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Understanding and Solving Societal 
Problems with Modeling and 
Simulation 
Lecture 3: Diffusion of diseases and gossip in social networks 

Dr. Michael Mäs 
 

Aims of this lecture 

§  Understand notion of information cascades 

§  Understand conditions of diffusion cascades in networks 

§  Understand effects of network structure on diffusion 
processes 

§  Practicing NetLogo 
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Information Cascades 
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•  There are two urns. Each contains three marbles. There are two red 
and one blue marble in urn A. There are two blue and one red marble 
in urn B. One of the two urns is selected, but nobody knows which. 

The experiment 

•  Next, a student draws a marble from the selected urn, looks at the 
color and places it back in the urn without showing the marble to the 
others. Then, the student guesses which of the two urns was 
selected. 

•  Then the next student ...  
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•  It is possible that student 3 guesses A or B independent of the marble 
that he picked. The fourth student will do the same … . This is a so 
called information cascade 

•  The outcome can be suboptimal (wrong guess). There is a 1/3 chance 
that student 1 makes the wrong guess and a 1/3 chance that also 
student 2 makes the same wrong guess. 1/3 × 1/3 = 1/9 

Observation 
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•  Assume that there are two events, A and B, and the joint event  

To prove the emergence of information 
cascades, we need Bayes’ rule 

A!B

A!B BA

•  In the experiment, we wanted to know the probability that urn A (A) 
was selected given that e.g. the first student drew a red marble (B) 

•  We call such probabilities “conditional probability of A given B”, P[A|B] 

•  In other words, we want to know the probability that            is true given 
that we have observed B.  

•  This probability corresponds to the fraction of B that is occupied by 

A!B

A!B

Pr[A | B]= Pr[A!B]
Pr[B]

Pr[B | A]= Pr[A!B]
Pr[A]

•  This can be rewritten as 

Pr[A | B]= Pr[A!B]
Pr[B]

Pr[A | B]= Pr[A!B]
Pr[B]

Pr[A | B]!Pr[B]= Pr[A!B]= Pr[B | A]!Pr[A]

Pr[A | B]= Pr[B | A]!Pr[A]
Pr[B]

•  This equation is called Bayes’ rule 
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•  Assume that John took an HIV test in a club where 95 percent of the 
costumers are HIV negative and 5 percent are positive 

•  The HIV test is accurate in 95 percent of the cases. 

•  Assume that John’s test was positive. What is the probability that John is 
HIV positive?  

•  Let P denote a positive status and N a negative status. We are looking 
for:   Pr[John=P|test =P] 

Example Bayes’ rule 

Pr[John = P | test = P]= Pr[John = P]!Pr[test = P | John = P]
Pr[test = P]

Probability that John is positive = 0.05 Probability that a positive test is correct = 0.95 

Probability that the test is positive (happens 
when John is positive and the test is correct 
or when John is negative and the test is 
wrong) 

Pr[test=P] =   Pr[John=P] × Pr[test=P|John=P] 
                    +Pr[John=N] × Pr[test=P|John=N] 

   = 0.05 × 0.95 + 0.95 × 0.95 = 0.095 

=
0.05!0.95
0.095

= 0.5

•  This is what every student knows: 

Back to the experiment 

Pr[urnB]= Pr[urnA]= 1
2

Pr[blue | urnB]= Pr[red | urnA]= 2
3

•  Student 1: assume he drew a blue marble 

Pr[urnB | blue]= Pr[urnB]!Pr[blue | urnB]
Pr[blue]

Pr[blue]= Pr[urnB]!Pr[blue | urnB]

+Pr[urnA]!Pr[blue | urnA]= 1
2
!
2
3
+
1
2
!
1
3
=
1
2

Pr[urnB | blue]=

1
2
!
2
3

1
2

=
2
3

•  This is greater than 0.5. Thus, student 1 will guess that urn B was 
selected (if he drew a blue marble) 
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•  Student 3: assume 1 and 2 drew blue and 3 drew red 

Pr[urnB | blue, blue, red]= Pr[urnB]!Pr[blue, blue, red | urnB]
Pr[blue, blue, red]

Pr[blue, blue, red | urnB]= 2
3
!
2
3
!
1
3
=
4
27

Pr[blue, blue, red] = Pr[urnB]!Pr[blue, blue, red | urnB]
+Pr[urnA]!Pr[blue, blue, red | urnA]

=
1
2
!
2
3
!
2
3
!
1
3
+
1
2
!
1
3
!
1
3
!
2
3
=
1
9

Pr[urnB | blue, blue, red]=

4
27
!
1
2

1
9

=
2
3

•  This is greater than 0.5. Thus, student 3 will also guess that urn B was 
selected, even though he drew a red marble 

•  Let us think about the Nth student. There are three possible cases: 

And the problem is even worse 

•  number of A guesses = number of B guesses: student N is the tie-
breaker and follow his own signal 

•  abs(number of A guesses - number of B guesses) = 1: student N is 
indifferent and is assumed to follow is own signal 

•  abs(number of A guesses - number of B guesses) > 1: student N will 
follow the majority 

 Plus, all students N+x (x>0) will also follow the majority 

•  Thus, once number of A and B guesses differs by more than 1, a 
cascade takes over 
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Cascade starts below this line 

Cascade starts above this line 

•  The interval (between -1 and +1) is very narrow 

•  As the number of students goes to infinity, the chance to be within the 
interval goes to zero. There will, thus, always be a cascade! 

Discuss with your neighbor 
 
 
The model of information cascades 
has interesting implications. Do you 
think that this model can also be used 
to understand the diffusion of other  
things, such as the fax machine, or 
gossip? What aspects might be 
missing? 
 
 
You have 3 minutes.  
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Cascades in networks 

15 

•  Assume that individuals have two options A (e.g. PC) and B (e.g. Mac) 

•  If an individual and a friend both choose A, they receive a payoff of a 

•  If an individual and a friend both choose B, they receive a payoff of b 

•  p denotes the fraction of one’s neighbors who choose A. d is the 
number of friends the actor has 

•  A rational individual will choose A if: 

Coordination in networks 

pda ! (1" p)db

p > b
a+ b

or 
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•  Assume the following network, a=3, and b=2 

•  At the outset, only 1 and 4 choose A, the rest chooses B 

What does this imply for networks? 

1 4 

5 6 

2 3 

•  After only two steps the whole network chooses A. This is also called a 
cascade 

•  This shift is possible even though a minority adopted A at the outset  

p > b
a+ b

>
2
5

But this does not always happen 

2 6 7 8 

1 4 5 

3 9 10 14 

11 12 13 17 

15 16 

•  Assume the following network, a=3, and b=2 

•  At the outset, only 7 and 8 choose A, the rest chooses B 

•  The cascade stopped after three steps 
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Clusters are obstacles to cascades 

2 6 7 8 

1 4 5 

3 9 10 14 

11 12 13 17 

15 16 

Definition:  A cluster of density p is a set of nodes such that each node in 
the set has at least a fraction of p of his neighbors in the set. 
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Both clusters have a 
density of 2/3. 

 

Consider a set of initial adopters of A. The threshold of adopting A is q. If 
the remaining network contains a cluster of density greater than 1-q, 
then the set of initial adopters will never cause a complete cascade.  

Example: 

Threshold is 2/5 (see above) 

Cluster density is 2/3 

2/5 >1/3 èno complete cascade 

e.g. 11 will never adopt A, 
because 11 switches to A only 
when 2/5 of his neighbors have 
adopted A. But  2/3 of his 
neighbors are in the cluster and 
have not adopted. The same is 
true for all remaining members 
of the cluster.  
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Consider a set of initial adopters of A. The threshold of adopting A is q. 
Whenever a set of initial adopters does not cause a complete cascade 
with threshold q, the remaining network must contain a cluster of 
density greater than 1-q. 

That is, whenever there is no complete cascade with a threshold of 
q, there must be a cluster of density greater than 1-q. 

 

Let S denote a set of nodes using B (at the end of the process). Let 
x be any node in this set. x does not switch to A, only when less 
than q of his neighbors use A. Thus the fraction of B users in his 
neighborhood is greater than 1-q. Since this holds for all nodes in 
S, it follows that the density of S is at least 1-q.  

 

 

Effects of network structure on diffusion 
processes 

22 
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-  Classical study by Coleman, Katz and Menzel (1957) 

-  Population of physicians in four towns (N=125; 85%) 

-  A new drug was introduced and after 15 months almost all 
doctors had used it   

-  Question: What are the processes that lead to the 
spreading (diffusion) of the drug?   

-  Data from structured interviews:    

-  Three networks (advice, discuss, friendship)  
 respondents named three colleagues   

-  From prescription records:    

-  Some individual characteristics   

-  Month of first prescription of the new drug   

“The Diffusion of Innovation among Physicians” 

Personality effect Network effect 

“integrated doctors ‘pull away’ from 
their isolated colleagues, while the 
doctors differing in some individual 
attribute simply maintain their 
intrinsically different receptivity” 
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-  Constant difference between profession-oriented and 
patient-oriented doctors due to personal differences 
between groups   

-  accelerating difference between integrated and isolated 
doctors suggests a kind of snowball effect 

-  Only small differences in receptivity between groups but 
integrated doctors are more likely infected by their 
contacts and then likely infect others that are well 
integrated 

-  In networks, effects are often amplified.  

-  Think of the spread of information, a rumor, a virus, an 
opinion …   
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How does the structure of the network affect the 
diffusion process?  

•  NetLogo model (will be made available online) 

The setup 
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Build-in agent id (ranges from 
zero to number of agents) 

Let creates local variables 

This picks a random turtle 

Ask also works with links 
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The engine of the model 

•  Update is simultaneous! 

Would it make a difference when 
updating was sequential? 
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Simulation experiment 
•  120 agents, degree = 6, threshold =1 

•  We vary the number of rewiring iterations, 500 runs per condition 

How many agents will be 
infected? 

Under which condition will 
the diffusion process be 

fastest?  

In all runs, the entire network was 
infected 
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Let’s increase the threshold 
•  120 agents, degree = 6, threshold =2 

•  We vary the number of rewiring iterations, 500 runs per condition 

How many agents will be 
infected? 
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Let’s increase the threshold 
•  120 agents, degree = 6, threshold =3 

•  We vary the number of rewiring iterations, 500 runs per condition 

How many agents will be 
infected? 
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•  Participants created their own website on the Healthy Lifestyle Network 

•  Participants were assigned a random position in one of two networks  

Centola’s Health Buddy Study 

•  120 nodes per network 

•  Everybody had 6 network contacts, which are called health buddies 
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•  A randomly chosen node (a computer) adopted a behavior 
(registration to a health forum). The six buddies of this node were 
informed about this and could adopt the behavior (register) too. 

•  Research question: In which network (clustered or random) 
will the behavior spread farther and faster? 

 If faster and farther in random network: participants have low thresholds 

 If faster and farther in clustered network: participants have  high    
 hresholds 

 

 

•  6 replications per condition 

•  Lines show fraction of total 
network that adopted the 
behavior 

•  Circles show development in 
clustered networks 

•  Triangle show development in 
random networks  
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•  Interesting design feature: 

The processes was sparked by a single infection. Thus, there 
must have been participants with a threshold of 1 

To explain the result, however, we need to assume that there are 
sufficiently many participants with a threshold bigger than 1. 

 

New research question:  

Which distributions of thresholds can explain the observed 
dynamics?  

Can we make use of these insights? 

40 



21 

•  Company (Hasbro) sought to promote a new toy called Pox. This is 
game is a complex version of rock-paper-scissors. Players create 
warriors and let them fight against warriors that were created on other 
pox units 

•  Marketing strategy: identify central actors in clusters and infect them 
and their closest friends 

•  To this end, thousands of boys in Chicago were asked to name the 
“coolest kid” they know. The nominated kids were contacted and 
asked the same question. 1,600 of them named themselves. 

Viral marketing 

•  Each of them were given 10 pox units for 
themselves and their friends. 

•  Idea: infect central actors in the clusters 
and as many clusters as possible  

•  1775 British troops were marching from Boston to Massachusetts 

•  Two riders, Paul Revere and William Dawes left Boston to warn 
citizens 

•  Patriotic Americans met the invaders and beat them. This was the 
beginning of the American Revolutionary War  

Paul Revere’s Ride 
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•  Map showing the routes of the two riders and the area and time where 
people were alarmed 

•  Waltham (on Dawes’ route) was not alarmed at all. In general, Dawes’ 
ride was not effective at all. Why? 

•  It turned out that Dawes was alarming random people. Revere, in 
contrast, alarmed influential citizens. 

The spreading of diseases 
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Aims of this lecture 

§  Understand notion of information cascades 

§  Understand conditions of diffusion cascades in networks 

§  Understand effects of network structure on diffusion 
processes 

§  Practicing NetLogo 
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