
Jackson, Matthew O.; Nei, Stephen M.; Snowberg, Erik; Yariv, Leeat

Working Paper

The Dynamics of Networks and Homophily

CESifo Working Paper, No. 10210

Provided in Cooperation with:
Ifo Institute – Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Jackson, Matthew O.; Nei, Stephen M.; Snowberg, Erik; Yariv, Leeat
(2023) : The Dynamics of Networks and Homophily, CESifo Working Paper, No. 10210, Center
for Economic Studies and ifo Institute (CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/271854

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/271854
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


   

10210 
2023 

January 2023 
 

The Dynamics of Networks 
and Homophily 
Matthew O. Jackson, Stephen M. Nei, Erik Snowberg, Leeat Yariv 



Impressum: 
 

CESifo Working Papers 
ISSN 2364-1428 (electronic version) 
Publisher and distributor: Munich Society for the Promotion of Economic Research - CESifo 
GmbH 
The international platform of Ludwigs-Maximilians University’s Center for Economic Studies 
and the ifo Institute 
Poschingerstr. 5, 81679 Munich, Germany 
Telephone +49 (0)89 2180-2740, Telefax +49 (0)89 2180-17845, email office@cesifo.de 
Editor: Clemens Fuest 
https://www.cesifo.org/en/wp 
An electronic version of the paper may be downloaded 
· from the SSRN website: www.SSRN.com 
· from the RePEc website: www.RePEc.org 
· from the CESifo website: https://www.cesifo.org/en/wp 

mailto:office@cesifo.de
https://www.cesifo.org/en/wp
http://www.ssrn.com/
http://www.repec.org/
https://www.cesifo.org/en/wp


CESifo Working Paper No. 10210 
 
 
 

The Dynamics of Networks and Homophily 
 
 

Abstract 
 
We examine friendships and study partnerships among university students over several years. At 
the aggregate level, connections increase over time, but homophily on gender and ethnicity is 
relatively constant across time, university residences, and different network layers. At the 
individual level, homophilous tendencies are persistent across time and network layers. 
Furthermore, we see assortativity in homophilous tendencies. There is weaker, albeit significant, 
homophily over malleable characteristics−risk preferences, altruism, study habits, and so on. We 
find little evidence of assimilation over those characteristics. We also document the nuanced 
impact of network connections on changes in Grade Point Average. 
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1 Introduction

Network structure influences a range of behaviors and economic outcomes: product choices,

political decisions, and labor-market opportunities, and many others.1 Homophily—the ten-

dency to connect with individuals who are similar in some way—is often observed in network

structures.2 Homophily mediates a variety of network effects, including the speed at which

behavior and information spreads, the opportunities individuals have access to, as well as the

formation of behavioral norms and culture.3 Despite homophily’s importance, the paucity

of longitudinal data on this phenomenon leaves many important questions unanswered: Is

homophily persistent over time and does it vary across network layers? Is it an individual

trait or an aggregate network property? Is there assortativity in homophilous tendencies? Is

homophily on malleable characteristics the product of assimilation or selection? Is homophily

over certain characteristics and network layers particularly important for outcomes?

We answer these questions in the context of an undergraduate student population, where

we trace the evolution of friendships and study partnerships at the individual level over three

years. There are several main findings. First, at the network level, homophily on both gender

and ethnicity appear early and are stable over time and across layers—friendship and study

partnerships, in particular. Second, homophilous tendencies on gender and ethnicity differ

across individuals and, at the individual level, are consistent across network layers and per-

sistent over time, suggesting that homophily is a stable trait. Third, we see homophily over

homophily: more homophilous individuals tend to connect with more homophilous others.

Fourth, there is homophily on malleable characteristics (for example, altruism, risk aversion,

hours playing video games), but it appears with a lag. Moreover, there is little evidence

of assimilation on malleable characteristics: homophily appears to be driven predominantly

by the selection of connections. Fifth and finally, homophily has important, but nuanced,

1See Jackson (2010), Bramoullé et al. (2016), and Jackson et al. (2017) for discussion and references.
2Homophily may be the result of exposure, preferences, differences in the average numbers of friendships

that different groups have, and so on. In our use of the term, homophilous connections do not necessarily
imply homophilous preferences.

3See Verbrugge (1977), McPherson et al. (2001), Currarini et al. (2009), and Goeree et al. (2010) for
background and references on homophily. For examples of its impact on behaviors, see Zhuravskaya et al.
(2020), Jackson (2021), and Chetty et al. (2022a).
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impacts on outcomes. It operates differently through study partnerships and friendships. In

particular, ethnic homophily in study partnerships slightly reduces students’ Grade Point

Average (GPA) gains, while gender homophily leads to GPA gains, but only for females.4

Our study is enabled by a unique longitudinal data set—the Caltech Cohort Study (CCS),

described in Section 2. The CCS combines four extensive, incentivized surveys over three

years, starting from the fall of 2013. Each survey was taken by roughly 90% of the student

body at the California Institute of Technology (Caltech). Thus, we have rich data on individ-

ual’s choices across time. The surveys elicited students’ friendships and study partnerships,

in addition to a battery of malleable characteristics: risk aversion, altruism, over-confidence,

over-precision, implicit attitudes toward gender and race, and so on. We wed the survey data

with institutional data on students’ demographic characteristics, housing arrangements, and

academic performance. We focus on the population of students entering Caltech in 2013 and

follow them over three years.

Homophily in gender and ethnicity is pronounced and relatively stable across both friend-

ships and study partnerships, as shown in Section 3. Homophilous links appear at a signifi-

cantly higher frequency, and the more attributes individuals have in common, the higher the

chance that they are linked. The aggregate frequency of homophilous and non-homophilous

links both change over time, but in relative synchronicity. Although gender and ethnic

homophily are substantial in both the friendship and study partnership networks, gender

homophily is more pronounced in the friendship network.

Students also exhibit considerable homophily with those who live in the same house or

share an academic major, although this does little to alter patterns of gender and ethnic

homophily. At the time of our study, students’ housing assignments responded to their

preferences, as well as the preferences of previous student cohorts already in the houses,

through a matching protocol that took place during the first few weeks after students arrived.

Thus, it is unsurprising that students have a strong tendency to form connections with

4In the U.S., students are graded on an A–F scale (omitting E). Typically, an A is worth 4 points, a B is
worth 3 points, ..., and an F is worth 0 points. A GPA averages over these scores, weighted by the number
of credits received for a class, and is an indicator of overall academic performance.
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people in their own house. To a limited extent, this homophily in housing crowds out some

ethnic homophily: ethnic homophily is slightly lower for in-house rather than out-of-house

connections. Overall, however, housing tends to concentrate homophilous connections rather

than diversify them.

Individual-level homophilous tendencies are consistent across network layers and stable

over time, as shown in Section 4. There is substantial heterogeneity in individual-level ho-

mophilous tendencies underlying the network-level homophily patterns we observe. However,

individual tendencies are consistent across network layers and across time: individuals with a

larger fraction of friends of a similar gender or race tend to have more similar study partners

as well, and the profile of their friends and study partners is stable over time.

Students exhibit considerable assortativity on homophily itself, as shown in Section 5.

While there is limited variation in the distribution of genders and ethnicities across houses,

homophilous tendencies vary substantially by house. This aggregate pattern largely emerges

from students’ tendency to form connections with others that have a similar level of ho-

mophilous connections, both at the house level—some houses have more homophilous in-

dividuals than others—and, at the individual level, homophilous tendencies are correlated

across friends. We assess the significance of these patterns using a new simulation method

based on a technique introduced by Fosdick et al. (2018). The method allows us to sim-

ulate random networks respecting arbitrary constraints: the number of links each student

has within and outside their house, the number of same-gender or same-ethnicity links each

student has, and so on. The resulting simulations allow us to account for mechanical forces

that might generate the observed assortativity in homophily, and show that the assortativity

is in excess of what is generated structurally. That is, we see homophily over homophily in

our data.

We document homophily on many malleable characteristics elicited through the survey.

Similarity among linked individuals on such characteristics could, in principle, be an artifact

of either selection of similar connections or a process of assimilation occurring once connec-

tions are formed. Homophily over malleable characteristics appears to be largely the result
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of selection rather than assimilation, as we show in Section 6. In particular, while there is

some reduction in distance between the behavioral attitudes of individuals and their friends

and study partners over time, it is extremely rare for connections retained across successive

years to exhibit greater similarity on any of these attitudes. That is, replacement of previous

friends or study partners with ones who are more similar explains any increased resemblance

on malleable characteristics between linked individuals.

One exception, where there appears to be some assimilation in specific circumstances,

comes from our analysis of changes in GPA, in Section 6.3. Student GPAs increase when

they have a study partnership with a stronger student, but only if both members of the study

partnership are women. These patterns are not present for male-only study partnerships,

nor mixed-gender partnerships, nor for friendships that are not also study partnerships. In

particular, while homophily patterns are generally similar across the friendship and study

partnership networks, the two layers have different implications when it comes to outcomes.

This highlights the importance of considering various layers of interactions when assessing

network effects.

Our results have important implications for labor market skills gained through college

(see, for instance, Brewer and McEwan, 2010; Heckman and Mosso, 2014). Our results

suggest that by the time individuals reach college, homophily is ingrained: different expo-

sures, experiences, or even time do not alter homophilous tendencies in meaningful ways.

In particular, engineering social and academic connections—especially through limiting easy

access to certain others, as on-campus residential arrangements do—can be a challenging

task. In our study, while students tend to connect with others in their house and in their

major, those tendencies do not significantly alter the homophilous features of their friends

and study partners.

We hope the array of stylized facts we document provides guidance for further devel-

opment of dynamic network formation models. Existing models largely focus on a single

dimension on which individuals may be similar. Our study demonstrates that relationships

between multiple dimensions of similarity, type-dependent severance of links, assortativity

4



on homophily, and learning of others’ features over time, are all important in explaining

homophily.5 Refining current models can inform the design of policies that take anticipated

peer effects into account.

Related Literature Homophily has been demonstrated over a rich set of attributes—

political affiliations, demographic backgrounds, appearance, and so on—across a diverse set

of literatures in economics, political science, sociology, and psychology (see, for example

Verbrugge, 1977; McPherson et al., 2001, 2021).

Detailed longitudinal data sets allowing for the assessment of homophily within full com-

munities are rare. Nonetheless, several empirical studies have inspected the patterns of

homophily on sampled data. For example, Shrum et al. (1988) study a sample of children

between grades 3 and 12 and document gender and racial homophily. Pearson et al. (2006)

use the Teenage Friends and Lifestyle Study to track 160 West Scotland students between

the ages of 13 and 15, and report homophily and assimilation patterns for drug abuse. Over-

goor et al. (2020) use Facebook data to investigate how homophily—in seniority, gender, and

place of origin—is affected by different college features such as size, presence of Greek life,

and so on. Our study contributes to this literature by analyzing a data set that is unique in

two respects. First, we observe networks within a nearly full population of students, over sev-

eral layers—friendships, study partnerships, and housing—and over multiple years. Second,

we observe a broad set of individual attributes through both institutional data and repeat

incentivized surveys. The unique features of our data allow us to paint a rich picture of the

patterns and dynamics of homophily, over a wide range of attributes and across network

layers, examining their interactions and their implications for scholastic outcomes.

While many studies elicit friendship connections (see, for instance, Jackson, 2010), rel-

atively few explicitly consider study partnerships or geographical proximity, and rarely in

5For a review of early network formation models, see Jackson (2005). For more recent models of homophily
see Currarini et al. (2009), Baccara and Yariv (2013), Song and van der Schaar (2015), Graham (2016),
Zuckerman (2022), and references therein. These models hinge on agents’ evolving valuations of links, which
our results speak to directly. Of particular note, Fu et al. (2012) study an evolutionary model generating
homophily allowing for multiple phenotypes, and Graham (2016) studies identification of homophily and
clustering preferences, allowing for homophily to operate over multiple dimensions.
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conjunction, as we do. Sacerdote (2001) studies the impacts of random dorm assignments

of Dartmouth students on academic performance and fraternity memberships. Burns et al.

(2015) and Garlick (2018) use a sample of students from the University of Cape Town and

show that roommates’ racial and academic profiles affect prejudice, volume of interracial

interactions, and GPAs.6 The multi-layer network we observe enables us to isolate the layers

that homophily operates on. In particular, while we see strong homophily on housing, in

line with prior work, the ethnic and gender homophily we observe among friends and study

partners is orthogonal to geographical proximity. The link between homophilous tendencies

and diversity of connections has been suggested by Somashekhar (2014) in the context of

job referrals, albeit via different patterns than those we identify.7

Our data allow us to study individual-level relationships between homophilous tendencies

across different layers of the network, and the persistence of those tendencies over time. Much

of the prior literature on homophily focuses on aggregate patterns.Trends in population-level

homophily still allow individuals to exhibit varying homophilous tendencies across different

network levels and over time. Our detailed data allow us to document a strong relation-

ship between an individual’s homophilous tendencies on the two network layers we focus

on: friendships and study partnerships. Moreover, these tendencies are stable over time:

individuals with more homophilous links at one point in time have more homophilous links

at other points in time, even when accounting for relative trait frequencies.

There is little research examining whether there is assortativity in, or homophily over,

homophily itself. The assortativity in homophilous tendencies we report is different from the

“homophily paradox” defined by Evtushenko and Kleinberg (2021). They offer a theoretical

argument for why any homophilous link is more likely to occur between more homophilous

individuals. We show that, in excess of this mechanical feature, homophilous tendencies are

strongly assortative.

6Baccara et al. (2012) consider three different social and academic network layers to explain behaviors of
university faculty in the context of geographical office assignments.

7In particular, Somashekhar (2014) indicates that homophilous tendencies among minorities within the
workplace lead to non-minority colleagues being exposed to minorities outside the workplace. We show that,
in addition, when there is homophily over multiple dimensions, homophily and diversity of connections can
coexist even within a small social unit (in our case, houses).
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Our effort to disentangle selection from assimilation as a channel for homophily in behav-

ior and malleable characteristics has several antecedents, mostly in the context of substance

abuse among students: see, for instance, Kandel (1978), De La Haye et al. (2013), Veenstra

et al. (2013), Osgood et al. (2013), and Barnett et al. (2022).8 These papers commonly con-

sider one network layer, a limited set of attributes, and often a far smaller set of individuals

than we consider. Consequently, results emerging from this literature are mixed, with some

finding evidence of assimilation, and others of assortativity. In our setting, assortativity con-

sistently dominates across a range of behaviors and over multiple network layers. In recent

years, the literature has developed many econometric techniques for disentangling selection

from assimilation (see Chapter 8 in Zafarani et al. 2014 and Snijders 2017 for reviews). The

longitudinal nature of our data allows us to use simple variants of these techniques.

Our results on the effects of homophily on students’ GPA complement a large literature

on peer effects in academic achievement. For example, Sacerdote (2001) takes advantage of

random assignment of students to dorms at Dartmouth and identifies peer effects relating

to GPA at the dorm-room level. Garlick (2018) compares changes in GPA of University

of Cape Town students who are assigned to dorms randomly to those grouped based on

past academic performance. Grouping low-GPA students leads to worse outcomes, while

grouping high-GPA students does not have a significant benefit. In contrast, our results on

the effects of study partnerships echo those of Cools et al. (2019), who find that grade-school

girls improve performance when grouped with high-achieving girls, defined in the study

as those with at least one parent with a graduate education. However, girls’ performance

worsens when grouped with high-achieving boys. Boys’ performance is unaffected by their

grouping. These studies do not distinguish between social and scholastic interactions, and

use limited demographic and behavioral controls. Our distinct elicitations of friendships

8de Klepper et al. (2010) document assimilation of military discipline across friendships between Dutch
naval officers, and Bhargava et al. (2022) estimate significant peer effects on several behavioral traits in
friendship networks within high-school classrooms at one point in time. In the context of product adoption,
Aral et al. (2009) use data from a global instant messaging platform to show that selection plays an important
role relative to diffusion. Some studies focus only on assortativity based on difficult to observe behavioral
traits. For instance, Brañas-Garza et al. (2022) study 168 University of Granada freshmen and report limited
friendship assortativity based on behavioral traits.
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and study partnerships allow us to identify the type of connections that produce the most

pronounced effect on GPA—in our setting, study partnerships. In addition, we account for

a broad set of demographic and behavioral attributes when assessing GPA dynamics.9

2 The Caltech Cohort Study

Caltech is an independent, private university located in Pasadena, California. It has around

900 undergraduate students. Its size and relatively closed community enable us to get a

fairly comprehensive look at the relationships among a cohort over a period of several years.

In the fall of 2013, 2014, 2015, and the spring of 2015, we administered an incentivized

online survey to the entire undergraduate student body. We elicited students’ friendships

by asking students to name five of their closest friends in each installment of the survey. In

the fall of 2014 and 2015, we also elicited students’ five closest study partners. In addition,

we used incentivized tasks to elicit an array of attributes, including risk aversion, altruism,

ambiguity aversion, competitiveness, cognitive sophistication, honesty, overconfidence, over-

precision, optimism, and implicit attitudes toward gender and race. Students were also

asked a large set of questions addressing their lifestyle and social habits, including their

sleep patterns, study routines, and physical attributes.10

Most of our analysis focuses on the fall surveys in order to consider changes over similar

intervals of time. In the fall of 2013, 88% of the student body (806/916) responded to the

survey. The average payment was $20.58. In the fall of 2014, 92% of the student body

(893/972) responded to the survey, and the average payment was $24.34. Of those who took

the survey in 2013 and did not graduate, 89% (546/615) also took the survey in the fall of

2014. In the Fall of 2015, 87% (875/1,005) of the student body responded to the survey. The

9Carrell et al. (2013) connect the endogenous formation of study groups with outcomes. They use imposed
squadrons in the US Air Force Academy to study peer effects on lower-achieving students’ performance. The
endogenous emergence of study sub-groups leads lower-achieving students to exhibit lower performance in
the imposed squadrons. Corno et al. (2022) document the beneficial effects of interracial dorm allocations
on Black South African college students.

10Sample survey screenshots are available at: lyariv.mycpanel.princeton.edu/∼papers/ScreenshotsFall2014.pdf.
The AEA RCT registry was launched in 2012. At the time our surveys were run, pre-registration was not
common for non-RCT studies.
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Table 1: Summary statistics

2013 Cohort 2010–2015 Cohorts

Panel A: Gender

Female 34.77% 38.43%

Male 65.23% 61.57%

Panel B: Ethnicity

Asian 46.88% 43.13%

Black 1.56% 1.34%

Caucasian 27.34% 29.11%

Hispanic 9.77% 10.93%

International 10.16% 9.73%

Two + 4.30% 5.50%

Panel C: House Clusters

South 42.97% 43.26%

North 39.06% 39.50%

Far North 17.19% 16.03%

Other 0.78% 1.21%

Panel D: GPA

GPA (2015) 3.47 −

average payment was $29.25. Of those who took the survey in 2014 and did not graduate,

87% (621/712) also took the survey in the fall of 2015. Unlike most surveys, there is little

concern about self-selection into ours due to the high response rates; see Snowberg and Yariv

(2021) for an analysis of selection into the CCS.

In addition to the survey data, we have institutional data on all students’ academic

outcomes and demographics—including gender, race, country of origin, major, and grade

point average (GPA) throughout their time at Caltech. We also have data on students’ college

housing. Caltech’s undergraduates have the option of living in one of the eight residential

houses on campus, which are divided into three geographical clusters: North, South, and Far

North. Houses within a cluster exhibit strong connections in terms of proximity and shared
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activities. Although the allocation to on-campus houses is not random, we use housing data

in some of our analyses as controls. Our analysis focuses on the cohort entering in the fall

of 2013; we track those students from their arrival at Caltech. Table 1 provides summary

statistics for this cohort, as well as for the students that members of the 2013 cohort might

connect with—those in the cohorts of 2010–2015, whose years at Caltech overlap with the

2013 cohort.

Caltech is a highly selective institution, which may cause one to worry that its students

are not representative of students more broadly. Several considerations should alleviate

such concerns. First, in many ways, Caltech students behave similarly to other student

populations. Responses from our survey to several standard elicitations—of risk, altruism in

the dictator game, and so on—are similar to those reported in several other pools (see Gillen

et al. 2019 and Snowberg and Yariv 2021).11 Second, although different on-campus student

populations have their idiosyncracies, they all feature the undergraduate experience as a

unique period in which important life decisions are made, new friendships are formed, and

both social and scholastic interactions occur within a contained environment. These common

features make student populations particularly interesting for the focus of this study: how

interaction networks evolve. Last, the student bodies of highly selective institutions are

substantial, and of interest in their own right: in the US alone, the college-age population

attending top-50 schools accounts for about a million students, many of whom go on to

leadership positions.12

3 Dynamics of Connections

As students acclimate, both the number and profile of their friendships and study partner-

ships evolve. Despite this churn, students persistently form a disproportionate number of

their relationships with others of the same ethnicity, gender, or both. Shared housing as

11In addition, Chetty et al. (2022b) examine economic homophily across many universities, and find that
Caltech exhibits reasonably representative homophily patterns.

12This figure is derived from statistics produced by the National Center for Education Statistics and the
US News and World Report college rankings data.
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well as academic majors increase the likelihood of links, but do not substantially alter the

patterns of ethnic and gender homophily.

3.1 The Number of Links over Time

Friendships were elicited in all three fall surveys, while we began eliciting study partnerships

only in the fall of 2014 after a year-long engagement in classwork. Figure 1 shows the

basic dynamics of the number of friends and study partners, breaking out homophilous

relationships on ethnicity and gender, and those relationships that are new versus those

retained from the previous year.

Specifically, Figure 1 depicts the average number of friendships and study partnerships

over time for students entering Caltech in 2013. These reflect directed links: for each student,

we calculate the number of others named as a friend or study partner.13 Reciprocated links

are less frequent, but exhibit similar patterns: for links within the 2013 cohort, 53% of both

friendships and study partner links are reciprocated across all fall surveys.14

As can be seen from the gray, right-most bars of Figure 1, the average number of friend-

ships increases between students’ freshman and sophomore years, but remains fairly stable

between students’ sophomore and junior years. The number of study partnerships declines

slightly between students’ sophomore and junior years. Most friendships occur within the

2013 cohort.15 Students have an average of 0.6 fewer study partners than friends, which is

also shown in Figure 1. There is still a substantial overlap between friends and study part-

ners. For example, in the fall 2015 survey, 51% of the 2013-cohort students’ study partners

are also friends, and 40% of the 2013-cohort students’ friends are also study partners.

Connections exhibit more persistence in later years of students’ tenure. The percent of

friendships formed during students’ freshman year that are still present in their sophomore

13In standard terminology, these are out-degrees.
14These numbers are similar to the reciprocation rates among 7-12th grade students in Add Health, who

were each asked to nominate 10 friends; see, for example, Vaquera and Kao (2008). For reciprocity in other
types of networks see, for instance, Ready and Power (2021).

15With time, 2013-cohort students form more connections with students in other cohorts. In fall 2013,
only 5% of friendships are with students in other cohorts. This percentage increases to 22% in fall 2014 and
28% in fall 2015.
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Figure 1: Number of friendships and study partnerships across time, broken out by retained
and new relationships.
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year is 12%. This figure rises to 36% between sophomore and junior years.16 Although

we observe the 2013-cohort students’ study partners only in their sophomore and junior

years, just 21.4% of study partnerships observed during students’ sophomore year persist in

students’ junior year, which is a bit less than two-thirds of friendships’ survival rate during

that period.17 Finally, friendships that are also study partnerships have the highest likelihood

of survival: 42% of such links persist between students’ sophomore and junior years.

A substantial fraction of students’ links are with individuals of the same ethnicity, gender,

or both, as shown by the orange, pink, and blue bars within each year in Figure 1. Despite the

high turnover in connections, the number of same-gender and same-ethnicity links increases

16These percentages are somewhat higher when considering reciprocated links. The percent of reciprocated
friendships formed during a student’s freshman year that are still present in their sophomore year is 14%,
while the percent of reciprocated friendships observed during a student’s sophomore year that are still present
in their junior year is 42%.

17Reciprocated study partnerships have a higher rate of survival: 28%.
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in proportion to the overall number of connections in each survey. Relationships between

similar individuals are more likely to be reciprocated: 56% of friendships between students

of the same ethnicity or gender are reciprocated, and 58% of friendships between individuals

who are the same on both, versus 50% of friendships between students of different ethnicity

and gender. Moreover, retention rates are higher for connections between similar individuals.

Between freshman and sophomore years, 8–11% of friendships between individuals similar in

either gender or ethnicity are maintained, versus 1.6% for those that feature different genders

and ethnicities; between sophomore and junior years, the analogous figures are 39–42% versus

29%. There is also a higher percentage of overlapping links among similar students: 43%

of same-ethnicity or same-gender friendships are also study partnerships, versus 40% for

friendships between individuals that differ in gender or ethnicity. The differences are more

pronounced when examining study partnerships: 58–60% of similar study partners are also

friends, versus 42% of study partners who are of different genders and ethnicities.

The fact that most relationships are between individuals with similar characteristics is not

necessarily evidence of homophily: the distribution of characteristics in the population could,

in principle, generate this mechanically. As an extreme example, if all Caltech students were

female, 100% of links would occur between same-gender pairs. While the observed student

body composition is not as extreme, the question remains whether the similarity patterns

we document are mechanical in nature.

3.2 Homophily over Gender and Ethnicity

In this subsection, we examine the scope of homophilous tendencies—in terms of either

gender or ethnicity—as well as how they evolve over a student’s tenure. We show that

homophily is pronounced across friendships and study partnerships. Homophily levels are

similar across these two network layers, although gender homophily is somewhat stronger

among friends. Gender homophily is stable over time, while ethnic homophily decreases

slightly over students’ first year at Caltech.

To get an initial sense of the extent of homophily—the number of friendships between

13



similar individuals in excess of what would be expected by chance—we compare the per-

centage of same-gender and same-ethnicity links in our data with those we would expect to

see if students were choosing relationships at random. If all students had exactly the same

number of connections, then calculating the expected fraction of homophilous connections

given the distribution of attributes in our population would be straightforward.18 If links

were formed at random, and students all had the same number of connections, we would

expect 55% of connections to be between individuals of the same gender, contrasting the

76% of same-gender friendships and 69% same-gender study partnerships in our data for the

2013 cohort. Similarly, with no homophily, 32% of links would be between individuals of the

same ethnicity, contrasting the 49% of same-ethnicity friendships and 45% same-ethnicity

study partnerships in the data.

Some excess same-type links observed in our data may still be generated mechanically

by different genders and ethnicities having different numbers of relationships. For instance,

in fall 2014, Asian students had an average number of 4.1 friends and 3.3 study partners;

Black students had a higher average of 5.0 friends and 4.7 study partners. Similarly, in

fall 2014, female students had an average of 3.9 friends and 3.3 study partners, while male

students had an average of 4.2 friends and 3.5 study partners. In fact, in the data, gender

and ethnicity are associated with a different distribution of numbers of friends and study

partners. These differences affect the resulting number of links between similar students

even were connections made at random.19

We use simulations based on the configuration model (Bender and Canfield, 1978) to

estimate the baseline level of homophily that would be expected in our data from random

matching. The literature has often relied on Coleman’s (1958) homophily index for this

purpose. Coleman’s index normalizes the homophily of a specific group or individual ac-

counting for the underlying distribution of the characteristic in question, in our case gender

18Suppose a fraction fi of students are of “type” i—capturing gender, ethnicity, their interaction, and so
on—and there are n types in the population. With identical number of friends across types, we would expect
a fraction

∑n
i=1 f

2
i of directed links to be homophilous.

19For example, if each type i student names ki friends, and a fraction fi of the population is of type i, we

would expect a fraction
∑n

i=1(fiki)fi/
(∑n

j=1 fjkj

)
=

∑n
i=1 f2

i ki∑n
i=1 fiki

of links to point to similar individuals.
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or ethnicity. However, Coleman’s index approach does not account for differing numbers of

connections across individuals who simultaneously belong to multiple different groups, such

as different genders, ethnicities, college residences, and academic majors.Thus, we instead

use a version of the configuration model to randomly simulate links without conditioning on

characteristics, but respecting the number of friends each individual has.20

When we account for both the underlying distribution of characteristics and the number

of links across different genders and ethnicities, we still find strong evidence for homophilous

connections. Our simulations predict essentially the same numbers as those derived assum-

ing a uniform number of links across students: 55% of friendships or study partnerships

between those of the same gender, and 32% between those of the same ethnicity. The dif-

ference between these simulation results and what we observe in the data occurs across the

entire distribution: as Figure 2 illustrates, the distributions corresponding to percentages

of same gender and ethnicity friendships first order stochastically dominate the simulated

distributions. The figure also illustrates the substantial heterogeneity in the proportion of

homophilous connections across individuals, an observation we return to in later sections.

The overall fraction of relationships between individuals of the same gender and ethnicity

are relatively stable over time, as illustrated in the top panel of Figure 2. Both the simulated

and the observed distributions nearly coincide across all three years. This is despite the fact

that there is both an expansion in the number of friends and study partners and high, type-

dependent, turnover across waves, as shown in Figure 1. At the aggregate level, gender-based

homophily is very stable: 75% of friendships are between individuals of the same gender

in the fall of 2013, 74% in fall 2014, and 73% in fall 2015. Ethnic homophily decreases

slightly, but the decline is statistically significant (p < 0.05) only between fall of 2013 and

2014—decreasing from 53% of friendships being between individuals of the same ethnicity to

47%. The proportion of same-ethnicity friends stays at 47% in fall of 2015. The analogous

figures for study partnerships are similar. There is a marginally significant reduction in

20In the configuration model, one can think of each student as having as many stubs as friends. The
simulations connect those stubs at random. This technique allows us to model the random formation of
networks, subject to some additional constraints on links.
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Figure 2: CDFs of the proportion of friendship links to others of the same gender or ethnicity,
broken down by wave, and then layer, with Monte Carlo simulations.
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gender homophily between sophomore and junior years, and no significant change in ethnic

homophily.21

The bottom panel of Figure 2 compares homophily patterns in friendships and study

partnerships, using data from all fall surveys. Despite the different numbers of friends and

study partners students have, the simulated distributions look virtually identical across the

21In fall 2014 and 2015, the fraction of students’ same-gender study partners are 70% and 66%, respectively,
with the decrease being marginally significant (at p < 0.11). The analogous figures for same-ethnicity study
partners are 45% and 44%, respectively, which are not significantly different.
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two network layers. Ethnic homophily is also quite similar across the two layers in our data.

However, the distribution of the proportion of same-gender friends first order stochastically

dominates that for study partners, indicating greater gender homophily among friends.

There are channels other than those in the simulations of Figure 2 that may mechanically

generate similarities across links. If certain residences or academic majors have a greater

percentage of one gender or ethnicity, then homophily in geography or field of study may

appear as homophily over gender or ethnicity. Such channels may also account for the

stability of observed homophily—students’ houses and majors rarely change over their tenure

at Caltech. In the next subsection, we show that although housing and majors indeed affect

link formation, controlling for them does not affect the level or statistical significance of

homophily in gender and ethnicity. These patterns suggest that, while housing and academic

majors may concentrate connections, they may not change the gender and ethnic diversity

of connections.

3.3 Accounting for Geographical and Academic Proximity

Gender and ethnic homophily are statistically significant and substantial in magnitude, even

when controlling for similarity in residence and major, as shown in Table 2. Further, the

effects of ethnicity and gender on link formation within each network layer are comparable.22

The table displays fixed-effect regression results explaining the presence of a directed link

between two students through the similarity between them, including dummies for whether

the two students are of the same gender, the same ethnicity, or both. For readability, we

scale the frequency of links by 1,000.23

Houses are a prominent feature of undergraduate student life at Caltech, and the liter-

ature (for example, Nahemow and Lawton, 1975; Sacerdote, 2001; Small and Adler, 2019)

indicates that proximity is consequential for network formation. At the time of our study,

22As gender and ethnic homophily do not change much over time, we examine an average over all years
here. Table A.2 in the Appendix presents a detailed breakdown of link frequencies by years.

23There are close to 1,000 Caltech undergraduates at any point in time. Thus, this normalization implies
that coefficients can be roughly interpreted in terms of numbers of links, or “degrees.”

17



T
ab

le
2:

H
ou

si
n
g

an
d

H
om

op
h
il
y

(p
er

1,
00

0
p

ot
en

ti
al

li
n
k
s)

F
ri

en
d
s

S
tu

d
y

P
ar

tn
er

s

S
am

e
G

en
d
er

3.
00

∗∗
∗

2.
99

∗∗
∗

1.
02

∗∗
∗

1.
39

∗∗
∗

1.
35

∗∗
∗

0.
36

∗∗

(0
.1

5)
(0

.1
5)

(0
.1

9)
(0

.1
2)

(0
.1

2)
(0

.1
5)

S
am

e
E

th
n
ic

it
y

3.
26

∗∗
∗

2.
89

∗∗
∗

1.
16

∗∗
∗

1.
59

∗∗
∗

1.
29

∗∗
∗

0.
50

∗∗

(0
.1

7)
(0

.1
7)

(0
.2

6)
(0

.1
3)

(0
.1

3)
(0

.2
1)

S
am

e
H

ou
se

15
.8

4∗
∗∗

8.
13

∗∗
∗

10
.8

4∗
∗∗

6.
68

∗∗
∗

(0
.2

2)
(0

.4
0)

(0
.1

8)
(0

.3
2)

S
am

e
M

a
jo

r
2.

54
∗∗

∗
2.

53
∗∗

∗
4.

47
∗∗

∗
4.

47
∗∗

∗

(0
.1

8)
(0

.1
8)

(0
.1

4)
(0

.1
4)

S
am

e
G

en
d
er

an
d

E
th

n
ic

it
y

1.
01

∗∗
∗

0.
32

(0
.3

5)
(0

.2
8)

S
am

e
G

en
d
er

an
d

H
ou

se
8.

81
∗∗

∗
4.

86
∗∗

∗

(0
.5

5)
(0

.4
3)

S
am

e
E

th
n
ic

it
y

an
d

H
ou

se
2.

49
∗∗

∗
1.

36
∗∗

(0
.6

9)
(0

.5
5)

S
am

e
G

en
d
er

,
E

th
n
ic

it
y,

12
.4

5∗
∗∗

6.
36

∗∗
∗

an
d

H
ou

se
(0

.9
4)

(0
.7

5)

C
on

st
an

t
1.

98
∗∗

∗
2.

60
∗∗

∗
-1

.4
5∗

∗∗
-0

.0
3

1.
51

∗∗
∗

1.
77

∗∗
∗

-1
.2

2∗
∗∗

-0
.5

0∗
∗∗

(N
on

-H
om

op
h
il
ou

s)
(0

.1
1)

(0
.0

9)
(0

.1
3)

(0
.1

5)
(0

.0
9)

(0
.0

7)
(0

.1
0)

(0
.1

2)

N
ot

es
:
∗∗

∗ ,
∗∗

,
∗

d
en

ot
e

st
at

is
ti

ca
l

si
gn

ifi
ca

n
ce

at
th

e
1%

,
5%

,
an

d
10

%
le

ve
l

w
it

h
st

an
d

ar
d

er
ro

rs
in

p
ar

en
th

es
es

.

18



Caltech’s housing system consisted of eight independent houses.24 Nearly all students in

our data live in one of these houses their first year at Caltech, and almost all stay in these

houses for a large fraction, or all, of their time at Caltech; only 8.5% of sophomores and

19% of juniors live in Caltech-owned off-campus housing or in housing unrelated to Caltech.

Many of these retain an affiliation with one of the campus houses and continue dining and

socializing within the housing system.

Similarity in housing and academic major are important predictors of link formation, as

shown in Columns 3 and 7 of Table 2, in line with the association between local geography

and friendships in prior literature. In fact, the housing variables usually have the largest

coefficients across the specifications in Table 2—significantly larger than the coefficients

corresponding to a shared major.

Despite their importance in link formation, the inclusion of variables capturing similarity

in residence and academic major does not diminish the impact of similarity in gender and

ethnicity on link formation.25 The reason is apparent from the underlying data. For example,

74% of friendships within the same house are between individuals of the same gender, and

the percentage of same-gender friendships outside an individual’s house is identical—74%.

Altogether, Table 2 suggests that housing and field of study concentrate homophily, rather

than limit it.

There are significant complementarities between gender, ethnicity, and housing in the

frequency of link formation, as shown in Columns 4 and 8 of Table 2. In particular, the

coefficients on the interactions between gender, ethnicity, and housing are all large and sta-

tistically significant in Table 2. In what follows, we investigate how these complementarities

in linkage frequencies relate to the diversity of students’ friendships.

24See en.wikipedia.org/wiki/House System at the California Institute of Technology.
25Latent or unobserved groupings could feed into the homophilous tendencies we observe, see Mathews

and Volfovsky (2021). We control for housing and field of study (majors) as these are arguably the most
salient groupings at Caltech.
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3.4 Multiple Attributes: Complements or Substitutes?

The significant interaction terms in Columns 4 and 8 of Table 2 imply that there is a much

higher frequency of link formation between two individuals of, say, the same gender and

house, than between two individuals who are just the same gender. Yet, we also see that the

proportion of friends who are of the same gender is the same whether or not those friends

are in the same house (at 74%). This can occur because there may be difficulties finding

people who match on many attributes simultaneously. This difficulty may lead to greater

diversity of friendships when individuals have a smaller pool of friends to choose from.

In order to further examine the interactions between attributes of connected individuals,

we consider the full set of friends and study partners reported in the fall surveys. In Table 3,

we see mostly insignificant correlations between similarities across different traits. The one

exception is the marginally significant negative correlation between similarity in housing and

major among study partners: study partners who share a major are more likely to reside at

different houses. Yet, in columns 4 and 8 of Table 2, the coefficients on all interaction terms

are significant, positive, and of substantial magnitude.

Why do we see complementarities in link frequencies, but no reflection of these com-

plementarities in link outcomes? These observations could be an artifact of the underlying

attribute distribution and students’ search technology. If gender, ethnicity, house location,

and major are not strongly correlated, and encounters are random, matching on one of the

four would be more likely than matching on more than one. The relative scarcity of indi-

viduals who are similar on multiple dimensions, coupled with any cost in forming additional

links, would generate such results.26

Our analysis here suggests an important message: homophily over multiple attributes,

constrained to small populations, can lead to more diverse relationships.27 However, even

26In our data, we do not see a significant association between the number of friends or study partners each
student has and the individual homophily patterns they exhibit. In particular, students with fewer friends
or study partners do not differ significantly in the similarity of their connections.

27This observation is reminiscent of what is often referred to as cross-cutting cleavages in political science,
whereby groups on one cleavage overlap on another, see, for example, Powell (1976), the references therein,
and the literature that followed.
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with the relatively small size of Caltech’s houses—a student will have approximately 20

cohort-mates in their own house—this constraint results in only a small increase in diversity,

an observation we return to in our concluding Section 7.

4 Patterns of Individual Homophily

Homophily is clearly an important determinant in the formation of links. However, the analy-

sis in the prior section leaves open the possibility that homophily is a network property—one

pertaining to average individual tendencies—rather than a stable attribute of individuals.

We now show that the propensity to form homophilous links on gender or ethnicity seems to

be largely an individual trait. That is, those with more same gender/ethnicity friends tend

to have more same/gender study partners. Furthermore, the fraction of homophilous links

early in students’ university experience is persistent over time, despite substantial turnover

in the precise identity of friends and study partners.

4.1 Individual-level Homophily in Network Layers

The proportion of same gender or same ethnicity links is more highly correlated across friends

and study partners than would be expected by chance, as shown in Figure 4. The figure

displays the observed correlation between percentages of same gender or ethnicity of friends

and study partners, as well as the results of two simulated benchmarks corresponding to

random choices of friends and study partners.

First, we consider a benchmark with a type-free random formation of links, similar to the

simulated model underlying Figure 2. Specifically, given each student’s number of friends

and study partners, as well as the number of friends who are also study partners, we simulate

these friends’ identities at random from the population 10,000 times. Due to the substantial

overlap between friends and study partners, the simulated correlations between the percent of

same-gender (or ethnicity) friends and study partners are quite high. However, the observed

correlations are higher still, suggesting that those with a greater percentage of friends that

22



Figure 3: Correlations between percentages of same gender/ethnicity of friends and study
partners with no types, stochastic block types.
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are of the same gender (or ethnicity) also have a higher percentage of study partners of the

same gender (or ethnicity) than would be expected by chance.

Second, we simulate relationships based on a stochastic block model. For gender ho-

mophily, we estimate the overall fraction pF (pM) of female (male) friends and study partners

that female (male) students have based on our fall 2014 and 2015 surveys. We then simulate

10,000 networks preserving students’ number of friends, where each draw is female with prob-

ability pF for female students and with probability 1 − pM for male students. We perform

analogous simulations for ethnic homophily, and for the study partnership network layer.

Again, the observed correlations between the fraction of same-gender (or ethnicity) friends

and the fraction of same gender (or ethnicity) study partners lies well above those generated

by friendship and study partnership formation following the stochastic block model.

Figure 3 indicates that while observed correlations between individuals’ homophilous

tendencies are well below 1—which is expected given the different number of links on each

network layer—they exceed those that would be expected by chance. In particular, for

gender, the observed correlation is greater than the correlation in 1% of simulations using

23



the no-types model (p < 0.01) and 5% of simulations in the stochastic block model (p <

0.05), and, for ethnicity, the observed correlation is greater than the correlation in all but

a few simulations (p < 0.01). Thus, the similarity in network-level homophily across layers

observed in Figure 2 may be driven by consistent individual-level homophilous tendencies.

4.2 Persistence of Individual-Level Homophily

To assess whether homophily within a person is stable over time, we focus on friendships.28

Our analysis in Section 3 illustrated some stabilization of friendship patterns by the beginning

of sophomore year. Therefore, we consider friendships that are formed after students have

settled into campus and are acquainted with their social environment—that is, those friends

named in the fall 2014 and spring and fall 2015 surveys. We code those friends named in fall

2014 as old friends, and those added in spring or fall 2015 as new friends. The proportion

of friends that are of the same ethnicity or gender is more highly correlated across new and

old friends than would be expected by chance, and in line with what would be expected if

individuals had fixed homophily “types,” as shown in Figure 4.

We consider three benchmarks in Figure 4. First, we consider type-free random formation

of links as described in the previous subsection. Specifically, given each student’s number

of friends, we simulate these friends’ identities at random from the population 10,000 times.

The observed correlations between the fraction of same gender (or ethnicity) friends who are

old and new lie well above those generated by random friendship formation.

Second, we consider a stochastic block model. As before, for gender homophily, we

estimate the overall fraction pF (pM) of female (male) friends that female (male) students

have based on our fall 2014, spring 2015, and fall 2015 surveys. We then simulate 10,000

networks preserving students’ number of friends, where each draw is female with probability

pF for female students and with probability 1 − pM for male students. We calculate the

resulting correlation between the fraction of same-gender friends in fall 2014 and at the two

observation points in 2015. We perform analogous simulations for ethnic homophily.

28Results are similar when considering study partnerships, see Appendix Figure A.1
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Figure 4: Correlations between percentages of same gender/ethnicity of new and old friends
with no types, stochastic block types, and fixed types.
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Our third benchmark examines persistence of homophily types. Types are represented

by the probability that a friend is of the same ethnicity or gender. Under this benchmark,

friendship draws are independent. Thus, observed friendships are exchangeable. In our sim-

ulations, we preserve the friends we observe for each individual, but randomly draw them,

without replacement, into the fall 2014 survey, or into the fall or spring 2015 survey, respect-

ing the number of friends in each survey period. We then compute the correlation between

the fraction of same-ethnicity or same-gender friends across those two survey periods. We

repeat this random partitioning of friends 10,000 times, and display the resulting correlations

between the fraction of old and new friends that are of the same gender or ethnicity.

The type-free random friendship formation model and the stochastic block model generate

correlations that are significantly lower than those observed in our data, as shown in Figure

4. Less than 1% of simulations are higher than the observed correlation within each of the

four simulated distributions: we can reject these models at the p < 0.01 level.

The fixed-type simulations generate distributions of correlations that have a significant

overlap with observed values in the data. Thus, we cannot reject a model in which individuals
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have a perfectly persistent type, expressed as the probability that a randomly-drawn friend

is of their ethnicity or gender. It is possible to trivially reject more stringent models of

types—for example, assuming individuals target, and achieve, the exact same mix of friends

over periods—as these would imply correlations equal to 1 over time. The results in Figure

4 suggest persistence in preferences, or the search technology individuals in our sample use

in forming friendships.

Taken together, this section provides evidence that homophilous tendencies over gender

and ethnicity are individual-level traits. This leads to a natural next question: is there

homophily over homophilous tendencies?

5 Homophily over Homophily

This section documents substantial sorting over homophily within Caltech’s residential houses.

Moreover, we build on a technique for simulating counterfactual network arrangements

(based on Fosdick et al., 2018) to develop a new method for assessing assortativity in

individual-level homophilous tendencies. We show substantial assortativity, exceeding what

would arise from random choices, even when accounting for students’ houses and their friends’

gender and ethnic profile.

5.1 Assortativity in Homophily across Houses

During our study period, assignment to Caltech housing was based on the preferences of

both the current residents of houses and the incoming students, providing a natural setting

for assessing whether more homophilous individuals congregate. Specifically, at the time of

the study, assignment to houses was based on a two-sided matching procedure reminiscent

of the Gale and Shapley (1962) algorithm.29 The eight Caltech houses are divided into three

geographical clusters: North, South, and Far North houses. Houses within each cluster

organize joint events and are in greater proximity to one another. Due to these interactions

29Thus, unlike assignment of dorms in Dartmouth studied by Sacerdote (2001), initial house assignment
at Caltech is not random.
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being social in nature, we focus our attention here on friendships. We consider the percentage

of same-gender and same-ethnicity friends individuals have throughout our three fall surveys,

tracking individuals by demographics and house clusters.

House clusters have different profiles of homophily over gender and ethnicity, as shown

in Figure 5. This figure depicts the distributions of percentages of same-gender and same-

ethnicity friendships within each housing cluster. It also depicts simulated distributions,

broken down by housing cluster. These simulated distributions are generated as in Figure

2: we choose friends at random, but fix the number of friends each student has within their

house and other houses to match the level observed in the data. This is done 10,000 times.

There are substantial differences between the distributions of individual-level homophily

across housing clusters, with the Far North house having more homophilous individuals

than both the South and North houses. While the overall distributions are not perfectly

ordered via first order stochastic dominance, the North houses appear to have more highly-

homophilous individuals than the South houses. Given the importance of within-house links

identified in Table 2, the observation that homophilous tendencies appear similar within

and outside of students’ houses, and the fact that student preferences play an important

role in housing assignments, this sorting pattern suggests the possibility that homophilous

individuals cluster together.

5.2 Assortivity in Homophily at the Individual Level

Identifying whether individuals exhibiting high levels of homophily are more likely to have re-

lationships with other high-homophily individuals is challenging: assortativity in homophilous

tendencies can be generated by subtle mechanical effects.

Evtushenko and Kleinberg (2021) identify a mechanical force yielding a correlation in

homophily within same-type friendships. For example, when considering gender, their results

show that female friends of female students are, on average, more homophilous than female

friends of male students. Intuitively, individuals with higher homophily are relatively more

likely to be the ones connected with similar others. However, this simply implies that the

27



Figure 5: CDFs of the proportion of friendship links to others of the same gender/same
ethnicity, broken down by housing cluster, with Monte Carlo simulations for reference.
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Distributions in the figure result from averaging over 10,000 such random networks.

female friends of any female are more likely to be homophilous. This does not imply that

the female friend of a more homophilous female is more homophilous than the female friend

of a less homophilous female. That stronger property is the assortativity in homophily that

we examine (and find) here.

To analyze the statistical significance of assortativity in homophily, we use simulations.

We use a variation of the canonical configuration model from random graph theory to gen-

erate random networks that satisfy features of the observed network. Namely, focusing on

the 2013 cohort, we preserve the overall number of reciprocal and non-reciprocal links each

student has in fall 2014. We also preserve the number of reciprocal and non-reciprocal same-

type links that each student has. In addition, as our results in the prior two subsections

suggest that housing plays an important role in link formation, we also run simulations in

which reciprocal and non-reciprocal same-house links are preserved for each student.

In practice, randomly generating graphs that satisfy all of these constraints is challenging.

To simulate the constrained network, we follow the approach developed by Fosdick et al.
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Figure 6: Assortativity in Homophily: Simulated and Actual
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(2018). We start with the observed network, and then sequentially swap links that have

the same features—say, reciprocal or non-reciprocal same-gender and same-house links. We

carry out 40,000 such swaps. Each simulation starts with the final network of the previous

simulation. We repeat this procedure 10,000 times to generate 10,000 simulations in total.

The assortativity in homophily found in our data is unlikely to occur by chance, as

illustrated in Figure 6. That figure displays the resulting correlations between the fraction

of same-gender and same-ethnicity friends across linked individuals. The observed correlation

is significantly higher than would be produced mechanically by chance—there is little overlap

between the distribution of simulated correlations and the correlation actually observed in

the data.30 Nonetheless, the distributions of simulated networks for same-type friendships

30The difference between the fraction of same-gender or same-ethnicity friends or study partners does not
predict friendship or study partnership retention between fall 2014 and fall 2015. As noted in Section 3.1,

29



are centered well above 0, reflecting the “homophily paradox” insight of Evtushenko and

Kleinberg (2021).

Constraining the simulations to be consistent with the observed profile of friendships,

both within and outside of houses, increases the simulated correlation. Intuitively, more

constraints on simulated networks bring them closer to the observed network—but even

with these additional constraints, the observed correlations are still statistically unlikely to

occur by chance.

For mixed-gender or mixed-ethnicity friendships, the simulated correlations are centered

roughly at 0, whereas the observed correlations are significantly lower than 0. That is, in the

data, friendships between individuals of different types (gender or ethnicity) who both have

a large fraction of same-type friendships are quite rare. Instead, different-type friendships

tend to be between one person who has relatively many different-type friends, and another

person who has relatively few.

6 Malleable Characteristics, Connections, and Outcomes

The Caltech Cohort Study elicits a variety of behavioral characteristics—such as risk atti-

tudes, altruism, and so on—that we collectively refer to as malleable. In addition to being

more prone to change, these characteristics are also likely more difficult to observe. In this

section, we examine the dynamic patterns of homophily over malleable characteristics.

Observed similarity between linked individuals over malleable characteristics could be the

outcome of either selection, assimilation, or both. This is in contrast to gender, ethnicity,

or even the house individuals are associated with, which rarely change over the horizon of

a friendship or study partnership.31 Although similarity on malleable characteristics could

also be due to selection, there is the additional possibility that interactions over time could

drive similarity through a process of assimilation.

very few friends are retained between fall 2013 and fall 2014.
31Indeed, in our data, we only observe the declared gender and ethnic identity of students upon matricu-

lation. Similarly, we observe only a few changes in the houses in which students reside and majors a student
declares, and thus code students as belonging to the same house and major throughout their tenure.
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We observe significant homophily over malleable characteristics; although it is, in general,

smaller in magnitude than the homophily over gender, ethnicity, and housing, as shown in

the next subsection. Of particular note is anti-homophily on GPA, which is high in the first

two years, but disappears by the beginning of students’ junior year, suggesting the possibility

of some assimilation on this important outcome. We then turn our attention to comparing

the changes in similarity of malleable characteristics for those relationships that persist over

a year, versus those that are newly formed. Changes are similar whether a relationship is new

or retained from the prior year (or just a randomly chosen pair) suggesting that there is little

or no assimilation on most malleable characteristics. Finally, we examine how an important

outcome—GPA—changes with the gender and ethnicity of study partners. Although this

analysis is exploratory, it indicates that same-gender study partnerships between females is

associated with significantly improved academic performance.

6.1 Homophily over Malleable Characteristics

Homophily in many malleable characteristics is significant even after controlling for ho-

mophily in ethnicity, gender, and house membership, as shown in Table 4. This table reports

results from a fixed-effect regression model explaining friendships and study partnerships,

similar to Table 2. As in that table, the coefficients here represent the change in the number

of links that are formed per 1,000 potential links, if both nodes are similar or the same on

a given characteristic, controlling for similarity in other characteristics. In order to make

coefficients comparable, our similarity measures for malleable characteristics are based on

median split of responses. Namely, for each individual, we code whether each characteristic

is above or below the median. For example, having similar subjective well-being means that

both nodes of a potential link are either in the top-half or bottom-half of the subjective

well-being distribution.32

32We use principal components for both the risk and altruism (dictator-giving) duplicate elicitations on
the survey. Work or Sleep reflects a response to a question about the amount of sleep prior to important
work obligations. See Section 2, as well as Gillen et al. 2019 and Snowberg and Yariv 2021, for further
implementation details.
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Table 4: Behavioral and Other Traits (per 1,000 potential links)

Friends Study Partners
Survey: Fall 2013 Fall 2014 Fall 2015 Fall 2014 Fall 2015

Similarity: Risk Preferences 0.18 0.36 0.53∗ 0.80∗∗∗ 0.84∗∗∗

(0.25) (0.29) (0.31) (0.27) (0.26)

Similarity: Dictator Giving -0.09 1.75∗∗∗ 1.71∗∗∗ 1.30∗∗∗ 1.43∗∗∗

(0.26) (0.31) (0.33) (0.28) (0.28)

Similarity: IAT Gender -0.18 -0.69∗∗ -0.42 -0.72∗∗ -0.35
(0.26) (0.30) (0.32) (0.28) (0.27)

Similarity: IAT Race 0.15 0.02 -0.22 -0.21 0.05
(0.26) (0.30) (0.32) (0.28) (0.27)

Similarity: Subjective -0.26 -0.25 0.08 -0.06 0.15
Well-Being (0.26) (0.30) (0.32) (0.28) (0.27)

Similarity: Body Mass Index 0.17 0.90∗∗∗ 0.10 1.10∗∗∗ 0.27
(0.26) (0.30) (0.31) (0.27) (0.27)

Similarity: Sleep Hours 0.57∗ 0.40 0.94∗∗∗ 0.88∗∗∗

(0.34) (0.36) (0.31) (0.30)

Similarity: Hours / Week -0.37 1.88∗∗∗ 2.11∗∗∗ 2.02∗∗∗ 1.54∗∗∗

on Video Games (0.28) (0.32) (0.33) (0.29) (0.28)

Similarity: Work or Sleep -3.98∗∗∗ -3.76∗∗∗ -4.96∗∗∗ -3.65∗∗∗

(0.64) (0.66) (0.59) (0.57)

Similarity: Review Attendence -1.65∗∗∗ -1.11∗∗∗ -1.05∗∗∗ -0.73∗∗∗

(0.30) (0.31) (0.27) (0.26)

Similarity: GPA -7.29∗∗∗ -3.49∗∗∗ -0.12 -2.79∗∗∗ 0.26
(0.32) (0.32) (0.30) (0.29) (0.26)

Similarity: GPA Perception 0.57∗∗ 1.04∗∗∗ 1.40∗∗∗ 1.49∗∗∗ 0.57∗∗

(0.25) (0.29) (0.31) (0.27) (0.26)

Same Gender 2.06∗∗∗ 3.45∗∗∗ 3.19∗∗∗ 2.30∗∗∗ 1.37∗∗∗

(0.23) (0.27) (0.28) (0.25) (0.24)

Same Ethnicity 3.14∗∗∗ 2.90∗∗∗ 2.55∗∗∗ 2.09∗∗∗ 1.26∗∗∗

(0.26) (0.29) (0.31) (0.27) (0.26)

Same House 3.14∗∗∗ 21.11∗∗∗ 21.25∗∗∗ 18.00∗∗∗ 12.52∗∗∗

(0.34) (0.39) (0.41) (0.36) (0.35)

Same Major 1.25∗∗∗ 2.27∗∗∗ 3.28∗∗∗ 4.01∗∗∗ 7.72∗∗∗

(0.32) (0.32) (0.30) (0.29) (0.26)

Constant 5.90∗∗∗ -0.47 -3.54∗∗∗ -1.59∗∗∗ -3.49∗∗∗

(0.43) (0.55) (0.56) (0.50) (0.47)

Notes: ∗∗∗, ∗∗, ∗ denote statistical significance at the 1%, 5%, and 10% level with standard errors in
parentheses. Similarity variables are split above and below the median for each value, with above
median receiving a value of 1, and 0 otherwise. Risk is an index of risky project and qualitative
risk preferences. Body Mass Index is proportional to weight divided by height.
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Homophily over malleable characteristics is, in most cases, smaller in magnitude than that

observed for ethnicity, gender, and housing.33 Of note is the relatively strong homophily over

altruism—measured in the Caltech Cohort Study through giving in the Dictator Game—

that develops by the beginning of students’ sophomore year. As these regressions control for

homophily over gender, ethnicity, and housing, this is not the consequence of students who

are similar on one of these characteristics also being similar on malleable characteristics.

Homophily is, in general, stronger for malleable characteristics that are easier to observe,

such as body mass index, generosity, how much sleep people get, and especially, the amount

of time students spend playing video games.34 The similarity over this final dimension

increases across students’ time at Caltech, perhaps indicating an increasing commitment to

their field of study, and an increased awareness of who else has chosen that course of study.35

Taken together, the patterns of homophily over malleable characteristics are suggestive of a

general tendency to form links with people who are similar on many different dimensions.

The delayed emergence of homophily over malleable characteristics to fall 2014 indicates

that it may take time to discover others’ malleable characteristics and identify those who

are compatible.36

Our split of variables around the median makes coefficients comparable, and generally

does not affect the trends we report. One exception is the variables pertaining to GPA. Table

4 suggests a strong anti-homophily on the important outcome of GPA, which diminishes over

time. This pattern vanishes when considering raw distances between students’ GPAs as the

explanatory variable, implying the GPA effects in 4 are driven by the classification of values

around the median. We examine the subtle ways by which assimilation operates on GPA in

the next two subsections.

33Results are quite similar without controls for same ethnicity, gender, and housing, dispelling the concern
that collinearity between some controls and some of the malleable characteristics affects results.

34Sleep Hours refers to responses to the question “On average, how many hours of sleep do you get a night
when school is in session?” Work or Sleep refers to responses to the question “Before an exam, do you go to
sleep at your usual time or when you feel like your preparation work is done?”

35Some majors at Caltech are quite small. We group similar small majors, such as Geology and Geophysics.
36The lower magnitudes and significance could also be partly the result of greater noise in the observation

of malleable characteristics in general, and difficult-to-observe malleable characteristics in particular.
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6.2 Selection or Assimilation?

As noted above, changes in homophily patterns can be an artifact of both selection of new

friends who exhibit greater similarities, and assimilation, whereby connected individuals

become more similar to one another. We now assess whether any observed similarity of

malleable characteristics is present at the start of a relationship, indicating selection as

the driving force, or whether it becomes pronounced as the relationship evolves, indicating

assimilation as the driving force.

There is little evidence of assimilation as relationships evolve, as shown in Table 5.37 The

table decomposes selection and assimilation by considering the change in distance between

malleable characteristics within friendships that are retained and those that are not, as

well as distance within all friendships (without the median split performed in Table 4).

Specifically, we consider changes in distance between malleable characteristics, as measured

in fall 2014 and fall 2015, across retained, lost, and all friends (or study partners), relative to

the average change in these variables between random pairs. These changes are expressed in

terms of standard deviations of the underlying variable. Differencing out the average change

for random pairs is important because the distribution of each parameter in the population

changes over time, in some cases increasing the average distance between individuals, and in

some cases decreasing it.

While most attributes exhibit increased resemblance among links relative to the general

trends observed in our sample, these differences tend to be small and insignificant. For ex-

ample, retained study partners grew 0.01 standard deviations further apart in GPA than the

average random link. This is directionally counter to assimilation, with a small magnitude,

and statistically insignificant. Furthermore, severed friendships exhibit further separation,

albeit small and statistically insignificant as well. There are a few attributes that show larger

and statistically significant evidence of assimilation among retained, but not lost, friends: for

example, on IAT Race. While these are of potential interest, the large number of moments

37This table does not examine similarity on ethnicity, gender, housing, or major. These variables are coded
as fixed over time in our data, which limits our ability to identify assimilation in those.
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we examine raises the possibility that these few statistically significant results are spurious:

in particular, 8/72 of the coefficients in Table 5 are significant at the p < 0.1 level.38 Table

5 also indicates that lost friends are not people who have moved further apart in behaviors.

Together, the patterns in Table 4 and 5 suggest that homophily on malleable characteris-

tics is maintained—and sometimes strengthened—by choosing relationships with individuals

who are already similar. As noted above, one place where homophily strengthens—from anti-

homophily to no homophily—is GPA. In the next subsection, we conduct a more detailed

analysis of GPA patterns.

6.3 Outcomes: GPA and Homophily

A large literature examines whether homophilous environments improve academic perfor-

mance, especially in the context of single-sex education for women (see the survey in Robin-

son et al., 2021). In this subsection, we provide an exploratory analysis of the association

between changes in students’ GPAs and homophilous friendships and study partnerships.

The largest association between peer attributes and changes in a student’s GPA appears

to stem from same-gender female study partners, as shown in Table 6. The first three columns

of this table regress the change in a student’s GPA between the 2015-2016 academic year and

the 2014-2015 academic year on the characteristics of that student’s declared study partners

in the fall of 2015.39 The first column reveals a slight negative association between same-

ethnicity study partners and change in GPA: every additional same ethnicity study partner

reduces GPA by an average of 0.06 points. The second column shows that the apparent null

effect of same-gender study partnerships masks the fact that, for women, these partnerships

have a significantly positive association with improved GPAs.40,41

38Zhang and King (2021) document a network of physicians. They find that differences in contentious
prescribing lead ties to weaken or dissolve altogether, but do not affect tie formation. In contrast, for the
attributes we consider, we do not see a pronounced effect of dissimilarity leading to dissolution of connections.

39Focusing on grade changes allows us to reduce concerns that the reported results are due to selection of
friends or study partners on the basis of grades. Nonetheless, our results should not be interpreted as causal.

40These results are in line with the conclusions of Cools et al. (2019), who observe distinct responses in
academic performance among grade-school girls and boys. See also the references therein.

41When considering interactions with ethnicity, our data suggest the most pronounced positive effect is
derived for student partners who are both Asian women. Regressing the change in a student’s GPA between
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The positive association between GPA change and females having same-gender study

partners is not an artifact of simply studying with people with higher GPAs, as shown in the

third column of Table 6. This column separates the effects of partners who exhibit weaker

performance, where the GPA difference is negative (denoted as “Below Partner”), from

partners who exhibit stronger performance, where the GPA difference is positive (denoted as

“Above Partner”). Thus, “GPA Difference in 2014-2015 AY from Below Partner (negative)”

is negative if the partner’s GPA was below the student in question, and 0 otherwise, while

“GPA Difference in 2014-2015 AY from Above Partner (positive)” is positive if the partner’s

GPA was above the student in question, and 0 otherwise. The third column indicates that

having a study partner who has a higher GPA is associated with an increase in the student’s

own GPA, while having a study partner with a lower GPA has little or no association with

changes in a student’s own GPA. More importantly, however, the coefficient on same-gender

female study partnerships is relatively unchanged, while the coefficient on same-ethnicity

study partnerships becomes insignificant.

The effects described in the preceding two paragraphs are largely absent for friends who

are not study partners, as shown in the final three columns. While homophily does not seem

to play an important role in how friendships relate with students’ GPA, friends do still have

an impact. In particular, in the last column, we see that students’ GPAs move towards that

of their friends who are not study partners, regardless of whether those friend have higher or

lower GPAs. As the magnitudes of these two coefficients are similar, these associations tend

to cancel out in the aggregate, leaving students’ GPA unchanged on net by their friends who

are not study partners. This pattern differs from that observed within study partnerships,

in column 3, where the aggregate effect of links are significant and positive.

These results highlight the importance of considering different types of relationships—

here, friendships and study partnerships. Focusing on one type alone, as frequently done,

paints an incomplete—here, inaccurate—picture of interactions’ impact on outcomes.

the 2014-2015 academic year and the 2013-2014 academic year on the characteristics of that student’s declared
study partners in the fall of 2014, results weaken substantially. This merits further investigation, but could
be driven by the fact that students’ classes in the first two freshman quarters are graded on a pass or fail
basis. The 2013-2014 academic year GPA is, therefore, a relatively noisy measure.
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7 Conclusion

We document the extent of homophily in the composition and evolution of friendships and

study partnerships using comprehensive longitudinal data on Caltech undergraduates. Our

analysis produces multiple stylized facts on homophily as networks form and evolve, using

a broad, incentivized survey and institutional data on students’ demographics, housing, and

academic performance.

First, homophily on gender and ethnicity is stable over time. Second, homophily man-

ifests in similar ways across network layers—friendships, study partnerships, and housing.

Third, homophilous tendencies on gender and ethnicity are persistent at the individual level,

suggesting that homophily is a stable trait. Fourth, we see homophily over homophily: more

homophilous individuals tend to connect with more homophilous others. Fifth, there is lit-

tle evidence of assimilation on malleable characteristics: homophily appears to be driven

predominantly by the selection of connections. Sixth and finally, homophily has important,

but nuanced, impacts on outcomes. It operates differently through study partnerships and

friendships. In particular, ethnic homophily in study partnerships slightly reduces students’

GPA gains, while gender homophily leads to GPA gains, but only for females.

Given the non-trivial evolution of networks in our data, our study highlights the impor-

tance of tracking networks over time. Our study also highlights the importance of tracking

multiple layers of interactions in the population—in our case, friendships, study partnerships,

and housing—as well as multiple dimensions over which homophilous tendencies might be

present. The effects of network layers vary substantially: for instance, study partners and

friends have different impacts on students’ GPAs. Furthermore, homophily across dimensions

exhibits non-trivial interactions.

Our results suggest that engineering social and academic connections can be a challenging

task, regardless of a designer’s objective. In our setting, while students tend to connect

with others in their house and in their major, those tendencies do not significantly alter the

homophilous features of their friends and study partners. In particular, on-campus residential

arrangements may have a limited effect on the diversity of students’ connections, in line with
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the findings of Carrell et al. (2013) and Fosnacht et al. (2020). Nonetheless, more research is

needed to ascertain the dynamics of interactions in very small groups—in the college setting,

these can be clubs, athletic teams, and the like. Such groups can limit substantially the

profile of potential connections, and offer an instrument for altering the profile of members’

connections. Alternatively, if the available connections within such small groups are not to

members’ liking, members may instead seek connections outside their group.
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A Additional Analyses

Figure A.1: Correlations between percentages of same gender/ethnicity of new and old study
partners with no types, stochastic block types, and fixed types.
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B Screenshots

This section contains screenshots for the questions that are analyzed in this paper. For a

sample of screenshots of an entire survey,

see lyariv.mycpanel.princeton.edu/∼papers/ScreenshotsFall2014.pdf.

Figure B.1: Friendships
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Figure B.2: Study Partners

Figure B.3: GPA Perceptions
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Figure B.4: Risk Aversion: Project
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Figure B.5: Risk Aversion: Qualitative, Work / Sleep, and Sleep Hours

Figure B.6: Dictator Game
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Figure B.7: IAT Race, Example 1

Figure B.8: IAT Race, Example 2
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Figure B.9: IAT Gender, Example

Figure B.10: Subjective Well Being (current)
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Figure B.11: Subjective Well Being (future)

Figure B.12: BMI (height and weight)

Figure B.13: Videogames
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Figure B.14: Review Attendance
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