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Subject 1 

Effect size, c ~ 4

Within subject variability, sw~0.9

For voxel v in the brain



Subject 3

For voxel v in the brain

Effect size, c ~ 2

Within subject variability, sw~1.5



Subject 12

For voxel v in the brain

Effect size, c ~ 4

Within subject variability, sw~1.1



Time series are effectively concatenated – as though we 

had one subject with N=50x12=600 scans.

sw = [0.9, 1.2, 1.5, 0.5, 0.4, 0.7, 0.8, 2.1, 1.8, 0.8, 0.7, 1.1]

Mean effect, m=2.67

Average within subject variability (stand dev), sw =1.04

Standard Error Mean (SEMW) = sw /sqrt(N)=0.04

Is effect significant at voxel v?

t=m/SEMW=62.7

p=10-51

Fixed Effects Analysis
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Subject 1 

Effect size, c ~ 4

For voxel v in the brain



Subject 3

Effect size, c ~ 2

For voxel v in the brain



Subject 12

Effect size, c ~ 4

For voxel v in the brain



For group of N=12 subjects effect sizes are

c = [4, 3, 2, 1, 1, 2, 3, 3, 3, 2, 4, 4]

Group effect (mean), m=2.67

Between subject variability (stand dev), sb =1.07

Standard Error Mean (SEM) = sb /sqrt(N)=0.31

Is effect significant at voxel v?

t=m/SEM=8.61

p=10-6

Whole Group



For group of N=12 subjects effect sizes are

c= [3, 4, 2, 1, 1, 2, 3, 3, 3, 2, 4, 4]

Group effect (mean), m=2.67

Between subject variability (stand dev), sb =1.07

This is called a Random Effects Analysis because we 

are comparing the group effect to the between-

subject variability.

Random Effects Analysis (RFX)



For group of N=12 subjects effect sizes are

c = [3, 4, 2, 1, 1, 2, 3, 3, 3, 2, 4, 4]

Group effect (mean), m=2.67

Between subject variability (stand dev), sb =1.07

This is also known as a summary statistic approach 

because we are summarising the response of each 

subject by a single summary statistic – their effect 

size.

Summary Statistic Approach



With Fixed Effects Analysis (FFX) we compare the 

group effect to the within-subject variability. It is not an 

inference about the sample from which the subjects were 

drawn. 

With Random Effects Analysis (RFX) we compare the 

group effect to the between-subject variability. It is an 

inference about the sample from which the subjects were 

drawn. If you had a new subject from that population, 

you could be confident they would also show the effect.

RFX versus FFX



Data Design Matrix Contrast Images

RFX: Summary Statistic

First level
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Face data



Face data
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• Fixed Effects Analysis (FFX)
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Two Groups

Group 1 Group 2

Sub1 Sub13

Sub2 Sub14

... ...

Sub12 Sub24

Enter one contrast image per subject into a two-

sample t-test design.



Two Groups

Group 1 Group 2

Sub1 Sub13

Sub2 Sub14

... ...

Sub12 Sub24

Test for effect of group using an 

F-Contrast:  [1 -1]



Multiple Groups

Group 1 Group 2 Group 3

Sub1 Sub13 Sub25

Sub2 Sub14 Sub26

... ... ...

Sub12 Sub24 Sub36

Enter one contrast image per subject into a one-way 

ANOVA.



Multiple Groups

Group 1 Group 2 Group 3

Sub1 Sub13 Sub25

Sub2 Sub14 Sub26

... ... ...

Sub12 Sub24 Sub36

Test for effect of group using an F-Contrast: 

1 −1 0
0 1 − 1



https://en.wikibooks.org/wiki/SPM/Group_Analysis





Summary

Use t-tests/ANOVAs at second level for inference about 

single/multiple groups (or single/multiple experimental 

conditions).

Group Inference usually proceeds with RFX analysis, not FFX. 

Group effects are compared to between rather than within 

subject variability. 


