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Network Analysis vs Network Science
Prompt: 
What is the difference between network analysis and network science?

ChatGPT response:
• Definition: Network science is an interdisciplinary field that studies complex 

networks in a holistic manner, encompassing theory, methods, and 
applications from various disciplines.

• Focus: It aims to understand the universal principles governing the structure, 
dynamics, and function of networks across different domains.

• Methods: It incorporates techniques from physics, mathematics, computer 
science, biology, and social sciences. It includes advanced modeling, 
simulations, and empirical studies.

• Applications: Network science applies to a broader range of networks, 
including social, biological, technological, informational, and more. It seeks to 
find commonalities and differences between these types of networks.

In summary, while network analysis is a crucial part of network science, the latter 
is a broader and more integrative field that seeks to uncover general principles 
applicable to various types of networks.

https://chatgpt.com/share/34c62fb4-bab0-497b-81c4-a8c099df4909

https://chatgpt.com/share/34c62fb4-bab0-497b-81c4-a8c099df4909


John Snow
London (1854)

Cholera Outbreak



https://ij-healthgeographics.biomedcentral.com/articles/10.1186/s12942-015-0011-y/figures/2


https://ij-healthgeographics.biomedcentral.com/articles/10.1186/s12942-015-0011-y/figures/2


Epidemiology
Discussion:
How might we adapt methods from epidemiology to study the spread of ideas?
• Are ideas more contagious?
• What is the difference in time scale?
• What is the difference in reach?
• Are there more superspreader?
• How do people build up immunity?
• Difficult to collect data on opinion/belief/stance

• Diagnose someone’s condition/state as:
• S - susceptible 
• E- exposed
• I - infected 
• R - recovered



Network Topology
Relationships are represented 
by nodes connected by edges.

For example:
• On Twitter, follower - following 

relationships
• During COVID, all your family, 

friends, coworkers, people you see 
regularly

Network Dynamics
The flow of “stuff” on a network 
over time.

For example:
• On Twitter, retweeting breaking 

news on Twitter
• During COVID, contact tracing the 

people an infected person came in 
contact with



Pagerank is network topology algorithm

How Does the PageRank Algorithm Work, Exactly?

https://www.linkedin.com/pulse/how-does-pagerank-algorithm-work-exactly-jay-laramore/


Discussion:
How could we use Pagerank to uncover superspreaders 
in social media?
• What is the unit of analysis (aka node)?
• What is the relationship or interaction (aka link)?
• What is the time scale?

Difference between web links and social media



How Social Media Facilitates the 
Spread of Misinformation

Python code for agent-based model simulation:
https://colab.research.google.com/drive/1l31OXHH6sMWXDDd98uOdeu-xf6tL2b2q#scrollTo=9r5JRWgrztNe

https://colab.research.google.com/drive/1l31OXHH6sMWXDDd98uOdeu-xf6tL2b2q#scrollTo=9r5JRWgrztNe


FDR's Joint Address to Congress Leading to a 
Declaration of War Against Japan (1941)

On December 8, 1941 Roosevelt 
addressed a joint session of Congress 
and, via radio, the nation.

Two-step Flow of Communication Model, by Lazarsfeld and Katz (1955)

https://en.wikipedia.org/wiki/Two-step_flow_of_communication
https://en.wikipedia.org/wiki/Two-step_flow_of_communication


Generating synthetic networks using NetworkX

Python code: 
Generating Network Graphs

https://colab.research.google.com/drive/13-_MjnSBIM7P0I01WORMnKXEOFYHu2vx


Agent based modeling using NetworkX

Python code: 
agent-based model simulation of 
epidemiological spread of information on 
different network models

https://colab.research.google.com/drive/1l31OXHH6sMWXDDd98uOdeu-xf6tL2b2q#scrollTo=9r5JRWgrztNe
https://colab.research.google.com/drive/1l31OXHH6sMWXDDd98uOdeu-xf6tL2b2q#scrollTo=9r5JRWgrztNe
https://colab.research.google.com/drive/1l31OXHH6sMWXDDd98uOdeu-xf6tL2b2q#scrollTo=9r5JRWgrztNe


Broadcast with 2-step flow of communication

https://en.wikipedia.org/wiki/Two-step_flow_of_communication




















Small World Networks

What happens after the new has been broadcasted?

How does the news information diffusion through communities?



Small World Network 

“Networks are said to have a 
Small World property if any two 
nodes are connected by a short 
number of hops, typically less 
than six. This means it is possible 
to cross the network very quickly.”
– Future Learn

https://www.futurelearn.com/info/courses/social-media/0/steps/16046#:%7E:text=A%20Scale%20Free%20Network%20is,a%20huge%20number%20of%20connections.


















Turns out, one guy had the Twitter scoop on bin 
Laden's death, and it wasn't the guy who liveblogged 
the raid.

@keithurbahn aka Keith Urbahn, Chief of Staff at the 
office of Donald Rumsfeld, who a week ago had a little 
over 1,000 followers (which is respectable, but by no 
means a guaranteed viral indicator) set off a cascading 
domino effect with one tweet: "So I'm told by a 
reputable person they have killed Osama Bin Laden. 
Hot damn."

The Osama bin Laden Twitter explosion -- illustrated

Scale Free Networks
Stelter (aka @brianstelter) was the next big 
pinpoint of the Twitter effect. With 50,000 
followers (now almost 56,000), Stelter "engaged 
his audience and yielded hundreds of retweets, 
furthering the spread of this message," which 
you can see in the visualization below.

https://www.nbcnews.com/tech/tech-news/osama-bin-laden-twitter-explosion-illustrated-flna123410


Scale Free Network
“A Scale Free Network is one in 
which the distribution of links to 
nodes follows a power law. The 
power law means that the vast 
majority of nodes have very few 
connections, while a few 
important nodes (we call them 
Hubs) have a huge number of 
connections.”
– Future Learn

https://www.futurelearn.com/info/courses/social-media/0/steps/16046#:%7E:text=A%20Scale%20Free%20Network%20is,a%20huge%20number%20of%20connections.
















Information Diffusion Dynamics

Small world graphStar graph Scale free graph





Social Media Peer to Peer Branching Diffusion

Broadcast diffusion
• Star graph in a 2-step flow 

diffusion process
• News spreads through 

clusters of social groups in a 
small-world network

Social media diffusion
• Scale-free graph with multiples hubs
• Super-spreaders push rapid, 

widespread transmission
• Scale-free network structure and 

dynamics make it difficult to contain  
rapid spread of ideas, beliefs, and 
collective action



Superspreaders’ effect on epidemic threshold



Preventing an outbreak is tough in Scale Free Networks!

Slide by Dr. Cecilia Mascolo 
Social and Technological 
Network Analysis 

https://www.cl.cam.ac.uk/teaching/1213/L109/stna-lecture8.pdf
https://www.cl.cam.ac.uk/teaching/1213/L109/stna-lecture8.pdf
https://www.cl.cam.ac.uk/teaching/1213/L109/stna-lecture8.pdf


“Influentials, by definition, are relatively rare—here 
they constitute just 10% of the population—thus they 
are necessarily more difficult to locate than average 
individuals and possibly more difficult to mobilize also”

https://www.jstor.org/stable/10.1086/518527


Superspreaders and Micro-influencers

We find that although under some circumstances, the most influential 
users are also the most cost-effective, under a wide range of plausible 
assumptions the most cost-effective performance can be realized using 
"ordinary influencers"---individuals who exert average or even less-than-
average influence.

https://dl.acm.org/doi/10.1145/1935826.1935845


Immunization strategy intervention

Network Science textbook 
by Albert-László Barabási

https://networksciencebook.com/chapter/10#immunization
https://networksciencebook.com/


- Information is continuously diffusing over the network

- We don’t have much visibility into the network topology 
(only the internal staff has access to the full graph; they 
don’t track/moderate all the content)

- We can collect data on small communities that form 
around specific topics to reconstruct network dynamics 
by monitoring how influencers emerge and spread ideas 
over time

Network Analysis to Discover Emerging Influencers & Superspreaders



Hands-on Exercise 

Anti-vaccine tweets 
network analysis
Please download data files here:

https://tinyurl.com/trustcondatafiles

https://tinyurl.com/trustcondatafiles


Search 
keywords
used to filter 
for antivax 
tweets

Can be 
expanded  
iteratively

https://public.flourish.studio/visualisation/18813066/


Snowball sampling – Collect tweets over 4 time periods

Generation 1 (Sept 2021 – Jan 2022)
https://x.com/i/lists/1333771036274331654

Generation 2  (Jan 2022 – March 2022)
https://x.com/i/lists/1507739466647146498

Generation 3 (March 2022 – April 2022)
https://x.com/i/lists/1511377412411506688

Generation 4 (April 2022 – May 2022)
https://x.com/i/lists/1513731136958210049

List of all Twitter Users in a Google Sheet

https://x.com/i/lists/1333771036274331654
https://x.com/i/lists/1507739466647146498
https://x.com/i/lists/1511377412411506688
https://x.com/i/lists/1513731136958210049
https://docs.google.com/spreadsheets/d/1rEPZff5nzzUZLieKedpnpcsVOSN55lWQNv8MHP088Ak/edit?gid=2144402632#gid=2144402632


Generation 1: Seeded with 30 anti-vax 
accounts compiled by public health experts 
from Harvard Global Health Institute

https://twitter.com/i/lists/1333771036274331654/members

https://docs.google.com/spreadsheets/d/11UxygGZ-2EYRGExgYCQeZwkd8MVxkTjbXHN5xXZzI18/edit?gid=0#gid=0
https://twitter.com/i/lists/1333771036274331654/members


Generation 2: add 76 Twitter users who 
are retweeted frequently by generation 1



https://public.flourish.studio/visualisation/9620477

Generation 3: 
add 38 accounts

Generation 4: 
add 11 accounts

https://public.flourish.studio/visualisation/9620477/


Who are anti-vaccine 
influencers?



Retweet by
 Not Your Mom

Retweet by 
Dr Clare Craig

https://twitter.com/Notyour28981739/status/1481311448395653135
https://twitter.com/ClareCraigPath/status/1466051055515574273




https://tinyurl.com/findingsuperspreaders

https://tinyurl.com/findingsuperspreaders


https://x.com/i/lists/1333771036274331654
https://x.com/i/lists/1507739466647146498
https://x.com/i/lists/1511377412411506688
https://x.com/i/lists/1513731136958210049
https://docs.google.com/spreadsheets/d/1rEPZff5nzzUZLieKedpnpcsVOSN55lWQNv8MHP088Ak/edit?gid=2144402632#gid=2144402632


https://tinyurl.com/rankingsuperspreaders

https://tinyurl.com/rankingsuperspreaders


Network Visualization

https://public.flourish.studio/visualisation/18812792/
https://public.flourish.studio/visualisation/18812792/


Network Visualization with Twitter profile icons 

https://public.flourish.studio/visualisation/9588481/
https://public.flourish.studio/visualisation/9588481/


Discussion
Brainstorm interventions for misinformation social media

• Remove super-spreaders (deplatforming)

• Cut links between nodes

• Identify and isolate coordinated inauthentic disinformation campaigns

• Quarantine clusters of malicious actors 

• Slow down the speed and spread of strong emotions and sensational outbursts

• Decrease demand for motivated reason and confirmation bias

• Decrease affective polarization (otherizing and demonizing outgroups)

• Incentivize constructive civic discourse and deliberation

• Prosocial bridging algorithms amplifying trusted voices/messengers

• Many, many other strategies and approaches—but will we run the experiment and ship features???

• Virulence of narrative variants (memes) drive by algorithmic feedback loop

• Determinants of people’s susceptibility – radicalization pathway



Summary 
■ It is difficult to investigate how misinformation spreading on social 

media using the real-world data due to lack of access to high 
volume, high velocity data

a. Select an appropriate time scale for data collection
■ Learn how to do network analysis and epidemiological modeling to 

track down and “contact trace” superspreaders
■ Use an iterative method for finding and ranking influencers

a. Start with a seed list of influencers and snowball sample to 
iteratively grow the visible network based on retweet frequency

b. Rank superspreaders by node centrality (Python)
• Degree centrality
• Betweenness centrality

c. Visualize the relationships between influencers (Flourish)
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