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Eigenvector and Katz centralities
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Eigenvector and Katz centralities
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Comparison
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Closeness centrality
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What is Closeness?
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Rationale: th
e node which is 

the easiest t
o reach, th

e one 

which is t
he best fo

r sp
reading 

information



Example
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0.1429
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C(Giulia) = 1/7 
= 0.1429
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Sarah is the 
preferred node 
for spreading 
information

count the lengths of the shortest paths 
leading to Giulia

1 + 2 + 1 + 2 + 1 = 7
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Closeness versus Degree centrality
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Closeness Degree



Harmonic centrality
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Closeness versus Harmonic centrality
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Closeness Harmonic



Betweenness centrality
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Freeman, “A set of measures of centrality based on betweenness,” 1977

https://www.jstor.org/stable/pdf/3033543.pdf

https://www.jstor.org/stable/pdf/3033543.pdf


What is Betweenness?
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Rationale: th
e node which 

takes you elsewhere

(bridge, broker)



Example
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count the # of shortest paths 
passing through Sarah

(count a fraction if more than one path)
1 + 1 + 0.5 + 0.5 + 0.5 = 3.5
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Closeness versus Betweenness centrality
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Closeness Betweenness

Betweenness is a measure of 
brokerage (i.e., being a bridge)

Closeness is a measure of center of 
gravity (best node from which to 
spread info)

Minnesota road network



Betweenness versus PageRank centrality
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Betweenness PageRank



Betweenness versus PageRank centrality
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Betweenness

PageRank



Clustering coefficient
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What is the Clustering coefficient?
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Rationale: how str
ongly 

connected is t
he network 

locally / g
eneral indication of 

the graph’s te
ndency to be 

organized into clusters



Triadic closure
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Triadic closure

q A and C are likely to have the opportunity to meet 
because they have a common friend B

q The fact that A and C is friends with B gives them the 
basis of trusting each other

q B may have the incentive to bring A and C together, 
as it may be hard for B to maintain disjoint 
relationships 

Forbidden triad
Triadic closure

(A and C are likely to be friends)



Clustering coefficient and triadic closure
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A measure for triadic closure – node’s view
q Clustering coefficient Ci

q Counts the fraction of pairs of neighbours which form 
a triadic closure with node i

Ci =

where tcijk = 1 if the triplet (i,j,k) forms a triadic closure, 
and zero otherwise



Examples
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1

2 3

4 5

C1  = 1 =  6 / (4x3/2) 

1

2 3

4 5

C1  = 0

1

2 3

4 5

C1  = ½ =  3 / (4x3/2) 

not connected 
neighbourhood

weakly connected 
neighbourhood

strongly connected 
neighbourhood

<C> = 0
<C> = 1

<C> = 0.766
C2  = C3 = ⅔, C4  = C5 = 1



Clustering coeff. versus degree
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citation network taken from arXiv’s
High Energy Physics /
Phenomenology section

when person has many
friends, these friends have
less edges among them,
which is to be expected
since a person with many
friends is likely to have
friends from more diverse
communities, and a paper
getting cited many times is
likely to be cited by papers
from more diverse areas



Wrap-up

23



Take-aways
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Centrality measure Technical property Meaning
Degree (in/out) Measures number (and 

quality) of connections

Cohesion

Entrepreneurship

PageRank 

(authorities/hubs)

Measures number (and 

quality) of direct and 

indirect connections

Cohesion

Entrepreneurship

Closeness/Similarity/Friendship 

(with a direction)

Dependence

Closeness Measures length of min 

paths

Visual centrality

Significant spreading points

Outliers

Betweenness Measures number of min 

paths

Brokerage

Structural holes

Ostracism

Clustering coeff. Measures number of  

triadic closures

Centrality in a community

Cohesion of the neighbourhood



More on the meaning…
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https://reticular.hypotheses.org/1745

https://reticular.hypotheses.org/1745


How does personality relate to centrality?
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Fang, Landis, Zhang, Anderson, Shaw, Kilduff (2015). 

Integrating personality and social networks: A meta-analysis of personality, network position, and work outcomes in organizations.
Organization Science, 26(4), 1243-1260.

https://pubsonline.informs.org/doi/full/10.1287/orsc.2015.0972

qpersonality:  big5 + self-monitoring

qnetwork:  in-degree + betweenness centrality

qperformance: job performance+ career success

https://pubsonline.informs.org/doi/full/10.1287/orsc.2015.0972


The big5 model

27

Ø Personality traits / 
dimensions

Ø An integration of personality 
research that represents the 
various personality 
descriptions in one common 
framework

Ø Individual differences in social and emotional life organized into 
a five-factor model of personality

Ø “broad abstract level and each dimension summarized a larger 
number of … personality characteristics” (Oliver & Srivastava, 1999)



The Big5 model relations
Sincerity

A personality network 
(Costantini et al, 2015)

Negative links are displayed in red

Modesty

Greed-avoidanceFairness
Fearfulness

Dependence

Anxiety

Sentimentality

Inquisitiveness

Unconventionality

Aestethic appreciation
Creativity

Organization

Perfectionism

PrudenceDiligence Patience

Flexibility

Gentleness

Forgiveness

Sociability

Social boldness

Social self-esteem

Liveliness

Honesty

Emotionality

Extraversion

Agreableness

Coscentiousness

Openness



Self-monitoring
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Instrumental network (job contacts)
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Expressive network (friends)
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Questions ?
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