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CONTAGION MODELS



We want to model the spread of a
disease.



This is interesting for the obvious reasons.
PAUL E. SMALDINO

But many other things behave like diseases, in terms of how
they spread through a society of agents.

Smaldino, P. (2023). Modeling Social Behavior. Mathematical and Agent-Based Models of Social Dynamics and Cultural
Evolution. Princeton University Press.
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EVERETT ROGERS
Like innovations!

From hybrid seed corn among Midwest farmers, to the
adoption of ham radio among tech enthusiasts, to the

adoption of new ideas among French intellectuals.
Rogers, E. M. (2003). Diffusion of Innovations, 5th Edition (5th ed.). Free Press.
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Also misinformation!
SANDER VAN DER LINDEN

Grimes, D. R., & van der Linden, S. (2024). Misinformation really does spread like a virus, suggest
mathematical models drawn from epidemiology. The Conversation. 

http://theconversation.com/misinformation-really-does-spread-like-a-virus-suggest-mathematical-models-drawn-from-epidemiology-242679
http://theconversation.com/misinformation-really-does-spread-like-a-virus-suggest-mathematical-models-drawn-from-epidemiology-242679


If we look at the data, how do such
things spread?



THE S-SHAPE OF DIFFUSION

Rogers, E. M. (2003). Diffusion of Innovations, 5th Edition (5th ed.). Free Press.

Many patterns of diffusion follow an
S-shape.



We’ll try to approximate this behavior through a
series of formal models.

PAUL E. SMALDINO

Sometimes called compartmental models, because
they put agents in specific boxes.



COMPARTMENTAL MODELS
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THE SPONTANEOUS INFECTION MODEL



THE SPONTANEOUS INFECTION MODEL

t = 1

t = 2

...

ANALYSIS



THE SPONTANEOUS INFECTION MODEL

t = 1

t = 2

...

ANALYSIS



THE SPONTANEOUS INFECTION MODEL

t = 1

t = 2

...

ANALYSIS



THE SPONTANEOUS INFECTION MODEL

t = 1

t = 2

...

ANALYSIS



THE SPONTANEOUS INFECTION MODEL
BEHAVIOR



We have to keep looking.



THE SI (SUSCEPTIBLE-INFECTED) MODEL
DESCRIPTION
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How does the number of infected agents
change from one time-step to another?



THE SI (SUSCEPTIBLE-INFECTED) MODEL
ANALYSIS
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THE SI (SUSCEPTIBLE-INFECTED) MODEL
BEHAVIOR



We can do better though!



THE SIS (SUSCEPTIBLE-INFECTED-SUSCEPTIBLE) MODEL
DESCRIPTION
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THE SIS (SUSCEPTIBLE-INFECTED-SUSCEPTIBLE) MODEL
DYNAMIC EQUILIBRIUM

At equilibrium, the number of infections
stabilizes.



CONTROLLING THE SPREAD
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THE REPRODUCTION NUMBER FOR VARIOUS DISEASES

The basic reproduction number
predicts how many individuals, on
average, an infected agent will pass
the disease to.



What about vaccination?



WITH VACCINATION
THE SIS (SUSCEPTIBLE-INFECTED-SUSCEPTIBLE) MODEL
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WITH VACCINATION: ANALYSIS
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WITH VACCINATION: WHEN DOES IT SPREAD?
THE SIS (SUSCEPTIBLE-INFECTED-SUSCEPTIBLE) MODEL
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THE SIR (SUSCEPTIBLE-INFECTED-RECOVERED) MODEL
ANALYSIS
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THE SIR (SUSCEPTIBLE-INFECTED-RECOVERED) MODEL
BEHAVIOR

The SIR model approximates the dynamics
of real epidemics.


