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Linear models

v=kx+m

Simple

Easy to understand
Predictable — no surprises
Computationally efficient
Theoretical results
Bounds on non-linear performance

“All models are wrong, some models are usefu

All models

Linear models
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Linear models in fMRI
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Linear models in fMRI
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Taylor expansion: X t + At =~ x(t)+ Atx(¢)
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Linear models in fMRI
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BOLD detection
y=Xp+S0+¢

= NN

_ BOLDresponse energy
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Noise energy

t-value, F-value, likelihood ratio, correlation coefficient,...

Detection performance
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Model optimization

y=Xp+S0+¢
T B R

(A |Inactivevoxe 1)

m—— p(A| Activevoxel)
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Model optimization
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Model optimization

y=Xp+S0+¢

(A |Inactivevoxel)

m—— p(A| Activevoxel)

...............
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Constrained modeling

X=[2f] = Lo = X=[32]

X, (1) % (1)

x(t+ At) = x(1) + Atx(t)
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Constrained fitting

y=Xp+S0+¢
Sllbj ect to B > () e Ii:s:nssqouna:?ﬁz).blems
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Linear spatial modeling?
Linear temporal modeling
x(t+At) ~ x(1) + Atx(r)
Spatial modeling Linear models
Simple
Easy to understand
Predictable — no surprises
Computationally efficient
Theoretical results (optimality)
Bounds on non-linear performance
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Spatial basis functions
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Spatial basis functions

How we think of it.....
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Multivariate modeling

Univariate model: 'y = XB + &

Multivariate model:

Spatial side Temporal side

R 7 T R RN W2 W2 WA
AT

A
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Maximize correlation |:> Canonical Correlation Analysis

Repeat for every voxel! MeVis
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Canonical Correlation Analysis (CCA)

Harold Hotelling, 1936

Problem: Find vectors w, and w, so that
T T
w.x(@)=w x(O)+..+w, x, () and wy@)=w, y@)+..+w, y, ()

are maximally correlated.

Solution:
-1 -1 _ 2 C, ~xx'
CxxnynynyWx - p Wx C
~YyY
-1 -1 _ 2 vy
C,C,.C.Cw, =pwW, C—Cl —xy'
Xy yx
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Constrained/Restricted CCA

Das and Sen, 1994

Problem: Find vectors w,>0 and w, >0 so that
T T
w.x()=w x(O)+..+w, x, () and wy@)=w, y@)+..+w, y, ()

are maximally correlated.
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Constrained multivariate modeling

Spatial side Temporal side

Maximize correlation |:> Restricted CCA

Repeat for every voxel!

21 ... RESEARCH

2 ... RESEARCH

24.07.2008

11



Univariate model

L
J¢]
= p(A|Inactivevoxel)
m—— p(1| Activevoxel)
2 A MeVis
Univariate model (GLM)
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Univariate model (GLM) + Smoothing

Regression VAVAV]\VW
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Constrained multivariate modeling
= A7
th
= p(A|Inactivevoxel)
m—— p(1| Activevoxel)
., 2 MeVis
Comparison
GLM + smoothing Constrained multivariate modeling
y MeVis
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Results — fMRI data

GLM + smoothing

Constrained multivariate modeling

p=10" MeVis
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Summary

* Constrained linear modeling
* Spatial linear modeling
* Constrained Canonical Correlation Analysis

Mass-univariate analysis

¥

Constrained mass-multivariate analysis

MeVis
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