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Event-related potential (ERP) example

Visual stimuli

Hypothesis: difference in ERP to faces and scrambled faces ?

Faces Scrambled



ERP example: one channel and time point
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Images of MEG/EEG data
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Mass-univariate statistical framework

2D pixel or 3D voxel
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< = ;β + ε < = ;β + ε

Linear model

Faces Scrambled
M/EEG data

< = ;β + ε[�β�
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General linear model

\ = [�β� + [�β� + ....+ [SβS + ε
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Linear regression
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General linear model
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N x 1 data points, N x P predictors, P x 1 parameters, and N x 1 residuals
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Voxel-wise linear model
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GLM assumptions

ε ∼ N (�,σ�,)

Residual errors are independent and identically distributed (i.i.d.)

If X has full rank, the moment matrix            is invertible

�̂ = (;�;)��;�\

If X is overdetermined with N > P,  X is rank deficient
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Parameter estimation

ε = \− ;β̂
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Iff residual error is i.i.d. and Gaussian

Ordinary least squares (OLS)
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Parameter estimation

Parameter estimates

Predicted responses
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β̂ ∼ N (β,σ�(;!;)−)

Normally distributed

Variance (pooled)
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Parameter estimation: a geometric perspective

Ordinary least squares
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t-contrast

Constrast vector

T statistic

T null distribution
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Two-sample t-test

Constrast vector

F = [�� �]�

Between-groups design
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F-test: extra sum-of-squares principle
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F-statistic
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Constrast vector

F = [�� �]�

Between-groups design

Uni-dimensional test of parameters
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Constrast matrixBetween-groups design

Multi-dimensional test of parameters
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GLM summary

Special cases of the GLM

• t-test
• F-test 
• multiple regression
• Analysis of variance (ANOVA)
• Analysis of covariance (AnCova) [�
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Design matrix

Summary
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