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Goals 

• For single-subject evoked-response EEG: 

• Detect latencies of 

– consistency within epoch type 

– differences between epoch types 

• Detect latencies and source locations of  

– differences between epoch types 

• Sample-by-sample 

 

 



Ongoing EEG 



Ongoing EEG 

 

• Visual Continuous Processing Task (P300) 

• 31 electrodes 

• 1: 42 target stimuli 

• 2: 161 distractor stimuli 

• Standard preprocessing 

– Ocular artifact correction 

– Rejection of epochs > 30 μV 

 

 



Averages 



Map Consistency (within) 



Map Differences (across) 



Source Differences 



Source Differences 



Source Differences 



Source Differences 



How is this Done? 

• Existing work: 

– TANOVA (Koenig et al 2010): map analysis 

(used for EEG group studies) 

– SnPM (Nichols & Holmes 2002): image analysis 

(for medical imaging modalities) 

• What’s new: 

– Framework for epoch-by-epoch analysis 

• Single-subject data and group data 

– Apply SnPM to EEG source analysis 

– Temporal multiple comparison correction 

 



Non-Parametric Statistics 

• Compare actual and re-labeled (shuffled) data 

– re-labeling: “forget” epoch type (repeatedly) 

– significance: if actual data stands out 

Distribution p-Value 
compare 

against 



Non-Parametric Statistics 

• Compare actual and re-labeled data 

– re-labeling: “forget” epoch type (many times) 

– significance: if actual data stands out 

• Assumption-free  

– with respect to properties of underlying distribution 

• Permutation-based / randomization-based 

– within- / between-subject tests straightforward 

• Computationally demanding 

– typically used for group studies only  

– high-performance implementation (multi-core) 



Randomization vs. Permutation 

• How many tests need to be done? 

– depends on p (typical value: p = 0.05) 

– at least: 1 / p = 20 

– better: 50 / p = 1000 

• Permutation: all possible re-labelings 

– 8+8 epochs: (8+8)!/(8! 8!) = 12870  

– 41+161 epochs: (41+161)!/(41! 61!) > 1044  

• Randomization: randomized re-labelings 

– for real-life epoch counts  



Epoch-by-Epoch Analysis 

• For single-subject data 

– normalize (unless effect size is relevant) 

• For group data (all epochs of all subjects) 

– shuffle within or between subjects 

– normalize (optional within, mandatory between 

subjects) 

 



TANOVA (topography maps) 

• For two epoch types (conditions) 

– calculate average map per epoch type 

– effect size: GFP of difference map 

• No multiple comparisons across sensors 

• Also possible for  

– more epoch types  

– factorial designs 

– consistency test within epoch type  

(by re-labeling / shuffling sensors)  

 

 



CDR SnPM (source images) 

• For two epoch types (conditions) 

– calculate source activity images  

for all epochs and samples (e.g. using sLORETA) 

– F-test (per location, across epochs) 

– effect size: maximum F-value across locations 

• No multiple comparisons across locations 

• Also possible for  

– more epoch types  

– factorial designs 

– consistency test within epoch type  

(by re-labeling / shuffling locations)  



Multiple Comparison Correction 

• Analysis performed sample-by-sample 

– high temporal resolution 

• Typical ERP setup 

– 1000 Hz sampling rate, 40 Hz low-pass filter 

– neighboring samples are similar (how many?) 

• Nyquist-Shannon sampling theorem  

– after filtering, resample at 2x filter frequency 

– n = 1000 / (2 x 40) = 12.5 ways to do this 

• Temporal multiple comparison correction 

– adjusted significance level based on n 



A Simulation Study 

• 100 epochs dipole+noise 

• 100 epochs noise only 

• Unfiltered and 10Hz low-pass 



A Simulation Study: TANOVA 



A Simulation Study: CDR SnPM 



A Simulation Study: CDR SnPM 



A Simulation Study 

     unfiltered        low-pass filtered 
 

• Temporal multiple comparison correction: 

lower significance level for filtered data 

• Less samples with CDR SnPM differences 



• Different 
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• 41+161 
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How Many Epochs? 



• Different 

high-pass, 

low-pass 

• 41+161 

CPT data 
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Different Filter Bands? 



Conclusion 

• For single-subject (and group) ERPs: 

• Detect latencies of 

– consistency within epoch type 

– differences between epoch types 

• Detect latencies and source locations of  

– differences between epoch types 

• Sample-by-sample 

– with temporal multiple comparison correction 
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