
Signal and Noise. Talk for ERP Boot Camp, Davis, July, 2014 Terry Picton 
 

1 
 

Slide 1 

Signal 

and 

Noise

WassilyKandinsky

Riding Couple, 1906

 

bŀǘŜ {ƛƭǾŜǊΣ {ŀōŜǊƳŜǘǊƛŎƛŀƴ ŀƴŘ tǊŜǎƛŘŜƴǘƛŀƭ tǊƻƎƴƻǎǘƛŎŀǘƻǊ ǎŀȅǎ ǘƘŀǘ ά¢ƘŜ ǎƛƎƴŀƭ ƛǎ ǘƘŜ ǘǊǳǘƘΦέ ŀƴŘ 
ά¢ƘŜ ƴƻƛǎŜ ƛǎ ǿƘŀǘ ŘƛǎǘǊŀŎǘǎ ǳǎ ŦǊƻƳ ǘƘŜ ǘǊǳǘƘΦέ Lƴ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ŜǾŜƴǘπǊŜƭŀǘŜŘ ǇƻǘŜƴǘƛŀƭǎ ǘƘŜ ǎƛƎƴŀƭ 
ŀƴŘ ǘƘŜ ƴƻƛǎŜ ŀǊŜ ƭŜǎǎ ŘƛǎǘƛƴŎǘ ŀƴŘ ŦŀǊ ƳƻǊŜ ŘŜŜǇƭȅ ƛƴǾƻƭǾŜŘ ǿƛǘƘ ƻƴŜ ŀƴƻǘƘŜǊΦ [ƛƪŜ ǘƘŜ ƪƴƛƎƘǘ ŀƴŘ Ƙƛǎ 
ƭŀŘȅ ƛƴ ǘƘƛǎ ǇŀƛƴǘƛƴƎ ƳŀŘŜ ōȅ YŀƴŘƛƴǎƪȅ ōŜŦƻǊŜ ƘŜ ƳƻǾŜŘ ǘƻ ŀōǎǘǊŀŎǘƛƻƴΦ ¢Ƙƛǎ ǘŀƭƪ ǿƛƭƭ ŎƻƴǎƛŘŜǊ ǘƘŜ 
ŀƳƻǊƻǳǎ ǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǎƛƎƴŀƭ ŀƴŘ ƴƻƛǎŜΦ 
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¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǿŀȅǎ ƻŦ ƭƻƻƪƛƴƎΦ tŀǊǘǎ ƻŦ Ƴȅ ǘŀƭƪ ǿƛƭƭ ƻǾŜǊƭŀǇ ǿƛǘƘ ǿƘŀǘ 5ŀǾƛǎ {ǘŜǾŜ Ƙŀǎ ǘƻƭŘ ȅƻǳ 
ȅŜǎǘŜǊŘŀȅ ŀƴŘ ǿƘŀǘ {ŀƴ 5ƛŜƎƻ {ǘŜǾŜ ǿƛƭƭ ǘŜƭƭ ȅƻǳ ƭŀǘŜǊ ǘƻŘŀȅΦ IƻǿŜǾŜǊΣ ǎŜŜƛƴƎ ǘƘƛƴƎǎ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ 
Ǉƻƛƴǘǎ ƻŦ ǾƛŜǿ ƛƴŎǊŜŀǎŜǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎΦ {ƻ L ǎƘŀƭƭ ŦƛǊǎǘ ŎƻƴǎƛŘŜǊ ǎƻƳŜ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎ ƻŦ ƭƻƻƪƛƴƎ ŀǘ ǿƘŀǘ 
ǿŜ ǊŜŎƻǊŘΦ 99D ǎƛƎƴŀƭǎ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ōƻǘƘ ǘƘŜ ǘƛƳŜ ŀƴŘ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴǎΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǿŜ 
Ŏŀƴ ǿŀǘŎƘ ŀǎ ǘƘŜ ŦǊŜǉǳŜƴŎƛŜǎ ŎƘŀƴƎŜ ƻǾŜǊ ǘƛƳŜ ƛƴ ŀ ǎǇŜŎǘǊƻƎǊŀƳΦ ¢ƘŜ ǎǇŜŎǘǊƻƎǊŀƳ ƻŦ ǘƘŜ 99D ǘƘŜƴ 
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ǎƘƻǿǎ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ŀƴŘ ŘŜǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴΦ ¢ƘŜ ǎǇŜŎǘǊƻƎǊŀƳ ƻŦ ǘƘŜ ŜǾŜƴǘπǊŜƭŀǘŜŘ ǇƻǘŜƴǘƛŀƭ ǎƘƻǿǎ 
ǘǊŀƴǎƛŜƴǘ ǎǳǎǘŀƛƴŜŘ ŀƴŘ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜǎΦ   
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Time and Frequency Domains

 

¢ƘŜ 99D ǎƛƎƴŀƭ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǾƻƭǘŀƎŜ ǘƘŀǘ ǾŀǊƛŜǎ ƻǾŜǊ ǘƛƳŜΦ !ƴȅǘƘƛƴƎ ǘƘŀǘ ƻŎŎǳǊǎ ƻǾŜǊ ǘƛƳŜ Ŏŀƴ ŀƭǎƻ ōŜ 
ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ŦǊŜǉǳŜƴŎȅ ōȅ ǎǳōƳƛǘǘƛƴƎ ƛǘ ǘƻ ŀ CƻǳǊƛŜǊ ¢ǊŀƴǎŦƻǊƳΦ  wŀǇƛŘ ǘŜƳǇƻǊŀƭ ŎƘŀƴƎŜǎ 
ōŜŎƻƳŜ Ŧŀǎǘ ŦǊŜǉǳŜƴŎƛŜǎ ŀƴŘ ƎǊŀŘǳŀƭ ŎƘŀƴƎŜǎ ōŜŎƻƳŜ ǎƭƻǿ ŦǊŜǉǳŜƴŎƛŜǎΦ Lƴ ǘƘŜ 99D ǘƘŜǎŜ ŀǊŜ 
ŘŜǎŎǊƛōŜŘ ǳǎƛƴƎ DǊŜŜƪ ƭŜǘǘŜǊǎΥ ŀƭǇƘŀ ōŜǘŀ ƎŀƳƳŀ ŘŜƭǘŀΦ ¢ƘŜǘŀ ŘƻŜǎ ƴƻǘ Ŧƛǘ ƛƴǘƻ ǘƘŜ ŀƭǇƘŀōŜǘ ς ƛǘ ǿŀǎ 
ǘƘƻǳƎƘǘ ǘƻ ƘŀǾŜ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ǘƘŀƭŀƳǳǎΦ hǘƘŜǊ ǊƘȅǘƘƳǎ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ǇƻǎǘŜǊƛƻǊ ŀƭǇƘŀ ǊƘȅǘƘƳ ς 
Ƴǳ ƛƴ ǘƘŜ ǎƻƳŀǘƻƳƻǘƻǊ ǊŜƎƛƻƴǎ ŀƴŘ ǘŀǳ ƛƴ ǘƘŜ ǘŜƳǇƻǊŀƭ ƭƻōŜǎΦ 
¢Ƙƛǎ ǎǇŜŎǘǊǳƳ Ǉƭƻǘǎ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ŀǘ ŘƛŦŦŜǊŜƴǘ ŦǊŜǉǳŜƴŎƛŜǎΦ ¢ƘŜ Ŧǳƭƭ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳ ƛƴǾƻƭǾŜǎ ōƻǘƘ 
ŀƳǇƭƛǘǳŘŜ ŀƴŘ ǇƘŀǎŜΦ tƘŀǎŜ ƛǎ ƛƳǇƻǊǘŀƴǘ ς ƛǘ ŜȄǇƭŀƛƴǎ ǿƘŜƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŦǊŜǉǳŜƴŎƛŜǎ ƻŎŎǳǊ ƛƴ ǘƘŜ 
ǘŜƳǇƻǊŀƭ ǎƛƎƴŀƭΦ  
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Creating a Spectrogram
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¢ƘŜ ŦǊŜǉǳŜƴŎȅ ǎǇŜŎǘǊǳƳ ƻŦ ŀ ǎƛƎƴŀƭ Ŏŀƴ ŎƘŀƴƎŜ ƻǾŜǊ ǘƛƳŜΦ Lƴ ƻǊŘŜǊ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ǿŜ ƭƻƻƪ 
ŀǘ ŀ ǎǇŜŎǘǊƻƎǊŀƳΦ ¢Ƙƛǎ ƛƴǾƻƭǾŜǎ ŜǎǘƛƳŀǘƛƴƎ ǎǇŜŎǘǊŀ ŀǘ ƳǳƭǘƛǇƭŜ ǘƛƳŜǎ ŘǳǊƛƴƎ ǘƘŜ ǎƛƎƴŀƭΦ ¢Ƙƛǎ ƛǎ ŀ ǎƛƳǇƭŜ 
ƳƻŘŜƭ ƻŦ ǘƘŜ 99D ǘƘŀǘ ōŜƎƛƴǎ ǿƛǘƘ ŀ ƳƛȄǘǳǊŜ ƻŦ ŀƭǇƘŀ ŀƴŘ ōŜǘŀ ŀŎǘƛǾƛǘȅ ŀƴŘ ǘƘŜƴ ŎƘŀƴƎŜǎ ǘƻ Ƨǳǎǘ ōŜǘŀ 
ŀŎǘƛǾƛǘȅΦ ²Ŝ ǊŜŎƻǊŘ ƳǳƭǘƛǇƭŜ ǎǇŜŎǘǊŀΣ ŎƻƴǾŜǊǘ ǘƘŜƛǊ ŀƳǇƭƛǘǳŘŜǎ ǘƻ ŀ ŎƻƭƻǊ ǎŎŀƭŜΣ ŀƴŘ ǘƘŜƴ Ǉƭƻǘ ǘƘŜƳ ƛƴ ŀ 
ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ŀǊǊŀȅ ǿƛǘƘ ǘƛƳŜ ƻƴ ǘƘŜ Ȅ ŀȄƛǎΣ ŦǊŜǉǳŜƴŎȅ ƻƴ ǘƘŜ ȅπŀȄƛǎ ŀƴŘ ŀƳǇƭƛǘǳŘŜ ƻƴ ǘƘŜ ȊπŀȄƛǎΦ    
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Spectrum of the Human EEG 

 

¢ƘŜ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ƘǳƳŀƴ 99D ǎƛƎƴŀƭ Ŏƻƴǘŀƛƴǎ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ŦǊŜǉǳŜƴŎƛŜǎΦ Lƴ ǘƘƛǎ Ǉƭƻǘ ǘƘŜ ŦǊŜǉǳŜƴŎȅ 
ǎŎŀƭŜ ƛǎ ƭƻƎŀǊƛǘƘƳƛŎΦ ¢ƘŜ ŘŜŎǊŜŀǎŜ ƛƴ ŀƳǇƭƛǘǳŘŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŦǊŜǉǳŜƴŎȅ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 
ŎƘŀǊƎŜ ǎŜǇŀǊŀǘŜŘ ŀŎǊƻǎǎ ƳŜƳōǊŀƴŜǎ ŘǳǊƛƴƎ ǘƘŜ ŀŎǘƛǾƛǘȅΣ ǘƘŜ ǎȅƴŎƘǊƻƴȅ ƻŦ ǘƘŜ ǇƻǘŜƴǘƛŀƭǎΣ ǘƘŜ ŘƛǎǘŀƴŎŜ 
ŦǊƻƳ ǘƘŜ ƎŜƴŜǊŀǘƻǊǎΣ ŀƴŘ ǘƘŜ ƎŜƻƳŜǘǊȅ ƻŦ ǘƘŜ ƘŜŀŘΦ  CŀǎǘŜǊ ǎƛƎƴŀƭǎ ŀǊŜ ōŜǘǘŜǊ ǊŜŎƻǊŘŜŘ ŦǊƻƳ ǘƘŜ 
ŎƻǊǘƛŎŀƭ ǎǳǊŦŀŎŜ ǘƘŀƴ ŦǊƻƳ ǘƘŜ ǎŎŀƭǇ ǿƘŜǊŜ ƳǳƭǘƛǇƭŜ ǎƛƎƴŀƭǎ ŀǊŜ ŀǾŜǊŀƎŜŘ ǘƻƎŜǘƘŜǊΦ ¢ƘŜ ǎŎŀƭǇπǊŜŎƻǊŘŜŘ 
99D ƛǎ Ƴŀƛƴƭȅ ƎŜƴŜǊŀǘŜŘ ƛƴ ǘƘŜ ōǊŀƛƴ ς ƛƴ ǘƘŜ ŎƘŀǘǘŜǊ ƻŦ ǘƘŜ ŀȄƻƴǎΣ ǘƘŜ ǊǳƳōƭŜ ƻŦ ǘƘŜ ǎȅƴŀǇǎŜǎ ŀƴŘ ǘƘŜ 
ƘǳƳ ƻŦ ǘƘŜ ƎƭƛŀΦ IƻǿŜǾŜǊΣ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘŜŀŘ Ŏŀƴ ŀƭǎƻ ƎŜƴŜǊŀǘŜ ǇƻǘŜƴǘƛŀƭǎ ŀƴŘ ǿŜ Ƴǳǎǘ ōŜ ŎŀǊŜŦǳƭ 
ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜƛǊ ŜŦŦŜŎǘǎ ŦǊƻƳ ƻǳǊ ǎƛƎƴŀƭ ƛŦ ǿŜ ǿƛǎƘ ǘƻ ǎǘǳŘȅ ǘƘƛƴƪƛƴƎ ǊŀǘƘŜǊ ǘƘŀƴ ōƭƛƴƪƛƴƎΦ   
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EEG Desynchronization

 

¢Ƙƛǎ ƛǎ ŀ ǊŜŀƭ 99D ǎƛƎƴŀƭ ǊŜŎƻǊŘŜŘ ŦǊƻƳ ǘƘŜ ƻŎŎƛǇǳǘΦ aƛŘǿŀȅ ǘƘǊƻǳƎƘ ǘƘŜ ǊŜŎƻǊŘƛƴƎ ǘƘŜ ŜȅŜǎ ƻǇŜƴΣ 
Ǿƛǎǳŀƭ ƛƴǇǳǘ ŦƭƻƻŘǎ ǘƘŜ ŎƻǊǘŜȄ ŀƴŘ ǘƘŜ ŀƭǇƘŀ ǊƘȅǘƘƳ ƎƻŜǎ ŀǿŀȅΦ ¢ƘŜ ŀƭǇƘŀ ǊƘȅǘƘƳ ƛǎ ŎŀǳǎŜŘ ōȅ 
ǎȅƴŎƘǊƻƴƻǳǎ ƻǎŎƛƭƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ƛŘƭŜ ƴŜǳǊƻƴǎΦ wŜŀŘȅ ǘƻ ǿƻǊƪ ōǳǘ ǿƛǘƘƻǳǘ ŀƴȅǘƘƛƴƎ ȅŜǘ ǘƻ ǿƻǊƪ ƻƴΦ 
¢Ƙƛƴƪ ƻŦ ǘƘŜ ǊƘȅǘƘƳƛŎ ƳƻǾŜƳŜƴǘǎ ƻŦ ŀ ǘŜƴƴƛǎ ǇƭŀȅŜǊ ǿŀƛǘƛƴƎ ŦƻǊ ǘƘŜ ǎŜǊǾŜΦ ¢ƘŜ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ŀƭǇƘŀ 
ǊƘȅǘƘƳ ƛǎ ǘƘŜǊŜŦƻǊŜ ŎŀƭƭŜŘ ŘŜǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴΦ  
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Transient, Steady-State and Sustained Responses

 

²Ŝ Ŏŀƴ ŀƭǎƻ ǳǎŜ ǎǇŜŎǘǊƻƎǊŀǇƘƛŎ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ŀ 
ǘƻƴŜ ǘƘŀǘ ŀŦǘŜǊ млл Ƴǎ ōŜŎƻƳŜǎ ŀƳǇƭƛǘǳŘŜ ƳƻŘǳƭŀǘŜŘ ŀǘ пл IȊΦ ¢ƘŜ 9t Ŏƻƴǘŀƛƴǎ ŀƴ ƻƴǎŜǘπǊŜǎǇƻƴǎŜΣ ŀ 
ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭΣ ŀƴŘ ŀƴ ŀǳŘƛǘƻǊȅ ǎǘŜŀŘȅπǎǘŀǘŜ ǇƻǘŜƴǘƛŀƭΦ LŦ ǿŜ ŦƛƭǘŜǊ ŀƴŘ ŀƳǇƭƛŦȅ ǘƘŜ ǿŀǾŜŦƻǊƳΣ ǿŜ 
Ŏŀƴ ǎŜŜ ǘƘŜ ǎǘŜŀŘȅ ǎǘŀǘŜ ǊŜǎǇƻƴǎŜ ƳƻǊŜ ŎƭŜŀǊƭȅ ŀƴŘ ŀƭǎƻ ŘŜǘŜŎǘ ŀ ǎƳŀƭƭ ƎŀƳƳŀπōŀƴŘ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ 
ƻƴǎŜǘ ƻŦ ǘƘŜ ǘƻƴŜΦ   
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Spectrogram of Auditory Evoked Potentials

 

¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ǎǇŜŎǘǊƻƎǊŀƳ ƻŦ ǘƘŜ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭΦ  !ǎ ǿŜ ƴƻǘŜŘ ōŜŦƻǊŜΣ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ 
ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ŀǘ ƘƛƎƘŜǊ ŦǊŜǉǳŜƴŎƛŜǎ ŀǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜŜΦ ¢ƘŜ 
ǎǇŜŎǘǊƻƎǊŀƳ Ŏŀƴ ōŜ ǎŎŀƭŜŘ ǘƻ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ōŜŦƻǊŜ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ŀŎŎŜƴǘǳŀǘŜ ŎƘŀƴƎŜǎ 
ƛƴ ǘƘŜǎŜ ƘƛƎƘ ŦǊŜǉǳŜƴŎƛŜǎΦ 
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V Induced Activity 

VI Nature of the Response

VII Overview

Process of Averaging

Latency Jitter

Artifact Rejection

Selective Averaging

Efficiency

 

bƻǿ ǿŜ ƘŀǾŜ ƭŜŀǊƴŜŘ ǘƘŜ ǿŀȅǎ ƻŦ ƭƻƻƪƛƴƎΣ ōŜŎƻƳŜ ǘƘŜ ƳŀǎǘŜǊǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ ŀƴŘ ǘƘŜ ƭƻǊŘǎ ƻŦ ǘƛƳŜΦ  
²Ŝ ǎƘŀƭƭ ƴƻǿ ǊŜǾƛŜǿ ǘƘŜ ƛŘŜŀ ƻŦ ŀǾŜǊŀƎƛƴƎ ŀ ǘƛƳŜ ǎƛƎƴŀƭΦ ²Ŝ ǎƘŀƭƭ ŎƻƴǎƛŘŜǊ ŀǾŜǊŀƎƛƴƎ ŀ ŦǊŜǉǳŜƴŎȅ 
ǎƛƎƴŀƭ ƭŀǘŜǊΦ !ǾŜǊŀƎƛƴƎ ƛǎ ǇƻǿŜǊŦǳƭ ōǳǘ ƴƻǘ ǇŜǊŦŜŎǘΦ ²Ŝ ƴŜŜŘ ǎƻƳŜ Ŏŀǳǘƛƻƴǎ ŀƴŘ ǿŜ ƴŜŜŘ ǎƻƳŜ ǘǊƛŎƪǎ ǘƻ 
ƳŀƪŜ ƛǘ ōŜǘǘŜǊΦ  
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Slide 10 

Process of Averaging

 

!ǾŜǊŀƎƛƴƎ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƛŘŜŀ ǘƘŀǘ ǿƘŀǘ ǿŜ ǊŜŎƻǊŘ ŦǊƻƳ ǘƘŜ ǎŎŀƭǇ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŀ ǎǘƛƳǳƭǳǎ ƛǎ ŀ 
ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭ ǎǇŜŎƛŦƛŎŀƭƭȅ ǊŜƭŀǘŜŘ ǘƻ ǇǊƻŎŜǎǎƛƴƎ ǘƘŜ ǎǘƛƳǳƭǳǎ ŀƴŘ ǘƘŜ ƻƴƎƻƛƴƎ 
99D ǊŜƭŀǘŜŘ ǘƻ ŀƭƭ ǘƘŜ ƻǘƘŜǊ ǘƘƛƴƎǎ ǘƘŀǘ ǘƘŜ ōǊŀƛƴ ƛǎ ŘƻƛƴƎ ŀǘ ǘƘŜ ǘƛƳŜ ǘƘŀǘ ǘƘŜ ǎǘƛƳǳƭǳǎ ƻŎŎǳǊǎΦ  {ƛƎƴŀƭ Ҍ 
bƻƛǎŜΦ  ²ƛǘƘ ŀǾŜǊŀƎƛƴƎ ǘƘŜ ǎƛƎƴŀƭ ǊŜƳŀƛƴǎ ǘƘŜ ǎŀƳŜΣ ǘƘŜ ƴƻƛǎŜ ǎƭƻǿƭȅ ŎŀƴŎŜƭǎ ƛǘǎŜƭŦ ƻǳǘΣ ŀƴŘ Ŧƛƴŀƭƭȅ ǘƘŜ 
ǎƛƎƴŀƭ ōŜŎƻƳŜǎ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ ŀǾŜǊŀƎŜ ǊŜŎƻǊŘƛƴƎΦ  
 
Slide 11 

Signals and Noise during Averaging 

 

¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŀǾŜǊŀƎƛƴƎΦ ¢ƘŜ ƴƻƛǎŜ ŘŜŎǊŜŀǎŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎǉǳŀǊŜ Ǌƻƻǘ ǊǳƭŜΦ ¢Ƙƛǎ ƛǎ ǘƘŜ 
ǎŀƳŜ ŀǎ ƎƻƛƴƎ ŦǊƻƳ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ǘƻ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ƻŦ ǘƘŜ ƳŜŀƴΦ {ƛƴŎŜ ǘƘŜ ƴƻƛǎŜ 
ƴŜǾŜǊ ƎƻŜǎ ŀǿŀȅΣ ǿŜ ŀƭǿŀȅǎ ƘŀǾŜ ǘƻ ŎƻƴǎƛŘŜǊ ƛŦ ǿƘŀǘ ǿŜ ƘŀǾŜ ǊŜŎƻǊŘŜŘ ƛǎ ŀ ǊŜŀƭ ǎƛƎƴŀƭ ƻǊ Ƨǳǎǘ 
ǳƴŀǾŜǊŀƎŜŘ ƴƻƛǎŜΦ  hƴŜ ǿŀȅ ƻŦ ŘƻƛƴƎ ǘƘƛǎ ƛǎ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ Ҍκπ ŀǾŜǊŀƎŜΦ LŦ ǿŜ ŀƭǘŜǊƴŀǘŜƭȅ ŀŘŘ ŀƴŘ 
ǎǳōǘǊŀŎǘ ǘƘŜ ǿŀǾŜŦƻǊƳǎ ǇǊƛƻǊ ǘƻ ŀǾŜǊŀƎƛƴƎ ǿŜ Ŏŀƴ ŎŀƴŎŜƭ ƻǳǘ ǘƘŜ ǎƛƎƴŀƭΦ ¢ƘŜ ƴƻƛǎŜ ƛǎ ǇǊŜǘǘȅ ƳǳŎƘ ǘƘŜ 
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ǎŀƳŜ ǊƛƎƘǘ ǿŀȅ ǳǇ ŀǎ ǳǇǎƛŘŜ Řƻǿƴ ŀƴŘ ǎƻ ǘƘŜ ōƭǳŜ Ҍκπ ŀǾŜǊŀƎŜ ƎƛǾŜǎ ǳǎ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ƭŜǾŜƭ ƻŦ 
ƴƻƛǎŜ ƛŦ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ǎƛƎƴŀƭ ǇǊŜǎŜƴǘΦ !ŦǘŜǊ ŀǾŜǊŀƎƛƴƎ ŦƻǳǊ ǊŜǎǇƻƴǎŜǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ƛǎ ǎƭƛƎƘǘƭȅ ōƛƎƎŜǊ 
ǘƘŀƴ ǘƘŜ ƴƻƛǎŜΦ !ŦǘŜǊ ŀǾŜǊŀƎƛƴƎ мсΣ ǘƘŜ ŀǾŜǊŀƎŜ ƛǎ ŎƭŜŀǊƭȅ ōƛƎƎŜǊ ǘƘŀƴ ǘƘŜ Ҍκπ ŀǾŜǊŀƎŜΦ ¢ƘŜ ŦƛƎǳǊŜ 
ŎƘŀƴƎŜǎ ǘƘŜ ǎŎŀƭŜ ōȅ ŀ ǎǉǳŀǊŜ Ǌƻƻǘ ŦŀŎǘƻǊ ς ǎƻ ǘƘŜ ƴƻƛǎŜ ǎǘŀȅǎ Ŏƻƴǎǘŀƴǘ ŀƴŘ ǘƘŜ ǎƛƎƴŀƭ ƎŜǘǎ ōƛƎƎŜǊΦ   
!ƴƻǘƘŜǊ ǿŀȅ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎƛƎƴŀƭπǘƻπƴƻƛǎŜ ƛǎ ǘƻ ƭƻƻƪ ŀǘ ǊŜǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 
ǊŜǇƭƛŎŀǘŜ ǘǊŀŎƛƴƎǎ ƳŜŀǎǳǊŜǎ ǘƘŜ ƴƻƛǎŜ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ŀǎ ǘƘŜ Ҍκπ ŀǾŜǊŀƎŜΦ  
 
Slide 12 

Replications

Unfocusthe eyes 

until the two 

replicate tracings 

blur into one and 

then decide whether 

the waveform is 

still identifiable.

 

¢Ƙƛǎ ǎƘƻǿǎ ǎƻƳŜ ŀǳŘƛǘƻǊȅ ōǊŀƛƴǎǘŜƳ ǊŜǎǇƻƴǎŜǎ ƴŜŀǊ ǘƘǊŜǎƘƻƭŘΦ LŦ ǿŜ ǿƛǎƘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ŀ 
ǊŜǎǇƻƴǎŜ ƛǎ ǇǊŜǎŜƴǘ ƻǊ ƴƻǘ ǿŜ Ŏŀƴ ŎƻƴǎƛŘŜǊ ǘƘŜ ǊŜǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜ ƻƭŘ ƳŀƴΩǎ ǿŀȅ ƻŦ ŘƻƛƴƎ ǘƘƛǎ ƛǎ ǘƻ ǘŀƪŜ 
ƻŦ Ƙƛǎ ƎƭŀǎǎŜǎΦ ! ǊŜǎǇƻƴǎŜ ƛǎ ǊŜŀƭ ƛŦ ƛǘ ǊŜƳŀƛƴǎ ǊŜŎƻƎƴƛȊŀōƭŜ ƛƴ ǘƘŜ ōƭǳǊΦ  
 

Slide 13 

Assumptions of Averaging

Signal should remain 

constant from one trial

to the next. 

Noise should vary randomly across trials 

Signal and noise should sum linearly to produce the recorded activity 
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!ǾŜǊŀƎƛƴƎ ƛǎ ōŀǎŜŘ ƻƴ ǘƘǊŜŜ ŀǎǎǳƳǇǘƛƻƴǎΦ ¢ƘŜ ŦƛǊǎǘ ƛǎ ǘƘŀǘ ǘƘŜ ǎƛƎƴŀƭ Ƴǳǎǘ ǊŜƳŀƛƴ Ŏƻƴǎǘŀƴǘ ŦǊƻƳ ƻƴŜ 
ǘǊƛŀƭ ǘƻ ǘƘŜ ƴŜȄǘΦ !ƳǇƭƛǘǳŘŜ ǾŀǊƛŀōƛƭƛǘȅ ƛǎ ƴƻǘ ōŀŘ ς ǘƘŜ ŀǾŜǊŀƎŜ ǊŜǎǇƻƴǎŜ ǎƛƳǇƭȅ ŀǾŜǊŀƎŜǎ ǘƘŜ 
ŀƳǇƭƛǘǳŘŜΦ [ŀǘŜƴŎȅ ǾŀǊƛŀōƛƭƛǘȅ ƛǎ ƳƻǊŜ ōƻǘƘŜǊǎƻƳŜ ς ǘƘŜ ŀǾŜǊŀƎŜ Ŏŀƴ ōŜŎƻƳŜ ǉǳƛǘŜ ŘƛǎǘƻǊǘŜŘΦ 
!ƳǇƭƛǘǳŘŜǎ ŀǊŜ ŘŜŎǊŜŀǎŜŘ ŀƴŘ ǘƘŜ ǿŀǾŜŦƻǊƳ ƛǎ ǎƳŜŀǊŜŘ ƻǳǘ ƻǾŜǊ ǘƛƳŜΦ  
¢ƘŜ ǎŜŎƻƴŘ ŀǎǎǳƳǇǘƛƻƴ Ŏŀƴ ōŜ ŀ ǇǊƻōƭŜƳ ƛŦ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ŀŎǘƛǾƛǘȅ όƻǊ ŀǊǘƛŦŀŎǘǳŀƭ ƴƻƛǎŜύ ōŜŎƻƳŜǎ 
ǎƻƳŜƘƻǿ ƭƻŎƪŜŘ ǘƻ ǘƘŜ ǎǘƛƳǳƭǳǎΦ hƴŜ ǿŀȅ ǘƻ ǇǊŜǾŜƴǘ ǘƘƛǎ ƛǎ ǘƻ ǊŀƴŘƻƳƛȊŜ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ ǎǘƛƳǳƭǳǎΦ 
¢ƘŜ ǘƘƛǊŘ ŀǎǎǳƳǇǘƛƻƴ ǎŜŜƳǎ ǘŀǳǘƻƭƻƎƛŎŀƭ ς ŎƭŜŀǊƭȅ ǘƘŜ ǎƛƎƴŀƭ ŘƛŦŦŜǊǎ ŦǊƻƳ ǘƘŜ ƴƻƛǎŜΦ .ǳǘ ǘƘƛǎ Ƴŀȅ ƴƻǘ ōŜ 
ǘǊǳŜΣ {ƻƳŜǘƛƳŜǎ ǘƘŜ ǎƛƎƴŀƭ ŀƴŘ ǘƘŜ ƴƻƛǎŜ ƛƴǘŜǊŀŎǘ ς ǿŜ ǎƘŀƭƭ ǊŜǘǳǊƴ ǘƻ ǘƘƛǎ ƭŀǘŜǊ ƛƴ ǘƘŜ ǘŀƭƪΦ   
 
Slide 14 

Woody Filtering

 

¢ƻ ǊŜǘǳǊƴ ǘƻ ǘƘŜ ƭŀǘŜƴŎȅ ǇǊƻōƭŜƳΦ hƴŜ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ Ŏŀƴ ŎƻǳƴǘŜǊ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƭŀǘŜƴŎȅ ƧƛǘǘŜǊ ƛǎ ǘƻ 
ŎƻǊǊŜƭŀǘŜ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǿŀǾŜŦƻǊƳ ǿƛǘƘ ǘƘŜ ŜȄǇŜŎǘŜŘ ŀǾŜǊŀƎŜ ǿŀǾŜŦƻǊƳ ŀƴŘ ǘƘŜƴ ŀŘƧǳǎǘ ǘƘŜ ƭŀǘŜƴŎȅ 
ǘƻ ƳŀȄƛƳƛȊŜ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴΦ Lǘ ǿƻǊƪǎ ǿŜƭƭ ǿƘŜƴ ǘƘŜ ƧƛǘǘŜǊ ŀŦŦŜŎǘǎ ǘƘŜ ǿƘƻƭŜ ǊŜǎǇƻƴǎŜΦ LŦ ƻƴƭȅ ǇŀǊǘ ƻŦ 
ǘƘŜ ǿŀǾŜŦƻǊƳ ƛǎ ƧƛǘǘŜǊŜŘΣ ƘƻǿŜǾŜǊΣ ŎƻǊǊŜŎǘƛƴƎ ǘƘŜ ƭŀǘŜƴŎȅ ŦƻǊ ǘƘƛǎ ǇŀǊǘ Ƴŀȅ ŘƛǎǘƻǊǘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ 
ǿŀǾŜŦƻǊƳΦ  ¢ƘŜ ŀǾŜǊŀƎŜǎ ŀǊŜ ŘƻǳōƭŜŘ ƛƴ ǎƛȊŜ ǘƻ ǎƘƻǿ ǘƘŜ ŎƘŀƴƎŜǎΦ ²ƘƛƭŜ ǘƘŜ tо ƛǎ ŎƻǊǊŜŎǘŜŘΣ ǘƘŜ bм ƛǎ 
ŘŜŎǊŜŀǎŜŘΦ ¢ƘŜ ǇǊƻŎŜǎǎ ƛǎ ŀƭǎƻ ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ƴƻƛǎŜ !ǘ ƘƛƎƘ ƴƻƛǎŜ ƭŜǾŜƭǎ ǘƘŜ bм ƛǎ ŀŎǘǳŀƭƭȅ ŀŎŎŜƴǘǳŀǘŜŘ 
ŀǎ ǘƘŜ ²ƻƻŘȅ ŦƛƭǘŜǊ ŀŘƧǳǎǘǎ ǘƘŜ ƭŀǘŜƴŎȅ ƻŦ ƴƻƛǎŜ ǊŀǘƘŜǊ ǘƘŀƴ ǎƛƎƴŀƭΦ  
 
Slide 15 
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Artifact Rejection

 

Lǘ ƛǎ ŎǳǎǘƻƳŀǊȅ ǘƻ ǊŜƧŜŎǘ ŦǊƻƳ ǘƘŜ ŀǾŜǊŀƎƛƴƎ ǇǊƻŎŜǎǎ ǘƘƻǎŜ ǘǊƛŀƭǎ ǘƘŀǘ ƘŀǾŜ ƘƛƎƘ ŀƳǇƭƛǘǳŘŜΦ {ƛƴŎŜ ǘƘŜ 
ǎƛƎƴŀƭ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ŎƻƴǎǘŀƴǘΣ ǘƘƛǎ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜŘ ƴƻƛǎŜ ς ŀǎ ǘƘŜ ǎǳōƧŜŎǘ ōƭƛƴƪǎΣ ƳƻǾŜǎΣ ǎǿŀƭƭƻǿǎΣ 
ŀƴŘ ǘǊƛŜǎ ǘƻ ōŜ ŀ ƴƻǊƳŀƭ ƘǳƳŀƴ ōŜƛƴƎ ǊŀǘƘŜǊ ǘƘŀƴ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎǳōƧŜŎǘΦ  wŜƧŜŎǘƛƻƴ Ŏŀƴ ōŜ ōŀǎŜŘ ƻƴ 
ŀōǎƻƭǳǘŜ ŀƳǇƭƛǘǳŘŜ ƻǊ ƻƴ ǘƘŜ ƘƛƎƘŜǎǘ ǇŜǊŎŜƴǘƛƭŜΦ 
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Slide 16 

Selective Averaging

 

 

²Ŝ Ŏŀƴ ŀƭǎƻ ǊŜƧŜŎǘ ǘǊƛŀƭǎ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ Ƙƻǿ ǇƻƻǊƭȅ ǘƘŜȅ ŎƻǊǊŜƭŀǘŜ ǿƛǘƘ ǘƘŜ ŀǾŜǊŀƎŜ ǿŀǾŜŦƻǊƳΦ ¢Ƙƛǎ 
ǎŜŜƳǎ ƭƛƪŜ ŎƘŜŀǘƛƴƎ ōǳǘ ǿƻǊƪǎ ǾŜǊȅ ǿŜƭƭΦ  
 
Slide 17 

Efficiency in Signal Analysis

Simple Rate Effects: If the amplitude of 

the response at twice the rate is greater 

than 70.7% of the original amplitude, it is 

more efficient to record at the faster rate. 

Multiple Stimuli : If two responses have 

no effect on each other, they can be 

recorded concurrently provide the 

presentation of one is random with respect 

to the other.

Multiple Parameters: A stimulus that is deviant in one parameter may 

still serve as a standard stimulus for one that is deviant in a different 

parameter.

 

9ŦŦƛŎƛŜƴŎȅ ƛǎ ŀ ǿƻǊǘƘǿƘƛƭŜ ŎƻƴŎŜǇǘ ǘƻ ōŜŀǊ ƛƴ ƳƛƴŘ ǿƘŜƴ ŀǾŜǊŀƎƛƴƎΦ ²ƘŜƴ ǊŜŎƻǊŘƛƴƎ ŀ ǎƛƴƎƭŜ ǊŜǎǇƻƴǎŜ 
ǿŜ ǎƘƻǳƭŘ ǳǎŜ ŀ ǊŀǘŜ ǘƘŀǘ ƎƛǾŜǎ ǘƘŜ ƭŀǊƎŜǎǘ ǎƛƎƴŀƭπǘƻπƴƻƛǎŜ Ǌŀǘƛƻ ƛƴ ŀ ƎƛǾŜƴ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜΦ ¢Ƙƛǎ Ŏŀƴ ōŜ 
ŦƛƎǳǊŜŘ ƻǳǘ ōȅ ŘƛǾƛŘƛƴƎ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ōȅ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ ƻŦ ǘƘŜ ǎǘƛƳǳƭǳǎ ƻƴǎŜǘ ŀǎȅƴŎƘǊƻƴȅΦ  ¢ƘŜ ƭŀǘŜ 
ŀǳŘƛǘƻǊȅ 9t ƛǎ Ƴƻǎǘ ǉǳƛŎƪƭȅ ǊŜŎƻǊŘŜŘ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭƛ ŎƻƳŜ ŜǾŜǊȅ о ǎŜŎƻƴŘǎ ƻǊ ǎƻΦ 
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²Ŝ Ŏŀƴ ŀƭǎƻ ǊŜŎƻǊŘ ǊŜǎǇƻƴǎŜǎ ǘƻ ƳǳƭǘƛǇƭŜ ǎǘƛƳǳƭƛ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛŦ ǘƘŜ ǊŜǎǇƻƴǎŜǎ Řƻ ƴƻǘ ƛƴǘŜǊŀŎǘΦ LŦ ǘƘŜ 
ǎǘƛƳǳƭƛ ŀǊŜ ǊŀƴŘƻƳ ŜŀŎƘ ǊŜǎǇƻƴǎŜ ōŜŎƻƳŜǎ ǎƛƳǇƭȅ ǇŀǊǘ ƻŦ ǘƘŜ ƴƻƛǎŜ ŦƻǊ ŀǾŜǊŀƎƛƴƎ ǘƘŜ ƻǘƘŜǊ 
ǊŜǎǇƻƴǎŜǎΦ 
¢ƘŜ Ŧƛƴŀƭ ŜȄŀƳǇƭŜ ƻŦ ŜŦŦƛŎƛŜƴŎȅ ƻŎŎǳǊǎ ǿƘŜƴ ǊŜŎƻǊŘƛƴƎ ǘƘŜ ƳƛǎƳŀǘŎƘ ƴŜƎŀǘƛǾƛǘȅΦ ¢ƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ 
ǊŜŎƻǊŘƛƴƎ ǇǊŜǎŜƴǘǎ ǘƘŜ ŘŜǾƛŀƴǘ ǎǘƛƳǳƭǳǎ ŀǘ ƭƻǿ ǇǊƻōŀōƛƭƛǘȅΦ IƻǿŜǾŜǊ ŜŀŎƘ ŘŜǾƛŀƴǘ ǎǘƛƳǳƭǳǎ Ƴŀȅ ǎŜǊǾŜ 
ŀǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ǎǘƛƳǳƭǳǎ ŦƻǊ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ ŘŜǾƛŀƴǘΦ .ȅ ƛƴǘŜǊŎŀƭŀǘƛƴƎ ǘƘŜ ŘŜǾƛŀƴǘǎΣ ǿŜ Ŏŀƴ ǊŜŎƻǊŘ ǘƘŜ 
ǊŜǎǇƻƴǎŜ ǘƻ ŦƛǾŜ ŘŜǾƛŀƴǘǎ ƛƴ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ŀǎ ƛǘ ǘŀƪŜǎ ǘƻ ǊŜŎƻǊŘ ƻƴŜΦ   
 
Slide 18 

Optimum Paradigm for Recording Multiple MMNs

Näätänenet al. (2004). Clinical Neurophysiology, 115, 140-4
 

¢ƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ǇŀǊŀŘƛƎƳ ǇǊŜǎŜƴǘǎ ƻƴŜ ŘŜǾƛŀƴǘ ƛƴ ŀ ǘǊŀƛƴ ƻŦ ǎǘŀƴŘŀǊŘǎ ǿƛǘƘ ŀ ǇǊƻōŀōƛƭƛǘȅ ƻŦ мκмлΦ ¢ƘŜ 
ǎƻǳƴŘǎ Řƻ ƴƻǘ Ŧƻƭƭƻǿ ǘƘŜ ƛƭƭǳǎǘǊŀǘƛƻƴ ƻǘƘŜǊ ǘƘŀƴ ƛƴ ǇǊƛƴŎƛǇƭŜΦ ¢ƻ ǊŜŎƻǊŘ ŀƴƻǘƘŜǊ ǘȅǇŜ ƻŦ aab ǿŜ ƴŜŜŘ 
ǘƻ ǊŜǇŜŀǘ ǘƘŜ ǿƘƻƭŜ ǊŜŎƻǊŘƛƴƎΦ 
¢ƘŜ ƳǳƭǘƛǇƭŜ ŘŜǾƛŀƴǘ ǇŀǊŀŘƛƎƳ ǇǊŜǎŜƴǘǎ ŜŀŎƘ ŘŜǾƛŀƴǘ ŀǘ ǘƘŜ ǎŀƳŜ ǘŜƳǇƻǊŀƭ ǇǊƻōŀōƛƭƛǘȅ ōǳǘ ǇǊŜǎŜƴǘǎ 
ŦƛǾŜ ŘŜǾƛŀƴǘǎ ŎƻƴŎǳǊǊŜƴǘƭȅΦ CƛǾŜ ƳƛǎƳŀǘŎƘ ƴŜƎŀǘƛǾƛǘƛŜǎ ŦƻǊ ǘƘŜ ǇǊƛŎŜ ƻŦ ƻƴŜΦ  
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Slide 19 

Signals and Noise

I Ways of Looking

II Time Analyses

III Frequency Analyses

IV Component Structure

V Induced Activity 

VI Nature of the Response

VII Overview

Optimum Filter

Steady-State Responses

Following Responses

Multiple Simultaneous 

Stimulation

Frequency-Tagging

 

{ƻ ǿŜ ƘŀǾŜ ƭƻƻƪŜŘ ŀǘ ŀǾŜǊŀƎƛƴƎ ƛƴ ǘƘŜ ǘƛƳŜ ŘƻƳŀƛƴ ς ŀƴŘ ŎƻƴǎƛŘŜǊŜŘ ǎǳŎƘ ǘƘƛƴƎǎ ŀǎ ǘƘŜ ŜǎǘƛƳŀǘƛƻƴ ƻŦ 
ƴƻƛǎŜ ŀƴŘ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǊŜŎƻǊŘƛƴƎΦ Iƻǿ Řƻ ǿŜ ŀƴŀƭȅȊŜ ǎƛƎƴŀƭǎ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴΚ  
Slide 20 

Optimum Filter

An optimum filter reduces the 

frequencies in the signal in inverse 

proportion to the signal-to-noise 

ratio at that frequency. 

For most EPs the signal (EP) and 

the noise (EEG) have similar 

spectra, and a simple bandpass

filter is appropriate. 

If the signal has energy at only one 

frequency, then the filter should 

attenuate all other frequencies to 

zero.

 

CƛƭǘŜǊǎ ǊŜƳƻǾŜ ǳƴǿŀƴǘŜŘ ŦǊŜǉǳŜƴŎƛŜǎ ŦǊƻƳ ǘƘŜ ǊŜŎƻǊŘƛƴƎΦ !ƴ ƻǇǘƛƳǳƳ ŦƛƭǘŜǊ Χ CƻǊ Ƴƻǎǘ 9tǎ Χ ¢Ƙǳǎ ŦƻǊ 
ǘƘŜ ǎƭƻǿ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭ ǿŜ Ŏŀƴ ǳǎŜ ŀ ōŀƴŘǇŀǎǎ ƻŦ м ǘƻ ол IȊΦ  
{ǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜǎ ƻŎŎǳǊ ŀǘ ƻƴƭȅ ƻƴŜ ŦǊŜǉǳŜƴŎȅ ŀƴŘ Ŏŀƴ ōŜ ŜŦŦƛŎƛŜƴǘƭȅ ǊŜŎƻǊŘŜŘ ǳǎƛƴƎ ŦƛƭǘŜǊƛƴƎΦ ¢ƘŜ 
Ƴƻǎǘ ŜŦŦŜŎǘƛǾŜ ŦƛƭǘŜǊ ƛǎ ǘƻ ƭƻƻƪ ƻƴƭȅ ŀǘ ǘƘŜ ŜȄŀŎǘ ŦǊŜǉǳŜƴŎȅ ƻŦ ǎǘƛƳǳƭŀǘƛƻƴ ŀƴŘ ǊŜƧŜŎǘ ŀƭƭ ƻǘƘŜǊǎΦ 
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Slide 21 

Auditory Steady-State Response

 

¢Ƙƛǎ ƛǎ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ōǊŀƛƴ ǘƻ ŀ ƭƻǿπŦǊŜǉǳŜƴŎȅ ǘƻƴŜǎ ŀƳǇƭƛǘǳŘŜ ƳƻŘǳƭŀǘŜŘ ŀǘ пл ǇŜǊ 
ǎŜŎƻƴŘΦ ¢ƘŜ ǊŜǎǇƻƴǎŜ ŀǾŜǊŀƎŜŘ ƛƴ ǘƘŜ ǘƛƳŜ ŘƻƳŀƛƴ ǎƘƻǿǎ ŀ ǎƛƴǳǎƻƛŘŀƭ ǇŀǘǘŜǊƴ ǘƘŀǘ Ŧƻƭƭƻǿǎ ǘƘŜ 
ŜƴǾŜƭƻǇŜ ƻŦ ǘƘŜ ǎǘƛƳǳƭǳǎΦ Lǘ Ƴŀƛƴǘŀƛƴǎ ƛǘǎ ŀƳǇƭƛǘǳŘŜ ŀƴŘ ǇƘŀǎŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ 
ǎƻǳƴŘ ς ƳŀƪƛƴƎ ǘƘƛǎ ǇŀǊǘƛŎǳƭŀǊ ŜƴǾŜƭƻǇŜπŦƻƭƭƻǿƛƴƎ ǊŜǎǇƻƴǎŜ ŀƭǎƻ  ŀ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜΦ ¢ƘŜ 
ǊŜǎǇƻƴǎŜ ǾƛŜǿŜŘ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴ ǎƘƻǿǎ ŀ ǇǊƻƳƛƴŜƴǘ ǎƛƴƎƭŜ ƭƛƴŜ ŀǘ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ 
ǎǘƛƳǳƭǳǎΦ  ¢ƘŜ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ ǎƘƻǿ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ 99D ŀŎǘƛǾƛǘȅ ς ŀƭǇƘŀΣ ōŜǘŀΦ ¢ƘŜ 
ŀƳǇƭƛǘǳŘŜ ǎǇŜŎǘǊǳƳ ŘƻŜǎ ƴƻǘ Ŏƻƴǘŀƛƴ ǘƘŜ ǇƘŀǎŜ ƛƴŦƻǊƳŀǘƛƻƴ ς ǘƘƛǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ŀ ǇƻƭŀǊ Ǉƭƻǘ ǿƘŜǊŜ 
ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƛǎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƭƛƴŜ ŀƴŘ ǘƘŜ ǇƘŀǎŜ ƛǘǎ ƻǊƛŜƴǘŀǘƛƻƴ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ŀȄŜǎΦ tƘŀǎŜ ƛǎ 
ƛƳǇƻǊǘŀƴǘ ς ƛǘ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ŘŜƭŀȅ ƻŦ ǘƘŜ ǊŜǎǇƻƴǎŜ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ǎƛƎƴŀƭΦ  
 
Slide 22 

Averaging Steady-State Responses
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{ǘŜŀŘȅ ǎǘŀǘŜ ǊŜǎǇƻƴǎŜǎ Ŏŀƴ ōŜ ŀǾŜǊŀƎŜŘ ƛƴ ŜƛǘƘŜǊ ǘƘŜ ǘƛƳŜ ƻǊ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴΦ ¢Ƙƛǎ ǎƘƻǿǎ ŀ плπIȊ 
ǊŜǎǇƻƴǎŜ ŀǾŜǊŀƎŜŘ ƻǾŜǊ н ǘƻ он ǎŜŎƻƴŘǎΦ ²Ŝ Ŏŀƴ ǘŀƪŜ ǎǇŜŎǘǊŀ ƻŦ ǘƘŜ ǘƛƳŜπŘƻƳŀƛƴ ŀǾŜǊŀƎŜΣ ƻǊ ǿŜ Ŏŀƴ 
Ƨǳǎǘ ǘŀƪŜ ŀ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ǿƘƻƭŜ ǊŜŎƻǊŘŜŘ ǎƛƎƴŀƭΦ hƴƭȅ ŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ ƛǎ ǇƭƻǘǘŜŘ ς ŦǊƻƳ ол 
ǘƻ рл IȊΦ  Lƴ ŜƛǘƘŜǊ ŎŀǎŜ ǘƘŜ ǊŜǎǇƻƴǎŜ ƛǎ ŎƭŜŀǊƭȅ ǾƛǎƛōƭŜ ŀǘ пл IȊΦ  LŦ ǿŜ ǘŀƪŜ ƳǳƭǘƛǇƭŜ ŀƳǇƭƛǘǳŘŜ ǎǇŜŎǘǊŀ 
ŦǊƻƳ ŜǾŜǊȅ нπǎŜŎƻƴŘǎ ǿƻǊǘƘ ƻŦ ǘƘŜ ǊŜŎƻǊŘƛƴƎ ǿŜ Ŏŀƴ ǘƘŜƴ ŀǾŜǊŀƎŜ ǘƘŜǎŜ ǎǇŜŎǘǊŀΦ ¢Ƙƛǎ ŀǾŜǊŀƎƛƴƎ ƛǎ 
ǇŜǊŦƻǊƳŜŘ ǿƛǘƘƻǳǘ ǊŜƎŀǊŘ ǘƻ ǇƘŀǎŜΦ ¢ƘŜ ǊŜǎǳƭǘŀƴǘ ǎǇŜŎǘǊǳƳ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻŦ ǿƘŀǘ ȅƻǳ Ŏŀƴ 
ǎŜŜ ƛƴ н ǎŜŎƻƴŘǎΣ ƴƻǘ ǿƘŀǘ ȅƻǳ Ŏŀƴ ǎŜŜ ƻǾŜǊ ǘƘŜ ǿƘƻƭŜ ǊŜŎƻǊŘƛƴƎ ǇŜǊƛƻŘΦ  Lǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ 
ŀŎǘƛǾƛǘȅ ƳƻǊŜ ǘƘŀƴ ǘƘŜ ǎƛƎƴŀƭΣ ǿƘƛŎƘ ƛǎ ƻƴƭȅ Ƨǳǎǘ ǾƛǎƛōƭŜΦ  ²Ŝ ǎƘŀƭƭ ǊŜǘǳǊƴ ǘƻ ǘƘƛǎ ƭŀǘŜǊ ŀƴŘ ȅƻǳ ǿƛƭƭ ƘŜŀǊ 
ŀƎŀƛƴ ǘƘŜ ƳŀƴǘǊŀ ǘƘŀǘ ǘƘŜ ǎǇŜŎǘǊǳƳ ƻŦ ǘƘŜ ŀǾŜǊŀƎŜ ƛǎ ƴƻǘ ǘƘŜ ǎŀƳŜ ŀǎ ǘƘŜ ŀǾŜǊŀƎŜ ǎǇŜŎǘǊǳƳΦ  
 
Slide 23 

Following Responses

 

¢ƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ŀ ǊŜŎǳǊǊƛƴƎ ǎǘƛƳǳƭǳǎ ƛƴ ǊŜŀƭ ƭƛŦŜ Ƴŀȅ ƴƻǘ ǊŜƳŀƛƴ ǎǘŜŀŘȅΦ ¢Ƙƛǎ ƛǎ ǇǊƻƭƻƴƎŜŘ ǾƻǿŜƭ ΨŀΩ 
ǎǇƻƪŜƴ ōȅ {ǘŜǾŜ !ƛƪŜƴΦ Lǘǎ ŦǊŜǉǳŜƴŎȅ ǾŀǊƛŜǎ ƻǾŜǊ ǘƛƳŜΦ LŦ ǿŜ ǳǎŜ ǘƘŜ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳ ǿŜ Ŏŀƴ ǎŜŜ ŀ 
ǊŜǎǇƻƴǎŜ ōǳǘ ƛǘ ƛǎ ǎƳŜŀǊŜŘ ŀŎǊƻǎǎ ƳǳƭǘƛǇƭŜ ŦǊŜǉǳŜƴŎȅ ōƛƴǎΦ  hǘƘŜǊ ǘŜŎƘƴƛǉǳŜǎ Ƴǳǎǘ ōŜ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ 
ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƘŀǘ Ŧƻƭƭƻǿǎ ŀ ƴŀǘǳǊŀƭ ǾƻŎŀƭƛȊŀǘƛƻƴΦ  ¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ CƻǳǊƛŜǊ !ƴŀƭȅǎƛǎ όŀǎ 
ŘƛǎǘƛƴŎǘ ŦǊƻƳ ŀ ¢ǊŀƴǎŦƻǊƳύ ς ǘƘŜ ƻǊŀƴƎŜ ŀǊŜŀ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ƻŦ ǘƘŜ ƳŜŀƴ ƛƴ ǘǿƻ 
ŘƛƳŜƴǎƛƻƴǎΦ  
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Slide 24 

Transient and Following Responses

 

¦ǎƛƴƎ ǎǳŎƘ ǘŜŎƘƴƛǉǳŜǎΣ ŦƻƭƭƻǿƛƴƎ ǊŜǎǇƻƴǎŜǎ Ŏŀƴ ōŜ ǊŜŎƻǊŘŜŘ ŀǘ ŀƭƭ ŦǊŜǉǳŜƴŎƛŜǎ ƻŦ ǎǘƛƳǳƭŀǘƛƻƴΦ  ¢Ƙƛǎ 
Ǉƭƻǘ ǎƘƻǿǎ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ŜǾƻƪŜŘ ǊŜǎǇƻƴǎŜǎ ǘƻ ŀ ǎƛƳǇƭŜ ŎƭƛŎƪΦ ¢ƘŜ ǊŜǎǇƻƴǎŜ ōŜƎƛƴǎ ƛƴ ǘƘŜ ŜŀǊ ŎƻƴǘƛƴǳŜǎ 
ǘƘǊƻǳƎƘ ǘƘŜ ōǊŀƛƴǎǘŜƳ ǘƻ ǘƘŜ ŎƻǊǘŜȄ ŀƴŘ ǘƘŜƴ ǎǇǊŜŀŘǎ ŀŎǊƻǎǎ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ŀǊŜŀǎ ƻŦ ŎƻǊǘŜȄΦ  ¢ƘŜ 
ŦƻƭƭƻǿƛƴƎ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ǇƭƻǘǘŜŘ ōŀŎƪǿŀǊŘ ς ŦǊƻƳ ƘƛƎƘ ǘƻ ƭƻǿ ŦǊŜǉǳŜƴŎȅΦ  ¢ƘŜ ǎƭƻǿ ŦƻƭƭƻǿƛƴƎ ƛǎ ǊŜƭŀǘŜŘ 
ǘƻ ǘƘŜ ǎƭƻǿ ǘǊŀƴǎƛŜƴǘ ǊŜǎǇƻƴǎŜǎ ŀƴŘ Ŧŀǎǘ ŦƻƭƭƻǿƛƴƎ ƛǎ ƭƛƪŜƭȅ ƳŜŘƛŀǘŜŘ ōȅ ǘƘŜ ǎŀƳŜ ƴŜǳǊƻƴǎ ŀǎ ƎŜƴŜǊŀǘŜ 
ǘƘŜ Ŧŀǎǘ ǘǊŀƴǎƛŜƴǘ ǊŜǎǇƻƴǎŜ   
 
Slide 25 

Multiple Simultaneous Stimuli

 

{ǘŜŀŘȅ ǎǘŀǘŜ ǊŜǎǇƻƴǎŜǎ ŀƭƭƻǿ ǳǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ƻǳǊ ǊŜŎƻǊŘƛƴƎǎΦ ¢Ƙƛǎ ǎƘƻǿǎ Ƙƻǿ ǿŜ Ŏŀƴ 
ŎƻƴǎǘǊǳŎǘ ƳǳƭǘƛǇƭŜ ŘƛŦŦŜǊŜƴǘ ǎǘƛƳǳƭƛ ǿƛǘƘ ŜŀŎƘ ŎŀǊǊƛŜǊ ŦǊŜǉǳŜƴŎȅ ƘŀǾƛƴƎ ŀ ǎǇŜŎƛŦƛŎ ƳƻŘǳƭŀǘƛƻƴ 
ŦǊŜǉǳŜƴŎȅΦ  ¢ƘŜƴ ǿŜ ŎƻƳōƛƴŜ ǘƘŜ ǎǘƛƳǳƭƛ ŀƴŘ ǊŜŎƻǊŘ ǘƘŜ ōǊŀƛƴΩǎ ǊŜǎǇƻƴǎŜΦ   
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Slide 26 

Multiple Steady-State Responses

 

¢Ƙƛǎ ƛǎ ǘƘŜ ŎƻƳǇƭŜǘŜ ǎǇŜŎǘǊǳƳΦ !ǘ ǘƘŜ ƳƻŘǳƭŀǘƛƻƴπŦǊŜǉǳŜƴŎƛŜǎ ƻŦ ŜŀŎƘ ǎǘƛƳǳƭǳǎ ǿŜ Ŏŀƴ ǎŜŜ ŀ ǊŜǎǇƻƴǎŜΦ  
¢ƘŜ ǊŜƎƛƻƴ ŀǊƻǳƴŘ ǘƘŜǎŜ ŦǊŜǉǳŜƴŎƛŜǎ ƛǎ ŀƳǇƭƛŦƛŜŘΦ 9ŀŎƘ ǊŜǎǇƻƴǎŜ Ŏŀƴ ŀƭǎƻ ōŜ ǾƛŜǿŜŘ ƻƴ ŀ ǇƻƭŀǊ ǇƭƻǘΦ LŦ 
ǿŜ ǇǊŜǎŜƴǘ ŜŀŎƘ ǎǘƛƳǳƭǳǎ ōȅ ƛǘǎŜƭŦ ǿŜ ŦƛƴŘ ƛǎ ƴƻ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ŀƳǇƭƛǘǳŘŜ ŦǊƻƳ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭƛ ǿŜǊŜ 
ǇǊŜǎŜƴǘŜŘ ŎƻƴŎǳǊǊŜƴǘƭȅΦ  Lǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƳǳŎƘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƻ ǊŜŎƻǊŘ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ƳǳƭǘƛǇƭŜ ǎǘƛƳǳƭƛ 
ǇǊŜǎŜƴǘŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǘƘŀƴ ǘƻ ǊŜŎƻǊŘ ƳǳƭǘƛǇƭŜ ǎŜǇŀǊŀǘŜ ǊŜǎǇƻƴǎŜǎΦ   
 
Slide 27 

Auditory Steady-State Responses during Sleep

 

¢Ƙƛǎ ǎƭƛŘŜ ǎƘƻǿǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǎǘƛƳǳƭƛ ƳƻŘǳƭŀǘŜŘ ŀǘ ŦǊŜǉǳŜƴŎƛŜǎ ƴŜŀǊ пл IȊ ŀƴŘ ŀǘ ŦǊŜǉǳŜƴŎƛŜǎ ƴŜŀǊ 
ул IȊΦ ²ƘŜƴ ŀ ǎǳōƧŜŎǘ Ŧŀƭƭǎ ŀǎƭŜŜǇΣ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ƴŜŀǊ пл IȊ ŘŜŎǊŜŀǎŜΣ ōǳǘ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ŀǘ ƘƛƎƘŜǊ 
ŦǊŜǉǳŜƴŎƛŜǎ ŀǊŜ ǳƴŀŦŦŜŎǘŜŘΦ  ¢Ƙƛǎ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎǘƛƳǳƭƛ ƳƛƎƘǘ ōŜ ǳǎŜŘ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ ŀǊƻǳǎŀƭ 
ƻŦ ŀ ǎǳōƧŜŎǘ ς ǘƘŜ плπIȊ ǊŜǎǇƻƴǎŜǎ ǎƘƻǿ ǘƘŜ ǎǘŀǘŜ ŀƴŘ ǘƘŜ ŦŀǎǘŜǊ ǊŜǎǇƻƴǎŜǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ŜŀǊ ŀƴŘ 
ōǊŀƛƴǎǘŜƳ ŀǊŜ ǇǊƻŎŜǎǎƛƴƎ ǎƻǳƴŘǎ ƴƻǊƳŀƭƭȅΦ 
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Slide 28 

Stimulus-Frequency Tagging

Müller et al. (1998). Cognitive Brain Research, 6, 249ï61
 

¢ŀƎƎƛƴƎ ǎǘƛƳǳƭƛ ǿƛǘƘ ŀ ǎƛƎƴŀǘǳǊŜ ŦǊŜǉǳŜƴŎȅ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǘǊŀŎƪ ŀǘǘŜƴǘƛƻƴΦ ¢Ƙƛǎ ǎƘƻǿǎ ǎƻƳŜ ǊŜǎǇƻƴǎŜǎ 
ƛƴ ŀ ǇŀǇŜǊ ǘƘŀǘ hƭŘ {ǘŜǾŜ ŀƴŘ hƭŘ ¢ŜǊǊȅ ǿŜǊŜ ōƻǘƘ ƛƴǾƻƭǾŜŘ ƛƴΦ  {ǘƛƳǳƭƛ ǿŜǊŜ ǇǊŜǎŜƴǘŜŘ ŎƻƴŎǳǊǊŜƴǘƭȅ ǘƻ 
ǘƘŜ ƭŜŦǘ ŀƴŘ ǊƛƎƘǘ Ǿƛǎǳŀƭ ŦƛŜƭŘǎΦ wŜǎǇƻƴǎŜǎ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ ŦǊŜǉǳŜƴŎȅπǘŀƎƎŜŘ ǎǘƛƳǳƭƛ ǾŀǊȅ ǿƛǘƘ 
ǿƘŜǘƘŜǊ ǘƘŜ ǎǘƛƳǳƭƛ ŀǊŜ ŀǘǘŜƴŘŜŘ ƻǊ ƛƎƴƻǊŜŘΦ wŜǎǇƻƴǎŜǎ ǘƻ ǎǘƛƳǳƭƛ ƛƴ ǘƘŜ ƭŜŦǘ Ǿƛǎǳŀƭ ŦƛŜƭŘ ŀǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ 
ŜƴƘŀƴŎŜŘ ōȅ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ƭŜŦǘ ŀƴŘ ƘŀǾŜ ǘƘŜƛǊ ǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ǊƛƎƘǘ ǇŀǊƛŜǘŀƭ ŀǊŜŀ ŀƴŘ ǾƛŎŜ ǾŜǊǎŀΦ  hƭŘ 
{ǘŜǾŜ ǿƛƭƭ ŎƻƴǎƛŘŜǊ ǎǳŎƘ ǎǘǳŘƛŜǎ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭΦ  
 
Slide 29 

Signals and Noise

I Ways of Looking

II Time Analyses

III Frequency Analyses

IV Component Structure

V Induced Activity 

VI Nature of the Response

VII Overview

Component  Analyses

Scalp Topography

Dipole Source Analysis

Ocular Artifacts

Three Wizards

 

²Ŝ ƘŀǾŜ ǊŜǾƛŜǿŜŘ ǘƘŜ ǎƛƎƴŀƭ ŀƴŘ ǘƘŜ ƴƻƛǎŜ ƛƴ ōƻǘƘ ǘƘŜ ǘƛƳŜ ŀƴŘ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴǎΦ  ²Ŝ ǎƘŀƭƭ ƴƻǿ 
ŎƻƴǎƛŘŜǊ Ƙƻǿ ǿŜ ŘŜŎƛŘŜ ǿƘŀǘ ǘƘŜ ǎƛƎƴŀƭ ƳŜŀƴǎΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǎǇŜŜŎƘ ƛƴǾƻƭǾŜǎ ǇŀǊǎƛƴƎ ƻǳǘ ǘƘŜ ǿƻǊŘǎ 
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ǘƘŀǘ ƳŀƪŜ ǳǇ ǿƘŀǘ ǿŜ ƘŜŀǊΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎ ƛƴǾƻƭǾŜǎ ǎŜǇŀǊŀǘƛƴƎ ƻǳǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ 
ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ƳŀƪŜ ǳǇ ǿƘŀǘ ǿŜ ǊŜŎƻǊŘΦ ²Ŝ ǎƘŀƭƭ ƭƻƻƪ ŀǘ ǎƻƳŜ ŘƛǇƻƭŜǎ ŀƴŘ ǘŀƭƪ ǘƻ ǎƻƳŜ ǿƛȊŀǊŘǎΦ  
 
Slide 30 

Component Analysis

Principal Component Analysis provides a set of components to 

account for the variance in a data set. This can be done both in 

terms of temporal waveforms ïwhich peaks and troughs vary with 

the experimental manipulation ïor in terms of spatial 

topographies ïwhich scalp distributions go together. Also the 

structure can be altered by rotating the components (e.g. Varimax)    

Independent Component Analysis determines a set of 

components in terms of their statistical independence (considering 

higher order statistics as well as the variance). 

Source Component Analysis provides a set of components that 

are physiologically realistic in terms of what might be generated 

by dipole sources in regions of the brain.  

 

¢ƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ŜǾŜƴǘ ǊŜƭŀǘŜŘ ǇƻǘŜƴǘƛŀƭǎ Ŏŀƴ ōŜ ŀƴŀƭȅȊŜŘ ƛƴ ǎŜǾŜǊŀƭ ǿŀȅǎΦ 5ŀǾƛǎ {ǘŜǾŜ ǿƛƭƭ ǘŀƭƪ 
ƳƻǊŜ ŀōƻǳǘ ǘƘƛǎ ƭŀǘŜǊΣ ōǳǘ ǘƘƛǎ ǿƛƭƭ ǇǊŜǎŜƴǘ Ƴȅ ǿŀȅ ƻŦ ƭƻƻƪƛƴƎ ŀƴŘ Ƴȅ ōƛŀǎŜǎΦ tǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘ ΧΦΦ 
¢Ƙƛǎ ǎǘŀǘƛǎǘƛŎŀƭ ŀǇǇǊƻŀŎƘ ŦƛǊǎǘ ŎŀƳŜ ǘƻ ǇǊƻƳƛƴŜƴŎŜ ƛƴ ǘƘŜ ǎǘǳŘȅ ƻŦ ǇŜǊǎƻƴŀƭƛǘȅ ŦŀŎǘƻǊǎΦ LƴŘŜǇŜƴŘŜƴǘ 
ŎƻƳǇƻƴŜƴǘ Χ t/! ƛǎ ŀ ƭƻǿŜǊ ƻǊŘŜǊ ǾŜǊǎƛƻƴ ƻŦ L/!Φ  L/! ƻǊƛƎƛƴŀǘŜŘ ƛƴ ǘƘŜ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ 
ŀǳŘƛǘƻǊȅ ǎƻǳǊŎŜǎ ς Ƙƻǿ ǘƘŜ /L! ŎƻǳƭŘ ƭƛǎǘŜƴ ǘƻ ƻƴŜ ŎƻƴǾŜǊǎŀǘƛƻƴ ŀƴŘ ƴƻǘ ƻǘƘŜǊǎΦ aȅ ōƛŀǎ ƛǎ ǘƻǿŀǊŘ 
ǎƻǳǊŎŜ ŎƻƳǇƻƴŜƴǘǎΦ L ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǎŜŜ ǘƘŜ ǿƘŜƴ ŀƴŘ ǿƘŜǊŜ ƛƴ ǘƘŜ ōǊŀƛƴ ƻŦ ǿƘŀǘ ƛǎ ƎƻƛƴƎ ƻƴΦ  
IƻǿŜǾŜǊΣ ǎƻǳǊŎŜ ŎƻƳǇƻƴŜƴǘ ŀƴŀƭȅǎƛǎ ƛǎ ƴƻǘ Ŝŀǎȅ ς ƛǘ ƛǎ ōŜǎǘ ŘƻƴŜ ŦƻƭƭƻǿƛƴƎ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ŀƴŀƭȅǎƛǎ ƻŦ 
Ƙƻǿ ǘƘŜ ǿŀǾŜŦƻǊƳǎ ǊŜŀŎǘ ǘƻ ŜȄǇŜǊƛƳŜƴǘŀƭ ƳŀƴƛǇǳƭŀǘƛƻƴΦ ¢ƘŜƴ ǇƘȅǎƛƻƭƻƎȅ ŀƴŘ ǇǎȅŎƘƻƭƻƎȅ Ŏŀƴ ǿƻǊƪ 
ǘƻƎŜǘƘŜǊΦ   
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Slide 31 

Scalp Topography of Auditory Evoked Potentials

 

¢ƘŜ ƴŜȄǘ ŦŜǿ ǎƭƛŘŜǎ ǿƛƭƭ ǉǳƛŎƪƭȅ Ǝƻ ǘƘǊƻǳƎƘ ŀ ǎƻǳǊŎŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎƭƻǿ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎΦ 
²Ŝ ōŜƎƛƴ ǿƛǘƘ ŀ ср ŎƘŀƴƴŜƭ ǎŎŀƭǇ ǊŜŎƻǊŘƛƴƎΦ ²Ŝ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ǿŀǾŜŦƻǊƳǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƻŦ ƻǇǇƻǎƛǘŜ 
ǇƻƭŀǊƛǘȅ ƛƴ ǘƘŜ ŦǊƻƴǘŀƭ ǊŜƎƛƻƴǎ ŎƻƳǇŀǊŜŘ ǘƻ ƳƻǊŜ ƛƴŦŜǊƛƻǊ ŀƴŘ ǇƻǎǘŜǊƛƻǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǎŎŀƭǇΦ  
 
Slide 32 

Global Field Power

 

 

²Ŝ Ŏŀƴ ƎŜǘ ǎƻƳŜ ƛŘŜŀ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǿŀǾŜǎ ǇǊŜǎŜƴǘ ōȅ ǎǳǇŜǊƛƳǇƻǎƛƴƎ ŀƭƭ ǘƘŜ ǊŜŎƻǊŘƛƴƎǎ ƛƴ ŀ ōǳǘǘŜǊŦƭȅ 
Ǉƭƻǘ ƻǊ ōȅ ŎŀƭŎǳƭŀǘƛƴƎ ŀ Ǝƭƻōŀƭ ŦƛŜƭŘ ǇƻǿŜǊ ƻǊ wa{ ƳŜŀǎǳǊŜƳŜƴǘΦ ¢ƘŜ ǇŀǘǘŜǊƴ ƻŦ ǘƘŜ ōǳǘǘŜǊŦƭȅ Ǉƭƻǘ 
ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ  ōŜ ƻǾŜǊƭŀǇǇƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ƻŦ tн π ǘƘŜ ƭƛƴŜǎ ŎǊƻǎǎ ƛƴ ǘƘŜ ƳƛŘŘƭŜ 
ƻŦ ǘƘŜ ǿƛƴƎǎΦ  
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Slide 33 

Mapping Scalp Topography 

 

²Ŝ Ŏŀƴ ƭƻƻƪ ŀǘ ƳŀǇǎ ƻŦ ǘƘŜ ǎŎŀƭǇ ǘƻǇƻƎǊŀǇƘȅΦ ¢ƘŜ bм ǿŀǾŜ ƛǎ ƴŜƎŀǘƛǾŜ ŦǊƻƴǘŀƭƭȅ ŀƴŘ ǇƻǎƛǘƛǾŜ ƛƴŦŜǊƛƻǊƭȅ 
ǿƘŜǊŜŀǎ ǘƘŜ ƻǇǇƻǎƛǘŜ ƛǎ ǘǊǳŜ ŦƻǊ ǘƘŜ tн ǿŀǾŜΦ  
 
Slide 34 

Coronal Topography of Auditory Evoked Potential

 

²Ŝ Ŏŀƴ ƭƻƻƪ ŀǘ ƛƴŘƛǾƛŘǳŀƭ ǿŀǾŜŦƻǊƳǎ ŀƴŘ ǎŜŜ ŀ ǎƳŀƭƭ ƴŜƎŀǘƛǾŜ ǿŀǾŜ ƛƴ ǘƘŜ ƳƛŘ ǘŜƳǇƻǊŀƭ ǊŜƎƛƻƴǎ ǘƘŀǘ 
ƻŎŎǳǊǎ ōŜǘǿŜŜƴ ǘƘŜ ǾŜǊǘŜȄ bм ŀƴŘ ǘƘŜ tнΦ 
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Slide 35 

Intracerebral Sources of the Late Auditory EP

Scherget al. (1989). Journal of Cognitive Neuroscience, 1, 336-55

 

{ƻǳǊŎŜ ŀƴŀƭȅǎƛǎ ƛƴǾƻƭǾŜǎ ǇƭŀŎƛƴƎ ŘƛǇƻƭŜǎ ƛƴ ǘƘŜ ōǊŀƛƴΣ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘŀǘ ǇŀǊǘ ƻŦ ǘƘŜ ǊŜŎƻǊŘŜŘ 
ǘƻǇƻƎǊŀǇƘȅ ǘƘŜȅ ƳƛƎƘǘ ŜȄǇƭŀƛƴ ŀƴŘ ŎŀƭŎǳƭŀǘƛƴƎ Ƙƻǿ ǿŜƭƭ ǘƘŜȅ Ŧƛǘ ǘƘŜ ŘŀǘŀΦ  ²ƘŜƴ ǘƘŜ Ŧƛǘ ƛǎ ƻǇǘƛƳƛȊŜŘ 
ǘƘŜ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ bмō ŀƴŘ tн ǿŀǾŜǎ ǊŜǎǳƭǘ ŦǊƻƳ ŘƛǇƻƭŜ ŦƛŜƭŘǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ōƻǘƘ 
ǘŜƳǇƻǊŀƭ ƭƻōŜǎΦ ¢ƘŜ bмŎ ǿŀǾŜ ǊŜŦƭŜŎǘǎ ŀŎǘƛǾƛǘȅ ƻƴ ǘƘŜ ƭŀǘŜǊŀƭ ǎǳǊŦŀŎŜǎ ƻŦ ǘƘŜ ǘŜƳǇƻǊŀƭ ƭƻōŜǎΦ ¢ƘŜ 
ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭ Ƙŀǎ ŀ ǎƻǳǊŎŜǎ ƻƴ ǘƘŜ ǎǳǇŜǊƛƻǊ ǎǳǊŦŀŎŜǎ ƻŦ ǘƘŜ ǘŜƳǇƻǊŀƭ ƭƻōŜǎ ŀƴǘŜǊƛƻǊ ǘƻ ǘƘŜ bмπtн 
ǎƻǳǊŎŜǎΦ  
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¢ƘŜ ŎƻƴŎŜǇǘǎ ǿŜ ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛŘŜǊƛƴƎ Ƴŀȅ ōŜ ǎǳƳƳŀǊƛȊŜŘ ōȅ ƻōǎŜǊǾƛƴƎ ǘƘŜ ǘƘǊŜŜ ǿƛȊŀǊŘǎ ƻŦ ŜǾƻƪŜŘ 
ǇƻǘŜƴǘƛŀƭ ǊŜǎŜŀǊŎƘΦ ¢ƘŜ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǿƛȊŀǊŘ ƻǇŜǊŀǘŜǎ ǿƛǘƘ ǘƘŜ ŀƴŀǘƻƳȅ ƻŦ ǘƘŜ ŘŜƴŘǊƛǘŜǎΣ ǘƘŜ ǳƴƛǘ 
ǊŜŎƻǊŘƛƴƎǎ ƻŦ ǘƘŜ ƳƛŎǊƻŜƭŜŎǘǊƻŘŜΣ ŀƴŘ ǘƘŜ ƴŜǳǊƻŎƘŜƳƛǎǘǊȅ ƻŦ ǘƘŜ ǎƭƛŎŜŘ ōǊŀƛƴΦ IŜ ƛǎ ŀ ǉǳƛŜǘ ŀƴŘ ƘŀǊŘπ
ǿƻǊƪƛƴƎ ŦŜƭƭƻǿ ǿƘƻǎŜ ǎŎƛŜƴǘƛŦƛŎ ŜƴŘŜŀǾƻǊ ƛǎ ǿŜƭƭπŦƻǳƴŘŜŘ ǳǇƻƴ ǘƘŜ ƻǘƘŜǊ ǎŎƛŜƴŎŜǎ τ Ƙƛǎ ŎŀǳƭŘǊƻƴ ƛǎ 


