Centrality & Prestige

Based on Wasserman and Faust (1994) Chapter 5

A primary use of graph theory in social network analysis is to identify “important” actors. Centrality and prestige concepts seek to quantify graph theoretic ideas about an individual actor’s prominence within a network by summarizing structural relations among the g nodes. Group-level indexes of centralization and prestige assess the dispersion or inequality among all actors’ prominences.
W&F illustrate the basic measures with stylized 7-actor star, circle, and line graphs (p. 171 and below) and with Padgett’s 16 Florentine families (p. 183).
All ties in these examples are binary.





            STAR                              CIRCLE

                      CHAIN
An actor’s prominence reflects its greater visibility to the other network actors (an audience). An actor’s prominent location takes account of the direct sociometric choices made and choices received (outdegrees and indegrees), as well as the indirect ties with other actors. The two basic prominence classes discussed in this chapter are:
Centrality: Actor has high involvement in many relations, regardless of send/receive directionality (volume of activity)

Prestige: Actor receives many directed ties, but initiates few relations (popularity > extensivity)

CENTRALITY
The three most widely used centrality measures are degree, closeness, and betweenness (Freeman 1977, 1979). Some measures differ in their applications to nondirected and directed ties. UCINET’s centrality programs are located in the “Network/Centrality” dropbox.
Degree Centrality
An actor with high degree centrality maintains numerous contacts with other network actors. Actors have higher centrality to the extent they can gain access to and/or influence over others. A central actor occupies a structural position (network location) that serves as a source or conduit for larger volumes of information exchange and other resource transactions with other actors. Central actors are located at or near the center in network diagrams of social space. In contrast, a peripheral actor maintains few or no relations and thus is located spatially at the margins of a network diagram.
Actor-level degree centrality is simply each actor’s number of degrees in a nondirected graph (W&F notation is actor i’s indegree, which is the same as degree in nondigraphs):
CD(ni) = di(ni)
To standardize or normalize the degree centrality index, so that networks of different sizes (g) may be compared, divide it by the maximum possible indegrees (= g-1 nodes if everyone is directly connected to i), and express the result as either a proportion or percentage: C’D(ni) = di(ni)/(g-1)
· In the star graph, the most central actor (n1) has degree centrality = 6 but the six peripheral actors each have degree centrality = 1; their standardized values are 1.00 and 0.167, respectively.
· All seven circle graph actors have identical degree centrality (=2), so no central actor exists; their standardized values are each 0.333.
· In the line graph, the two end actors have smaller degree centralities (degrees = 1) than those in the middle (=2); the respective standardized scores are 0.167 and 0.333.
Group degree centrality quantifies the dispersion or variation among individual centralities. For example, Freeman’s general index (p. 180) contrasts the gap between the largest actor centrality and the other values. It ranges from 0 to 1, reaching the maximum when all others choose only one central actor (star) and the minimum when all actors have identical centralities (circle). See W&F 180-183 for a variety of group degree centrality measures and illustrations using the Florence data.
UCINET computes the network degree centralization of a binary network as Σ(cmax - c(ni))/ cmax, where cmax is the maximum value possible and c(ni) is the degree centrality of node ni.

Degree centrality indexes are also applicable to directed graphs, if the number of actor choices allowed is not fixed (e.g., “name your three best friends”). By convention, use outdegree to reflect each actor’s choices made, the number of other actors to which it has direct access (in contrast to degree prestige, below). 

Closeness Centrality
In the closeness concept, a central ego actor has minimum path distances from the g-1 alters. An actor that is close to many others can quickly interact and communicate with them without going through many intermediaries. Thus, if two actors are not directly tied, requiring only a small number of steps to reach one another is important to attain higher closeness centrality.
Actor closeness centrality is the inverse of the sum of geodesic distances from actor i to the g-1 other actors (i.e., the reciprocal of its “farness” score):
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Closeness can be calculated only for a connected graph, because distance is “infinite” (undefined) if members of a nodal pair are not mutually reachable (no paths exist between  i and j). However, UCINET will compute separate “in” and “out” closeness scores for a nonsymmetric matrix.

Standardize a closeness index by dividing by a maximum possible distance expressed as a proportion or percentage.

In the star graph, actor n1 has closeness = 1.0 while the six peripheral actors = 0.545. All circle graph actors have the same closeness (0.50). In the chain graph, the two end actors are less close (0.286) than those in the middle (0.50).
UCINET computes its network closeness centralization for a binary network similarly to its degree measure.

In a directed graph, the geodesic distance between two actors may differ with the nodal order (i.e., d(ni,nj) may not equal d(nj,ni)). Compute a standardized closeness index using the same formula as the nondirected graph (p. 200). However closeness is not defined unless the digraph is strongly connected (directed paths in both directions).
Betweenness Centrality

A central actor occupies a “between” position on the geodesics connecting many pairs of other actors in the network. As a cutpoint in the shortest path connecting two other nodes, a between actor might control the flow of information or the exchange of resources, perhaps charging a fee or brokerage commission for transaction services rendered. If more than one geodesic links a pair of actors, assume that each of these shortest paths has an equal probability of being used.
Actor betweenness centrality for actor i is the sum of the proportions, for all pairs of actors j and k, in which actor i is involved in a pair’s geodesic(s)
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As with the other centrality standardizations, normalize the betweenness centrality scores by dividing them by the maximum possible betweenness, expressed as proportion or percentage.
UCINET computes its network betweenness centralization similarly to its degree and closeness measures.

In the star graph, actor n1 has betweenness = 1.0 while the six peripheral actors = 0.0. All circle graph actors have the same betweenness (0.2). In the chain graph, the two end actors have no betweenness (0.0), the exactly middle actor n1 has the highest betweenness (0.60), while the two adjacent to it are only slightly less central (0.53).
Although betweenness centrality was developed for nondirectional relations, the actor-level indices are correctly computed for digraphs. However, the standardized network-level index should be multiplied by a factor 2 to adjust for maximum undirected ties (p. 201). UCINET binarizes a valued (nonbinary) graph, but will not symmetrize it when computing betweenness scores.

The three centrality measures gave similar results in identifying the most important actors in the three simple, stylized graphs analyzed by W&F. This empirical convergence is also a common occurrence in analyses of complex real networks. But, your decision about which of the centrality measures to use should be guided by theoretical and substantive concerns.
Other Centrality Measures

Information centrality is less well-known that the trio above; see W&F pp. 192-198 for details. UCINET also calculates six other types of centrality scores (Bonacich power, eigenvector, flow betweenness, influence, Hubbel, and Katz) at both the actor and network levels of analysis. Understanding these measures requires advanced study of original published sources, which is beyond the scope of this course.
PRESTIGE

Prestige measures of prominence apply only to directed graphs, taking into account the differences between sending and receiving relations. W&F note that little research has been done on group-level prestige indices and on substantive applications. To obtain prestige measures with UCINET, analyze digraphs using the “Network/Centrality” dropbox.
Degree Prestige
A prestigious actor enjoys high popularity, shown by receiving many ties from others (think of celebrity fanmail or professors cited by many colleagues). Hence, measure actor-level degree prestige as indegree (in contrast to degree centrality which measures actor outdegree, above). To standardize the degree prestige index, divide outdegree by network size (g-1).

Proximity Prestige
This analog to closeness centrality considers the proximity of actor i to other actors in its influence domain, the set of all network actors that can reach actor i, directly and indirectly (revealed by nonzero entries in the ith column of the distance matrix).
One proximity measure is average distance from influence domain actors j to actor i:
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Because this measure ignores actors unable to reach actor i, proximity prestige can be calculated for unconnected graphs, but the values depend on the network’s size.

A proximity prestige standardization suggested long ago by Nan Lin (1976) reflects how proximate actor i is from the set of all actors:


[image: image4.wmf]å

-

=

i

i

j

i

i

P

I

n

n

d

g

I

n

P

/

)

,

(

)

1

/(

)

(


This index is the ratio between the proportion of actors in the influence domain to the average distance of these actors to actor i. If actor i is unreachable, PP = 0; if all actors are directly tied to actor i, PP = 1.
As far as I can determine, prestige prominence was not programmed into UCINET. Perhaps users could write their own matrix algebra routines to compute those values?
Status or Rank Prestige
“It’s not what you know but whom you know” – or, more specifically, your own prestige is a function of the prestige ranks occupied by the alters in your ego network. An actor chosen by many high-ranked others acquires higher prestige than an actor that is the target of only low-ranked choosers. (Explaining why birds of a feather prefer to flock with their own kind; etc.) Of course, the prestige ranks of all actors in the network are determined simultaneously in this manner.
F&W (206-210) discuss alternative solutions to these rank prestige interdependencies in a sociomatrix, which involve specifying certain parameters for a system of g linear equations. Several of these options are available in UCINET’s eigenvector, Bonacich power, Hubbell, and Katz programs in the “Network/Centrality” dropbox.
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