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Introduction

Symptom interactions are key to any psychological disorder

depr

inte

weig

mSle

moto

mFat
repr

conc

suic

Jolanda Kossakowski Safe or susceptible? APS 2017 2 / 20



Introduction

Networks of psychological disorders may change over time
Networks like these may ‘suddenly’ move from a healthy stage to a
depressed stage
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Cellular Automata

Dynamic networks can be seen as cellular automata with
deterministic, local rules to move across time.

Each node in a finite grid (torus) can be either ‘active’ (1) or
‘inactive’ (0).
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Probabilistic Cellular Automata

A local, probabilistic update rule pΦ determines whether or not a node
becomes active at time point t + 1, and depends on the behaviour of the
majority of a node’s neighbours (Γ).

t t+ 1

p =

{
p r ≤ |Γ|/2

1− p r > |Γ|/2
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Probabilistic Cellular Automata
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Evolution of probability p

p = 0.1 p = 0.5 p = 0.9

We assume that nodes behave in a similar manner. Therefore, we only
need to know the proportion of active neighbours each node has.
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Mean Field Approximation

When we combine a binomial distribution with the majority rule, we get

µp = p

|Γ|/2∑
r=0

(
Γ

r

)
ρrt(1− ρt)|Γ|−r

+ (1− p)

1−
|Γ|/2∑
r=0

(
Γ

r

)
ρrt(1− ρt)|Γ|−r


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Mean Field Approximation
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Mean Field Approximation
Network structures

Torus Random Graph Small World
Graph
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Mean Field Approximation
Simulation results
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Small world graph
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Fitting the Mean Field Approach to Empirical Data
From Simulation to Data
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Fitting the Mean Field Approach to Empirical Data
Empirical Data

Participant: 57- year old male with a history of Major Depressive
Disorder.

Participant’s daily life experiences were monitored for 239 days using
the Experience Sampling Method (ESM).

During this period, the participant gradually reduced his
anti-depressant medication in a double-blind fashion.

Participant experienced a phase transition around day 127, making
this data ideal for validation.

Data was selected up until the anti-depressant medication was
reduced to 0 mg
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Fitting the Mean Field Approach to Empirical Data
Procedure

28 affect items were measured on 671 occasions

Positive items (n = 7) were recoded; high scores indicate a more
negative affect

Missing measurements were replaced by the previous measurement

All items were dichotomised using a median split

4 items were removed due to observing one of two response categories
less than four times.

A network was constructed using IsingFit()
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Fitting the Mean Field Approach to Empirical Data
Results
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Fitting the Mean Field Approach to Empirical Data
Results
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Fitting the Mean Field Approach to Empirical Data
Results
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Conclusion

We can use a mean field approximation to estimate the proportion of
active nodes in networks

In an empirical example, we showed the potential of the mean field
approximation, by demonstrating that a participant who experienced
a phase transition, had an increased risk for experiencing a phase
transition before the transition itself.
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