Centrality: Who Are the Most Important Actors?

» Measures of importance or prominence all attempt to describe a
property of actor location in a network.
v Important actors typically occupy strategic location in a network.

» Definitions of importance include:
v’ degree
v" closeness
v’ betweenness
v" information
v differential status or rank

» These measures are typically calculated for individuals, but may
also be aggregated to graphs or subgraphs.

» Most measures of centrality are used in conjunction with
symmetric sociomatrices and measure dichotomous relations.

» Measures of prestige, on the other hand, require directed graphs.



Prominence: Centrality and Prestige

» Assumptions:
v Measurements on a single, dichotomous relation.

» An actor is prominent if the ties of the actor make the actor
particularly visible to other actors in the network.

» Prominence should be measured using both direct (adjacent) ties
and indirect (or more distant) ties. That is, by paths to other actors
with lengths equal or greater than one.

» Knoke and Burt divide this class of measures into two subclasses

of prominence:
v' centrality

v’ prestige



Prominence: Actor Centrality

» Assumptions:
v Measurements on a single, symmetric, dichotomous relation.

» If we assume that prominent actors or the most “involved” actors
In a network—actively involved in many relationships—then:
v We do not differentiate between ties “sent” and ties “received”

v We simply are concerned with how involved in network relations each actor
IS.
» A central actor Is involved in many nondirectional ties.

» This conceptualization is well suited to measuring things like
access and control over resources, and brokerage of information.

» Measures include:
v" degree centrality

v' closeness centrality
v" betweenness centrality
v" information centrality



Prominence: Degree Centrality

» An actor with high degree centrality is “where the action is” in the
network since they are in contact or adjacent to many other actors.

» Actors with low degree centrality are more peripheral in the
network.

» An isolated actor is so far removed from the network action that
removing them from the network has no effect on the network and
the ties that are present.



Prominence: Actor Degree Centrality

» The degree of an actor Is equal to the number of lines incident to
the actor:

Co (n)=d(n;)=x, :Zj:xij :Zj:xji

» Standardized as a proportion of all possible incident lines:
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Prominence: Group Degree Centrality

» The degree of a graph or subgraph is equal to:

CD E _ =

- maXiZ::[CD(n*)—CD(ni ] (9-1)(g-2)

» This measure has a maximum value of 1 (one actor has ties to all
other actors and the other actors only have ties to this actor).

» This measure has a minimum value of 0 (when all actors have
equal degrees.



Prominence: Closeness Centrality

» How “close” Is an actor to all other actors in the network?
v “Close” actors are able to quickly interact with many other actors.

v" These actors are usually effective in transmitting information.
v" Closeness is equated to “minimum distance” to other actors—geodesics.

» As geodesics increase In length, centrality decreases. So, the
closeness measure is weighted inversely to reflect this.



Prominence: Actor Closeness Centrality

» The quantity d(n;, n;) is equal to the geodesic length between
actors 1 and J. The sum of all geodesics from actor i to all other j’s
Is called farness. Cg, closeness, is equal to the inverse of farness.

» The closeness of an actor is equal to:

— -1
g

Cc ()= Zd(ni,nj)

» Standardized:

C(m) == =(g-1)Cc (n)
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Prominence: Group Closeness Centrality

» The closeness of a network is equal to:

>[ci(n)-ci(n)]
(9-2)(9-1)

CC — 1=1
(29-3)

» The numerator is the sum of differences between the maximum
standardized actor centrality measure and each actor i’s centrality
measure.

» The denominator iIs the theoretical maximum of these summed
differences.

» S0, this measure ranges from 0 to 1.



Prominence: Betweenness Centrality

» How “between” Is an actor to all other actors in the network?
v An actor is central if it lies between other actors on their geodesics.

v To have large betweenness centrality, an actor must be between many other
actors on their geodesics

» Actors that are between other actors may control interactions

between these other actors. That is, they may be gatekeepers.
v' Here, n, and n, may condition the interaction between n, and n,.

O—O—00—0



Prominence: Betweenness Centrality

> Betweenness Is a measure of the number of times a vertex occurs
on a geodesic. The normalized betweenness centrality Is the
betweenness divided by the maximum possible betweenness
expressed as a percentage.

» For any two actors, g;, Is number of geodesics linking j and k.

» For three actors, J, k, and 1, g;(n;) Is the number of geodesics
between j and k that contain 1.

» Betweenness centrality is then summed over all actors:

(n. , D CB(ni)
ca()=3| M) -G

i<k Yik 5
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Prominence: Information Centrality

» Betweenness centrality asks: “How “between” is an actor to all
other actors in the network?
v An actor is central if it lies between other actors on their geodesics.

v To have large betweenness centrality, an actor must be between many other
actors on their geodesics

» This explicitly weights each geodesic path as equal to each other
and ignores other paths.

» Information centrality takes into account:
v" Geodesics weighted as unity, and

v" Longer paths are weighted less than the geodesics (the inverse of their
length)

v This measure assess all paths between two points and weights them by their
length.
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Prominence: Actor Prestige

» Assumptions:
v Measurements on a single, asymmetric, dichotomous relation.

» What if we distinguish between ties sent and ties received?
» A prestigious actor receives many ties from other actors.

» Actor prestige increases as the actor becomes the object of more
ties.

> Measures include:

v' centrality
» degree
» closeness

v’ prestige
» degree prestige
» proximity prestige
» status or rank prestige



