more

remarkable.

For the sake of estimation I will define types according to whether they met online or offline, their
ethnicity, the ethnicity of their partner, their education and their partner’s education, in what
region of the United States they live, their age group, and in the last part further distinguishing
between females and males in the sample. In regards to ethnicity, we will consider a partition
of the sample into White, Black, Hispanic and Asian or other minorities. The number of Asian
subjects in the sample is too small (especially for the subgroup of individuals who met their
partner online) to be able to derive a reliable utility estimation as a stand alone group. For
this reason I group together Asian subjects and all other minorities recorded in the sample that
are not already accounted for in another category. For the sake of completeness I include in
the Appendix utility estimations that consider Asian and other minorities individuals as two

separate groups.

7.1. Race and Education in Online Dating Markets

In this section I study the effects of online dating on the relative rates of crossing a racial or an educational
boundary, or both. In regressions (1) and (2) I restrict attention only to couples who are either married
or in a relationship, while for regressions (3) and (4) I include subjects who reported seeing someone
more casually. For regressions (1) and (3) I regress the pseudo-surplus, without adjusting for network

estimates. That is the dependent variable is

In <ﬂ> = In(pay) + u(z,y) — b I{k #k'} —dy T{l #1'}
Kooy

And the specification for the regression is

In <Mry) = Bo + B1 - mized ethn + Bo - mixzed ed 4+ B3 - mixed ethn x mixed ed+
Mooy

+ B4 - mixed ethn X metonline + Bs - mixed ed X metonline+

+ B¢ - mixed ethn x mixed ed X metonline + B7 - FE + ¢

For regressions (2) and (4), I adjust the left-hand side to take into account meeting probabilities

for agents belonging to different ethnic groups. This allows me to reduce the bias in the estimation
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TABLE 7.1

Dependent variable: adjusted pseudo-surplus

(1) (2)
mixed ethn -1.359***
(-1.463 , -1.255)
mixed ethn online 0.286***
(0.094 , 0.477)
mixed ethn white -1.350***
(-1.452 , -1.248)
mixed ethn minority -1.397***
(-1.607 , -1.187)
mixed ethn white online 0.552%**
(0.347 , 0.757)
mixed ethn minority online 0.098
(-0.145 , 0.340)
mixed educ -0.819***
(-1.217 , -1.113)
mixed educ online 0.321***
(0.293 , 0.562)
mixed educ same ethn -0.886***
(-0.955 , -0.817)
mixed educ same ethn online 0.385%**
(0.229 , 0.542)
mixed educ mixed ethn -0.595***
(-0.765 , -0.426)
mixed educ mixed ethn online 0.111
(-0.203 , 0.426)
Observations 2,844 2,844
R? 0.805 0.805
Adjusted R? 0.804 0.805
Online FE Y Y
Race, Educ FE Y Y
Geog FE Y Y

Note: *p<0.1; *p<0.05; ***p<0.01

of the cost of crossing a racial boundary. Formally, let p},, the probability that an agent of race
or ethnicity k is connected in the network to an agent of race k' in region r. The dependent
variable is as follows

<1n lffzy> —1In (pzk,) = u(amy) + v(y,x) — bkk/H{k 75 k/} — dll/]l{k 75 k/}

Hxo Moy
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If most of the information on whether two people know each other is dictated by their race and the
region in which they live, then we have a good estimate of their utility from a match. However,
if that is not the case, the estimator will be biased. I will then use the adjusted pseudo-surplus

In (ufoia:og) —In (p},,) as a dependent variable and estimate

(111 M) —In (pg) = Po + B1 - mized ethn + Bo - mized ed 4+ B3 - mized ethn x mized ed+
M0 Moy

+ B4 - mized ethn x metonline + B5 - mixzed ed X metonline+

+ B¢ - mized ethn x mixed ed x metonline + B7 - FE + ¢

as in the equation above. In both regressions fixed effects include race of the subject, race of
the partner, geographical region of the United Stated, educational levels of the subject and their

partner, and age group.

Network adjustments in regressions (2) and (4) diminish the estimated coefficients associated with
the dummy variable of a mixed race couple. This reflects the fact that what we are capturing in
regressions (1) and (3) is the sum of the network effect and the effect of homogamous preferences,
as described in Section 3. On the other side, the network effect increases in absolute value the
estimated cost of crossing an educational boundary. This hints at the presence of directed search
in online dating markets. Finally, notice how the estimated coefficient for the dummy variable
for couples that are both mixed on an educational and a racial level is negative, and online
dating has no significant effect on these type of couples. This again could be a reflection of the
effects of directed search on an online dating market. There exists a tradeoff between crossing
a racial and an educational boundary, and crossing both boundaries is expensive. Online dating
allows users to select what boundaries to cross, if any, and the cost of crossing both boundaries
simultaneously is high. The theoretical model explains how this reflects on behaviour on online
dating platform, that in this case will have, less of an integration effect and more of a directed

search effect.

In terms of the estimation, given that the sample is small, I use K-modes clustering to group
interviewed subjects and partners into different groups. In particular, I cluster subjects into 15
clusters, and I split these into online and offline sample, so that I obtain a total of 30 clusters.
The variables used for clustering are ethnicity, education, and region of the United States. On
the side of the partners, I cluster partners into 6 groups, based on their educational level and

ethnicity. A full description of the clusters is provided in the Appendix.

In Tables 3 and 4 I regress the pseudo-surplus, both non adjusted and adjusted with network
probabilities, on indicators of the 4 macro regions of the United States, to assess whether online
dating has had an effect on the relative frequencies of interracial and inter-educational couples
in different parts of the country. The regions I consider are the South, Midwest, Northeast
and West. The first two columns exclude subjects that have reported seeing someone, but not
being in a stable relationship with that person yet, while the second two columns include in the

regression also subjected who reported having a casual relationship or that just started dating
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someone. Table 3 shows that adjusting for network estimates, the estimated cost of crossing a
racial boundary decreases, and the effect of online dating increases. In all regions of the country
the cost associated with crossing a racial boundary is significant. The estimated cost is, as
expected, lower in regressions (2) and (4) due to network adjustments. Moreover such cost is
higher in the South and Midwest when compared to the Northeast and the West. Subsequently,
due to the joint effect of integration effect and directed search on online dating platforms, in the
Northeast and West online dating seems to have a positive effect on the number of interracial
couples. On the contrary, in the South and Midwest online dating does not have a significant
effect on interracial couples neither before nor after adjusting for meeting frequencies. This is the
case of the lower left part of the table presented in Section 4.3, where due to stark preferences for
homogamy, the effect of directed search on online dating platform is higher than the integration
effect. From the point of view of education, the cost of crossing an educational boundary is also
significant across all regions. Online dating has had a positive impact on the rates on inter-
educational couples in all regions except for the South. Non-coincidentially, the South is also the

region where the cost of crossing an educational boundary is the lowest.

The coefficient associated with the variable mixed ethnicity online and mixed education on-
line could be capturing two different characteristics of agents on online dating sites: either an
increased exposure towards agents of different races and educational levels, or a lower cost of
crossing a racial or educational boundary for people that self-select into the platform. Formally,
let prrr and pyi be the meeting frequencies of agents belonging to k& and k' offline and online
respectively, and let b and b be the costs associated with crossing a racial boundary for the offline
and online samples respectively. Then

pr=tn () o

y49%

Therefore we have two extreme case scenarios. In the first case, the online sample and the
offline sample are identical from a preference standpoint. Their difference in meeting patterns is
therefore reflective of an increased exposure to a more diverse set of potential partners for those
who decided to use online dating platforms. In such case, the increase in meeting frequencies
is summarized in Table 4. In the other case, there is a difference between the perceived cost
of crossing a racial boundary among the online and offline populations. However, notice that it
cannot be the case that the network formed online is identical to the exogenous offline network,
the reason being that, if that were to be the case, agents with a lower racial bias would not have
an incentive to enter into the platform. Thefore, in the upper bound the coefficient 34 captures a
combination of the effect of self-selection into the platform, and the increased exposure obtained
through directed search by users on the platform. In order to consider this case, I will use the
optimality conditions from the population game in Section 3 to determine the resulting exposure
in the online dating platform. In order to do so, I assume that the equilibrium achieved on the
platform during the population game is a monomorphic equilibrium, as described in the previous

sections, and that the cost function is quadratic. In this second case, results are found through
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calibration of the model. In such case, the estimated difference in bias among the online and
offline samples would be 0.141, while as a result of directed search, exposure to different races
for a white person would be increased by 1.45% and for a minority group would be increased by
5.6%.

TABLE 7.2. Ethnicity

(1) pseudo-surplus  (2) adjusted psuedo-surplus  (3) pseudo-surplus  (4) adjusted pseudo-surplus

South Mixed -1.227%**
(-1.371 , -1.083)

Northeast Mixed -0.903***
(-1.070 , -0.736)

West Mixed -0.545%*
(-0.678 , -0.412)

Midwest Mixed -0.987***
(-1.160 , -0.814)

Mixed metonline S 0.178
(-0.091 , 0.447)

Mixed metonline N 0.654***
(0.305 , 1.003)

Mixed metonline W 0.335"**
(0.120 , 0.550)

Mixed metonline M 0.405
(-0.083 , 0.893)

-0.797***
(-0.941 , -0.654)

-0.353**
(-0.519 , -0.186)

-0.381%*
(-0.513 , -0.248)

-0.571%*
(-0.744 | -0.399)

0.178
(-0.091 , 0.447)

0.654**
(0.305 , 1.003)

0.335%*
(0.120 , 0.550)

0.405
(-0.083 , 0.893)

-1.198**
(-1.342 , -1.055)

-0.908**
(-1.076 , -0.741)

-0.538*"
(-0.669 , -0.407)

-1.016**
(-1.191 , -0.842)

0.151
(-0.114 , 0.415)

0.655**
(0.307 , 1.002)

0.311%**
(0.097 , 0.526)

0.397
(-0.078 , 0.872)

0767
(-0.911 , -0.624)

-0.357%*
(-0.525 , -0.190)

-0.373%*
(-0.503 , -0.242)

-0.600***
(-0.774 , -0.426)

0.151
(-0.114 , 0.415)

0655
(0.307 , 1.003)

0.312+**
(0.097 , 0.526)

0.397
(-0.078 , 0.872)

Observations 2,844
R? 0.871
Adjusted R? 0.870
Online FE Y
Race, Educ FE Y
Geog FE Y
Casual Relationships N

2,844
0.854
0.853

P

2,941
0.867
0.867

R

2,041
0.850
0.849

<K

Note: *p<0.1; **p<0.05; ***p<0.01
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TABLE 7.3. Education

(1) pseudo-surplus

(2) adjusted pseudo-surplus

(3) pseudo-surplus

(4) adjusted pseudo-surplus

South Mixed Educ

Northeast Mixed Educ

West Mixed Educ

Midwest Mixed Educ

Mixed Educ metonline S

Mixed Educ metonline N

Mixed Educ metonline W

Mixed Educ metonline M

-0.756™"*
(-0.804 , -0.709)

-0.788***
(-0.860 , -0.716)

-0.853***
(-0.917 , -0.789)

-0.937*
(-1.022 , -0.852)

0.095
(-0.045 , 0.235)

0.445%*
(0.216 , 0.674)

0.388%**
(0.249 , 0.527)

0.587***
(0.383 , 0.790)

-0.757%*
(-0.804 , -0.710)

-0.793*
(-0.865 , -0.722)

-0.858%"*
(-0.922 , -0.793)

-0.935%**
(-1.018 , -0.852)

0.103
(-0.036 , 0.243)

0.467*
(0.233 , 0.701)

0.371%**
(0.233 , 0.508)

0.584***
(0.384 , 0.784)

-0.734%
(-0.782 , -0.686)

-0.780***
(-0.851 , -0.709)

-0.849**
(-0.912 , -0.785)

09447+
(-1.027 , -0.860)

0.079
(-0.060 , 0.217)

0.434***
(0.205 , 0.663)

0.385"
(0.247 , 0.523)

0.593"
(0.391 , 0.795)

-0.734%*
(-0.781 , -0.687)

-0.786***
(-0.857 , -0.716)

-0.852*
(-0.915 , -0.788)

-0.940%**
(-1.021 , -0.859)

0.087
(-0.051 , 0.225)

0.458***
(0.224 , 0.692)

0.366**
(0.229 , 0.502)

0.589%**
(0.391 , 0.787)

Observations

RZ

Adjusted R?

Online FE

Race, Educ FE
Geog FE

Casual Relationships

2,844
0.871
0.870

Z <<

2,844
0.858
0.857

Z <<

2,941
0.868
0.867

Ko

2,941
0.855
0.854

Ko

Note: *p<0.1; **p<0.05; **p<0.01
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TABLE 7.4. Increased Meeting Frequencies

(1) Offline pq

(2) Online pq

(3) Difference

U.S. white

U.S. minority

Northeast white

Northeast minority

West white

West minority

0.087

0.243

0.072

0.177

0.153

0.285

0.116***
(0.111, 0.121)

0.323"*
(0.318, 0.328)

0.138***
(0.125, 0.151)

0.340"**
(0.327, 0.353)

0.214%**
(0.208, 0.220)

0.398***
(0.392, 0.404)

0.029***
(0.024, 0.034)

0.080***
(0.078, 0.082)

0.066***
(0.053, 0.079)

0.163"**
(0.150, 0.176)

0.061***
(0.055, 0.067)

0.113%**
(0.107, 0.119)
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8. EVOLUTION OF THE NETWORK

Let us now move on to consider the effects that a marriage, whether it is same-race or mixed-race, has
on the social network. Assume that agents in the economy have a fixed number of people that they are
connected to in the network. Such number is assumed to only depend on the agent’s type, as modeled
in section 3. The set of acquaintances of each agent can vary in terms of racial composition, as we have
described in the previous sections.

Assume that after a match is created, the individuals that a couple is directly connected to in the network
meet. For example, assume that both the bride and the groom know 10 people each. For simplicity
assume that all 10 friends of the groom know each other and all 10 friends of the bride know each other.
To explain the evolution of the network, assume that the 10 friends on each side meet each other after
the match has occurred, creating 100 new links. In this sense, we can say that a marriage creates an
initial link between two parts of the network, and more links are created as a result of it. The dynamic
of network formation arising from a marriage is represented in Figures 7.1, 7.2 and 7.3. In the figures,
red lines represent links among members of group x, blue lines represent links among members of group
y, and green links represent diverse links, that is links between a member of group z and and member of
group y. From the figures one can see how in a clustered network an interracial marriage will contribute
more to the creation of diverse links than a same-race marriage, and how same-race marriages can, under

certain conditions, exacerbate the clustering of the network. This is formalized below.

Let types be fully described by race. Moreover, assume that there are only two racial groups, denoted
z and y. Let the composition of acquaintances of people from group x be described by the vector
[0z, 02y], and the composition of acquaintances of people from group y be described by the vector
[0yz, Oyy]. As in Section 3, 0z, is the number of acquaintances of type x that a type z has, and d,, is
their number of acquaintances of type y. Notice that every marriage between agents of different groups
Wy, contributes to the number of new links that are created between people belonging to different groups
with 0z20yy + 02ydy new links. That is

(8.1) phy >0 = 8LF =660, +6L,0,

Following the same logic, for every within-cluster marriage between agents of group x, the fraction of
mixed links (z,y) that are created is equal to 204504y, that is

t t+1 _ ot ot
(8.2) Haw >0 = Opy = 205404y

Finally, for every within-cluster marriage between agents of group y the fraction of mixed links that are

created is equal to

(8.3) fyy >0 = 5?;1 = 20,y 0yz

The total number of new mixed links (z,y) that are created in the network as a consequence of marriages
is

where pit,, is the total fraction of different-type marriages zy at time ¢, and p,, pi, are the total fractions
of same-type marriages xz and yy respectively at time ¢.
58



—

~—=1
NS

R
o
Vel

NS

SEERY

A2

P
<] [

FIGURE 8.1. Interracial Marriages in a Totally Clustered Network

Following the same logic, a mixed marriage creates chmdfw + Jéyézm new mixed links in the network,
8220y, new links among types x’s, and §,,0,, new links among types y’'s. A marriage among types z’s
creates 25@5% new mixed links, (55:93)2 new links between types z’s, and (5;y)2 new links between types
y’s. And finally, a marriage among types y’s creates 2d,,9y, new inter-cluster links, (5;,,5)2 new links

among types z’s, and (55y)2 new links among types 3’s. The following table summarizes the resulting

(c) After Interracial Matching

links created by each type of marriage.

‘ ‘ link (z,y) ‘ link (z, ) ‘ link (y,y) ‘
marriage (2,y) | 0zalyy + 0zy0yc |  Owzlya OzyOyy
marriage (z,x) 202502y 82, 62,
marriage (y,y) 20yyOya 5oy o2y
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(c) After Interracial Matching

FIiGURE 8.2. Interracial Marriages in Partially Clustered Network

It is easy to see how in a clustered network where 0;, > 5y and 0y, > dyz, an interracial marriage
contributes much more to the creation of new diverse links than a same-race marriage does. In particular,
if 02z > 202y and dyy > 204a, same-type marriages exacerbate the clustering of the network, by creating
more same-type links than different-type links. In probabilistic terms, let 0z = dzz + dzy and p = ‘sf—f.
Ifp > %, same type marriages create more same-type links than different-type links, thus perpetuating
the imbalance and clustering of the network.

On the other hand, an interracial marriage in a clustered network always contributes to the diversity of
the network by causing the formation of different-type links. In particular, let p = ‘?—f and ¢ = ‘Sg”—yy.
Assume the two network clusters for types = and types y are equally segregated, with p = ¢q. Then, an
interracial marriage contributes to network diversity by creating more diverse links than same-type links,
as long as p > % Thus, as long as the network is clustered and people of the same-type have a higher
number of connections to other agents of the same type than to different agents, interracial marriages
contribute to the de-clustering of the network.
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FIGURE 8.3. Same Race Marriage in a Partially Clustered Network

I assume that the exogenous network at time ¢ + 1 is the convex combination of the network at time ¢
and the new links formed between different and same types as a consequence of marriages. In particular
assume that the law of motion for the number and composition of acquaintances is
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(8.5) Ot = Ak + (1= N) (8hadluny + (0h0) o + (842) 1)
(8.6) 05t = Ay + (1= 2) (48l by + (05) e + (55,)" 1)
(8.7) SR = AoL, — A) ((6520yy + OryOua) Moy + 205005y M + 28,0y tyy )
(8.8) D Y = N) (85265, + 05y O) oy + 205000 1l + 284, 8y gy )

8.1. Steady States

To have an understanding of how the evolution of the network works, let us start with a study of

the steady states of this dynamic system. Notice that if the network has two completely disconnected
clusters, one for x and one for y, the system is in a steady state. Formally, if the two clusters of agents

of types  and y are completely disconnected we have dzy = dyz =0

Firstly, notice that since the total share of marriages between x and y is equal to oy = 5iyefBl‘y W
, if 0zy = 0 then pazy = 0. Therefore the law of motion of the system in (8.5),(8.6) and (8.7) becomes

Ot = A+ (1= A) (82) "t
2
65@51 = )‘65?4 +(1=X) (621/) “Zy
t+1
Ozy =0
St =0
yx
Secondly, notice that since x and y are the only types in the economy, 6;y = Jfﬂ =0 imply 6, = 6% and

5574 = dy. Thus within-type acquaintances are all the acquaintances an agent has. Therefore the system

boils further down to
8 = AL (1—X) (6)° b
2
Syt =20y + (1= 2) (6,)" pyy

t+1
0y =0
st g
Recall that from proposition 12 the expected number of homogamous marriages is ,ufm = 5233
expiu(x,x)+v(z,r exp{u(z,z)4v(z,x exp{u(y, v(y, 3
p{ I(f[a;]}t [x]( )}. Let Sf, = @plu@a)tv@a)} [(t [z]};"[z§ )} and Sey, = [—p{ }}Eyﬁ’};‘}y%y y)}], so that we can rewrite

the total number of marriages as ul, = 64, 5%, and ui,, = 8,5}, respectively. Notice that I [z] and I [y]

depend on 4,,d, and d;, also. In this case, I' [z] = 0za exp {u(z,z)} and I [y] = &y exp {v(y, )}

vy
Putting everything together we obtain

SETT = AGL + (1= 2) (65)° SL, = AL + (1 — A)oL
UL = AL+ (1= A) (64)° St = A0l + (1 — A)d,
St =0

5i+1 — 0

yx

This proves that the system is in steady state in two ways: first of all, if the two clusters = and y are

completely separated, no new links are going to be formed between the two different clusters in the
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future, at least through marriages. That is
t t t t /

Moreover, in this case the system is also in steady state in the sense that the total number of acquaintances
does not change over time. Formally
’
6oy =0 = 0, =0, V' >t

Sle=0 = 6\ =6 V' >t

In conclusion one steady state is the totally segregated one, with 0, = [dz2, 0] and §, = [0, §,y]. Network

clusters are completely segregated and they stay that way.

Other steady states are found when d, > 0. However these steady states are more complicated to derive
in closed form, as they depend both on the exposures 0z, dyy, 0y and on preferences u,v and b. The

steady states are characterized by the following system of equations

5 i 5m6§$e*2”+ 8. | Opalyy
zx — €
I[2]Ily] " 12 I[y?

Syy = "t Oydme 53?’521 52%
Tl Iyl I Iy

Saye™ 20 262,68 2626
_utwv Ty zxYxy yyryzr
6a;y =€ (((5zz5yy + (5zy5yz) I [17] T [y] [[x]Q I[y]Q )
Sywe” 20 2626 2626
_utwv Yy zxYxy yyryzr
b = ((5”5?’”5””%)1[3:]1[@/] TR )

Where I [z] = dzze” + 0zye” ? and I [y] = dyze”® 4 8yye*. This system allows for several other steady
states that cannot all be characterized in closed form. However, making some extra assumptions we
can get some intuition into the nature of this steady state. Assume that the networks for the two
populations z and y are perfectly symmetric, formally 642 = dyy and 0y = §y». Therefore we can simply
call 65 = dz0 = dyy for same-type number of links and dq = dyz = d4y for different-type number of links.
The simplifying implication of this is that I [x] = I [y]. The system is in a partial steady state when

62b
(8.9) 8y = 04

The steady state is partial in the sense that if condition (8.9) is satisfied, the ratio between d, and d4
remains constant, but their values can be increasing over time. Notice that for b = In(2), the number of
same-type and different-type links is the same. For b > In(2), s > d4. The reason why the threshold for
perfect integration of b is not 0 is that interracial marriages have a larger effect on the diversity of the
set of aquaintances than same-race marriages. The system is in complete steady state equilibrium - in
the sense that both the total and the relative numbers of acquaintances remain constant in time - when
b=0.

Concluding, the two steady states of the system are described by (8.10) and (8.11).
(8.10) 5 =6 64z

(8.11) 6 =06 64=2e"
63



8.2. The Impact of Online Dating on the Evolution of the Network

I have shown in the previous sections how online dating has likely contributed to the increase in the
number of interracial marriages. Regardless of whether the cause of it has been an increase in exposure
as explained in Table 4 or access to a more diverse pool of potential partners for agents with a lower
cost of crossing racial and educational boundaries, the end result has been an increase in the number
of interracial marriages. Since interracial marriages contribute more to the creation of mixed links in
the network than same race marriages, an increase in the number of interracial marriages brought upon
by online dating contributes to the diversity of the network. For the next result, assume again that
Ozz = Oyy = 0s and dzy = Oyz = 4.

Proposition 8. An exogenous increase of magnitude € at time t in the share of mized marriages u;y
causes in the following period an increase of size (1 — A) (ds — 5d)2 € in the number dq4 of mized links in
€

the network and a decrease of size (1 — ) (53 — 63) 5 in the number ds of same type links.

Proof. Consider two states of the world where the number of mixed marriages are respectively u;y and
pgy. Let Apey = ,u;y — ,ugy = ¢ and suppose that Auze = Apyy = —5 where Apge and Apy, are

t+1
6d

similarly defined. Let and 63%1 be the number of diverse links in the network at time ¢ + 1 in the

two different states of the world, and assume 6370 = 6371 Then

5t+1 5t+1 ==X [(62 + 5d) (”iy - ﬂgy) + 20504 (/‘71” - l“gm) + 20504 ( Hyy /‘gy)]
g g
—(1-)) [ (53 +03) £ — 2864 — 2535d§]
=(1—X)e [67 + 07 — 26.64]
= (1= M) (6s —64)%¢

And similarly
Okt =600 = (1= ) (03 (Hay — Hay) + 02 (aw — 1aa) + 63 (Hyy — Hyy))
= (1-N (535 - 53% - 53%)
:(14)(53755)2
O

Therefore the impact of an exogenous increase in interracial marriages depends both on the magnitude
of the increase and on the current clustering of the network. The higher the network clustering, the
higher the impact of an increase in the number of interracial marriages both on 4 and ds. If there is no
clustering, that is if ds = 4, an increase in the number of interracial marriages does not bear any effecs

on the network.

Using the result from Proposition 13, jointly with the estimates from Section 7, I can infer that the
increase in the number of interracial marriages that was due to higher exposure to different races through
online dating websites is equal to Apg, = 0.067. The remaining 12% increase in interracial marriages
since the launch of online dating can be explained in my model through the increase in exposure due to

the evolution of the network without online dating. Clearly, it is likely that there are other factors, such
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as the evolution of preferences, that have played a role in such increase. I am abstracting from those in

my model.

If online dating was never launched, the estimated number of connections between different clusters of
the network would be lower by —(1 — A) - 0.046 and the estimated number of connections within cluster
would be higher by (1 — \) - 0.028. Therefore for instance, if A = 0.5, the percentage of different-type
connections would be lower by 2.3%, while the number of same-type connections would be higher by
1.4%.

9. CONCLUSION

In this paper I investigate the effects of online dating on society, both from a theoretical and empirical
perspective. From the point of view of theory, I model online dating as a population game that allows
agents to manipulate their network in order to maximize the expected utility of a match in the marriage
market. The type of search the online dating allows an agent to do can be more or less coarse, which
has an impact on their best reply. In the application, I consider a technology that allows to filter for
race but not for education. The results of the theoretical model predict that agents will direct their
search primarily to individuals of the same race, they will use race as an indicator for education (and
other characteristics), they will focus their attention on larger groups and on groups that reciprocate
their interest. The choice to enter or not in an online dating platform depends on the magnitude of
the bias towards other races but also on the value of the exogenous inclusive value: if an agent has a
sparse network, they are more likely to join the platform. If they have a low bias or derive a similar
utility from many potential matches, they are also more likely to join. I show how the total effect on
the network is not straightforward, and online dating could lead, from a theoretical perspective, both to
social integration or social segregation. The total effect is determined by the magnitude of the racial and
educational bias and on the current clustering of the network. When the bias is low and the network

clustering is high, online dating is likely to have positive effects on social integration.

In the empirical part of the paper, I exploit Menzel (2015) identification strategy, enriching it to take
into account meeting probabilities. I derive the estimation bias in the pseudo-surplus when the pseudo-
surplus is estimated without taking into account the shape of the network and its impact on matching
frequencies. I then move to estimation using data from How Couples Meet and they Stay Together. I
group observations using k-mode clustering methods, using race, education, gender and region of the
United States as variables to perform the clustering. I then use network estimates from the American
National Social Network Survey to adjust the pseudo-surplus to take into account different meeting
probabilities between agents belonging to the same race as opposed to different races in different parts
of the country. The results show the presence of a significant cost of crossing a racial and an educational
boundary across all regions of the United States, even after adjusting for network effects. Moreover, it
is shown that online dating has a positive effect on the shares of both interracial and intereducational
couples in the Northeast and the West. However that is not the case in the South and the Midwest
for what concerns race, and no effect is found in the South when it comes to education. This might be
suggesting the presence of an intense directed search put in place by users in those places. Furthermore,
assuming that the observed difference is due to an increase in exposure on online dating platforms, I pin

down the magnitude of such increase. Finally, I study the evolution of the network comparing scenarios
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with and without online dating, pinning down the resulting change in exposure to different races and in

the number of interracial marriages that is caused by online dating.
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APPENDIX A

Proof of Proposition 2, Section 4.2

Proof. Recall that ¢ is distributed as a Gumbel(0,1) which has c.d.f. G(z) = exp{—exp {—=z}}. There-

fore

Pl max ugz,. +cij <z
(jeNz% i = )

P (ug;iyl tein < 2, Uayys, + i, < z)

H P (uxiyj + €45 < Z)

JEN(9)

= H P (eij < 2= Uayy,)
JEN (i)

= H G(z_umiyj)
JEN(9)

where the equality between the second and third lines follows from independence across j’s of the shocks

€ij. Plugging in the c.d.f. and taking the log of the probability

log P(Z; < 2)

_ Z exp {Ua,y; — 2}

JEO(I)NN (i)

—exp{ —z + log Z eXp{Uzqzyj}
JEN (4)

= —exp —z—&—logz Z exp {u-rzy}

YEY JEN (i)
Yji=y

= —exp {—z + log Z Ozy €XP {Uwiy}}

yey

Notice that the last line is equal to the In of the c.d.f. of a Gumbel with location parameter A\ =

log>°,cy 0oy exp {ua,y; }. Therefore the expected value of Z; is equal to E [Z; |z; = x] = y+log > yey Oay €Xp {vay, }-
(]

Proof of Proposition 13, Section 5.5

Proof. Suppose that at time ¢; there is a change in exposure € to people of different groups, and in
particular assume that p;, = px(1+¢) —e and 1 — pj, = (1 — px) (1 + €). The inclusive values for 7 and j
after the change are
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() =" [pe(i+e) —e+ (1 —p) (1 +2)e’]

e“(1+¢) [pk + (1 —pg) e_b] — e
=(1+¢)e" [pk + (1 — pg) efb] —ee"
= (1 +e)I/ (to) —ee”

And similarly
I () = (1 +e)" (to) — ee”

This implies that the predicted share of matches after the change in exposure is given by

(L—pi)(1— qu)(1 +e)%e 2
(1 + )1 (to) = 2ev) (1 + )7 (ko) — ee)
_ (14 ¢)°(1 — pr)(1 — g )e T2
(492 (1 (o) = s5zev) (I (t0) = 55z¢”)
(1= pu)(1 = gr)e" >

B (Iif(to) — 1+Ee“) (Iim(to) — 1i€ev)

pij(t) =

Consider the relative change in matching frequencies

Pk (81) — per (f0)

Apgeger =

Hier (o)
After the change,
Au (1 —pr)(1 = gpr)e 072" (L= pe)(L = gyr)en U « I (t0) 11" (to)
N ) = i) (1) = ) 1) A= P — g7
_ (1L —pi)(1 = gr)e” B (1L =pi)(1 = gr)e
e b4+ (1—e0)py — ﬁ) (e‘b +(1—e"b) g — ﬁ) (e7®+ (1 —e®)pr) (e7b + (1 —e®)qp)

(1= pr)(1 = qpr)e=2b
e ? + (1 — e_b pk) (e_b + (1 - e_b> qk/> - (e_b + (1 - e_l’)p;C - ﬁ) (e_h + (1 - e_b) qpr — ﬁ)
(et +(—epr—15) (e P+ (1 - e ap — 15)

<e fam et (4 (1))
(

Let I, = (eib +(1- eib)pk) and notice that I, = Tye
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LTy — (I — ﬁ)(fk - 1)
(T — =) (I — =)
Il — L + f?ik + ﬁfm - (ﬁ)Q
(T — =) (T — =)
€ I+ Iy — 1%_5
Lre (I - v5) 0 - 1)

Apgyr =

Proof of Steady State in Section 8.1
Imposing dy. = 0=y, we can further simplify the above expressions to

s _ 61161219267217 + 521 63“”699
e (61‘73 + 6zy€7b) (691’/ + 6ymeib) (6327; + 5xy€_b)2 (6yy + 6y:c€_b)2
5. = (ﬁy‘syy‘f% + ‘ﬁy‘sm + 53?;
v (67/‘3? + 69596_17) (691! + 6yxe_b) (511 + 6zy6_b)2 (6yy + 5yz8_b)2
Suye 2 262 26,
Ouy = | (Bowbyy + OuyOyz — + = - )
v (( vy Oayy) (0 + dzye™®) (yy + dyze™®) (0zz + 5my€7b)2 * (Oyy + (Syxefb)z
Syze” 2 262,,6 26,0
Syz = ( (30adyy + Ooydya i e Y )
Y (( v+ Seydye) (622 + 0oy€P) (Oyy + 6ya€ ™) (0pw + 5wyeib)2 (Oyy + 5@1966717)2

9.1. Estimation.

The following tables provide similar analysis for different grouping of ethnicities, in particular keeping
Asian separate from other minorities and distinguishing between men and women in the estimation. In
the first case I have estimated 52 utilities, defining subjects’ categories based on ethnicity, gender and
whether they met their partner online, and partners’ types based on their ethnicity. Although the
utility estimation might be noisy due to the limited amount of observations in certain ethnic groups
(especially for asian and other and black people in the online bin) we can use the previous more robust

estimation to intuit whether estimates are on the right track.



TABLE 9.1

Dependent variable: Utility

)

)

®3)

White f partner

Non White f partner

Hispanic f partner

Black f partner

Asian f partner

‘White m partner

Non White m partner

Hispanic m partner

Black m partner

Asian m partner

‘White

Hispanic

Black

Asian or Other

Mixed

Mixed Minority

Mixed White

Metonline

Mixed Metonline

2.125%**
(1.802 , 2.449)

2.288**
(1.957 , 2.619)

2.168**
(1.845 , 2.491)

22277
(1.895 , 2.559)

0.622°**
(0.299 , 0.944)

1.550%**
(1.214 , 1.886)

1.497***
(1.155 , 1.840)

1.759

(1.426 , 2.092)

-1.934%**
(-2.008 , -1.860)

-1.306**
(-1.416 , -1.195)

0.865***
(0.847 , 0.883)

0.394***
(0.311 , 0.477)

1.837+%
(1.547 , 2.126)

2,402+
(2111 , 2.693)

1.915
(1.599 , 2.230)

2.588"**
(2.299 , 2.877)

1.881%*
(1.592 , 2.171)

1.840*
(1.543 , 2.137)

2,664
(2.359 , 2.969)

2.303**
(2.015 , 2.592)

0.915"**
(0.625 , 1.204)

1577
(1.282 , 1.872)

1.404%**
(1.096 , 1.712)

1.661%*
(1.367 , 1.954)

1675
(-1.723 , -1.626)

0.879***
(0.858 , 0.899)

0417
(0.331, 0.503)

2,062
(1.790 , 2.334)

2,315+
(2.035 , 2.595)

1.830%*
(1.521 , 2.138)

2.499"**
(2.224 , 2.774)

2,107
(1.835 , 2.379)

1.733**
(1.447 , 2.020)

2580+
(2.285 , 2.876)

2.228*
(1.952 , 2.504)

0.683**
(0.411 , 0.954)

1696
(1.410 , 1.981)

1.529%+
(1.226 , 1.833)

1.779%%
(1.498 , 2.060)

-1.968**
(-2.032 , -1.904)

-1.288"*
(-1.396 , -1.180)

0.879***
(0.858 , 0.900)

0.406"**
(0.321 , 0.492)

Observations
R?

Adjusted R?

Residual Std. Error

F Statistic

5,686
0.988
0.988

0.320(df = 5674)

1789557.378*** (df = 12.0; 5674.0)

5,686
73 0.991
0.991

0.278(df = 5671)

1015374.521*** (df = 15.0; 5671.0)

5,686

0.991

0.991
0.273(df = 5670)

1383881.031*** (df = 16.0; 5670.0)

Note:

*p<0.1; **p<0.05; **p<0.01



TABLE 9.2

Dependent variable: Utility

(1) (2)
White 1.506%** 0.963***
(1.220 , 1.792) (0.804 , 1.121)
Hispanic 2,447+ 2.275%*
(2.163 , 2.731) (2.160 , 2.391)
Black 1.917%% 1.760%**

Asian or Other

White Partner

Non White Partner

Mixed

Mixed White

Mixed Minority

Metonline

Mixed Metonline

(1.627 , 2.206)

2.363***
(2.079 , 2.647)

1.552+**
(1.266 , 1.839)

2.080***
(1.795 , 2.365)

-1.904***

(-1.945 , -1.863)

0.830**
(0.812 , 0.848)

0.450"**
(0.371 , 0.528)

(1.633 , 1.887)

2.196***
(2.083 , 2.309)

2.089***
(1.931 , 2.248)

2.280"**
(2.164 , 2.396)

-1.491%**
(-1.596 , -1.385)

-2.216***
(-2.289 , -2.144)

0.831%**
(0.812 , 0.849)

0.438***
(0.364 , 0.512)

Observations
R2

Adjusted R?

5,686
0.897

0.897

5,686
0.903

0.903

Residual Std. Error 0.236(df ="5677) 0.228(df = 5676)

F Statistic nan*** (df = 8.0; 5677.0)  nan*** (df = 9.0; 5676.0)

Note: *p<0.1; **p<0.05; ***p<0.01



9.2. K-modes Clustering.

The following table describes the clustering used for estimation in this paper, both for interviewed
subjects and their partners. This particular clustering yields the results presented here, but the several

other types of clustering have been used yielding similar results.

Name Ethnicity Education n
White | Black | Hispanic | Asian | Other | Low | Med | High
NE-W
Cluster 1 Minority 0.000 | 0.078 0.734 0.095 | 0.093 | 0.694 | 0.180 | 0.125 399
NE
Cluster 2 Low Ed 0.806 | 0.133 0.000 0.019 | 0.042 | 1.000 | 0.000 | 0.000 360
NE
Cluster 3 High Ed 0.718 | 0.099 0.092 0.063 | 0.028 | 0.000 | 0.000 | 1.000 142
M
Cluster 4 White 0.855 | 0.086 0.000 0.011 | 0.049 | 1.000 | 0.000 | 0.000 571
Low Ed
S
Cluster 5 Black 0.000 | 0.884 0.000 0.033 | 0.083 | 0.681 | 0.232 | 0.087 276
S
Cluster 6 White 0.881 | 0.000 0.000 0.057 | 0.063 | 0.000 | 0.000 | 1.000 159
High Ed
S
Cluster 7 White 1.000 | 0.000 0.000 0.000 | 0.000 | 1.000 | 0.000 | 0.000 540
Low E
M
Cluster 8 Hispanic 0.000 | 0.000 1.000 0.000 | 0.000 | 0.432 | 0.405 | 0.162 37
Med-Low Ed
W
Cluster 9 White 1.000 | 0.000 0.000 0.000 | 0.000 | 0.783 | 0.000 | 0.217 474
Cluster 10 W 0.789 | 0.034 0.000 0.089 | 0.089 | 0.000 | 1.000 | 0.00 327
Med Ed
Cluster 11 NE 0.781 | 0.090 0.079 0.022 | 0.029 | 0.000 | 1.000 | 0.00 278
Med Ed
S
Cluster 12 Hispanic 0.000 | 0.000 1.000 0.000 | 0.000 | 0.588 | 0.342 | 0.070 187
Med-Low Ed
S
Cluster 13 White 0.946 | 0.000 0.000 0.020 | 0.034 | 0.000 | 1.000 | 0.000 355
Med Ed
Cluster 14 M 0.873 | 0.084 0.000 0.022 | 0.022 | 0.000 | 1.000 | 0.000 322
Med Ed
Cluster 15 M 0.906 | 0.043 0.000 0.034 | 0.017 | 0.000 | 0.000 | 1.000 117
High Ed
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9.2.1. 5 Ethnic Groups.

For the sake of completeness, I will include here OLS regression for utility calculated on the sample
based on the following characteristics: ethnicity and partner ethnicity, which include White, Black,
Hispanic, Asian and Other Minorities, and a dummy variable for whether they met online or offline. In
the regression, we regress the values of utility U so estimated on dummy variables for the ethnicity of
the subject and their partner, a dummy variable for whether they are an ethnically mixed couple and a
dummy variable for whether they have met online. The coefficient associated with a couple being
mixed is negative, seemingly suggesting the existence of both a network effect and a social cost in

crossing an ethnic boundary in a romantic relationship.

Note however that due to the limited size of the sample at hand, the utility estimates might be noisy
for some specific combinations of couples. While we can consider the utility estimates for White people
and for the offline community reliable given the number of observations in each bin, the utility of
specific combinations of couples among Black, Hispanic and Asian individuals in the sample who have
met their partner online might be noisy. As suggestive as the estimates are, this might be problematic
in that it will lead to measurement errors in the regressions assessing specific effects of ethnicity and

online dating in the generated surplus.

With that in mind, the table below provides interesting evidence of the network effect and social cost
associated with crossing an ethnic boundary, and how the network effect might be mitigated by the

presence of online dating.

76



Table 4: Estimated Utility for Women Online
White Hispanic Black Asian Other
White 3.026 2.296 2.107 2.322  2.140
Hispanic 2.675 4.501 2.322  -inf 3.914
Black 1.151 1.539 3.835 3.032 2.339
Asian 3.015 -inf -inf  5.407 4.021
Other 2.728 3.221 2.339 -inf  3.328
Table 5: Estimated Utility for Men Online

White Hispanic Black Asian Other

White 2.946 2.677 1.284 3.882 1.174

Hispanic 2.977 4.077 2.183 3.865 2.479

Black 1.438 2.589 3.940 2.983 -inf

Asian 2.560 3.172 2.983 6.456 -inf

Other 2.427 3.172 3.388 5.070 3.278




Dependent variable: Utility

(1)
White 1.489***
(1.295 , 1.683)
Hispanic 2.430***
(2.234 , 2.626)
Black 1.985%**

Asian or Other

‘White Partner

Hispanic Partner

Black Partner

Asian or Other Partner

Mixed

Metonline

Mixed Metonline

(1777 , 2.194)

2.285%**
(2.089 , 2.481)

1.569%**
(1.375 , 1.763)

2.110%**
(1.916 , 2.303)

1.976%**
(1.767 , 2.185)

2,257+
(2.063 , 2.450)

-1.881%*
(-1.918 , -1.845)

0.830***
(0.811 , 0.848)

0.446***
(0.377 , 0.515)

Observations

R2

Adjusted R?
Residual Std. Error

I Statistic

5,686
0.996
0.996

0.202(df = 5675)

3949686.646** (df = 11.0; 5675.0)

Note:

*p<0.1; **p<0.05; ***p<0.01



Table 6: Estimated Utility for Women Offline
White Hispanic Black Asian Other
White 3.120 1.881 0.811 1.690 1.898
Hispanic 2.132 4.520 2.737  2.509 2.039
Black 0.083 2.149 4.462 2.320 2.187
Asian 2.622 2.915 -inf  6.112 1.923
Other 2.493 2.039 2.880 4.002 3.627
Table 7: Estimated Utility for Men Offline

White Hispanic Black Asian Other

White 3.125 1.944 0.159 2.894 1.966

Hispanic 2.623 4.528 1.846 3.327 2.634

Black 0.629 2.493 4.080 1.634 2.328

Asian 1.435 2.740 0.941 6.207 3.029

Other 2.128 1.536 1.347 3.316 4.281




Dependent variable: U

OLS Robust
(1) (2)
White 1.431%** 1.676%**
(1.336 , 1.526) (1.676 , 1.676)
Hispanic 2.250*** 2.531***
(2.153 , 2.347) (2.531 , 2.531)
Black 1.953*** 2.408%***

Asian or Other

White Partner

Hispanic Partner

Black Partner

Asian or Other Partner

(1.855 , 2.052)

2.382%**
(2.284 , 2.481)

1.584***
(1.488 , 1.679)

2,222+
(2.125 , 2.318)

1.979%
(1.880 , 2.077)

2.069***
(1.972 , 2.166)

(2.408 , 2.408)

2,662+
(2.662 , 2.662)

1.331%*
(1.331, 1.331)

1.877%
(1.877 , 1.877)

1,771
(1771, 1.771)

1.820%**
(1.820 , 1.820)

Mixed -1.825%** -1.676***
(-1.842 , -1.808) (-1.676 , -1.676)

Metonline 1.583*** 1.582%**
(1.565 , 1.600) (1.582, 1.582)

Observations 5,686 5,686

R? 0.996

Adjusted R? 0.996

Residual Std. Error

F Statistic

0.215(gf = 5676)

129798.359*** (df = 10.0; 5676.0)

0.000(df = 5676)

(df = 9.0; 5676.0)

Note:

S=1 *p<0.1; **p<0.05; ***p<0.01
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