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Preliminary business

- TA 

- Material 

- Tutorials 

- Slack 

- Github



What is ‘centrality’?
- Being central in a network is a central concept in networks research… 

- Why could ‘being central’ be important… 

- In your friendship network? 

- At work/uni? 

- In your empirical domain of interest?



Centrality questions
- Does a node have access to lots of resources? 

- Does a node have access to different resources? 

- Does a node connect different parts of the network? 

- Does a node control the interaction between other nodes? 

- Would the failure of a node cause the system to collapse? 

- Is a node considered popular by others? 

- Which nodes’ esteem matters?





Recap: handshaking lemma



Degree centrality
- Question: how many ties does a node have? 

- Theory: about e.g. activity, popularity, attention 

- Method: degree, outdegree, and indegree

cD+(i) = ∑
j∈V

xij cD−(i) = ∑
j∈V

xjicD(i) = ∑
j∈V

xij

See also strength and weighted centrality extensions, e.g. Opsahl et al. 2010



Do you have +/- friends than your friends?



8 people, 10 ties = 20 friends
First number is degree 

Average degree:  
20/8 = 2.5

Second number is  
average friends’ degree 
23.92/8 = 2.99

Do you have +/- friends than your friends?
- Option 1: data collection 

- Go on Facebook, count how many “friends” you 
have 

- Click on every one of those “friends” and see how 
many “friends” they have on average 

- Get a late dinner… 

Option 2: graph theory 
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See Feld (1991) “Why your friends have more friends than you do” 
American Journal of Sociology 96(6): 1464-1477.

That is, you are unlikely to be most popular (1/n) 
but likely to be connected to most popular (d*/n)



Similar situations

- Class paradox: larger class than average 

- Mothers paradox: more children than average 

- Lovers paradox: more lovers than you 

- Disease paradox: friends get flu first

https://www.psychologytoday.com/intl/blog/the-scientific-fundamentalist/200911/why-your-friends-have-more-friends-you-do


Lesson #1
- Networks can fool people: just like how the earth 

seems flat because we’re on it, people may get 
incorrect ideas about society because they’re in it



Tasks

- EASY: Can you think of a network in which nobody has fewer friends than their friends? 

- MEDIUM: Can you think of a network in which almost everybody has fewer friends than 
their friends? 

- HARD: Can you think of a network where most have more friends than their friends?



Special terms

- Isolate: node with degree = 0 

- Leaf or pendant: node with degree = 1 

- Pendant tie: tie adjacent to node with degree = 1 

- Dominating: node with degree = n-1 

- Star graph: network where n-1 ties adjacent to single node



See Pitts (1978) “The medieval river trade network of Russia” 
Social Networks 1: 285—292.





Betweenness centrality
- AKA medial centrality 

- Question: how many shortest paths go through the 
node? 

- Theory: about e.g. brokering, transmission, 
contagion, innovation 

- Method:  

- Naïve calculation complex

cB(i) = ∑
i,j,k∈N

σjk|i

σjk

See also weighted and percolation centrality extensions, e.g. Piraveenan et al. 2013



Dunbar’s number



How many people do we need to 
be close to to be happy?

- Dunbar’s number (150) can be more 
differentiated: 

- 3-5 closest BFFs 

- 9-15 friends and family who are 
your go-to comrades 

- 30-45 allies and colleagues 

- 90-135 wider acquaintancesExchange

Participation

Friendship

Intimacy



Closeness centrality
- AKA radial centrality 

- Question: how short are the distances to all other 
nodes? 

- Theory: about capacity to e.g. communicate, diffuse, 
draw on all networked resources 

- Method: normalised inverse of the sum over all dyadic 
distances, d(i,j), i.e. the farness

cC(i) =
N − 1

∑j∈V d(i, j)

Bavelas (1950). See also harmonic centrality (Marchiori and Latora 2000),  
information centrality (Stephenson and Zelen 1989) and reach centrality extensions



Eigenvector centrality
- AKA feedback centrality 

- Question: how connected is the node to important (central) neighbours 

- Theory: about e.g. power, influence, support 

- Method: leading eigenvector of sociomatrix 

- With  being an eigenvalue of the adjacency matrix and N(i) 
the neighbour nodes of i 

- In undirected networks,  with  equals the degree centrality 
(stationary distribution of a random walk) 

- Perron-Frobenius theorem: non-negative irreducible matrices have 
leading eigenvalues, leading eigenvectors, and symmetric eigenvalues

δ = 1/α

cE(i) α = 1

cE(i) =
1
λ ∑

j∈N(i)

ai,jxi

Remarkably old method: Landau 1895, Leontief 1941, Seeley 1949. 
See also Bonacich power and alpha centrality,  

HITS (Hubs and Authorities), PageRank (Brin and Page 1998) and Katz centrality extensions

https://link.springer.com/chapter/10.1007/978-1-4615-4819-5_23


How the sausage is made



?
?

?

?

Test your memory







Which centrality should I use?

Option 1: Just try all and see?  

Option 2: Create index of all?  

NO, option 3: derive centrality measure based on 
theoretical assumptions (see also Zweig 2016) 

Depends on research question and meaning of 
the edges: 

Support? 

Flow? 

Power? 

Access?

Which centrality measure is appropriate?

⌅ It depends on the research questions
⌅ What is the meaning of the edges?

⌅ Flow
⌅ Resource access
⌅ Support
⌅ Power attribution

⌅ Derive a centrality measure based on theoretical assumptions
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How should I use centrality?
- Ultimately ordinal, not interval, scale: there is no “unit of centrality” 

- Makes comparing across measures difficult 

- Makes comparing across networks difficult (even with normalisation) 

- To identify nodes with the most (usually) or least central positions 

- Inequality of centrality thought to correlate with some other inequality among nodes 

- But you can also use differences in centrality to characterise the overall centralization of 
the network…



Lesson #2: 
Choose centrality 

carefully





Centralisation
Question: how central is a network’s most central node compared to all others? 

Theory: about inequality, coordination, efficiency 

Method: every centrality measure has its own centralisation measure:

max
N

∑
i=1

Cx(p*) − Cx(pi)

1. obtain largest centrality 
2. calculate sum of differences between each node and all 

other nodes 
3. take the maximum of this 
4. divide by theoretically largest such sum of differences 

in any network of the same size 



Degree Distributions

Jennings 1932

https://www.jstor.org/stable/2785262





