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Centrality

Wednesday Morning

Centrality is a measure of how network structure and position contributes to a node’s
importance. However, there are multiple measures of centrality that capture different forms of
importance such as power, influence, popularity, risk, etc. In this session we will discuss how
we can identify central nodes.

Objectives:
After this section, you should be able to:

e Describe at least four different types of Centrality and the implications of each measure
e Use UCINET to calculate different measures of Centrality

® Use NetDraw to calculate and visualize different measures of Centrality
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The Drive towards Unionization:
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RELATIONS MATTER!
Friendship‘Network

T~ Pat

Circle = member of
potential bargaining unit
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Centrality

A measure of how network structure and
position contributes to a node’s
importance

Value associated with every node

Many different measures which capture
different aspects

Can be characterized by the nature of the
flow
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Centrality
* Degree
— how well connected; direct influence
» Closeness

— how far from all others
—how long information takes to arrive
» Eigenvector

— being connected to the well connected (a
popularity & power measure)

e Betweenness
— brokerage, gatekeeping, control of info
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Degree Centrality 4

« Index of exposure to what is flowing
through the network
—Gossip network: central actor more likely to

hear a given bit of gossip

* Interpreted as opportunity to influence &
be influenced directly

» Predicts variety of outcomes from virus
resistance to power & leadership to job
satisfaction to knowledge
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DEGREE: The
number of nodes
adjacent to a given
node
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Closeness Centrality = .

first

« Is an inverse measure of centrality

» The extent to which a node is close (or
“far”) from all other nodes

* Index of expected time until arrival for
given node of whatever is flowing through
the network
—Gossip network: central player hears things
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The extent to which a
node is close from all
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Closeness Centrality

Sum of distances to all other nodes

11wl w2 w3 W4 W5 W6 W7 W8 W9 S1 S4 Sum
11 0 1 1 1 1 2 4 3 4 4 2 4 27
w1 1 0 1 1 1 1 3 2 3 3 1 3 20
W2 1 1 0 1 1 2 4 3 4 4 1 4 26
w3 1 1 1 0 1 1 3 2 3 3 1 3 20
w4 1 1 1 1 0 1 3 2 3 3 1 3 20
W5 2 1 2 1 1 0 2 1 2 2 1 2 17
Wé 4 3 4 3 3 2 0 1 1 1 3 2 27
w7 3 2 3 2 2 1 1 0 1 1 2 1 19
ws 4 3 4 3 3 2 1 1 0 1 3 1 26
w9 4 3 4 3 3 2 1 1 1 0 3 1 26
S1 2 1 1 1 1 1 3 2 3 3 0 3 21
s4 4 3 4 3 3 2 2 1 1 1 3 0 27
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Eigenvector Centrality - | . *

Node has high score if connected to many
nodes that are themselves well connected

Indicator of popularity,
—"in the thick of things”

» Like degree, is index of exposure, risk

Tends to identify centers of large cliques
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Eigenvector: The
extent to which a
given node is
connected to other
well-connected nodes
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NOTE: Node with highest
eigenvector centrality is not always
node with highest degree centrality

Highest
eigenvector
centrality

\ Highest
. degree

centrality
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4

Betweenness Centrality

» How often a node lies along the shortest patn
between two other nodes
— Computed as: b, = ‘Zg'*

where g; is number of geodesic paths from i to j and
gy Is number of those paths that pass through k
* Index of potential for gatekeeping, brokering,
controlling the flow, and also of liaising
otherwise separate parts of the network
* Interpreted as indicating power and access to
diversity of what flows; potential for synthesizing
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Betweenness: The extent to
which a node lies along the
shortest path between every
other pair of nodes

Betweenness
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ANOTHER NETWORK Eigenvector
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Data Types: Centrality

Disconnected or | Binary or Valued Directed or
Connected Undirected
Degree Both Both Both
Closeness Strongly Binary Both
Connected
Betweenness Both Binary Both
(see Brandes, 2001
for discussion of
Valued)
Eigenvector Connected Both Undirected*
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Advanced Topics of Centrality
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Key Players

* Who are the key _
playersina a
network?
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The Key Player Problem

» Network Disruption problem

—How to maximally disrupt the functioning of a
network by intervening with the key playerss
e.g., removing them

Network Influence problem

— How to maximally spread ideas,
misinformation, materials, diseases, etc. by
seeding key players
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Applications

DISRUPTION

* Who to immunize or
quarantine in order to slow
the spread of infectious
disease?

INFLUENCE

» Selecting peer advocates f
diffusing safe practices

* Who to “turn” or feed false

* Who to arrest to disrupt information to?

criminal network?

» Select subset of employee

* Where is an organization for intervention prior to

must vulnerable to
turnover?
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The Naive Approach

» Use UCINET to identify nodes that should
be influenced

1. Calculate degree centrality
2. Identify top set of actors with highest degree
centrality and use them to influence others
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But this fails for multiple
reasons

1. The DESIGN Issue

* Centrality measures not specifically designed for our specific
problems, so are sub-optimal

2. The ENSEMBLE issue
« Centrality measures are node-level, not group-level concepts
* The optimal SET of players is not the same as the set of
players that are INDIVIDUALLY optimal

« Whatif the people with the top two measures of degree
centrality know ALL of the same people. What good will it do to
influence BOTH of these individuals?
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Who should be selected for training/intervention?
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Who are the KEY PLAYERS?

+ A major change initiative is planned. Which 'small set of actors can
be selected for intensive training/inierventiogaand then diffuse the
new attitudes & knowledge to others?
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Centrality Lab

For this lab we will use 3 datasets:

WIRING:
This is a stacked dataset that includes many different files. We will be working with RDGAM.
This is a dichotomous adjacency matrix of 14 employees of the bank wiring room of Western
Electric. Ties are symmetric and represent participation in games during work breaks.

PRISON:
This is a dichotomous adjacency matrix of 67 prisoners. Ties are directed and represent each ego’s
friends. Each was free to choose as few or as many "friends" as he desired.

DRUGNET:
This is a dichotomous adjacency matrix of drug users in Hartford. Ties are directed and represent
the lending of drug needles. We will also work with the attribute file DRUGATTR.

EXERCISES:

1) Centrality using UCINET and NetDraw with RDGAM
If you have not done so already use UCINET to unpack WIRING

a) Open RDGAM in Netdraw to familiarize yourself with the data
In UCINET calculate the following measures of cohesion using
Network | Centrality

Degree
Betweeness
Closeness
Eigenvector

b) Using your Netdraw visualization, compare your calculations of various Centrality
measures

C) Now run Centrality multiple measures in UCINET using Network | Centrality | Multiple
measures

d) Compare the profile of W1 with W5 across all measures. Note that W1 is stronger in

eigenvector while W5 is stronger on betweenness. Interpret this result

e) Compare W5 with W7. They have same degree yet differ on eigenvector centrality. Why
is W7 so much weaker on eigenvector centrality?

f) Remove isolates using Data | Remove Isolates on RDGAM and recalculate centrality
measures
9) Compare the results for closeness centrality (especially the descriptive statistics) with

those from the previous run.
2) Directed Centrality using UCINET with PRISON

a) Open PRISON in NetDraw to familiarize yourself with the data
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b) Using UCINET calculate Centrality measures (first, using individual measures, and next
using the “multiple measures” option) and compare the results. What is the program doing?

c¢) Identify which individuals have the most friends in this dataset
3) Directed Centrality using NetDraw with PRISON

a) Open PRISON in NetDraw

b) Using NetDraw calculate Centrality measures under Analysis | Centrality

c) Resize the nodes based on various Centrality measures

d) Identify which individuals list the most number of friends

e) Identify which individuals are listed as friends by the most number of others
4) Directed Centrality using UCINET with DRUGNET

a) Open DRUGNET in NetDraw to familiarize yourself with the data

b) Using UCINET identify which individuals are at highest risk of contracting a disease based
on their needle sharing habits

c) In NetDraw, open DRUGATTR by clicking on the folder with the A
d) Calculate Centrality measures in NetDraw (remember that this is directed data)

e) Using NetDraw color the nodes based on different attributes and size the nodes based on
different Centrality measures. Do you see any pattern?
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