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Last week
• Single subject GLM Demo
• Multi-subject GLM

This week
• Multi-subject GLM example
• Thresholding
• Modeling BOLD

– HRF…deconvolution
– Derivative boost
– Balloon model
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Multiple Comparisons Problem

• Which of 100,000 voxels are sig.?
– α=0.05 ⇒ 5,000 false positive voxels

• Which of (random number, say) 100 clusters significant?
– α=0.05 ⇒ 5 false positives clusters

t > 0.5 t > 1.5 t > 2.5 t > 3.5 t > 4.5 t > 5.5 t > 6.5
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Multiple Comparisons

Multiple Comparisons
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FWER MCP Solutions:
Random Field Theory

• Euler Characteristic χu
– Topological Measure

• #blobs - #holes

– At high thresholds,
just counts blobs

– FWER = P(Max voxel ≥ u | Ho)
= P(One or more blobs | Ho)
≈ P(χu ≥ 1 | Ho)
≈ E(χu | Ho)

Random Field

Suprathreshold Sets

Threshold

No holes

Never more 
than 1 blob

• RESELS
– Resolution Elements
– 1 RESEL = FWHMx × FWHMy × FWHMz
– RESEL Count R

• R = λ(Ω) √ |Λ| = (4log2)3/2 λ(Ω) /  ( FWHMx × FWHMy × FWHMz ) 
• Volume of search region in units of smoothness
• Eg: 10 voxels, 2.5 FWHM 4 RESELS

• Beware RESEL misinterpretation
– RESEL are not “number of independent ‘things’ in the image”

• See Nichols & Hayasaka, 2003, Stat. Meth. in Med. Res.
.

Random Field Theory
Smoothness Parameterization

1 2 3 4
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Random Field Intuition

• Corrected P-value for voxel value t
Pc = P(max T > t)

≈ E(χt)
≈ λ(Ω) |Λ|1/2 t2 exp(-t2/2)

• Statistic value t increases
– Pc decreases (but only for large t)

• Search volume increases
– Pc increases (more severe MCP)

• Roughness increases (Smoothness decreases)
– Pc increases (more severe MCP)
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Multiple Comparisons

False Discovery Rate
Illustration:

Signal

Signal+Noise

Noise
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FWE

6.7% 10.4% 14.9% 9.3% 16.2% 13.8% 14.0% 10.5% 12.2% 8.7%

Control of Familywise Error Rate at 10%

11.3% 11.3% 12.5% 10.8% 11.5% 10.0% 10.7% 11.2% 10.2% 9.5%

Control of Per Comparison Rate at 10%

Percentage of Null Pixels that are False Positives

Control of False Discovery Rate at 10%

Occurrence of Familywise Error

Percentage of Activated Pixels that are False Positives

Benjamini & Hochberg
Procedure

• Select desired limit q on FDR
• Order p-values, p(1) ≤ p(2) ≤ ... ≤ p(V)
• Let r be largest i such that

• Reject all hypotheses 
corresponding to
p(1), ... , p(r).

p(i) ≤ i/V × q/c(V)
p(i)

i/V
i/V × q/c(V)
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0
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JRSS-B (1995)
57:289-300
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FWER Thresh. = 9.87
7 voxels

Real Data: FDR Example

FDR Threshold = 3.83
3,073 voxels

Conclusions
• Must account for multiplicity

– Otherwise have a fishing expedition
• Bonferroni

– Most specific, least sensitive, assumes 
independent observations

• FWER
– Very specific, not very sensitive

• FDR
– Less specific, more sensitive
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