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C Related Documents And Translation
FR IR SCAKFOIE S

ESKYE T Chapter 1, Social and Economic Network, by Jackson (2009).

C.1 Why Model Networks? / Ayt 4 XF M @42

Social networks permeate our social and eco-
nomic lives. They play a central role in the
transmission of information about job opportu-
nities and are critical to the trade of many goods
and services. They are the basis for the provi-
sion of mutual insurance in developing countries.
Social networks are also important in determin-
ing how diseases spread, which products we buy,
which languages we speak, how we vote, as well
as whether we become criminals, how much edu-
cation we obtain, and our likelihood of succeeding
professionally. The countless ways in which net-
work structures affect our well-being make it crit-
ical to understand (1) how social network struc-
tures affect behavior and (2) which network struc-
tures are likely to emerge in a society. The pur-
pose of this monograph is to provide a framework
for an analysis of social networks, with an eye on
these two questions.

As the modeling of networks comes from var-
ied fields and employs a variety of different tech-
niques, before jumping into formal definitions and
models, it is useful to start with a few exam-
ples that help give some impression of what social
networks are and how they have been modeled.
The following examples illustrate widely differing
perspectives, issues, and approaches, previewing
some of the breadth of the range of topics to fol-

low.
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Kl 15: Network showing fifteenth-century florentine marriages. Data from Padgett and

Ansell [516] (drawn using UCINET).
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C.2.1 Florentine Marriages / {# % 1€ B K ixBX I

The first example is a detailed look at the
role of social networks in the rise of the Medici
in florence during the 1400s. The Medici have
been called the “godfathers of the Renaissance.”
Their accumulation of power in the early fifteenth
century in florencewas orchestrated by Cosimo
de’ Medici even though his family started with
less wealth and political clout than other fam-
ilies in the oligarchy that ruled florence at the
time. Cosimo consolidated political and eco-
nomic power by leveraging the central position of
the Medici in networks of family inter-marriages,
economic relationships, and political patronage.
His understanding of and fortuitous position in
these social networks enabled him to build and
control an early forerunner to a political party,

while other important families of the time floun-
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dered in response. Padgett and Ansell [516] pro-
vide powerful evidence for this consolidation by
documenting the network of marriages between
some key families in florence in the 1430s. figure
1.1 shows the links between the key families in
florence at that time, where a link represents a

marriage between members of two families.

During this time the Medici (with Cosimo
de” Medici playing the key role) rose in power
and largely consolidated control of business and
politics in florence. Previously florence had been
ruled by an oligarchy of elite families. If one ex-
amines wealth and political clout, however, the
Medici did not stand out at this time and so
one has to look at the structure of social rela-
tionships to understand why the Medici rose in
power. for instance, the Strozzi had both greater
wealth and more seats in the local legislature,
and yet the Medici rose to eclipse them. The
key to understanding the family’ s rise, as Pad-
gett and Ansell [516] detail, can be seen in the

network structure.

If we do a rough calculation of importance in
the network, simply by counting how many fami-
lies a given family is linked to through marriages,
then the Medici do come out on top. However,
they only edge out the next highest families, the
Strozzi and the Guadagni, by a ratio of 3 to 2.
Although suggestive, it is not so dramatic as to
be telling. We need to look a bit closer at the
network structure to get a better handle on a key
to the success of the Medici. In particular, the

following measure of betweenness is illuminating.
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Let P(ij) denote the number of shortest
paths connecting family 7 to family j 3. Let
Py(ij) denote the number of these paths that
include family k. for instance, in figure 1.1
the shortest path between the Barbadori and
Guadagni has three links in it. There are two
such paths: Barbadori-Medici-Albizzi-Guadagni
and Barbadori- Medici-Tornabuon-Guadagni. If
we set ¢ = Barbadori and j = Guadagni, then
P(ij) = 2. As the Medici lie on both paths,
P.(ij) = 2 when we set k = Medici, and
t = Barbadort and j = Guadagni. In con-
trast this number is 0 if k& = Strozzi, and is 1
if K = Albizzi. Thus, in a sense, the Medici are
the key family in connecting the Barbadori to the

Guadagni.

To gain intuition about how central a family
is, look at an average of this betweenness calcula-
tion. We can ask, for each pair of other families,
on what fraction of the total number of short-
est paths between the two the given family lies.
This number is 1 for the fraction of the shortest
paths the Medici lie on between the Barbadori
and Guadagni, and 1/2 for the corresponding
fraction that the Albizzi lie on. Averaging across
all pairs of other families gives a betweenness or

power measure (due to freeman [255]) for a given
family. In particular, we can calculate
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for each family k, where Pk(ij)/P(ij) = 0 if

there are no paths connecting 7 and j , and the
denominator captures that a given family could
lie on paths between as many as (n = 1)(n  2)/2
pairs of other families. This measure of between-
ness for the Medici is .522. Thus if we look
at all the shortest paths between various fami-
lies (other than the Medici) in this network, the
Medici lie on more than half of them! In con-
trast, a similar calculation for the Strozzi yields
103, or just over 10 percent. The second-highest
family in terms of betweenness after the Medici is
the Guadagni with a betweenness of .255. To the
extent that marriage relationships were keys to
communicating information, brokering business
deals, and reaching political decisions, the Medici
were much better positioned than other families,
at least according to this notion of betweenness®.
While aided by circumstance (for instance, fiscal
problems resulting from wars), it was the Medici
and not some other family that ended up con-
solidating power. As Padgett and Ansell [516, p.
1259] put it, “Medician political control was pro-
duced by network disjunctures within the elite,
which the Medici alone spanned.”

This analysis shows that network structure
can provide important insights beyond those
found in other political and economic charac-
teristics. The example also illustrates that the
network structure is important for more than a
simple count of how many social ties each mem-
ber has and suggests that different measures of
betweenness or centrality will capture different

aspects of network structure.
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This example also suggests other questions
that are addressed throughout this book. for in-
stance, was it simply by chance that the Medici
came to have such a special position in the net-
work, or was it by choice and careful planning?
As Padgett and Ansell [516, footnote 13] state,
“The modern reader may need reminding that
all of the elite marriages recorded here were ar-
ranged by patriarchs (or their equivalents) in
the two families. Intra-elite marriages were con-
ceived of partially in political alliance terms.”
With this perspective in mind we then might
ask why other families did not form more ties
or try to circumvent the central position of the
Medici. We could also ask whether the resulting
network was optimal from a variety of perspec-
tives: from the Medici’ s perspective, from the
oligarchs’ perspective, and from the perspective
of the functioning of local politics and the econ-
omy of fifteenth-century florence. We can be-
gin to answer these types of questions through
explicit models of the costs and benefits of net-

works, as well as models of how networks form.
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1 These data were were originally collected by Kent [387], but were first coded by Padgett and Ansell

[516], who discuss the network relationships in more detail. The analysis provided here is just a teaser

that offers a glimpse of the importance of the network structure. The interested reader should consult

Padgett and Ansell [516] for a much richer analysis.
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3 Formal definitions of path and some other terms used in this chapter appear in Chapter 2. The ideas

should generally be clear, but the unsure reader can skip forward if helpful. Paths represent the obvious

thing: a series of links connecting one node to another.
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5 The calculations here are conducted on a subset of key families (a data set fromWasserman and faust

[650]), rather than the entire data set, which consists of hundreds of families. As such, the numbers
differ slightly from those reported in footnote 31 of Padgett and Ansell [516]. Padgett and Ansell also

find similar results for centrality between the Medici and other families in terms of a network of business

ties.
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K] 16: A network based on the Add Health data set. A link denotes a romantic relation-

ship, and the numbers by some components indicate how many such components appear.

figure from Bearman, Moody, and Stovel [51].
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C.2.2 friendships and Romances among High School Students / & ® 4 IR
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The next example comes from the the Na-
tional Longitudinal Adolescent Health Data Set,
“Add Health.” ' These data pro-
vide detailed social network information for more
than 90,000 students from U.S. high schools inter-
viewed during the mid-1990s, together with var-

known as

ious data on the students’ socioeconomic back-
ground, behaviors, and opinions. The data pro-
vide insights and illustrate some features of net-
works that are discussed in more detail in the com-
ing chapters.

figure 1.2 shows a network of romantic rela-
tionships as found through surveys of students in

one of the high schools in the study. The students
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Kl 17: Add Health data set friendships among high school students coded by race.

Hispanic, black nodes; white, white nodes; black, gray nodes; Asian and other, light gray

nodes.
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were asked to list the romantic liaisons that they
had during the six months previous to the survey.

The network shown in figure 1.2. is nearly
a bipartite network, meaning that the nodes can
be divide into two groups, male and female, so
that links only lie between groups (with a few
exceptions). Despite its nearly bipartite nature,
the distribution of the degrees of the nodes (num-
ber of links each node has) turns out to closely
match a network in which links are formed uni-
formly at random (for details, see Section 3.2.3),
and we see a number of features of large random
networks. for example, there is a “giant com-
ponent,” in which more than 100 of the students
are connected by sequences of links in the net-
work. The next largest component (the maximal

set of students who are each linked to one another
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by sequences of links) only has 10 students in it.
This component structure has important implica-
tions for the diffusion of disease, information, and
behaviors, as discussed in detail in Chapters 7, 8,
and 9, respectively.

In addition, note that the network is quite
treelike: there are few loops or cycles in it. There
are only a very large cycle in the giant compo-
nent and a couple of smaller ones. The absence
of many cycles means that as one walks along the
links of the network until hitting a dead-end, most
of the nodes that are met are new ones that have
not been encountered before. This feature is im-
portant in the navigation of networks. It is found
in many random networks in cases for which there
are enough links to form a giant component but
so few that the network is not fully connected.
This treelike structure contrasts with the denser
friendship network pictured in figure 1.3, in which
there are many cycles and a shorter distance be-
tween nodes.

The network pictured in figure 1.3 is also
from the Add Health data set and connects a pop-
ulation of high school students®. The nodes are
coded by their race rather than sex, and the re-
lationships are friendships rather than romantic
relationships. This network is much denser than
the romance network.

A strong feature present in figure 1.3 is what
is known as homophily, a term from Lazarsfeld
and Merton [425].

friendships toward similar individuals; in this case

That is, there is a bias in

the homophily concerns the race of the individu-
als. This bias is greater than what one would
expect from the make up of the population. In

this school, 52 percent of the students are white
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and yet 85 percent of white students’ friendships | 38%)224: Ky iE H85% 11
are with other whites. Similarly, 38 percent of the | A5 02 A @ﬂf QE%E% 1
students are black, and yet 85 percent of these stu- RS R, RS % N

dents’ friendships are with other blacks. Hispan-
ics are more integrated in this school, comprising
5 percent of the population but having only 2 per-
cent of their friendships with other Hispanics®. If
friendships were formed without race being a fac-
tor, then whites would have roughly 52 percent of
their friendships with other whites rather than 85
percent. This bias is referred to as “inbreeding
homophily” and has strong consequences. As in-
dicated by the figure, the students are somewhat
segregated by race, which affects the spread of
information, learning, and the speed with which
things propagate through the network—themes

that are explored in detail in what follows.
1
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Add Health is a program project designed by J. Richard Udry, Peter S. Bearman, and Kathleen Mullan

Harris and funded by grant P01-HD31921 from the National Institute of Child Health and Human

Development, with cooperative funding from 17 other agencies. Special acknowledgment is due Ronald

R. Rindfuss and Barbara Entwisle for assistance in the original design. Persons interested in obtaining
data files from AddHealth should contact AddHealth, Carolina Population Center, 123 West franklin

Street, Chapel Hill, NC 27516-2524 (addhealth@unc.edu).

The network data that I present in this

example were extracted by James Moody from the Add Health data set.
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A link indicates that at least one of the two students named the other as a friend in the survey. Not

all friendships were reported by both students. for more detailed discussion of these particular data see

Currarini, Jackson, and Pin [182].
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The hispanics in this school are exceptional compared to what is generally observed in the larger data

set of 84 high schools. Most racial groups (including hispanics) tend to have a greater percentage of

own-race friendships than the percentage of their race in the population, regardless of their fraction of

the population. See Currarini, Jackson, and Pin [182] for details.

[182].
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