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Take two popular modeling frameworks. ..

[ mixed effects ] [ Stochastic differential equations ]
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Source: Web of Science Source: Web of Science

Showing: Number of publications by year (data accessed in early July 2016).
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...and combine them

Data: Observations of N independent r-dim. processes (Xf)ogtSTi.

Data model:

(old) Stochastic differential equation (with fixed effects)

dX; = F(t, X}, p)dt+%(t, X;)dW; ~ estimate p



UNIVERSITY OF COPENHAGEN DEPARTMENT OF MATHEMATICAL SCIENCES

...and combine them

Data: Observations of N independent r-dim. processes (Xf)ogtSTi.

Data model:

(old) Stochastic differential equation (with fixed effects)

dX} = F(t,XZ,u)dt—l—E(t, Xf)thi ~» estimate

(new) Stochastic differential equation with mixed effects

[random effect ~ p(¢'; 19)]

dX{ = F(t, X}, 11, o' Jdt+3(t, X{)dW; ~ estimate 0 = (u, ).
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...and combine them

Data: Observations of N independent r-dim. processes (Xf)ogtSTi.

Data model:

(old) Stochastic differential equation (with fixed effects)

dX} = F(t,XZ,u)dt—l—E(t, Xf)thi ~» estimate

(new) Stochastic differential equation with mixed effects

[random effect ~ p(¢'; 19)]

dX} = F(t, X}, ¢"Jdt+%(t, X;)dW; ~ estimate 0 = (u, ).

Actually, we can also include some covariate information (Dj)...:

dX{ = F(t,X{, D}, p,¢")dt + X(t, X;)dW/
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Two key reasons for increased popularity

(1) Both frameworks very useful - their combination all the more

fwgm UUHHJHm ‘

I J hot - hot = even hotter

SDEs capture model insufficiencies, random effects enable pooling while
still being subject-specific.
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Two key reasons for increased popularity

(1) Both frameworks very useful - their combination all the more

: B r hot - hot = even hotter
{ l

SDEs capture model insufficiencies, random effects enable pooling while
still being subject-specific.

(2) Both frameworks challenging - their combination all the more
Goal: obtain the MLE 0y = arg maxg L(X;0) 0= (8,9)
Likelihood: L(X;0) = [TV, L(X%;6) = [N, [ L(X%; 8, ¢))p(¢'; 9)de

intractability - intractability = (intractability)?
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Good news for numerous applications

e In certain cases, the likelihood is explicit.
e Dynamics can be non-linear in the state.

e We can even include covariate information (gender, age, exp.
condition, ...).

e Many well-known models fall into this certain class.
e The MLE is consistent and asymptotically normal (7" fix, N large).

e We can do hypothesis testing.
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Possible applications to neuroscience

(a) EEG data

— avoid averaging over trials and/or subjects

— keep ”pooling”, but model inter-trial / inter-subject variability with
random effects

Data N subjects, J trials each, X; = (X', ..., X7) e R/,

dX{ = F(t,X{, D}, p, ¢")dt + (X])dW;

(b) Stochastic FHN model with mixed effects
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Hope to see you at my poster!




