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⊗ = 

Fixed SOA = 16s 

Not particularly efficient… 

Stimulus (“Neural”) HRF Predicted Data 



⊗ = 

Fixed SOA = 4s 

Very Inefficient… 

Stimulus (“Neural”) HRF Predicted Data 



⊗ = 

Randomised, SOAmin= 4s 

More Efficient… 

Stimulus (“Neural”) HRF Predicted Data 



⊗ = 

Blocked, SOAmin= 4s 

Even more Efficient… 

Stimulus (“Neural”) HRF Predicted Data 



⊗ = 

× 

Blocked, epoch = 20s 

= 

Blocked-epoch (with small SOA) and Time-Freq equivalences 

Stimulus (“Neural”) HRF Predicted Data 



⊗ = 

× = 

The most efficient design of all! 

Stimulus (“Neural”) HRF Predicted Data 



power spectrum 

noise 

signal 
(eg infinite 30s on-off) 

fMRI contains low frequency noise: 

–  Physical (scanner drifts) 
–  Physiological (aliased) 

•  cardiac (~1 Hz) 
•  respiratory (~0.25 Hz) 

aliasing 

highpass 
filter 

power spectrum 



× = 

⊗ 

“Effective HRF” (after highpass filtering) 
(Josephs & Henson, 1999) 

Don’t have long (>60s) blocks! 

= 

Stimulus (“Neural”) HRF Predicted Data 



⊗ = 

× = 

(Randomised design spreads power over frequencies) 

Stimulus (“Neural”) HRF Predicted Data 





•  Example design: 
 => A  B  B  A  B  B  A  B  A  A  ...  30 seconds per condition 

-  This means that the average SOA for the two conditions are:  
-  A: 90+90+60+30/4 = 67.5 seconds 
-  B: 30+60+30+60/4 = 45.0 seconds  

-  Estimating condition B is more efficient than estimating condition A – 
when you consider the high-pass filter!  
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•  Design parametrised by: 
 SOAmin   Minimum SOA 
 pi(h)       Probability of event-type i 
given history h of last m events 

•  With n event-types pi(h) is a 
nm ×  n Transition Matrix 

•  Example: Randomised AB 

      A  B  
 A  0.5  0.5  

  B  0.5  0.5 

 => ABBBABAABABAAA... 

Differential Effect (A-B) 

Common Effect (A+B) 



•  Example: Alternating AB 
      A  B  

 A  0  1  
  B  1  0 

  => ABABABABABAB... Alternating (A-B) 
Permuted (A-B) 

• Example: Permuted AB 

      A  B 
 AA  0            1    
AB  0.5  0.5  
BA  0.5  0.5 
 BB  1            0 

  => ABBAABABABBA... 



Null Events (A+B) 

Null Events (A-B) 










