
Centrality
• Degree

– how well connected; direct influence
• Closeness

– how far from all others
– how long information takes to arrive

• Betweenness
– brokerage, gatekeeping, control of info

• Eigenvector (popularity)
– being connected to the well connected
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Degree Centrality
• The number of nodes adjacent to given node

Indegree and outdegree
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Closeness Centrality

• Sum of geodesic distances to all other nodes
• Inverse measure of centrality
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Closeness
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components

Incloseness and 
outcloseness
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Betweenness Centrality
• Loosely: number of times that a node lies 

along the shortest path between two 
others
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Eigenvector Centrality
• Iterative version of degree centrality: a 

node’s centrality is proportional to the sum 
of centralities of those it has ties to

Only for 
symmetric 
data 
(undirected)



4 Aspects of Centrality

Degree

Closeness

Betweenness

Eigenvector



Centrality for directed data



FREEMAN'S DEGREE CENTRALITY MEASURES
(The normalized degree centrality is the degree divided by the maximum possible degree 
expressed as a percentage; The share is the centrality measure of the actor divided by 
the sum of all the actor centralities in the network)
Diagonal valid?               NO
Model:                        ASYMMETRIC
Input dataset:                C:\Users\ELISA 
BELLOTTI\Documents\università\MANCHESTER\workshop SNA\dati prova\directed

1            2            3            4
OutDegree InDegree NrmOutDeg NrmInDeg

------------ ------------ ------------ ------------
1  Bill         3.000        3.000 50.000       50.000
4 Linda         3.000        1.000       50.000       16.667
7 Carol         2.000        0.000       33.333        0.000
2   Bob         1.000        3.000       16.667       50.000
3  Anna         1.000        1.000 16.667       16.667
5  Matt         1.000        2.000       16.667       33.333
6 Steve         1.000        2.000       16.667       33.333

DESCRIPTIVE STATISTICS
1            2            3            4

OutDegree InDegree NrmOutDeg NrmInDeg
------------ ------------ ------------ ------------

1     Mean 1.714        1.714 28.571       28.571
2  Std Dev 0.881        1.030       14.677       17.169
3      Sum        12.000       12.000 200.000      200.000
4 Variance 0.776        1.061      215.420      294.785
5      SSQ        26.000       28.000     7222.222     7777.777
6    MCSSQ         5.429        7.429     1507.937     2063.492
7 Euc Norm 5.099        5.292       84.984       88.192
8  Minimum         1.000        0.000       16.667        0.000
9  Maximum 3.000        3.000 50.000       50.000

Network Centralization (Outdegree) = 25.000%
Network Centralization (Indegree) = 25.000%

Actor-by-centrality matrix saved as dataset FreemanDegree



CLOSENESS CENTRALITY
Input dataset:                C:\Users\ELISA BELLOTTI\Documents\università\MANCHESTER\workshop 
SNA\dati prova\directed
Method:                       Geodesic paths only (Freeman Closeness)
Output dataset:               C:\Users\ELISA BELLOTTI\Documents\università\MANCHESTER\workshop 
SNA\dati prova\Closeness
Note: Data not symmetric, therefore separate in-closeness & out-closeness computed.
The network is not connected. Technically, closeness centrality
cannot be computed, as there are infinite distances.
Closeness Centrality Measures

1            2            3            4
inFarness outFarness inCloseness outCloseness

------------ ------------ ------------ ------------
1  Bill        10.000       15.000       60.000       40.000
2   Bob        10.000       17.000       60.000       35.294
6 Steve        11.000       20.000       54.545       30.000
5  Matt        13.000       19.000       46.154       31.579
4 Linda        14.000       14.000 42.857       42.857
3  Anna        16.000       20.000       37.500       30.000
7 Carol        42.000       11.000       14.286       54.545

Statistics
1            2            3            4

inFarness outFarness inCloseness outCloseness
------------ ------------ ------------ ------------

1     Mean 16.571       16.571 45.049       37.754
2  Std Dev 10.581        3.156       14.864        8.259
3      Sum       116.000      116.000 315.342      264.276
4 Variance 111.959        9.959      220.949       68.210
5      SSQ      2706.000     1992.000    15752.451    10454.846
6    MCSSQ       783.714       69.714     1546.640      477.471
7 Euc Norm 52.019       44.632      125.509      102.249
8  Minimum        10.000       11.000       14.286       30.000
9  Maximum 42.000       20.000       60.000       54.545

Network centralization not computed for unconnected graphs
Output actor-by-centrality measure matrix saved as dataset C:\Users\ELISA 
BELLOTTI\Documents\università\MANCHESTER\workshop SNA\dati prova\Closeness



FREEMAN BETWEENNESS CENTRALITY
Input dataset:                C:\Users\ELISA 
BELLOTTI\Documents\università\MANCHESTER\workshop SNA\dati prova\directed

Important note: this routine binarizes but does NOT symmetrize.

Un-normalized centralization: 39.000

1            2
Betweenness nBetweenness

------------ ------------
1  Bill        11.000       36.667
2   Bob        11.000       36.667
4 Linda        10.000       33.333
5  Matt         4.000       13.333
3  Anna         1.500        5.000
6 Steve         0.500        1.667
7 Carol         0.000        0.000

DESCRIPTIVE STATISTICS FOR EACH MEASURE
1            2

Betweenness nBetweenness
------------ ------------

1     Mean 5.429       18.095
2  Std Dev 4.694       15.646
3      Sum        38.000      126.667
4 Variance 22.031      244.785
5      SSQ       360.500     4005.556
6    MCSSQ       154.214     1713.492
7 Euc Norm 18.987       63.289
8  Minimum         0.000        0.000
9  Maximum 11.000       36.667

Network Centralization Index = 21.67%

Output actor-by-centrality measure matrix saved as dataset FreemanBetweenness



BONACICH CENTRALITY
Method:                       Slow
Input dataset:                C:\Users\ELISA 
BELLOTTI\Documents\università\MANCHESTER\workshop SNA\dati prova\directed

WARNING: This version of the program cannot handle asymmetric data.
Matrix symmetrized by taking larger of Xij and Xji.

EIGENVALUES

FACTOR   VALUE PERCENT   CUM %   RATIO
------- ------- ------- ------- -------

1:   3.513    34.6    34.6 3.186
2:   1.102    10.8    45.4   2.360
3:   0.467     4.6    50.0
4:  -0.300    -3.0    47.0
5:  -1.233   -12.1    34.9
6:  -1.374   -13.5    21.4
7:  -2.174   -21.4     0.0

======= ======= ======= ======= =======
10.164     0.0

Bonacich Eigenvector Centralities
1         2

Eigenvec nEigenvec
--------- ---------

1  Bill      0.513    72.520
2   Bob      0.469    66.303
3  Anna      0.184    26.009
4 Linda      0.448    63.309
5  Matt      0.198    28.050
6 Steve      0.407    57.545
7 Carol      0.279    39.522

Descriptive Statistics
1         2

Eigenvec nEigenvec
--------- ---------

1     Mean 0.357    50.466
2  Std Dev 0.125    17.617
3      Sum      2.498   353.259
4 Variance 0.016   310.373
5      SSQ      1.000 20000.000
6    MCSSQ      0.109  2172.615
7 Euc Norm 1.000   141.421
8  Minimum      0.184    26.009
9  Maximum 0.513    72.520

10 N of Obs 7.000     7.000

Network centralization index = 43.48%

Centrality scores saved as dataset 
C:\Users\ELISA 
BELLOTTI\Documents\università\MANCHESTER\worksh 
op SNA\dati prova\EigenvectorCentrality
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