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Wasserman & Faust, chapter 5 

Centrality and Prestige 

- Primary goal is identification of the most important actors in a social network. 

- Prestigious actors are those with large indegrees, or “choices” received. 

- We will consider an actor to be prominent if the ties of the actor make the actor 

particularly visible to the other actors in the network. 

- Actor Centrality: we define a central actor as one involved in many ties. 

- Actor Prestige: the prestige of an actor increases as the actor becomes the object 

of more ties but not necessarily when the actor itself initiates the ties. (for 

directional relations) 

- Group Centralization and Group Prestige: we can take measures and combine 

them across actors to get a group level measure. These measures allow us to 

compare different networks. 

- Centralization index equals 0 when all actors have exactly the same centrality 

index, and equals 1 if one actor, completely dominant other actors. 

 Nondirectional Relations 

1- Degree Centrality 

- Actor Degree Centrality: an actor with a high centrality level is “where the action 

is” in the network. Actors with low degrees are peripheral in the network. 

- Group Degree Centralization: it equals 1 when one actor chooses all other actors, 

and other actors interact only with this central actor (star graph). It equals 0 when 

all degrees are equal (circle graph). 

2- Closeness Centrality 

- An actor is central if it can quickly interact with all others. Centrality is inversely 

related to distance. 

- Actor Closeness Centrality: it equals 1 when the actor is adjacent to all other 

actors. 

- Group Closeness Centralization: it reaches its maximum value of unity when one 

actor has geodesics of length 1 to all other actors, and other actors have geodesics 

of length 2 to the remaining actors. 

3- Betweenness Centrality 
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-  An actor is central if it lies between other actors on their geodesics. 

- Actor Betweenness Centrality: standardized measure takes on values between 0 

and 1. This can be computed even if the graph is not connected.  

- Group Betweenness Centralization: the index reaches its maximum value for the 

star graph. Its minimum value (0) occurs when all actors have exactly the same 

actor Betweennness index. 

4- Information Centrality 

- Each path receives weight based on the information that it contains.  

-  Actor Information Centrality: it focuses on the information contained in all paths 

originating with a specific actor. It bounded by 0 and 1, and sum to unity. It can 

be interpreted as the proportion of total information flow in a graph controlled by 

and individual actor.  

 Directional Relations 

1- Centrality 

- Degree: outdegree of each actor. 

- Closeness: with a directed graph, the geodesic from one actor to other may not be 

the sam as nondirected graph.  

2- Prestige 

- Degree Prestige: the indegree of each actor. Relative indegree equals 1 when actor 

is chosen by all other actors.  

- Proximity Prestige: we define proximity as closeness that focuses on distances to 

rather than from each actor. If all actors are adjacent to one actor the index equals 

1. The magnitude of index reflects how proximate an actor is from the set of 

actors as a whole. 

- Status or Rank Prestige: large rank prestige indices imply that an actor is chosen 

either by a few other actors who have large rank prestige, or by many others with 

low to moderate rank prestige. Those actors adjacent to many peripheral actors 

are hubs, and those adjacent to few central or prestigious actors are bridges.  
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Freeman, Linton C. (1979). “Centrality in Social Networks: I. 

Conceptual Clarification.” Social Networks, 1, 215-239. 
 

 PURPOSE OF PAPER: to try to make sense of the concept of centrality and the range 

and limits of its potential for application; to clarify and resolve some of the conceptual 

problems of centrality and to explore some of the ways in which centrality can be used 

in understanding human groups. Conceptual specification central goal of the paper.  

 Problem: agreement on importance of centrality as important in group processes, but 

contradictory and confusing research findings. 

 Three distinct, structural properties that compete as the defining property of centrality. 

The choice of a particular attribute and its associated measure should depend on the 

context of the substantive application that is intended: 

 CONCERN WITH COMMUNICATION ACTIVITY: Degree-based 

measures: a count of the number of adjacencies for a point; index of its 

potential communication activity: 

 A point with relatively high degree is “in the thick of things”; 

sees itself and is seen by others as a major channel of 

information 

 A point with low degree- sees itself and is seen as others as 

peripheral; isolated from ongoing communication process 

 CONCERN WITH CONTROL OF COMMUNICATION: Betweenness 

measures: frequency with which a point falls between pairs of other points on 

the shortest paths or geodesics connecting them; potential for control of 

communication 

 High betweenness: person in such position can influence group 

by withholding or distorting information transmission 

 Low betweenness: limited potential for control, does not fall on 

all geodesics connecting a pair of others 

 CONCERN WITH EITHER INDEPENDENCE OR EFFICIENCY: 

Closeness-based measures: extent to which a particular point is close to all 

other points. Counts the number of edges or lines in the paths linking two 

points; a point is viewed as central based on its ability to avoid control by 

others ; efficiency in communication 

 Short distance from others: not dependent on others as 

intermediaries of information 

 Long distance from others: high dependence on intermediaries 

 These measures are related to the compactness of graphs (graph centrality)-the 

measures are based on the distances between points, and graphs that have their points 

close together are considered centralized. 

 Alternative view: centers on point dominance. Argues that centrality of an entire 

network should index the tendency of a single point to be more central than all other 

points in the network. These measures are based on differences between the centrality 

of the most central point and that of all others (centralization of the network).   

 Freeman argues that for the study of social networks measures of graph centralization 

based on differences in point centralities are needed 
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 Freeman specifies nine centrality measures based on the three conceptual foundations: 

three measures based on degrees of points as indexes of communication activity; three 

measures based on betweenness of points, as indexes of potential for control of 

communication; and three measures based on closeness of points, as indexes of 

independence or efficiency.  

 Each set includes two indexes of point centrality: one based on counts and one 

on proportions, and one index on overall graph centralization 

 Freeman finds that only on extremes is there agreement among the measures. Rankings 

of intermediate forms vary. 

 Freeman concludes that these three types of centrality imply different, competing 

theories of how centrality affects group processes, and that each might be appropriate 

for some applications. In selecting a measure, one has to specify whether what is meant 

by centrality is control (betweenness), independence (closeness) or activity (degree).  

 Further empirical work is needed for conceptual clarification. 

 

Emerson, R.M. (1962). Power-dependence relations. American 

Sociological Review, 27, 31-40. 

 
 Power-structure: rank order persons by some criterion of power. 

 Power is a property of social relation. It is not an attribute of the actor. 

 A depends upon B if he aspires to goals or gratifications whose achievement is 

facilitated by appropriate actions on B’s part. The power to control or influence the 

other resides in control over the things he values. Power resides implicitly in the 

other’s dependency. 

 Dependence (Dab). The dependence of actor A upon actor B is (1) directly 

proportional to A’s motivational investment in goals mediated by B, and (2) inversely 

proportional to the availability of those goals to A outside of the A-B relation. 

 Power (Pab). The power of actor A over actor B is the amount of resistance on the 

part of B which can be potentially overcome by A. 

 Pab = Dba, Pba = Dab  

 If Pab = Pba then we can say that it is a balanced relation. But if not then it is 

unbalanced. 

 Power advantage: Pab – Pba, or Pab – Dab 

 Balancing operations tend to reduce power advantage. 
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 Cost reduction is a process involving change in values (personal, social, economic) 

which reduces the pains incurred in meeting the demands of a powerful other. It takes 

the form of “Identification with the aggressor” and “Internalization”. 

 Balancing Operations: 

1.  If B reduces motivational investment in goals mediated by A. 

2.  If B cultivates alternative sources for gratification of those goals. 

3.  If A increases motivational investment in goals mediated by B. 

4. If A is denied alternative sources for achieving those goals. 

 Extension of power network: the tension of imbalance in the A-B and A-C relations 

will make B and C ready to form new friendship. Power networks tend to achieve 

closure. It reduces the power of stronger actor. 

 Coalition formation: A-(BC) is a coalition of the two weaker against the one stronger. 

Two members unite as a single actor in the process of dealing directly with the third. 

Emergence of a “collective actor” increases the power of weaker actors through 

collectivization.  

- The organized group: 

1- Role-Prescriptions. Specifications of behavior which all group members 

expect (demand) of one or more but not all members. 

2- Group Norms. Specification of behavior which all group members expect of 

all group members. 

 Emergence of status: it increases the weaker member’s power to control the formerly 

more powerful member through increasing the latter’s motivational investment in the 

relation. 

 Group-member relations: Pgmi = Dmig, Pmig = Dgmi 
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Cook, Karen S., Richard M. Emerson, Mary R. Gillmore. (1983). “The 

Distribution of Power in Exchange Networks: Theory and Experimental 

Results.” American Journal of Sociology, 89(2), 275-305. 

 
 PURPOSE: articulate theory of the structural determinants of power in exchange 

networks, using / integrating two theoretical traditions: (a) point centrality as an 

approach to power distribution, and (b) power-dependence principles applied to 

exchange networks 

 PROBLEM: gap between social network methods and theory, in this case, between 

concepts of centrality (network-structural principles) and the theory of power-

dependence to explain the dynamics of power in exchange networks 

 METHODS: experiment and simulations 

 FINDINGS: power does not equal centrality (point-centrality) in exchange networks 

 Exchange network consists of: (1) a set of actors, (2) a distribution of valued resources 

among those actors, (3) for each actor a set of exchange opportunities with other actors 

in the network, (4) a set of historically developed and utilized exchange opportunities 

called exchange relations, and (5) a set of network connections linking exchange 

relations into a single network structure 

 The concept “network connection” allows for the specification of boundaries of 

concrete networks and for the development of a theory in which events happening at 

any location in the network have predictable repercussions within the boundaries of 

the network. This concept and the distinction between two basic types are the main 

distinguishing characteristics of the exchange approach. The two types: 

 POSITIVELY CONNECTED NETWORKS: Given B-A-C, the connection is positive 

if exchange in one relation is contingent on exchange in the other. These are rare. 

 NEGATIVELY CONNECTED NETWORKS: Given B-A-C, the connection is 

negative if exchange in one relation is contingent on non-exchange in the other. E.g. 

Dating networks, friendship networks 

 Concept of “position” important: helps simplify the analysis of more complex 

networks, and has been demonstrated to be an important determinant of behavior in 

exchange networks 

o A position in a graph is obtained by removing specified points from a 

graph: a position in a graph of network is a set of one or more points 

whose residual graphs are isomorphic 

 Power in exchange networks: studied as a function of position, as a function of 

centrality. Power thought to be concentrated in the most central positions.  

o Authors use only measures of closeness or betweenness to test hypotheses 

related to power given that degree-based measures are not appropriate, 

given that it is a highly localized measure that does not take into 

consideration indirect effects of paths 

 Advantages of point centrality approach: takes into account the structure of an entire 

network in specifying at once a degree of centrality (and thus a power level) for every 

position in that structure. Can be applied to large and complex networks. 

 Weakness: relationship between centrality and power is intuitive. Loosely coordinated 

with concrete behavioral concepts and observations. 
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 Power-dependence theory: 

 Power: in any dyadic exchange relation Ax:By (where A and B are actors, and x 

and y are resources introduced in exchange), the power of A over B (PAB) is the 

potential of A to obtain favorable outcomes at the expense of B 

 Dependence: The dependence (DAB) of A on B in a dyadic exchange relation 

(e.g., AX; By) is a joint function (1) varying directly with the value of y to A, and 

(2) varying inversely with the availability of y to A from alternate sources. 

 Fundamental relationship between power and dependence: PAB= DBA 

 Advantages: closely coordinated with concrete behavioral concepts and 

observations; offers an intuitively appealing theoretical interpretation of the 

notion of centrality 

 Weakness: closely bound to dyadic analysis. Difficulty in application with larger, 

more complex networks. 

 METHODS: Laboratory experiment and computer simulations were used to test 

the question of whether predictions based on power-dependence notions and those 

based solely on structural centrality yield the same results in negatively connected 

networks 

 RESULTS: 

o Predictions based on power-dependence theory were supported for both 

human subjects in a simple network and from the simulation of more 

complex networks 

o Predictions based on point centrality (closeness and betweenness) fail to 

generate sound predictions concerning the distribution of power in 

negatively connected exchange networks. 

o Leads to the following recommendations: 

 A more general conception of centrality should be developed 

 Power-dependence theory needs to be raised to a more macro level 

of analysis 

 Might be achieved through the use of a “vulnerability” 

approach (the removal of a point shows how dependent the 

network is on that point 

 

Bonacich, Phillip. (1987). “Power and Centrality: A Family of 

Measures.” American Journal of Sociology, 92, 1170-1182. 

 
 Power does not equal centrality in exchange networks. 

 It is advantageous to be connected to those who have few options. Power comes from 

being connected to those who are powerless. 

 The sign of β corresponds exactly to the distinction make between positive and 

negative exchange systems. The magnitude of β affects the degree to which distant 

ties are taken into account. It should reflect the degree to which authority or 

communication is transmitted locally or to the structure as whole. 
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 The parameter β can be interpreted as a probability and c(α, β) as the expected 

number of paths in a network activated directly or indirectly by each individual. Also 

c(α, β) will reflect the level in a hierarchy as well as the number of subordinates.  

 

Borgatti, Stephen P. (2005) “Centrality and Network Flow.” Social 

Networks, 27, 55-71. 
 

 PURPOSE OF PAPER: explore how node importance (centrality) results from an 

interaction between position and the characteristics of the flow process 

 PROBLEM: social network research pays insufficient attention to dynamic processes 

that unfold along the links of a network, or that shape the network structure. 

Furthermore, most common centrality measures not appropriate for flows of most 

interest.  

PROPOSES: an alternative conception that views centrality as a node-level outcome of 

implicit models of flow processes. Borgatti argues that node importance results from an 

interaction between position and the characteristics of the flow process 

 CONTRIBUTION: making explicit the assumptions behind centrality measures 

 METHODOLOGY: Simulations 

 

 Centrality has been considered an abstract property of a node’s position in a network, 

measurable without regard for what the nodes and links mean and what processes 

they might support 

 Borgatti develops a typology of processes, that takes into account flow processes (kinds 

of trajectories that traffic may follow and the method of spread) and cross-classifies 

them in terms of characteristics relevant to measuring centrality 

o Attributes of flow processes: 

 Mechanism of node-to-node transmission: Parallel duplication, Serial 

Duplication, Transfer 

 Trajectory Dimension: geodesics, paths, trails, and walks 

 

 

 TRANSMISSION DIMENSION 

Trajectory 

Dimension 

Parallel duplication Serial Duplication Transfer 

Geodesics <no process> Mitotic reproduction  Package delivery 

Paths Internet name-server Viral infection Mooch  

Trails E-mail broadcast Gossip Used goods 

Walks Attitude influencing Emotional support Money exchange 

 

 

 Borgatti examines the flow assumptions of the most common centrality measures: 

o Closeness centrality: ordinarily interpreted as an index of the expected time 

until arrival of something flowing through the network.  
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 Assumptions: 

 Only works on connected graphs 

 Implies that these is a particular destination (valid paths) 

 Implies that traffic from any origin knows hot to reach any 

target 

 Appropriate for two kinds of processes: those in which things flow 

along shortest paths (e.g. package delivery process), and those in 

which things flow by parallel duplication- all paths followed 

simultaneously 

 Inappropriate for other flow processes, such as gossip, does not 

necessarily follow shortest paths 

  

o Betweenness centrality: measures the volume of traffic moving from each 

node to every other node that would pass through a given node. 

 Assumptions:  

 Indivisible traffic: seems to move or transfer from node to 

node, rather than being copied or broadcast 

 Only travels along shortest paths- rather than diffusing 

randomly 

 Appropriate for: package delivery process, characterized by indivisible 

traffic that transfers from node to node along shortest paths until it 

reaches predetermined target 

 Not appropriate: for infection, nor for information- diffuse by copying 

rather than moving, do not have targets, and do not prefer to take the 

shortest paths. Not appropriate for spread of gossip (copied, rather than 

moved, does not normally have a target) 

o Eigenvector centrality (risk or influence): The idea is that even if a node 

influences just one other node, who subsequently influences many other nodes 

(who themselves influence still more others), then the first node in that chain 

is highly influential. 

 Assumptions: traffic is able to move via unrestricted walks rather than 

being constrained by trails, paths, or geodesics. Node affects all of its 

neighbors simultaneously (parallel duplication) 

 Appropriate for: influence type processes 

o Degree centrality: defined as the number of ties incident upon a node / number 

of paths of length one that emanate from a node. Measure of immediate 

influence.  

 Appropriate for: parallel duplication flow processes, since in those 

cases the probability of receiving something randomly distributed in 

the network, will be a function of the number of ties the node has. 

Money exchange process. 

o No measures appropriate for infection and gossip processes 

 Used simulations to answer the question: What happens when we apply a measure that 

assumes a given set of flow characteristics to a flow with different characteristics? 

 Finding: off-the shelf formulas for centrality measures are fully 

applicable only for the specific flow processes they are designed for, 
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and that then they are applied to other flow processes they get the 

“wrong” answer. 

 There is a need for new measures that apply to more realistic flow 

processes 

 

 

 

 


