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Linear modelsLinear models

• Simple

• Easy to understand

• Predictable – no surprises

• Computationally efficient

• Theoretical results

• Bounds on non-linear performance

• “All models are wrong, some models are useful.”

mxky +=

All models

Linear models

George Box
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Linear models in fMRILinear models in fMRI
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Linear models in fMRILinear models in fMRI
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Linear models in fMRILinear models in fMRI
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BOLD detectionBOLD detection

εSθXβy ++=

t-value, F-value, likelihood ratio, correlation coefficient,…
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Detection performanceDetection performance

energy Noise

energy response BOLD
=λ

 voxel)Active|(λp

 voxel)Inactive|(λp

λ λ

εSθXβy ++=

-4 -3 -2 -1 0 1 2 3 4 5 6
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

-4 -3 -2 -1 0 1 2 3 4 5 6
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4



24.07.2008

5

9

Model optimizationModel optimization
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Model optimizationModel optimization

εSθXβy ++=
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Model optimizationModel optimization

εSθXβy ++=
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Constrained modelingConstrained modeling
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Constrained fittingConstrained fitting
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Lawson & Hanson (1974). 

Solving Least Squares Problems
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Linear spatial modeling?Linear spatial modeling?

( ) )()( txttxttx &∆+≈∆+

Linear temporal modeling

Spatial modeling

• Simple

• Easy to understand

• Predictable – no surprises

• Computationally efficient

• Theoretical results (optimality)

• Bounds on non-linear performance

Linear models

Image origin unknown
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Spatial basis functionsSpatial basis functions
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Spatial basis functionsSpatial basis functions

α

α

How we think of it…..

How we do it…..
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Multivariate modelingMultivariate modeling
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Multivariate model:
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Maximize correlation                    Canonical Correlation Analysis 

Repeat for every voxel!
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Canonical Correlation Analysis (CCA)Canonical Correlation Analysis (CCA)
Harold Hotelling, 1936
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Constrained/Restricted CCAConstrained/Restricted CCA

Problem: Find vectors wx     0 and wy 0 so that

are maximally correlated.
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Das and Sen, 1994
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Constrained spatial modelingConstrained spatial modeling
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Constrained multivariate modelingConstrained multivariate modeling
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Maximize correlation              Restricted CCA

Repeat for every voxel!
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Results – Synthetic dataResults – Synthetic data
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Univariate modelUnivariate model

Regression
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Univariate model (GLM)Univariate model (GLM)
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Univariate model (GLM) + SmoothingUnivariate model (GLM) + Smoothing
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Multivariate modelingMultivariate modeling
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Constrained multivariate modelingConstrained multivariate modeling

Regression
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GLM + smoothing Constrained multivariate modeling

ComparisonComparison
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Results – fMRI dataResults – fMRI data

510−=p

GLM + smoothing

Constrained multivariate modeling
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SummarySummary

• Constrained linear modeling

• Spatial linear modeling

• Constrained Canonical Correlation Analysis

Mass-univariate analysis 

Constrained mass-multivariate analysis



24.07.2008

16

31

LiteratureLiterature

Constrained & multivariate modeling, Canonical Correlation Analysis

O. Friman (2003)

Adaptive Analysis of Functional MRI Data

PhD Thesis, Linköping University, Sweden

ISBN 91-7373-699-6

Bayesian approach to constrained modeling

M. Woolrich, T. Behrens and S. Smith (2004)

Constrained linear basis sets for HRF modelling using Variational Bayes

NeuroImage, 21(4):1748-1761

Inference

K. Worsley & J. Taylor (2008). 

Non-negative least-squares random field theory

NeuroImage, OHBM poster, #548


