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Abstract

We model network formation when heterogeneous nodes enter sequentially and form connections
through both random meetings and network-based search, but with type-dependent biases. We show that
there is “long-run integration”, whereby the composition of types in sufficiently old nodes’ neighborhoods
approaches the global type-distribution, provided that the network-based search is unbiased. However,
younger nodes’ connections still reflect the biased meetings process. We derive the type-based degree
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distributions and group-level homophily patterns when there are two types and location-based biases. Fi-
nally, we illustrate aspects of the model with an empirical application to data on citations in physics journals.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Homophily patterns in networks have important consequences. For example, citations across
literatures can affect whether, and how quickly, ideas developed in one field diffuse into another.
Homophily also affects a variety of behaviors and opportunities, with impact on the welfare of
individuals connected in social networks.1 In this paper we analyze a model that provides new
insights into the patterns and emergence of homophily, and we illustrate its implications with an
application to a network of scientific citations.

Our main objective is to study how homophily patterns behave in an evolving network. Do
nodes become more integrated or more segregated as they age? How does this evolution depend
on the link formation process? In particular, does the network become more integrated if new
connections are formed at random or if they are formed through the existing network?

To answer these questions, we study a stochastic model of network formation in which nodes
come in different types and types, in turn, affect the formation of links. We accomplish this by
introducing individual heterogeneity to the framework of Jackson and Rogers [19], allowing us
to focus on the issue of homophily generated through specific biases in link formation. A new
node is born at each time period and forms links with existing nodes. The newborn node connects
to older nodes in two ways. First, she meets nodes according to a random, but potentially type-
biased, process. Second, the newborn node meets neighbors of the randomly met nodes (“friends
of friends”). This is referred to as the search process and can also reflect type biases. To illustrate,
consider citation patterns. Typically when writing a new paper, some references are known or
found by chance by the authors while others are found because they are cited in known papers.
Biases arise because papers may cite references with greater frequency within their own field.
We examine the long-run properties of this model and the structure of the emerging network.

The biases could arise from agents’ preferences over the types of their neighbors and/or from
biased meeting opportunities that agents face in connecting to each other. So, in one direction
we enrich a growing network model by allowing for types and biases in connections, and in an-
other direction we bypass explicit strategic considerations by studying a process with exogenous
behavioral rules. Since in the model search goes through out-links only, strategic considerations
are to some extent inherently limited, since a node cannot directly increase the probability of
being found through its choice of out-neighborhood. While this may not be a good assumption
in some contexts, such as business partnerships or job contacts, where search presumably goes
both directions along a link, it is appropriate in other contexts, such as scientific citations where
the time order of publications strictly determines the direction of search.

We wish to understand the conditions under which the network becomes increasingly “inte-
grated” over time. We consider three different notions of integration. Under weak integration,

1 See [15,17,21] for more background and discussion.
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