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2-min Quiz, on Canvas
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How do scale-free networks emerge?
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What does “scale-free” actually mean?
Moments in statistics: Quantitative measures that describe the shape of a distribution
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What does “scale-free” actually mean?
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What does “scale-free” actually mean?

For n=3 (i.e., skew), when power-law exponent is 2<γ<3, the network’s skew infinitely increases with 
the size of the network
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Simple Model Explaining Scale-Free Property
“Preferential attachment” model by Barabasi and Reka Albert
Two assumptions:

- The network infinitely grows, one node added at a time
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Simple Model Explaining Scale-Free Property
“Preferential attachment” model by Barabasi and Reka Albert
Two assumptions:

- The network infinitely grows, one node added at a time
- A new node is more likely to link to high degree nodes

- Rich get richer, “Matthew effect”, Zipf’s law…
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Simple Model Explaining Scale-Free Property

https://ccl.northwestern.edu/netlogo/models/PreferentialAttachmentSimple

https://ccl.northwestern.edu/netlogo/models/PreferentialAttachmentSimple


Degree Distribution and Inequality
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What does γ tell us about inequality?
A social network that is scale-free implies significant social inequality 

- few hubs monopolize the edges in a network
- Vast majority of nodes, have degree smaller than <k>

Q: From a social justice point of view, which network is closer to an egalitarian, 
equitable social network: high γ or low γ?

Q: Is it the extremely high frequency of low-degree nodes or the extremely high 
degree of the few hubs that determine inequality?
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What does γ tell us about inequality?
Which network is the most unequal?
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Degree Distribution and Social Inequality
In a social network, large degree indicates influence and power

- Degree centrality

The distribution of node degree reflects inequality in power and influence

Q: Based on your experience, how extreme is the skew in power and influence?
Q: Does your perception match with the power-law degree distribution?
Q: Is the distribution of power and influence “scale-free”?
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Recall, for n=3 (i.e., skew), when power-law exponent is 2<γ<3, the network’s skew infinitely 
increases with the size of the network

This is not realistic for social networks



Rarity of scale-free social networks
How common are scale-free networks?: Sample of 928 networks
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https://www.nature.com/articles/s41467-019-08746-5#Fig3


Rarity of scale-free social networks
How common are scale-free networks?: Sample of 928 networks
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Criterion for judging “scale-freeness”
- Super-Weak: For at least 50% of graphs, no 

alternative distribution is favored over the power law.
- Weakest: For at least 50% of graphs, a power-law 

distribution cannot be rejected (p ≥ 0.1).
- Weak: Requirements of Weakest, and the power-law 

region contains at least 50 nodes (ntail ≥ 50).
- Strong: Requirements of Weak and Super-Weak, and  

for at least 50% of graphs.
- Strongest: Requirements of Strong for at least 90% 

of graphs, and requirements of Super-Weak for at 
least 95% of graphs.

https://www.nature.com/articles/s41467-019-08746-5#Fig3


Rarity of scale-free social networks
Most social networks are not scale-free
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Broido and Clauset 2019

https://www.nature.com/articles/s41467-019-08746-5#Fig3


Why are many social networks not scale-free?
Maintaining a large network is cognitively costly!

- Dunbar’s number: A species group size correlates with brain size
- Human groups have been about 120 people

17Robin Dunbar

https://www.nature.com/articles/s41467-019-08746-5#Fig3


Why are many social networks not scale-free?
Status distinction in social groups

- Status homophily (Remember degree assortativity?)
- Avoidance of status contamination 

18



Why are many social networks not scale-free?

Individual level: Low degree nodes have incentive to 
avoid humiliation / reminder of lower status 

Collective level: Trying to connect to the highest degree 
node is not always optimal due to competition (“Adam 
Smith was wrong”)
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Other Mechanisms of Network Inequality
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Homophily and Intergroup Inequality
A society with high homophily:

- Beneficial practices / technology diffuse quickly in the already advantaged 
group, but slowly in the disadvantaged group, leading to intergroup inequality 
(e.g., internet adoption)
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Dimaggio and Garip, 2011



Summary

Mechanism of scale-free networks

Social networks often do not follow 
power-law degree distributions

Scale-free networks → network 
inequality

Cost and social dynamics matter 
for the degree distribution (i.e., 
social inequality)
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