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The Spread of Behavior in an Online Social Network Experiment
e B

How does the structure of social networks affect the
spread of behavior?

high clustering vs. long range jumps?

what i1is the most efficient and for what (eg social
reinforcement)
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the artificial synthetic network
a clustered 6d-lattice vs random network
(single trial: N = 128 = 16 * 8, Z = 6 homogeneous degree)
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rewlring

I ———

same degree sequence: 1n both graphs degree i1s the same - so locally the
same for an agent

different clustering/cliquishness: in the lattice red nodes are & share
neighbors with each other, not in the randomly rewired network - how would
you rewire/randomize the left graph?
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Any differences in the dynamics of diffusion between the

two conditions can be attributed to the effects of network
topology

3 other factors to consider
homophily

geographilic proximity
interpersonal affect
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Adoption of behavior
faster & stronger on
lattice (circles)
than on random
network (triangles)

‘
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6 independent trials
—
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note adoption:
- final fraction

- speed
- stochasticity
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Hazard Ratio
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the effect of reinforcement

O likelihood of adoption
after n=2,3,4 social
signals/likelihood of

adoption after
receiving 1 social
signal

2 3 4
Reinforcing Signals
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large-scale diffusion can reach more people and spread more
quickly 1n clustered networks than in random networks
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- p prob of infection
(here 1/3)

- k = fixed number of
contacts (here 3)

R — O

basic p, k model
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RO := p * k
RO < 1 2
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generating functions

| —

Suppose X is a random variable on N, its generating function is defined as fx(z) =) p(X =
n)z"; for instance f5, = z".

The Boolean distribution p(X = 0) = 1 —p, p(X = 1) = p, has gf (generating function)
1 —p+ zp.
The binomial distribution p(X = k) := (7)p"(1—p)"~*, has gf B(n,p)(z) = (L —p—+2p)™.

This is the nth power of the Boolean gf as B is a sum of iid Booleans. So E(X) = np, V(X) =
n(n —1)p* +np — (np)® = np(1 —p) < n/4.
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For a branching process with branching X, the extinction probability is a fixed point of fx:

Pext = Zn p(X — n)p?xt — fX (pea:t)

If we are branching with a sum of & iid Booleans

fx(2) =1 —p+pz)
so to compute p.,; we need to examine:

z=(1—p+pz)F forze€|0,1]
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SIR model

- p prob of infection
- tI = infectivity duration

(=1 here)

e — S
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RO i1s not enough anymore

R — ———
- p = 2/3
- tI =1
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percolation
an equivalent static view
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SIS model
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Watts-Strogatz “small-worlds”

— P

Regular Small-world Random

Increasing randomness
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SIRS model on a
small world(c)

T ———
- p prob of infection
- tI = infectivity duration (=1 here)
- tR = immunity duration
- ¢ = fraction of rewired local 1links (on a ring)
T — e ——

time vs fraction I/ (S+I+R)
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SIRS model IT
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Rate of events i1in the SIRS
model with demography

| — —
Event Transition Rate
Entry of S X,Y,2 - X+1,Y,72 1N
Infection X,Y,2 - X-1,Y+1,7 RyX
Death of S X,Y,2 - X-1,Y,7%7 ux
Loss of immunity X,Y,72 - X+1,Y,72-1 4
Recovery from T X,Y,2 - X,¥Y-1,2+1 vY
Death of I X,Y,2 - X,Y¥Y-1,7% nyY
Death of R X,Y,2 - X,Y,z2-1 [SV4

www.nature.com/nature/journal /v433/n7024/full/nature03072.html
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time-dependent &
concurrent contact
graph

I ————

[1,5]
[2,6]

[7,11] [12,16]

[12,16] [7,11]

[1,5] [6,10] [1,5] [2,6]
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D Sexual Contact Network

a time-aggregated network of sexual contacts not a good
model
Butts. Revisiting the Foundations of Network Analysis.
Science (2009) vol. 325 (5939) pp. 414-416
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everyone may become infected or no one may be infected, depending on:
- edge duration
- deviation on time of onset
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eve

current generation

56 60 500 &

new generation

each offspring comes from
a single parent chosen
uniformly at random
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eve 2

most recent common ancestor
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coalescence
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