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¢Ƙƛǎ ƛǎ ƻƴŜ ƻŦ tŀǳƭ YƭŜŜΩǎ ǇƛŎǘǳǊŜǎ ŦǊƻƳ Ƙƛǎ ȅŜŀǊǎ ŀǘ ǘƘŜ .ŀǳƘŀǳǎΦ IŜ ƛǎ ŀǘǘŜƳǇǘƛƴƎ ǘƻ ǇƻǊǘǊŀȅ ǎƻǳƴŘǎ ōȅ 
ƳŜŀƴǎ ƻŦ ŎƻƭƻǊǎΦ tŜǊƘŀǇǎ ȅƻǳ Ŏŀƴ ǎŜŜ ƻǊ ƘŜŀǊ ǘƘŜ ōǊƛƎƘǘ ǎƻǳƴŘǎ ƻŦ ŀ ŦƭǳǘŜΣ ǘƘŜ ŘŀǊƪŜǊ ƴƻǘŜǎ ƻŦ ŀ ŎŜƭƭƻΦ 
aȅ ǘŀƭƪ ǿƛƭƭ ŎƻƴǎƛŘŜǊ ǘƘŜ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎ π Ƙƻǿ ǘƘŜ ōǊŀƛƴ ǇǊƻŎŜǎǎŜǎ ǘƘŜ ǎƻǳƴŘǎ ǘƘŀǘ YƭŜŜ 
ǘǊƛŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ƛƴ ŎƻƭƻǊǎΦ   
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aŀƴȅ ŘƛŦŦŜǊŜƴǘ ŀǳŘƛǘƻǊȅ 9tǎ Ŏŀƴ ōŜ ǊŜŎƻǊŘŜŘ ŦǊƻƳ ǘƘŜ ƘǳƳŀƴ ǎŎŀƭǇΦ ¢ƘŜȅ ŘŜǊƛǾŜ ŦǊƻƳ ŀƭƭ ǘƘŜ ŘƛŦŦŜǊŜƴǘ 
ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ŀǳŘƛǘƻǊȅ ǎȅǎǘŜƳΣ ŀƴŘ ƳŜŀƴ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǘƘƛƴƎǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ Ƙƻǿ ǎƻǳƴŘǎ ŀǊŜ 
ǇǊƻŎŜǎǎŜŘΦ {ƻƳŜ ǎƻǊǘ ƻŦ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƛǎ ƘŜƭǇŦǳƭ ƛƴ ƪŜŜǇƛƴƎ ƻǳǊ ōŜŀǊƛƴƎǎΦ L ǎƘŀƭƭ ǇǊŜǎŜƴǘ ǘƘǊŜŜΥ ƻƴŜ 
ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜƭŀǘƛƻƴ ƻŦ ǘƘŜ 9t ǘƻ ǘƘŜ ǘƛƳŜπŎƻǳǊǎŜ ƻŦ ǘƘŜ ǎƻǳƴŘ ς ǘǊŀƴǎƛŜƴǘΣ ǎǳǎǘŀƛƴŜŘ ŀƴŘ ǎǘŜŀŘȅ 
ǎǘŀǘŜΣ ƻƴŜ ōŀǎŜŘ ƻƴ ƭŀǘŜƴŎȅ ς ŦŀǎǘΣ ƳƛŘŘƭŜ ŀƴŘ ǎƭƻǿΣ ŀƴŘ ƻƴŜ ōŀǎŜŘ ƻƴ ǿƘŀǘ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ 
ǿŀǾŜŦƻǊƳǎ ς ŜȄƻƎŜƴƻǳǎ ŀƴŘ ŜƴŘƻƎŜƴƻǳǎΦ 
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Transient, Sustained and Steady-State

 

¢Ƙƛǎ ŘƛŀƎǊŀƳǎ ǎƘƻǿǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ŀƴ ŀƳǇƭƛǘǳŘŜπƳƻŘǳƭŀǘŜŘ ǘƻƴŜΦ ¢ƘŜǊŜ ŀǊŜ ǘǊŀƴǎƛŜƴǘ ǊŜǎǇƻƴǎŜǎ ǘƻ 
ǘƘŜ ƻƴǎŜǘ ŀƴŘ ǘƘŜ ƻŦŦǎŜǘ ƻŦ ǘƘŜ ǘƻƴŜΣ ŀ ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭ ŘǳǊƛƴƎ ǘƘŜ ǘƻƴŜ ŀƴŘ ŀ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜ 
ǘƘŀǘ Ŧƻƭƭƻǿǎ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƳƻŘǳƭŀǘƛƻƴΦ  
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Auditory Evoked Sustained Potentials

Pictonet al. (1978). Electroenceph. Clin. Neurophysiol. 45, 198-210

 

{ǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭǎ ƭŀǎǘ ŘǳǊƛƴƎ ǘƘŜ Ŏƻƴǘƛƴǳŀǘƛƻƴ ƻŦ ŀ ǎǘƛƳǳƭǳǎΦ LƴŎǊŜŀǎƛƴƎ ǘƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ǊŀǘŜ 
ŘŜŎǊŜŀǎŜǎ ǘƘŜ ƻƴǎŜǘ ǊŜǎǇƻƴǎŜ ōǳǘ Ƙŀǎ ƳǳŎƘ ƭŜǎǎ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭΦ  
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Temporal Integration and Steady-State Responses

 

¢Ƙƛǎ ǎƭƛŘŜ ǎƘƻǿǎ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ƛƴǘŜǊƳƛǘǘŜƴǘ ŀƳǇƭƛǘǳŘŜ ƳƻŘǳƭŀǘƛƻƴ ƻŦ ŀ Ŏƻƴǘƛƴǳƻǳǎ ǘƻƴŜ ς ŀǘ пл 
IȊ ŀƴŘ ŀǘ ул IȊΦ ¢ƘŜ ƳƻŘǳƭŀǘƛƻƴǎ ŀƭǘŜǊƴŀǘŜ ƛƴ ǘƘŜƛǊ ǇƘŀǎŜΦ {ƻ ŀǾŜǊŀƎƛƴƎ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘ 
ƳƻŘǳƭŀǘƛƻƴǎ ǘƻƎŜǘƘŜǊ ŎŀƴŎŜƭǎ ƻǳǘ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜ ŀƴŘ ƭŜŀǾŜǎ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ŀƴŘ ǎǳǎǘŀƛƴŜŘ 
ǇƻǘŜƴǘƛŀƭǎΦ ¢ƘŜ ƻƴǎŜǘ ƻŦ ǘƘŜ ƳƻŘǳƭŀǘƛƻƴ ŜǾƻƪŜǎ ŀƴ ƻƴǎŜǘ ǊŜǎǇƻƴǎŜ ǘƘŀǘ Ŏƻƴǎƛǎǘǎ Ƴŀƛƴƭȅ ƻŦ ŀ tм ǿŀǾŜΦ 
{ƛƴŎŜ ǘƘŜ ǎǘƛƳǳƭƛ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ǊŀǇƛŘƭȅΣ ǘƘŜ bм ƛǎ ǾŜǊȅ ǎƳŀƭƭΦ  ! ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭ ƭŀǎǘǎ ǘƘǊƻǳƎƘ ǘƘŜ 
ŘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻŘǳƭŀǘƛƻƴΦ  LŦ ǿŜ ǘŀƪŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ ƻǳǘπƻŦπǇƘŀǎŜ 
ǎǘƛƳǳƭƛΣ ǿŜ ŎŀƴŎŜƭ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ŀƴŘ ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭǎ ŀƴŘ ŀǊŜ ƭŜŦǘ ǿƛǘƘ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜ ς 
ǿƘƛŎƘ Ŏŀƴ ōŜ ŦƛƭǘŜǊŜŘ ŀƴŘ ŀƳǇƭƛŦƛŜŘΦ ¢ƘŜǎŜ ǊŜŎƻǊŘƛƴƎǎ ǎƘƻǿ ǘƘŜ ōǳƛƭŘπǳǇ ƻŦ ǘƘŜ ǎǘŜŀŘȅπǎǘŀǘŜ ǊŜǎǇƻƴǎŜ 
ƻǾŜǊ ǘƛƳŜΦ ¢ƘŜ ул IȊ ǊŜǎǇƻƴǎŜ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ ǘƘŜ ōǊŀƛƴǎǘŜƳ ōǳƛƭŘǎ ǳǇ ǉǳƛŎƪƭȅ ς ǘƘŜ ŎƻǊǘƛŎŀƭ пл IȊ 
ǊŜǎǇƻƴǎŜ ǘŀƪŜǎ ŀōƻǳǘ нлл Ƴǎ ǘƻ ǊŜŀŎƘ ǎǘŜŀŘȅ ǎǘŀǘŜΦ   
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Time and Frequency Views of  Transient AEP
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aƻǎǘ ǇǎȅŎƘƻǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜǎŜŀǊŎƘ ǿƛǘƘ ǘƘŜ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎ ǳǎŜǎ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ŜǾƻƪŜŘ 
ǇƻǘŜƴǘƛŀƭǎΦ ¢ƘŜǎŜ Ŧƻƭƭƻǿ ǘƘŜ ŀǳŘƛǘƻǊȅ ǇǊƻŎŜǎǎƛƴƎ ŦǊƻƳ ǘƘŜ ŎƻŎƘƭŜŀ ǘƘǊƻǳƎƘ ǘƘŜ ōǊŀƛƴǎǘŜƳ ǳǇ ǘƻ ǘƘŜ 
ŀǳŘƛǘƻǊȅ ŎƻǊǘŜȄ ŀƴŘ ǘƘŜƴ ǘƻ ǘƘŜ ŀǎǎƻŎƛŀǘƛƻƴ ŀǊŜŀǎ ƻŦ ǘƘŜ ŎŜǊŜōǊŀƭ ŎƻǊǘŜȄΦ ¢ƘŜ ƴƻƳŜƴŎƭŀǘǳǊŜ Ŧƻƭƭƻǿǎ ǘƘŜ 
ŘƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ ǿŀǾŜǎΦ CƛǊǎǘΣ ǘƘŜ ǎƭƻǿ ǿŀǾŜǎ ǿƘƛŎƘ ŀǊŜ ƭŀǊƎŜ ŀƴŘ Ŏŀƴ ƻŎŎŀǎƛƻƴŀƭƭȅ ōŜ ǎŜŜƴ ƛƴ ǘƘŜ ǎƛƴƎƭŜ 
ǘǊƛŀƭ 99DΦ [ƻƻƪƛƴƎ ŀǘ ǘƘŜ ŜŀǊƭƛŜǊ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǎƭƻǿ ǊŜǎǇƻƴǎŜ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ōŀƴŘπǇŀǎǎ ƻŦ ǘƘŜ 
ŀƳǇƭƛŦƛŜǊǎ ǎƘƻǿǎ ǘƘŜ ƳƛŘŘƭŜ ƭŀǘŜƴŎȅ ǊŜǎǇƻƴǎŜΦ [ƻƻƪƛƴƎ ŀǘ ǘƘŜ ŜŀǊƭȅ ǇŀǊǘ ƻŦ ǘƘƛǎ ǿŀǾŜŦƻǊƳ ǎƘƻǿǎ ǘƘŜ 
ōǊŀƛƴǎǘŜƳ ǊŜǎǇƻƴǎŜΦ  
 
Slide 7 

Transient Auditory Evoked Potentials

 

.ƻō DŀƭŀƳōƻǎ ŀƴŘ L ŦƻǳƴŘ ǘƘŀǘ ŀƭƭ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎ Ŏŀƴ ōŜ ǇƭƻǘǘŜŘ ƻƴ ŀ ƭƻƎπƭƻƎ 
Ǉƭƻǘ ǎƻ ǘƘŀǘ ƳŀƪŜǎ ǘƘŜ ŜŀǊƭƛŜǊ ŀƴŘ ǎƳŀƭƭŜǊ ǇƻǘŜƴǘƛŀƭǎ ƳƻǊŜ ǊŜŀŘƛƭȅ ŘŜǘŜŎǘŜŘΦ   
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Auditory Evoked Potentials

I Classification

II Exogenous and Endogenous
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²Ŝ ƘŀǾŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎΣ ŎƭŀǎǎƛŦȅƛƴƎ ǘƘŜƳ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜƛǊ 
ƭŀǘŜƴŎȅ ŀƴŘ ƻƴ Ƙƻǿ ǘƘŜȅ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǘƛƳŜπŎƻǳǊǎŜ ƻŦ ǘƘŜ ǎǘƛƳǳƭǳǎΦ  CǊƻƳ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ƻŦ 
ǇǎȅŎƘƻǇƘȅǎƛƻƭƻƎȅΣ ŀƴƻǘƘŜǊ ǎȅǎǘŜƳ ƻŦ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ Ƴŀȅ ōȅ ƘŜƭǇŦǳƭΣ ōŀǎŜŘ ƻƴ Ƙƻǿ ǘƘŜ ǊŜǎǇƻƴǎŜ ŎƘŀƴƎŜ 
ǿƛǘƘ ŀǘǘŜƴǘƛƻƴΦ  
  
Slide 9 

Effects of Attention on Auditory Evoked  Potentials

 

¢ƘŜ ǘǊŀƴǎƛŜƴǘ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎ ǘƻ ŀ ŎƭƛŎƪ ŎƘŀƴƎŜ ǿƘŜƴ ǘƘŜ ǎǳōƧŜŎǘ Ǉŀȅǎ ŎƭƻǎŜ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ ŎƭƛŎƪ ƛƴ 
ƻǊŘŜǊ ǘƻ ŘŜǘŜŎǘ ŀƴ ƻŎŎŀǎƛƻƴŀƭ ŎƘŀƴƎŜ ƛƴ ƛǘǎ ƛƴǘŜƴǎƛǘȅΦ ¢ƘŜ ŎƘŀƴƎŜǎ ƛƴǾƻƭǾŜ ǘƘŜ ǎƭƻǿ ǊŜǎǇƻƴǎŜǎ ς ǘƘŜ ƭŀǘŜ 
ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎΦ ¢ƘŜ ŜŀǊƭƛŜǊ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ǊŜƳŀǊƪŀōƭȅ ǊŜǎƛƭƛŜƴǘ ǘƻ ƳŀƴƛǇǳƭŀǘƛƻƴǎ ƻŦ 
ŀǘǘŜƴǘƛƻƴΦ Lǘ ƛǎ ŀǎ ǘƘƻǳƎƘ ǘƘŜ ōǊŀƛƴ ŀƴŀƭȅȊŜǎ ŀƭƭ ǎƻǳƴŘǎ ōǳǘ ŀǘǘŜƴŘǎ ǘƻ ƻƴƭȅ ǎƻƳŜ ƻŦ ǘƘŜƳΦ  
 
Slide 10 

Uncertainty Resolution

The P3, P300 or ñlate positive 

waveò was initially recorded in 

response to an unpredictable and 

improbable stimulus. 

Sutton et al . (1965). Science, 

150, 1187-8

 

{ƻƳŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ŜǾŜƴǘπǊŜƭŀǘŜŘ ǇƻǘŜƴǘƛŀƭ ŀǇǇŜŀǊ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ǇǎȅŎƘƻƭƻƎƛŎŀƭ  ƳŜŀƴƛƴƎ ƻŦ ŀ 
ǎǘƛƳǳƭǳǎ ǊŀǘƘŜǊ ǘƘŀƴ ƛǘǎ ǇƘȅǎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΦ  {ǳǘǘƻƴ ŀƴŘ Ƙƛǎ ŎƻƭƭŜŀƎǳŜǎ ŘƛǎŎƻǾŜǊŜŘ ŀ ƭŀǘŜ ǇƻǎƛǘƛǾŜ ǿŀǾŜ 
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ƛƴ ǘƘŜ ŜǾŜƴǘπǊŜƭŀǘŜŘ ǇƻǘŜƴǘƛŀƭ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭǳǎ όŀǳŘƛǘƻǊȅ ƻǊ Ǿƛǎǳŀƭύ ǊŜǎƻƭǾŜŘ ǳƴŎŜǊǘŀƛƴǘȅ ōǳǘ ƴƻǘ 
ǿƘŜƴ ƛǘ ǿŀǎ ǇǊŜŘƛŎǘŀōƭŜΦ {ǳǘǘƻƴ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǿŀǾŜ ŜƴŘƻƎŜƴƻǳǎ ς ǊŜƭŀǘŜŘ ǘƻ ƛƴƴŜǊ ǿƻǊƭŘ ƻŦ 
ǇŜǊŎŜǇǘƛƻƴ ς ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŜŀǊƭƛŜǊ ŜȄƻƎŜƴƻǳǎ ǿŀǾŜǎ ς ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƻǳǘŜǊ ǇƘȅǎƛŎŀƭ ǿƻǊƭŘΦ  
 
Slide 11 

Oddball Paradigm

The P3 is most commonly 

recorded in an ñoddballò 

paradigm, wherein the subject 

detects an improbable ñtargetò 

occurring unpredictably in a 

train of ñstandardò stimuli.

 

bƻǿŀŘŀȅǎ ǘƘŜ tо ΧΦ ¢ƘŜ ǎŀƳǇƭŜ ǎƻǳƴŘǎ ŀǊŜ ǳƴǇǊŜŘƛŎǘŀōƭŜ ŀƴŘ Řƻ ƴƻǘ ŜȄŀŎǘƭȅ Ŧƻƭƭƻǿ ǘƘŜ ƛƭƭǳǎǘǊŀǘƛƻƴΦ Lƴ 
ǘƘƛǎ ǇŀǊŀŘƛƎƳ ǘƘŜ ǘŀǊƎŜǘ ŜƭƛŎƛǘǎ ŀ ŎƻƳǇƭŜȄ ŎƻƴǘŀƛƴƛƴƎ bн ŀƴŘ tо ǿŀǾŜǎ ǘƘŀǘ ƛǎ ƴƻǘ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ 
ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘΦ 
 
Slide 12 

Response to an Omitted Auditory Stimulus

 

LŦ ǿŜ ƻƳƛǘ ŀƴ ƻŎŎŀǎƛƻƴŀƭ ǎǘƛƳǳƭǳǎ ƛƴ ŀ ǊŜƎǳƭŀǊ ǘǊŀƛƴ ŀƴŘ ŀǎƪ ǘƘŜ ǎǳōƧŜŎǘ ǘƘŜ Ŏƻǳƴǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 
ƻƳƛǎǎƛƻƴǎΣ ǘƘŜ bнπtо ŎƻƳǇƭŜȄ ƻŎŎǳǊǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ƻƳƛǎǎƛƻƴΦ ¢Ƙƛǎ ǘƘǳǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ŎƻƳǇƭŜǘŜƭȅ 
ŜƴŘƻƎŜƴƻǳǎ ǇǊƻŎŜǎǎΦ  ¢ƘŜ ŎƭƛŎƪǎ ŀǊŜ Ŧŀƛƴǘ ς ǎƻ ƭƛǎǘŜƴ ŎŀǊŜŦǳƭƭȅΦ  ²ƘŜƴ ǘƘŜ ŎƭƛŎƪǎ ƻŎŎǳǊ ŀǘ ŀ ǎƭƻǿŜǊ ǊŀǘŜΣ 
ǘƘŜ ǊŜǎǇƻƴǎŜ ƛǎ ǎƳŀƭƭŜǊ ŀƴŘ ƳƻǊŜ ǎǇǊŜŀŘ ƻǳǘΦ LŦ ƻƴ ǎŜǇŀǊŀǘŜ ǘǊƛŀƭǎ ǿŜ ǊŜŎƻǊŘ ǘƘŜ ǊŜŀŎǘƛƻƴ ǘƛƳŜ ǘƻ ǘƘŜ 
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ƻƳƛǎǎƛƻƴΣ ǿŜ ǎŜŜ ǘƘŀǘ ǘƘƛǎ ōŜŎƻƳŜǎ ƳƻǊŜ ǾŀǊƛŀōƭŜ ŀǎ ǘƘŜ ƛƴǘŜǊǾŀƭ ōŜǘǿŜŜƴ ǘƘŜ ǎǘƛƳǳƭƛ ƛƴŎǊŜŀǎŜǎΦ ¢ƘŜ 
ōǊƻŀŘ ǿŀǾŜŦƻǊƳ ŀǘ ǎƭƻǿ ǊŀǘŜǎ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ƭŀǘŜƴŎȅ ƧƛǘǘŜǊ ƛƴ ǘƘŜ ǇŜǊŎŜǇǘǳŀƭ ŘŜŎƛǎƛƻƴΦ 9ȄŀŎǘƭȅ ǿƘŀǘ ǘƘŜ 
tолл ǊŜǇǊŜǎŜƴǘǎ ƛǎ ƴƻǘ ŎƭŜŀǊ ς ƛǘ ƛǎ ƴƻǘ ǘƘŜ ŘŜŎƛǎƛƻƴ ǇǊƻŎŜǎǎ ƛǘǎŜƭŦ ǎƛƴŎŜ ƛǘ Ŏŀƴ Ŧƻƭƭƻǿ ŀŦǘŜǊ ǘƘŜ w¢Φ Lǘ 
ƭƛƪŜƭȅ ǊŜǇǊŜǎŜƴǘǎ ŀƴ ǳǇŘŀǘƛƴƎ ƻŦ ǿƻǊƪƛƴƎ ƳŜƳƻǊȅΦ  
 
Slide 13 

Exogenous ïMesogenousïEndogenous

Paul Klee, Ancient Sounds, 1927

 

aŀƴȅ ȅŜŀǊǎ ŀƎƻ {ǘŜǾŜ IƛƭƭȅŀǊŘ ŀƴŘ L ǇǊƻǇƻǎŜŘ ǘƘŀǘ ǘƘŜ ŜǾŜƴǘπǊŜƭŀǘŜŘ ǇƻǘŜƴǘƛŀƭǎ ŎƻǳƭŘ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ 
ŜȄƻƎŜƴƻǳǎ ς ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ ǇƘȅǎƛŎŀƭ ǿƻǊƭŘΣ ŜƴŘƻƎŜƴƻǳǎ ς ǊŜƭŀǘŜŘ ǘƻ ǇǎȅŎƘƻƭƻƎƛŎŀƭ ƳŜŀƴƛƴƎΣ ŀƴŘ 
ƳŜǎƻƎŜƴƻǳǎ ς ŀŦŦŜŎǘŜŘ ōȅ ōƻǘƘ ǘƘŜ ƻǳǘŜǊ ǿƻǊƭŘ ŀƴŘ ǘƘŜ ƛƴƴŜǊ ƳƛƴŘΦ  ¢ƘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǉǳƛŎƪƭȅ ǇŀǎǎŜŘ 
ŀǿŀȅΦ ¢Ƙƛǎ ǎƭƛŘŜ ƛǎ ŀƴ ŀǘǘŜƳǇǘ ŀǘ ǊŜǎǳǎŎƛǘŀǘƛƻƴΦ ¢ƘŜ ŜŀǊƭȅ ŜǾƻƪŜŘ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭǎ ŀǊŜ 
ŜȄƻƎŜƴƻǳǎΣ ŀƴŘ ǘƘŜ ƭŀǘŜǊ ǇƻǘŜƴǘƛŀƭǎ ŀǊŜ ƳŜǎƻƎŜƴƻǳǎΦ {ǳǇŜǊƛƳǇƻǎŜŘ ƻƴ ǘƘŜǎŜ ǿŀǾŜǎ ŀǊŜ ŀ ǾŀǊƛŜǘȅ ƻŦ 
ŜƴŘƻƎŜƴƻǳǎ ŎƻƳǇƻƴŜƴǘǎ ŀǎ ŀǘǘŜƴŘŜŘ ǎǘƛƳǳƭƛ ŀǊŜ ŜǾŀƭǳŀǘŜŘΣ ŘŜŎƛǎƛƻƴǎ ƳŀŘŜ ŀƴŘ ƳŜƳƻǊƛŜǎ ǳǇŘŀǘŜŘΦ  
 
Slide 14 

Auditory Evoked Potentials

I Classification

II Exogenous and Endogenous

III Response to Change

IV Deviance Detection

V Auditory Attention

VI Information Processing

VII Overview

Onset and Offset

Level Change

Stimulus Change

Refractory Period

Selective Adaptation

Discrimination
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²Ŝ ƘŀǾŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŜȄƻƎŜƴƻǳǎ ŀƴŘ ŜƴŘƻƎŜƴƻǳǎ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ǊŜǎǇƻƴǎŜ ŀƴŘ ǇƻǎǘǳƭŀǘŜŘ ǘƘŀǘ 
ǘƘŜǊŜ Ƴŀȅ ŀƭǎƻ ōŜ ƳŜǎƻƎŜƴƻǳǎ ŎƻƳǇƻƴŜƴǘǎΦ ¢Ƙƛǎ ǎŜŎǘƛƻƴ ǿƛƭƭ ŘŜŀƭ ǿƛǘƘ ǘƘŜǎŜ ƳŜǎƻƎŜƴƻǳǎ 
ŎƻƳǇƻƴŜƴǘǎΣ ŀƴŘ Ƙƻǿ ǘƘŜȅ ǊŜǎǇƻƴŘ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘΦ  ²Ŝ ǿƛƭƭ ŎƻƴǎƛŘŜǊ ƛƴ ǇŀǊǘƛŎǳƭŀǊ Ƙƻǿ ǘƘŜǎŜ 
ŎƘŀƴƎŜπǊŜǎǇƻƴǎŜǎ ŀǊŜ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ ǎǘƛƳǳƭƛΦ  
 
Slide 15 

Responses to Change

 

¢Ƙƛǎ ǎƭƛŘŜ ǎƘƻǿǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ŀƴ ŀǳŘƛǘƻǊȅ ǎǘƛƳǳƭǳǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ŎƻƴǘŜȄǘǎΦ ¢ƘŜ ƻŎŎŀǎƛƻƴŀƭ ǎǘƛƳǳƭǳǎ 
ŜǾƻƪŜǎ ŀ tмπbмπtн ŎƻƳǇƭŜȄΦ  ¢ƘŜ ƻŎŎŀǎƛƻƴŀƭ ǇŀǳǎŜ ƛƴ ŀƴ ƻƴƎƻƛƴƎ ǘƻƴŜ ŜǾƻƪŜǎ ŀ ǊŜǎǇƻƴǎŜ ǘƻ ōƻǘƘ ǘƘŜ 
ƻŦŦǎŜǘ ƻŦ ǘƘŜ ǘƻƴŜ ŀƴŘ ƛǘǎ ǊŜπƻƴǎŜǘΦ ! ōǊƛŜŦ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ŀ Ŏƻƴǘƛƴǳƻǳǎ ǘƻƴŜ ŜǾƻƪŜǎ ŀ 
ǎƛƳƛƭŀǊ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ƻƴǎŜǘ ƻŦ ŀ ōǊƛŜŦ ǘƻƴŜΦ  ¢ƘŜǎŜ ŀǊŜ ǎƛƳǇƭŜ ǊŜǎǇƻƴǎŜǎ ǘƻ ǎƛƳǇƭŜ ŎƘŀƴƎŜǎΦ ¢ƘƛƴƎǎ 
ƎŜǘ ƳƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ ǿƘŜƴ ƳǳƭǘƛǇƭŜ ǎǘƛƳǳƭƛ ŀǊŜ ƛƴǾƻƭǾŜŘΦ LŦ ǘƘŜ ƻŎŎŀǎƛƻƴŀƭ ǘƻƴŜ ŘƛŦŦŜǊǎ ŦǊƻƳ ǘƘŜ 
ǇǊŜŎŜŘƛƴƎ ǘƻƴŜǎΣ ǿŜ ǊŜŎƻǊŘ ōƻǘƘ ŀƴ ƻƴǎŜǘ ǊŜǎǇƻƴǎŜ ŀƴŘ ŀ ƭŀǘŜǊ ƴŜƎŀǘƛǾŜ ǿŀǾŜ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ 
ǎǘƛƳǳƭǳǎ ŘŜǾƛŀƴŎŜ ς ǘƘŜ ƳƛǎƳŀǘŎƘ ƴŜƎŀǘƛǾƛǘȅΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘƛǎ ǊŜǎǇƻƴǎŜ ŀƴŘ ǘƘŜ ǊŜǎǇƻƴǎŜ 
ǘƻ ŀƴ ƻƴƎƻƛƴƎ ǎǘŀƴŘŀǊŘ ǎǘƛƳǳƭǳǎ ǎƘƻǿǎ ōƻǘƘ ǘƘŜ bм ƻŦ ǘƘŜ ƻƴǎŜǘπǊŜǎǇƻƴǎŜ ŀƴŘ ǘƘŜ aab ǘƻ ǘƘŜ 
ŎƘŀƴƎŜΦ  !ƭǎƻ ǾƛǎƛōƭŜ ƛƴ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ƛǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŀǘ ǊŀǇƛŘ ǊŀǘŜǎ ǘƘŜ bм ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ƛǎ 
ǎƳŀƭƭ ǿƘŜǊŜŀǎ ǘƘŜ tм ǇŜǊǎƛǎǘǎΦ !ǎ ǿŜƭƭ ŀǎ ǘƘŜ bм ǊŜǎǇƻƴǎŜ ǘƻ ŀ ǎǘŀƴŘŀǊŘ ōŜƛƴƎ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘŜ 
ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŘŜǾƛŀƴǘΣ ŀƴŘ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ǘƘŀǘ Ŧƻƭƭƻǿǎ ǘƘŜ ŘŜǾƛŀƴǘ ƛǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƻ ŀ 
ǎǘŀƴŘŀǊŘ ǘƘŀǘ Ŧƻƭƭƻǿǎ ŀƴƻǘƘŜǊ ǎǘŀƴŘŀǊŘΦ ²Ŝ ǎƘŀƭƭ ŎƻƴǎƛŘŜǊ ǘƘƛǎ ǎŜƭŜŎǘƛǾŜ ŀŘŀǇǘŀǘƛƻƴ ƭŀǘŜǊΦ   
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Slide 16 

Onset and Offset Responses

Hillyard & 

Picton(1978)

Perception & 

Psychophysics 

24, 391-398

 

.ǳǘ ŦƛǊǎǘ ǘƘŜ ƻƴǎŜǘ ŀƴŘ ƻŦŦǎŜǘ ǊŜǎǇƻƴǎŜǎΦ  !ƴŎƛŜƴǘ ŦƛƴŘƛƴƎǎ ƻŦ {ǘŜǾŜ ŀƴŘ ¢ŜǊǊȅΦ DƛǾŜƴ ǘƘŜ ǎŀƳŜ ƻƴπƻŦŦ 
Řǳǘȅ ŎȅŎƭŜΣ ǘƘŜ ƻŦŦǎŜǘ ǊŜǎǇƻƴǎŜ ƛǎ ŀōƻǳǘ ƘŀƭŦ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ƻƴǎŜǘ ǊŜǎǇƻƴǎŜΦ .ƻǘƘ ŀǊŜ ǎƳŀƭƭŜǊ ǿƘŜƴ 
ƳƻǊŜ ŎƭƻǎŜƭȅ ǇǊŜŎŜŘŜŘ ōȅ ǘƘŜ ƻǘƘŜǊΦ ¢ƘŜ ƻŦŦǎŜǘ ǊŜǎǇƻƴǎŜ Ŏŀƴ ōŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ƳŜŀǎǳǊŜ ōŜŎŀǳǎŜ ƛǘ ƻŎŎǳǊǎ 
ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ŀǎ ǘƘŜ ǊŜǘǳǊƴ ǘƻ ōŀǎŜƭƛƴŜ ƻŦ ǘƘŜ ƴŜƎŀǘƛǾŜ ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭΦ  
 
Slide 17 

Responses to Speech Sounds

 

²Ƙȅ ƛǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ƻƴǎŜǘ ŀƴŘ ƻŦŦǎŜǘ ƻŦ ŀ ǎƻǳƴŘ ǎƻ ƛƳǇƻǊǘŀƴǘΚ hƴŜ ǊŜŀǎƻƴ ƛǎ ǘƘŀǘ ƛǘ ŀƭƭƻǿǎ ǳǎ ǘƻ 
ǇŀǊǎŜ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŀ ǎǇŜŜŎƘ ǎƻǳƴŘΦ ¢ƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǎƻǳƴŘ ΨǎƘƛΩ Ŏƻƴǘŀƛƴǎ ŀƴ ƻƴǎŜǘ 
ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ǎƛōƛƭŀƴǘ ŀƴŘ ŀƴƻǘƘŜǊ ƻƴǎŜǘ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ǾƻǿŜƭΦ  
¢ƘŜ ƻƴǎŜǘǎ ƳŀǊƪ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǎǇŜŜŎƘ ŜƴǾŜƭƻǇŜΦ LƴŘŜŜŘ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǎǇŜŜŎƘ ŜƴǾŜƭƻǇŜ 
ƻōǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ŘŜŎƻƴǾƻƭǳǘƛƻƴ ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ bмπtн ǊŜǎǇƻƴǎŜΦ !ƳƻƴƎ ƻǘƘŜǊ ǘƘƛƴƎǎ ǘƘŜ bмπtн Ƴŀȅ 
ŀƭǎƻ ōŜ ŀ ǇƘƻƴŜƳŜ ǇŀǊǎŜǊΦ !ƴƻǘƘŜǊ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ǊŜǎǇƻƴǎŜ ƛǎ ƛǘǎ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ǘƘŜ ƛƴǘŜǊǾŀƭ ŦǊƻƳ ǘƘŜ 
ǇǊŜŎŜŘƛƴƎ ǎǘƛƳǳƭǳǎΦ ¢ƘŜ ƭƻƴƎŜǊ ǘƘŜ ƛƴǘŜǊǾŀƭ ǘƘŜ ƭŀǊƎŜǊ ǘƘŜ ǊŜǎǇƻƴǎŜΦ  
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Slide 18 

Prolonged Refractory Period of Late Auditory EP 

 

¢Ƙƛǎ ǎƭƛŘŜ ǎƘƻǿǎ ǎƻƳŜ ƻŦ Ƴȅ ŦƛǊǎǘ ǊŜŎƻǊŘƛƴƎǎ ƻŦ ǘƘŜ ŀǳŘƛǘƻǊȅ ŜǾƻƪŜŘ ǇƻǘŜƴǘƛŀƭ ς ǘƘŜȅ ŀǊŜ ŦƻǊǘȅπŦƛǾŜ 
ȅŜŀǊǎ ƻƭŘΦ ¢ƘŜȅ ǎƘƻǿ ǘƘŀǘ ǘƘŜ bмπtн ǊŜǎǇƻƴǎŜ ƎŜǘǎ ƭŀǊƎŜǊ ŀǎ ǘƘŜ ǎǘƛƳǳƭǳǎ ƻƴǎŜǘ ŀǎȅƴŎƘǊƻƴȅ ƛƴŎǊŜŀǎŜǎΦ 
¢ƘŜ ǊŜǎǇƻƴǎŜ ƪŜŜǇǎ ƎŜǘǘƛƴƎ ōƛƎƎŜǊ ŜǾŜƴ ōŜȅƻƴŘ ǘŜƴ ǎŜŎƻƴŘǎΦ  ¢Ƙƛǎ ƛǎ ŀƴ ƛƴǘǊƛƎǳƛƴƎ ŜŦŦŜŎǘΦ {ƻƳŜ ǇŜƻǇƭŜ 
ƘŀǾŜ ǊŜƭŀǘŜŘ ƛǘ ǘƻ ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ ŜŎƘƻƛŎ ƳŜƳƻǊȅ ς ǇŜǊƘŀǇǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ƳŀƛƴǘŀƛƴŜŘ ŀƴŘ ƛŦ ǘƘŜ 
ǎǘƛƳǳƭǳǎ ǊŜǇŜŀǘǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻƴƭȅ Ƙŀǎ ǘƻ ōƻƻǎǘ ǘƘŜ ǊŜǎƛŘǳŀƭ ŀŎǘƛǾƛǘȅ ǊŀǘƘŜǊ ǘƘŀƴ ƛƴƛǘƛŀǘŜ ŀ ǿƘƻƭŜ ƴŜǿ 
ƳŜƳƻǊȅΦ  {ǘǳŘƛŜǎ ƻŦ ǘƘŜ ŎƻǊǘƛŎŀƭ ǊŜǎǇƻƴǎŜ ǳǎƛƴƎ ǘƘŜ a9D ǎƘƻǿ ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ ŎƻǳǊǎŜǎΦ ¢ƘŜ ǇƻǎǘŜǊƛƻǊ 
ǊŜǎǇƻƴǎŜ ǉǳƛŎƪƭȅ ǊŜǘǳǊƴǎ ǘƻ ƴƻǊƳŀƭΤ ǘƘŜ ŀƴǘŜǊƛƻǊ ǊŜǎǇƻƴǎŜ ǘŀƪŜǎ ƭƻƴƎŜǊ ōǳǘ ǎǘƛƭƭ ƴƻǘ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ 99D 
ǊŜǎǇƻƴǎŜ όǿƘƛŎƘ ƳƛƎƘǘ ǊŜŦƭŜŎǘ ŀŎǘƛǾƛǘȅ ƛƴ ōƻǘƘ ǘŜƳǇƻǊŀƭ ŀƴŘ ŦǊƻƴǘŀƭ ƭƻōŜǎύΦ  
 
Slide 19 

Selective Adaptation (Butler Paradigm)

 

¢Ƙƛǎ ǇǊƻƭƻƴƎŜŘ ǊŜŦǊŀŎǘƻǊȅ ŜŦŦŜŎǘ ƛǎ ǎŜƭŜŎǘƛǾŜΦ LŦ ŀ ǘŜǎǘ ǎǘƛƳǳƭǳǎ ƛǎ ǇǊŜŎŜŘŜŘ ōȅ ƛƴǘŜǊǾŜƴƛƴƎ ǎǘƛƳǳƭƛ ƻŦ ŀ 
ŘƛŦŦŜǊŜƴǘ ǘƻƴŀƭ ŦǊŜǉǳŜƴŎȅΣ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǘŜǎǘ ƛǎ ƭŀǊƎŜǊ ǘƘŜ ƳƻǊŜ ŘƛŦŦŜǊŜƴǘ ǘƘŜ ŦǊŜǉǳŜƴŎƛŜǎΦ  ¸ƻǳ 
Ŏŀƴ ƘŜŀǊ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜΦ ¢Ƙƛǎ ŜŦŦŜŎǘ ǾŀǊƛŜǎ ǿƛǘƘ ǘƘŜ ǎǘƛƳǳƭǳǎ ƻƴǎŜǘ ŀǎȅƴŎƘǊƻƴȅΦ  hƴŜ ǎǳƎƎŜǎǘƛƻƴ ƛǎ ǘƘŀǘ 
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ǘƘŜ ǇƻǎǘŜǊƛƻǊ ŀǳŘƛǘƻǊȅ ǎȅǎǘŜƳ ǊŜǎǇƻƴŘǎ ǉǳƛŎƪƭȅ ǘƻ ŀƭƭ ǎǘƛƳǳƭƛ ǿƘŜǊŜŀǎ ǘƘŜ ƳƻǊŜ ŀƴǘŜǊƛƻǊ ǎȅǎǘŜƳ 
ǊŜǎǇƻƴŘǎ ƻǾŜǊ ŀ ƭƻƴƎŜǊ ǇŜǊƛƻŘ ŀƴŘ ƛǎ ƳƻǊŜ ŦǊŜǉǳŜƴŎȅ ǎǇŜŎƛŦƛŎΦ tŜǊƘŀǇǎ ǘƘŜ ǎǇŜŎƛŦƛŎƛǘȅ ƻŦ ǘƘŜ ǊŜŦǊŀŎǘƻǊȅ 
ǇŜǊƛƻŘ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ƻǳǊ ŀōƛƭƛǘȅ ǘƻ ŘƛǎŎǊƛƳƛƴŀǘŜ ǎƻǳƴŘǎΦ  
 
Slide 20 

Learning to Discriminate Sounds

Tremblay et al. (2009). Clinical Neurophysiology, 120, 128-35
 

¢ƻƎŜǘƘŜǊ ǿƛǘƘ YŜƭƭȅ ¢ǊŜƳōƭŀȅ ŀƴŘ ƻǘƘŜǊǎ ǿŜ ƘŀǾŜ ƭƻƻƪŜŘ ŀǘ ǿƘŀǘ ƘŀǇǇŜƴǎ ǿƘŜƴ ǿŜ ƭŜŀǊƴ ǘƻ 
ŘƛǎŎǊƛƳƛƴŀǘŜ ǎƻǳƴŘǎ ǿŜ ŀǊŜ ƻǊƛƎƛƴŀƭƭȅ ǳƴŀōƭŜ ǘƻ ǘŜƭƭ ŀǇŀǊǘΦ 9ƴƎƭƛǎƘ ŘƛŦŦŜǊŜƴǘƛŀǘŜǎ ōŜǘǿŜŜƴ ǾƻƛŎŜŘ ŀƴŘ 
ǳƴǾƻƛŎŜŘ ǎǘƻǇ Ŏƻƴǎƻƴŀƴǘǎ ς ΨōŀΩ ŀƴŘ ΨǇŀΦΩ {ƻƳŜ ƭŀƴƎǳŀƎŜǎ ǎǳŎƘ ŀǎ ¢Ƙŀƛ ŀƭǎƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ŀ Ŏƻƴǎƻƴŀƴǘ 
ǿƘŜǊŜƛƴ ǘƘŜ ǾƻƛŎƛƴƎ ōŜƎƛƴǎ ōŜŦƻǊŜ ǘƘŜ ƻƴǎŜǘ ƻŦ ǘƘŜ ǎǘƻǇ Ŏƻƴǎƻƴŀƴǘ ōǳǘ ǘƘƛǎ ƛǎ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘ ǘƻ ǊŜŎƻƎƴƛȊŜ 
ŦƻǊ ŀƴ 9ƴƎƭƛǎƘ ǎǇŜŀƪŜǊΦ !ǎ ǿŜ ƭŜŀǊƴ ǘƻ ǘŜƭƭ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ǘƘŜ tн ǿŀǾŜ ƛƴ ǘƘŜ ǊŜǎǇƻƴǎŜ ƎŜǘǎ ōƛƎƎŜǊΦ Lƴ 
ŀŘŘƛǘƛƻƴ ǘƘƻǎŜ ǿƘƻ ŀǊŜ ǳƭǘƛƳŀǘŜƭȅ ŀōƭŜ ǘƻ ƭŜŀǊƴ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ƭŀǊƎŜǊ bм ǿŀǾŜΦ  bм ǇǊƻǾƛŘŜǎ 
ǘƘŜ ŀōƛƭƛǘȅ ŀƴŘ tн ǘƘŜ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴΦ  
 
Slide 21 

Auditory Evoked Potentials

I Classification

II Exogenous and Endogenous

III Response to Change

IV Deviance Detection

V Auditory Attention

VI Information Processing

VII Overview

Mismatch Negativity

Latency

Pattern MMN

Nature of MMN

Object-Related Negativity

Cortical Processes

What and Where 
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²Ŝ ƘŀǾŜ ǎƻ ŦŀǊ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ōǊŀƛƴ ǘƻ ǎƛƳǇƭŜ ŀǳŘƛǘƻǊȅ ŎƘŀƴƎŜǎ ς ǘƘŜ ƻƴǎŜǘ ƻǊ ƻŦŦǎŜǘ 
ƻŦ ŀ ǎƻǳƴŘ ƻǊ ŀ ŎƘŀƴƎŜ ƛƴ ƛǘǎ ŦǊŜǉǳŜƴŎȅ ŎƻƴǘŜƴǘΦ ! ŘƛŦŦŜǊŜƴǘ ǊŜǎǇƻƴǎŜ ǘƻ ŎƘŀƴƎŜ ƻŎŎǳǊǎ ǿƘŜƴ ŀ ŎƘŀƴƎŜǎ 
ƻŎŎǳǊ ōŜǘǿŜŜƴ ǎǘƛƳǳƭƛ ǊŀǘƘŜǊ ǘƘŀƴ ǿƛǘƘƛƴ ǎǘƛƳǳƭƛΦ  CǊƻƳ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ ŎƘŀƴƎŜ ǊŜǎǇƻƴǎŜ ǿŜ ƳƻǾŜ ǘƻ 
ǘƘŜ IŜƭǎƛƴƪƛ ŘŜǾƛŀƴŎŜ ŘŜǘŜŎǘƻǊ ς ǘƘŜ ƳƛǎƳŀǘŎƘ ƴŜƎŀǘƛǾƛǘȅΦ  
 
Slide 22 

Types of Change

Level Changeïfrom an immediately preceding stable level (e.g. 

from silence to sound) 

Stimulus Change ïdeviation from a previously presented stimulus 

(as characterized by a set of auditory parameters) 

Näätänen& Picton(1987). Psychophysiology, 24, 375-424

 

wƛǎǘƻ bŀŀǘŀƴŜƴ ŦǊƻƳ IŜƭǎƛƴƪƛ ŀƴŘ L ŘƛǎǘƛƴƎǳƛǎƘŜŘ ǘǿƻ ƪƛƴŘǎ ƻŦ ŀǳŘƛǘƻǊȅ ŎƘŀƴƎŜΥ  ƭŜǾŜƭ ŎƘŀƴƎŜ Χ ŀƴŘ 
ǘƘŜ ǎǘƛƳǳƭǳǎ ŎƘŀƴƎŜ Χ¢ƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ŀƴ ƻŎŎŀǎƛƻƴŀƭ ŘŜǾƛŀƴǘ ǎǘƛƳǳƭǳǎ ƛƴ ŀ ǘǊŀƛƴ ƻŦ ǎǘŀƴŘŀǊŘǎ Ŏƻƴǘŀƛƴǎ 
ōƻǘƘ ŀƴ ƻƴǎŜǘ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ƛƴǘŜƴǎƛǘȅ ƭŜǾŜƭ ŦǊƻƳ ƴƻǘƘƛƴƎ ŀƴŘ ŀ ƳƛǎƳŀǘŎƘ ƴŜƎŀǘƛǾƛǘȅ ǘƻ ǘƘŜ 
ǎǘƛƳǳƭǳǎ ŎƘŀƴƎŜ ŦǊƻƳ ǘƘŜ ǇǊŜŎŜŘƛƴƎ ǎǘƛƳǳƭǳǎΦ 
 
Slide 23 

Latency of Mismatch Negativity 

 

¢ƘŜ aab ƛǎ ŀ ǎƳŀƭƭ ƴŜƎŀǘƛǾŜ ǿŀǾŜ ǘƘŀǘ ƛǎ Ƴƻǎǘ Ŝŀǎƛƭȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ ǎǳōǘǊŀŎǘƛƴƎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ 
ǘƘŜ ǎǘŀƴŘŀǊŘ ŦǊƻƳ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŘŜǾƛŀƴǘΦ  ¢ƘŜ ƭŀǘŜƴŎȅ ŘŜǇŜƴŘǎ ƻƴ Ƙƻǿ ƭƻƴƎ ƛǘ ǘŀƪŜǎ ǘƻ ǇǊƻŎŜǎǎ 
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ǘƘŀǘ ǘƘŜ ŘŜǾƛŀƴǘ ŘƛŦŦŜǊǎ ŦǊƻƳ ǘƘŜ ǇǊŜŎŜŘƛƴƎ ǎǘƛƳǳƭƛΦ CƻǊ ŀ ŘǳǊŀǘƛƻƴ ŘŜǾƛŀƴǘΣ ǘƘŜ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴ ƛǎ ƴƻǘ 
ǇƻǎǎƛōƭŜ ǳƴǘƛƭ ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎƘƻǊǘŜǊ ǎǘƛƳǳƭǳǎ ƛǎ ǇŀǎǎŜŘΦ ¢ƘŜ ǎƻǳƴŘǎ ȅƻǳ ƘŜŀǊŘ ƘŀǾŜ ŀ ƭƻƴƎπ
ŘǳǊŀǘƛƻƴ ŘŜǾƛŀƴǘΦ ¢ƘŜ ǎŀƳŜ ǊŜǎǳƭǘ ǿƻǳƭŘ ƻŎŎǳǊ όǿƛǘƘ ǘƘŜ ǎŀƳŜ ƭŀǘŜƴŎȅύ ƛŦ ǘƘŜ ŘŜǾƛŀƴǘ ǿŜǊŜ ǎƘƻǊǘ ŀƴŘ 
ǘƘŜ ǎǘŀƴŘŀǊŘ ƭƻƴƎΦ  ¢Ƙƛǎ ƛǎ ǇŜǊƘŀǇǎ ƳƻǊŜ ŜƭŜƎŀƴǘ ǎƛƴŎŜ ǘƘŜ ŘŜǾƛŀƴǘ ǘƘŜƴ ǎƻǳƴŘǎ ƭŜǎǎ ƭƻǳŘ ǘƘŀƴ ǘƘŜ 
ǎǘŀƴŘŀǊŘΦ   
 
Slide 24 

Mismatch Negativity to Frequency Change

 

¢ƘŜ ƭŀǘŜƴŎȅ ƻŦ ǘƘŜ aab ǘƻ ŀ ŦǊŜǉǳŜƴŎȅ ŘŜǾƛŀƴǘ ǾŀǊƛŜǎ ǿƛǘƘ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ŦǊŜǉǳŜƴŎȅ ōŜǘǿŜŜƴ ǘƘŜ 
ǎǘŀƴŘŀǊŘ ŀƴŘ ǘƘŜ ŘŜǾƛŀƴǘΦ CƻǊ ŀ ƭŀǊƎŜǊ ŘƛŦŦŜǊŜƴŎŜ ǘƘŜ aab ǊƛŘŜǎ ƻƴ ŀ ŎƘŀƴƎŜ ƛƴ ǘƘŜ bм ŘǳŜ ǘƻ 
ǎŜƭŜŎǘƛǾŜ ŀŘŀǇǘŀǘƛƻƴΦ  CƻǊ ŀ ǎƳŀƭƭ ŘƛŦŦŜǊŜƴŎŜ ǘƘŜǊŜ ƛǎ ƭƛǘǘƭŜ ƛŦ ŀƴȅ ŎƘŀƴƎŜ ƛƴ ǘƘŜ bм ŘǳŜ ǘƻ ǎŜƭŜŎǘƛǾŜ 
ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ ǘƘŜ ƭŀǘŜǊ aab ƛǎ ƳƻǊŜ Ŝŀǎƛƭȅ ǎŜŜƴΦ   
 
Slide 25 

Mismatch Negativity to Change in Auditory Pattern

Alain et al. (1999). Neuroreport, 10, 2429-34
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¢ƘŜ aab Ŏŀƴ ōŜ ŜƭƛŎƛǘŜŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ŎƻƳǇƭŜȄ ǎǘƛƳǳƭǳǎ ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ ŀ ǊŜǇŜŀǘƛƴƎ 
ǇŀǘǘŜǊƴ ƻŦ ŦǊŜǉǳŜƴŎƛŜǎΦ /ƭŀǳŘŜ !ƭŀƛƴ ŀƴŘ L ǎǘǳŘƛŜŘ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ƻŦ ǘƘŜ ōǊŀƛƴ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ŀ ǊŜǇŜŀǘƛƴƎ 
ŦƻǳǊπƴƻǘŜ ǇŀǘǘŜǊƴΦ ¢ƘŜ ǎǘƛƳǳƭƛ ŎƘŀƴƎŜŘ ŜƛǘƘŜǊ ǘƘŜƛǊ ŜȄǇŜŎǘŜŘ ŦǊŜǉǳŜƴŎȅ ƻǊ ǘƘŜƛǊ ǘƛƳƛƴƎΦ Lƴ ǘƘŜ ǎƻǳƴŘǎ 
όǿƘƛŎƘ Řƻ ƴƻǘ Ŧƻƭƭƻǿ ǘƘŜ ŦƛƎǳǊŜύ ȅƻǳ ǿƛƭƭ ƘŜŀǊ ƻƴŜ ŜȄŀƳǇƭŜ ƻŦ ŜŀŎƘΦ Lƴ ǘƘŜ ŀŎǘǳŀƭ ŜȄǇŜǊƛƳŜƴǘ ǘƘŜǊŜ 
ǿŜǊŜ ōƻǘƘ ǎƳŀƭƭ ŀƴŘ ƭŀǊƎŜ ŘŜǾƛŀǘƛƻƴǎΦ  .ƻǘƘ ŘŜǾƛŀƴŎŜǎ ŜƭƛŎƛǘŜŘ ŀ aab ς ƴŜƎŀǘƛǾŜ ƻǾŜǊ ǘƘŜ ŦǊƻƴǘŀƭ 
ǊŜƎƛƻƴǎ ŀƴŘ ǇƻǎƛǘƛǾŜ ƻǾŜǊ ǘƘŜ ƳŀǎǘƻƛŘǎΦ  ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǎƛƴŎŜ ǘƘŜ ŎƘŀƴƎŜǎ Ŏŀƴƴƻǘ ōŜ 
ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ǎŜƭŜŎǘƛǾŜ ŀŘŀǇǘŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜŦǊŀŎǘƻǊȅ ǇŜǊƛƻŘ ς ǘƘŜ ŦǊŜǉǳŜƴŎȅπŎƘŀƴƎŜ ƳŀƪŜǎ ǘƘŜ 
ŘŜǾƛŀƴǘ ŎƭƻǎŜǊ ǘƻ ǘƘŜ ǇǊŜŎŜŘƛƴƎ ŦǊŜǉǳŜƴŎȅΣ ŀƴŘ ǘƘŜ ǘƛƳƛƴƎπŎƘŀƴƎŜ ōǊƛƴƎǎ ǘƘŜ ŘŜǾƛŀƴǘ ŎƭƻǎŜǊ ǘƻ ǘƘŜ 
ǇǊŜŎŜŘƛƴƎ ǎǘŀƴŘŀǊŘΦ   
 
Slide 26 

Nature of the Mismatch Negativity

Memory Comparison: The invariant features of a repeating 

auditory stimulus are maintained in memory and any deviation 

from this memory elicits the MMN. 

Näätänenet al. (2007). Clinical Neurophysiology, 118, 2544-90

Selective Adaptation:  The neurons responding to a repeating 

stimulus become refractory and mediate a response that is smaller 

and later than that evoked by the original stimulus.  

May & Tiitinen. (2010). Psychophysiology, 47, 66-122. 

 

¢ƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ aab ƛǎ ŀ ƳŀǘǘŜǊ ƻŦ ǎƻƳŜ ŘƛǎŀƎǊŜŜƳŜƴǘΦ hƴŜ ǘƘŜƻǊȅ ƛǎ ǘƘŀǘ ǘƘŜ aab ǊŜǇǊŜǎŜƴǘǎ 
ǘƘŜ ŀŎǘƛǾƛǘȅ ƻŦ ƳŜƳƻǊȅ ŎƻƳǇŀǊƛǎƻƴΦ ¢ƘŜ ƛƴŎƻƳƛƴƎ ǎǘƛƳǳƭǳǎ ƛǎ ŎƻƳǇŀǊŜŘ ǘƻ ǿƘŀǘ ƛǎ ǊŜƎƛǎǘŜǊŜŘ ƛƴ ŀ 
ǎƛƳǇƭŜ ŀǳŘƛǘƻǊȅ ƳŜƳƻǊȅΦ  5ŜǾƛŀƴŎŜ ǘƘŜƴ ǎŜǊǾŜǎ ǘƻ ŀƭŜǊǘ ǘƘŜ ƘƛƎƘŜǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ōǊŀƛƴ ǘƻ ǘƘŜ ŎƘŀƴƎŜΦ  
¢ƘŜ ƻǘƘŜǊ ǘƘŜƻǊȅ ƛǎ ǘƘŀǘ ǘƘŜ aab ƛǎ ŀ ǾŀǊƛŀƴǘ ƻŦ ǎŜƭŜŎǘƛǾŜ ŀŘŀǇǘŀǘƛƻƴΣ ǿƛǘƘ ǘƘŜ aab ōŜƛƴƎ ŀ ŘŜƭŀȅŜŘ 
ŀƴŘ ŀǘǘŜƴǳŀǘŜŘ bм ǊŜǎǇƻƴǎŜΦ  tŜŀŎŜƪŜŜǇŜǊǎ ƘŀǾŜ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǎŜƭŜŎǘƛǾŜ ŀŘŀǇǘŀǘƛƻƴ ƛǎ ŀ ǎƛƳǇƭŜ ŦƻǊƳ 
ƻŦ ƳŜƳƻǊȅΦ  
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Slide 27 

Object Related Negativity

Alain, Arnott, & Picton(2001). J ExpPsycholHPP, 27, 1072ï1089
 

hǘƘŜǊ ƴŜƎŀǘƛǾŜ ǿŀǾŜǎ ŀǊŜ ŀƭǎƻ ƎŜƴŜǊŀǘŜŘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǘŜƳǇƻǊŀƭ ƭƻōŜΦ ! ǎƻǳƴŘ ǘƘŀǘ Ƙŀǎ 
ƳǳƭǘƛǇƭŜ ƘŀǊƳƻƴƛŎǎ ǿƛƭƭ ōŜ ƘŜŀǊŘ ǿƛǘƘ ŀ ǇƛǘŎƘ Ŝǉǳŀƭ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭΦ ¢Ƙƛǎ ǎƻǳƴŘǎ ƭƛƪŜ ŀ ōǳȊȊ 
ŀǘ нлл IȊΦ LŦ ƻƴŜ ƻŦ ǘƘŜ ƘŀǊƳƻƴƛŎǎ ƛǎ ƳƛǎǘǳƴŜŘΣ ƛǘ Ŏŀƴ ƴƻ ƭƻƴƎŜǊ ōŜ ǊŜŎƻƴŎƛƭŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ǎŀƳŜ 
ǎƻǳƴŘΦ Lǘ ƛǎ ƘŜŀǊŘ ŀǎ ŀ ǎŜǇŀǊŀǘŜ ǇǳǊŜ ǘƻƴŜ ǎǳǇŜǊƛƳǇƻǎŜŘ ƻƴ ǘƘŜ ōǳȊȊ ς ŀ ǎŜǇŀǊŀǘŜ ŀǳŘƛǘƻǊȅ ƻōƧŜŎǘ ς 
ǘƘŜ ōƻƻǇ ƛƴ ǘƘŜ ōǳȊȊΦ  ¢Ƙƛǎ ŜƭƛŎƛǘǎ ŀƴ ƻōƧŜŎǘπǊŜƭŀǘŜŘ ƴŜƎŀǘƛǾƛǘȅΣ ŀ ƴŜƎŀǘƛǾŜ ǿŀǾŜ ǘƘŀǘ ƛǎ ǎƛƳƛƭŀǊ ƛƴ 
ƳƻǊǇƘƻƭƻƎȅ ǘƻ ǘƘŜ aab ōǳǘ ǳƴŀŦŦŜŎǘŜŘ ōȅ ǿƘŜǘƘŜǊ ǘƘŜ ƳƛǎǘǳƴŜŘ ǎǘƛƳǳƭǳǎ ƛǎ ǎǘŀƴŘŀǊŘ ƻǊ ŘŜǾƛŀƴǘΦ  LŦ 
ǘƘŜ ǎǘƛƳǳƭƛ ŀǊŜ ŀǘǘŜƴŘŜŘ ǘƘŜ ƻōƧŜŎǘπǊŜƭŀǘŜŘ ƴŜƎŀǘƛǾƛǘȅ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ ŀ ƭŀǘŜ ǇƻǎƛǘƛǾŜ ǿŀǾŜΦ   
 
Slide 28 

Physiology of the Auditory Cortex

Afferent input from thalamus gives dipolar fields that begin as surface 

positive and then become surface negative. Cortico-cortical input 

gives dipolar fields that are surface negative. 

 

²Ƙŀǘ ƛǎ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ƛǘ ŀƭƭΚ ¢Ƙƛǎ ƛǎ ǿƘŀǘ ȅƻǳ ŎƻƳŜ ǘƻ ǿƻƴŘŜǊ ǿƘŜƴ ȅƻǳ ƎŜǘ ƻƭŘŜǊΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ 
ǘƘǊŜŜ ǎƭƛŘŜǎ ǿƛƭƭ ǘŜƭƭ ȅƻǳ ǿƘŀǘ L ǳƴŘŜǊǎǘŀƴŘ ŀōƻǳǘ ǘƘŜ ǿƻǊƪƛƴƎǎ ƻŦ ǘƘŜ ŀǳŘƛǘƻǊȅ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǘŜƳǇƻǊŀƭ 
ƭƻōŜΦ ¢Ƙƛǎ ƛǎ ŀ ǾŜǊȅ ǎƛƳǇƭƛŦƛŜŘ ǾƛŜǿ ƻŦ ǿƘŀǘ ƘŀǇǇŜƴǎ ƛƴ ǘƘŜ ŎƻǊǘŜȄ ǿƘŜƴ ƛƴǇǳǘ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ǘƘŀƭŀƳǳǎ 
ƻǊ ŦǊƻƳ ŀƴƻǘƘŜǊ ǊŜƎƛƻƴ ƻŦ ŎƻǊǘŜȄΦ  ¢ƘŀƭŀƳƛŎ ƛƴǇǳǘ ǘȅǇƛŎŀƭ ŎŀǳǎŜǎ ŀƴ ƛƴƛǘƛŀƭ ǇƻǎƛǘƛǾŜ ǿŀǾŜ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ 
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ŀǎ ǘƘŜ ŘŜŜǇŜǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ŎƻǊǘŜȄ ŀǊŜ ŀŎǘƛǾŀǘŜŘΦ ¢Ƙƛǎ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ ŀǎŎŜƴŘƛƴƎ ŀŎǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜ 
ŘŜƴŘǊƛǘŜǎ ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ ŀ ǎǳǊŦŀŎŜ ƴŜƎŀǘƛǾŜ ǿŀǾŜΦ /ƻǊǘƛŎƻπŎƻǊǘƛŎŀƭ ŎƻƴƴŜŎǘƛƻƴǎ ƎƛǾŜ ǎǳǊŦŀŎŜ ƴŜƎŀǘƛǾŜ 
ǿŀǾŜǎΦ    
 
Slide 29 

Responses of the Human Auditory Cortex

Paul Klee, Ancient Sounds, 1927

 

¢Ƙƛǎ ƛǎ ǘƘŜ ǎǳǇŜǊƛƻǊ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ƭŜŦǘ ǘŜƳǇƻǊŀƭ ƭƻōŜΦ ¢ƘŜ ŀǳŘƛǘƻǊȅ ŎƻǊǘŜȄΣ ƭƻŎŀǘŜŘ ƻƴ IŜǎŎƘƭΩǎ ƎȅǊƛ ƛǎ 
ǎǳǊǊƻǳƴŘŜŘ ōȅ ŎƭƻǎŜƭȅ ŎƻƴƴŜŎǘŜŘ ōŜƭǘ ŀƴŘ ǇŀǊŀōŜƭǘ ǊŜƎƛƻƴǎΦ  L ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŀŎǘƛǾŀǘƛƻƴ ƻŦ ǘƘŜǎŜ 
ŀǊŜŀǎ ǇǊƻŎŜŜŘǎ ŦǊƻƳ ǘƘŜ ǇǊƛƳŀǊȅ ǊŜƎƛƻƴǎ ǘƻ ǘƘŜ ōŜƭǘ ŀƴŘ ǘƘŜƴ ǘƻ ǘƘŜ ǇŀǊŀōŜƭǘΦ Lƴ ǘƘŜ ǇŀǊŀōŜƭǘ ǊŜƎƛƻƴǎ 
ǎƻƳŜ ƻŦ ǘƘŜ ŦƛŜƭŘǎ ǿƛƭƭ ōŜ ƻǊƛŜƴǘŜŘ ƭŀǘŜǊŀƭƭȅ ǊŀǘƘŜǊ ǘƘŀƴ ǾŜǊǘƛŎŀƭƭȅΦ ¢Ƙǳǎ ǿŜ ǊŜŎƻǊŘ ŦǊƻƳ ǘƘŜ ǾŜǊǘŜȄ ŀƴ 
bмō ǿŀǾŜ ŀƴŘ ŦǊƻƳ ǘƘŜ ǘŜƳǇƻǊŀƭ ǎŎŀƭǇ ŀ ƭŀǘŜǊ bмŎ ǿŀǾŜΦ ¢ƘŜ ŀǊŜŀǎ ƻŦ ǘƘŜ ŎƻǊǘŜȄ ŀǊŜ ƭƛƪŜƭȅ ƘƛƎƘƭȅ 
ǎǇŜŎƛŀƭƛȊŜŘ ǎƻ ǘƘŀǘ ǇŀǊǘƛŎǳƭŀǊ ǊŜƎƛƻƴǎ ƛƴ ǘƘŜ ōŜƭǘ ƻǊ ǇŀǊŀōŜƭǘ Ƴŀȅ ǇǊƻŎŜǎǎ ǇŀǊǘƛŎǳƭŀǊ ŀǳŘƛǘƻǊȅ ŦŜŀǘǳǊŜǎΦ  
 
Slide 30 

Anterior and Posterior Auditory Systems

Alain et al. (2001). Proc. Nat. Acad. Sci., 98, 12301-6

Jääskeläinenet al. (2004). Proc. Nat. Acad. Sci., 101, 6809-14
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¢ƘŜǊŜ ƛǎ ŀƭǎƻ ŀ ŘƛǾƛǎƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǎǘŜǊƛƻǊ ŀƴŘ ŀƴǘŜǊƛƻǊ ǎȅǎǘŜƳǎΦ ¢ƘŜ ǇƻǎǘŜǊƛƻǊ ǎȅǎǘŜƳ ƛǎ ŎƻƴŎŜǊƴŜŘ 
ǿƛǘƘ ŘŜǘŜŎǘƛƴƎ ŀ ǎƻǳƴŘ ŀƴŘ ŘƛǾŜǊǘƛƴƎ ŀǘǘŜƴǘƛƻƴ ǘƻ ƛǘΦ Lǘ ǊŜŀŎǘǎ ŜŀǊƭȅ ŀƴŘ ǊŀǇƛŘƭȅ ǘƻ ǘŜƭƭ ǳǎ ǘƘŀǘ ŀ ǎƻǳƴŘ 
Ƙŀǎ ƻŎŎǳǊǊŜŘ ŀƴŘ ǿƘŜǊŜ ƛǘ ƛǎ ŎƻƳƛƴƎ ŦǊƻƳΦ Lǘ ƳŜŘƛŀǘŜǎ ŀƴ ŜŀǊƭȅ bм ǿŀǾŜΦ ¢ƘŜ ŀƴǘŜǊƛƻǊ ǎȅǎǘŜƳ ƛǎ 
ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǎƻǳƴŘΦ Lǘ ǊŜŀŎǘǎ ƳƻǊŜ ǎƭƻǿƭȅ ŀƴŘ ǘŜƭƭǎ ǳǎ ǿƘŀǘ ǘƘŜ ǎƻǳƴŘ 
ƳƛƎƘǘ ōŜΦ Lǘ ƳŜŘƛŀǘŜǎ ƳǳƭǘƛǇƭŜ ŘƛŦŦŜǊŜƴǘ ƴŜƎŀǘƛǾŜ ǿŀǾŜǎ ς ǘƘŜ ŀƴǘŜǊƛƻǊ bмΣ ǘƘŜ ǎǳǎǘŀƛƴŜŘ ǇƻǘŜƴǘƛŀƭΦ ǘƘŜ 
aabΦ ǘƘŜ hwbΦ ŀƴŘ ǘƘŜ ŜǾŜƴǘπǊŜƭŀǘŜŘ ŀƴǘŜǊƛƻǊ ƴŜƎŀǘƛǾƛǘȅ όŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳǳǎƛŎŀƭ ǇǊƻŎŜǎǎƛƴƎύΦ  
 
Slide 31 

Auditory Evoked Potentials

I Classification

II Exogenous and Endogenous

III Response to Change

IV Deviance Detection

V Auditory Attention

VI Information Processing

VII Overview

Selective Attention

Paradigm

Stimulus Set

Response Set

Mesogenousand

Endogenous Processes

 

bƻǿ ǿŜ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƘŜ ŀǳŘƛǘƻǊȅ ŎƻǊǘŜȄ ŦǳƴŎǘƛƻƴǎΣ Ƙƻǿ ŘƻŜǎ ŀǳŘƛǘƻǊȅ ŀǘǘŜƴǘƛƻƴ ǿƻǊƪΚ  ²Ŝ ǎƘŀƭƭ 
ŎƻƴǎƛŘŜǊ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ǎŜƭŜŎǘƛǾŜ ŀǘǘŜƴǘƛƻƴ ŀƴŘ ǘǊȅ ǘƻ ǎŜŜ ǘƘŜǎŜ ƛƴ ǘƘŜ ƭƛƎƘǘ ƻŦ ƳŜǎƻƎŜƴƻǳǎ ŀƴŘ 
ŜƴŘƻƎŜƴƻǳǎΦ   
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Selective Auditory Attention

Hillyard et al. (1973). Science, 182, 177-180
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¢Ƙƛǎ ǎƭƛŘŜ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ōŀǎƛŎ ǇŀǊŀŘƛƎƳ ǘƻ ǎǘǳŘȅ ŀǳŘƛǘƻǊȅ ŀǘǘŜƴǘƛƻƴΦ  {ǘƛƳǳƭǳǎ ǊŀǘŜ Χ ¢ƘŜ ǘƛƳƛƴƎ  Χ 
{ǳōƧŜŎǘ Χ ¢ƘŜ ǎƻǳƴŘǎ ƛƴ ǘƘƛǎ ŀǳŘƛǘƻǊȅ ŜȄŀƳǇƭŜ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ŦǊŜǉǳŜƴŎȅ ŎƘŀƴƴŜƭǎΦ Lǘ ƛǎ 
ƭƛƪŜ ŀ ŎƻŎƪǘŀƛƭ ǇŀǊǘȅ ŦƻǊ ŘǊƻƛŘǎΦ ¢ƘŜ ǇŀǊŀŘƛƎƳ ƳƻǊŜ ǘȅǇƛŎŀƭƭȅ ǇǊŜǎŜƴǘǎ ǘƘŜ ǘǿƻ ŎƘŀƴƴŜƭǎ ƛƴ ǎŜǇŀǊŀǘŜ 
ǊŜƎƛƻƴǎ ƻŦ ǎǇŀŎŜΣ ōǳǘ ǘƘŀǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ƛƴ ŀ ƭŜŎǘǳǊŜ ǿƘŜǊŜ ǘƘŜ ŀǳŘƛŜƴŎŜ Ƙŀǎ ƴƻ ŜŀǊǇƘƻƴŜǎΦ  {ŜƭŜŎǘƛǾŜ 
ŀǘǘŜƴǘƛƻƴ ƛǎ ŀƭǎƻ ŘƛŦŦƛŎǳƭǘ ǘƻ ǘǳƴŜΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ ŜȄŀƳǇƭŜ ǇǊŜǎŜƴǘǎ ŀ ǘǊŀƛƴ ƻŦ ƭƻǿ ŦǊŜǉǳŜƴŎȅ ǎƻǳƴŘǎ ŀǘ 
ǘƘŜ ōŜƎƛƴƴƛƴƎ ǎƻ ǘƘŀǘ ȅƻǳ Ŏŀƴ ǎŜǘǘƭŜ ȅƻǳǊ ŀǘǘŜƴǘƛƻƴ ƻƴ ǘƘŜ ƭƻǿ ŦǊŜǉǳŜƴŎƛŜǎΦ  
 
Slide 33 

Stimulus Set and Response Set

 

¢ƘŜ ōŀǎƛŎ ŦƛƴŘƛƴƎǎ ŀǊŜ ǘƘŀǘ ǘƘŜ ǎǘƛƳǳƭƛ ƛƴ ǘƘŜ ŀǘǘŜƴŘŜŘ ŀǳŘƛǘƻǊȅ ŎƘŀƴƴŜƭ ŜǾƻƪŜ ŀƴ ŜƴƘŀƴŎŜŘ bм ŀƴŘ ŀ 
ƳƻǊŜ ǇǊƻƭƻƴƎŜŘ ƴŜƎŀǘƛǾŜ ǿŀǾŜ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ŎŀƭƭŜŘ ǘƘŜ ǇǊƻŎŜǎǎƛƴƎ ƴŜƎŀǘƛǾƛǘȅ ƻǊ ǘƘŜ bŘ ς ǘƘŜ ƴŜƎŀǘƛǾŜ 
ŘƛŦŦŜǊŜƴŎŜ ǿŀǾŜ ōŜŎŀǳǎŜ ƛǘ ƛǎ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ŀǘǘŜƴŘπƛƎƴƻǊŜ ŘƛŦŦŜǊŜƴŎŜ ǿŀǾŜŦƻǊƳΦ ¢ƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ 
ǘŀǊƎŜǘǎ ŜƭƛŎƛǘǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ bн ŀƴŘ tо ŎƻƳǇƭŜȄΦ  
 
Slide 34 

Effects of Attention
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¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ŀǘǘŜƴŘπƛƎƴƻǊŜ ŘƛŦŦŜǊŜƴŎŜ ǿŀǾŜǎΦ CƻǊ ǘƘŜ ǎǘŀƴŘŀǊŘ ŀƴ bŘ ǿŀǾŜ ōȅ ƛǘǎŜƭŦΦ CƻǊ ǘƘŜ ǘŀǊƎŜǘ 
ǘƘƛǎ ƭŜŀŘǎ ƛƴǘƻ ǘƘŜ bнπtо ŎƻƳǇƭŜȄ ŀǎ ǘƘŜ ǘŀǊƎŜǘ ƛǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘƛǎŎǊƛƳƛƴŀǘŜŘ ŦǊƻƳ ǘƘŜ ǎǘŀƴŘŀǊŘΦ  
 
Slide 35 

Effects of Deviance/Targetness

 

 

¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ǎŀƳŜ ǿŀǾŜŦƻǊƳǎ ōǳǘ ǎǳǇŜǊƛƳǇƻǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ǘŀǊƎŜǘ ŀƴŘ ǎǘŀƴŘŀǊŘΦ ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ 
ǿŀǾŜŦƻǊƳ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭƛ ŀǊŜ ƛƎƴƻǊŜŘ ǎƘƻǿǎ ŀ aabΦ CƻǊ ǘƘŜ ŀǘǘŜƴŘŜŘ ǎǘƛƳǳƭƛ ǘƘŜ aab ƭŜŀŘǎ ǘƻ ǘƘŜ 
bнπtо ŎƻƳǇƭŜȄΦ  
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Slide 36 

Event-Related Potentials during Attention

 

{ƻ ǿŜ Ŏŀƴ ǊŜǘǳǊƴ ǘƻ ǘƘŜ ŀƴŎƛŜƴǘ IƛƭƭȅŀǊŘπtƛŎǘƻƴ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΦ ¢ƘŜǊŜ ŀǊŜ ŀ ǎŜǘ ƻŦ ŜȄƻƎŜƴƻǳǎ ǿŀǾŜǎ ǘƘŀǘ 
ŀǊŜ ŜǾƻƪŜŘ ōȅ ǘƘŜ ǎǘƛƳǳƭƛ ς ǘƘŜ bмΣ tн ŀƴŘ aabΦ  ¢ƘŜ bм ŀƴŘ tн ŀǊŜ ŀŦŦŜŎǘŜŘ ōȅ ŀǘǘŜƴǘƛƻƴ ς ǿŜ ƘŀǾŜ 
ǘƘŜǊŜŦƻǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜƳ ƳŜǎƻƎŜƻƴƻǳǎΦ ¢ƘŜ IŜƭǎƛƴƪƛ ǘƘŜƻǊȅ ƻŦ ǘƘŜ aab ƛǎ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ ŀŦŦŜŎǘŜŘ ōȅ 
ŀǘǘŜƴǘƛƻƴΦ {ƛƴŎŜ ǘƘŜǊŜ ƛǎ ŎƭŜŀǊ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ aab ƛǎ ǎƻƳŜǘƛƳŜǎ ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ŀǘǘŜƴǘƛƻƴΣ L ƘŀǾŜ 
ƳŀŘŜ ƛǘ ƳƛƭŘƭȅ ƳŜǎƻƎŜƴƻǳǎΦ  {ǳǇŜǊƛƳǇƻǎŜŘ ƻƴ ǘƘŜǎŜ ǿŀǾŜǎ ŀǊŜ ǘƘŜ ŜƴŘƻƎŜƴƻǳǎ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ 
ǊŜŦƭŜŎǘ ŜȄǇŜŎǘŀƴŎƛŜǎ ς ǘƘŜ ǎǘƛƳǳƭǳǎ ǇǊŜŎŜŘƛƴƎ ƴŜƎŀǘƛǾƛǘȅΣ ǇǊƻŎŜǎǎƛƴƎ ς ǘƘŜ bŘΣ ŘŜǘŜŎǘƛƻƴ ς ǘƘŜ bнΣ ŀƴŘ 
ǘƘŜ ǾŀǊƛƻǳǎ ǊŜǎǇƻƴǎŜǎ ǘƻ ŘŜǘŜŎǘƛƻƴ ς tоŀ ŦƻǊ ƴƻǘƛŎƛƴƎΣ tоō ŦƻǊ ǳǇŘŀǘƛƴƎ ǿƻǊƪƛƴƎ ƳŜƳƻǊȅ ŀƴŘ {ƭƻǿ 
²ŀǾŜǎ ŦƻǊ ǳǇŘŀǘƛƴƎ ƭƻƴƎŜǊ ƳŜƳƻǊƛŜǎΦ  
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Auditory Evoked Potentials

I Classification

II Exogenous and Endogenous

III Response to Change

IV Deviance Detection

V Auditory Attention

VI Information Processing

VII Overview

P3a and Noticing

P3b and Probability

Timing

Latency: difficulty, age

Meaning

Expectancies

 

²Ŝ ƘŀǾŜ ŎƻƴǎƛŘŜǊŜŘ Ƙƻǿ ǘƘŜ ōǊŀƛƴ ŀǘǘŜƴŘǎ ǘƻ ŀǳŘƛǘƻǊȅ ǎǘƛƳǳƭƛ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ƛƴŦƻǊƳŀǘƛƻƴΦ Lƴ ƻǳǊ 
Ŧƛƴŀƭ ǎŜǘ ƻŦ ǎƭƛŘŜǎ ǿŜ ǎƘŀƭƭ ƭƻƻƪ ŀǘ Ƙƻǿ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǇǊƻŎŜǎǎŜŘΦ  LƴŦƻǊƳŀǘƛƻƴ ƛǎ ǘȅǇƛŎŀƭƭȅ ƳŜŀǎǳǊŜŘ 



Auditory Evoked Potentials. Talk for ERP Boot Camp, Davis, July, 2014 Terry Picton 
 

21 

ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƛƴǾŜǊǎŜ ƻŦ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ŀƴŘ ǎƻ ǿŜ ǎƘŀƭƭ ōŜ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǘƘŜ 9tǎ ǘƻ ǘƘŜ ŀǘǘŜƴŘŜŘ 
ƛƳǇǊƻōŀōƭŜ ǘŀǊƎŜǘΦ  
 
Slide 38 

P3a: Noticing but not paying much attention

 

¢ƘŜ ŦƛǊǎǘ ǎŜǘ ƻŦ ǿŀǾŜǎ ŜǾƻƪŜŘ ōȅ ŀƴ ƛƴŦƻǊƳŀǘƛǾŜ ǎǘƛƳǳƭǳǎ ƛǎ ǘƘŜ bнπtоŀ ŎƻƳǇƭŜȄΦ ¢Ƙƛǎ ƛǎ ŜǾƻƪŜŘ ōȅ ǘƘŜ 
ƛƳǇǊƻōŀōƭŜ ǎǘƛƳǳƭǳǎ ŜǾŜƴ ǿƘŜƴ ƛǘ ƛǎ ǳƴŀǘǘŜƴŘŜŘΦ Lǘ ŀǇǇŜŀǊǎ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ǎǘƛƳǳƭǳǎ Ƙŀǎ ōŜŜƴ 
ƴƻǘƛŎŜŘ ōǳǘ ŘŜŜƳŜŘ ǳƴǿƻǊǘƘȅ ƻŦ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎƛƴƎΦ Lǘ Ŏŀƴ ōŜ ƭŀǊƎŜ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭǳǎ ƛǎ ǉǳƛǘŜ ƴƻǾŜƭ ς 
ǘƘŜƴ ƛǘ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ƴƻǾŜƭǘȅ tоΦ ²ƘŜƴ ǘƘŜ ǎǘƛƳǳƭǳǎ ƛǎ ǘŀǎƪπǊŜƭŜǾŀƴǘ ǘƘŜ tоŀ ƛǎ ŦƻƭƭƻǿŜŘ ōȅ ŀ tоō ǿŀǾŜΦ 
¢ƘŜǎŜ ǿŀǾŜŦƻǊƳǎ ŎƻƳŜ ŦǊƻƳ ŀ {ǉǳƛǊŜǎΣ {ǉǳƛǊŜǎ ŀƴŘ IƛƭƭȅŀǊŘ ǇŀǇŜǊΦ ¢ƘŜ tоŀ ǎŜŜƳǎ ǘƻ ōŜ ƎŜƴŜǊŀǘŜŘ ƛƴ 
ƻǊ ŘŜǇŜƴŘŜƴǘ ǳǇƻƴ ŀŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ƘƛǇǇƻŎŀƳǇǳǎΦ .ƻō YƴƛƎƘǘ ǎƘƻǿŜŘ ǘƘŀǘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƘƛǇǇƻŎŀƳǇŀƭ 
ƭŜǎƛƻƴǎ ǎƘƻǿŜŘ ƴƻ tоŀ ǘƻ ƴƻǾŜƭ ǎǘƛƳǳƭƛ ōǳǘ ǿŜǊŜ ǎǘƛƭƭ ŀōƭŜ ǘƻ ƎŜƴŜǊŀǘŜ ŀ tоō ǿƘŜƴ ŘŜǘŜŎǘƛƴƎ ŀ ǘŀǊƎŜǘΦ  
 
Slide 39 

Probability Effects
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¢ƘŜ tо ǿŀǾŜ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǘŀǊƎŜǘΦ 9ǾŜƴ ƛŦ ǘƘŜ ǘŀǎƪ ƛǎ ŎƘŀƴƎŜŘ ǘƻ ŘŜǘŜŎǘ ǘƘŜ ƳƻǊŜ 
ǇǊƻōŀōƭŜ ǎǘƛƳǳƭǳǎ ƛǘ ƛǎ ǘƘŜ ƛƳǇǊƻōŀōƭŜ ƻƴŜ ǘƘŀǘ ŜƭƛŎƛǘǎ ǘƘŜ tоΦ  ¢ƘŜ ǇǊƻōŀōƛƭƛǘȅ ŘŜǇŜƴŘǎ ƻƴ Ƙƻǿ ǘƘŜ 
ǎǳōƧŜŎǘ ŎŀǘŜƎƻǊƛȊŜǎ ǘƘŜ ǎǘƛƳǳƭƛΦ ²ƘŜƴ ǘƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ŜǉǳƛǇǊƻōŀōƭŜ ǎǘƛƳǳƭƛ ōǳǘ ƻƴƭȅ ƻƴŜ ƛǎ ǘƻ ōŜ 
ŎƻǳƴǘŜŘΣ ǘƘŜ tо Ŧƻƭƭƻǿǎ ǘƘŜ ŎƻǳƴǘŜŘ ǎǘƛƳǳƭǳǎΦ ¢ƘŜ ƻǘƘŜǊǎ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ǘƻƎŜǘƘŜǊ ŀǎ ƴƻǘ ǘƻ ōŜ 
ŎƻǳƴǘŜŘΦ     
 
Slide 40 

Timing Effects 

 

¢ƘŜ tо ǿŀǾŜ ǾŀǊƛŜǎ ǿƛǘƘ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ ǎǘƛƳǳƭǳǎΦ LŦ ǘƘŜ ǘŀǊƎŜǘ ƻŎŎǳǊǎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ǎǘƛƳǳƭǳǎ 
ǇǊƻōŀōƛƭƛǘȅ ƻŦ лΦн ōǳǘ ǿƛǘƘ ŀ ƭƻƴƎŜǊ {h!Σ ǘƘŜ ŀǾŜǊŀƎŜ ƛƴǘŜǊǾŀƭ ōŜǘǿŜŜƴ ǘŀǊƎŜǘǎ ǿƛƭƭ ōŜ ƭƻƴƎŜǊ π ŜǾŜǊȅ нл 
ǎŜŎƻƴŘǎ ǿƘŜƴ ǘƘŜ {h! ƛǎ п ǎŜŎƻƴŘǎ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ŜǾŜǊȅ нΦр ǎŜŎƻƴŘǎ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭƛ ŎƻƳŜ ŜǾŜǊȅ 
ƘŀƭŦ ǎŜŎƻƴŘΦ wŜŎŜƴǘ ŦƛƴŘƛƴƎǎ ōȅ DƻƴǎŀƭǾŜȊ ŀƴŘ tƻƭƛŎƘ όнллнύ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜ tо ǿŀǾŜ ƻƴ ŀƴȅ 
ƎƛǾŜƴ ǘǊƛŀƭ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ƛƴǘŜǊǾŀƭ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ǘŀǊƎŜǘΦ 
 
Slide 41 

Difficulty of 

Discrimination

The P3b is later and smaller 

when the attended target is 

more difficult to discriminate 

from the standard.

The change in amplitude is 

related partly to latency jitter 

and partly to a decrease in 

certainty or confidence.   
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¢ƘŜ tоō ƛǎ ƭŀǘŜǊ Χ ¢ƘŜ ƭŀǘŜƴŎȅ ƻŦ ǘƘŜ tо ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǘƛƳŜ ǘŀƪŜƴ ǘƻ ŘƛǎŎǊƛƳƛƴŀǘŜ ōŜǘǿŜŜƴ ǘƘŜ ǘŀǊƎŜǘ 
ŀƴŘ ǘƘŜ ǎǘŀƴŘŀǊŘΦ 
 
Slide 42 

Age

 

¢ƘŜ ǘŜǊƳ tолл ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ƴƻǊƳŀƭ ƭŀǘŜƴŎȅ ƻŦ ǘƘŜ tо ƛƴ ŀƴ Ŝŀǎȅ ŘƛǎŎǊƛƳƛƴŀǘƛƻƴ ŀǘ ǘƘŜ ŀƎŜ ƻŦ нлΦ 
¢ƘŜ ƭŀǘŜƴŎȅ ƻŦ ǘƘŜ tо ǿŀǾŜ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŀƎŜΦ 9ǾŜǊȅ ōƛǊǘƘŘŀȅ ȅƻǳ Ŏŀƴ ŎŜƭŜōǊŀǘŜ ŀ мΦп Ƴǎ 
ǎƭƻǿƛƴƎ ƛƴ ȅƻǳǊ tоΦ  LƴǘŜǊŜǎǘƛƴƎƭȅ ǘƘƛǎ ǎƭƻǿƛƴƎ Ŏŀƴ ƻŎŎǳǊ ǿƛǘƘƻǳǘ ŎƻƴŎƻƳƛǘŀƴǘ ǎƭƻǿƛƴƎ ƛƴ ƳƻǘƻǊ ǎǇŜŜŘΦ  
 
Slide 43 

 

! Ŧƛƴŀƭ ŎƻƳƳŜƴǘ ŀōƻǳǘ ǘƘŜ tо ƛǎ ǘƘŀǘ ƛǘǎ ŀƳǇƭƛǘǳŘŜ ǾŀǊƛŜǎ ǿƛǘƘ Ƙƻǿ ƳǳŎƘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƳŜŀƴǎΦ Lƴ 
ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘ ǘƘŜ ǎŀƳŜ ǎǘƛƳǳƭƛ ŎƻǳƭŘ ōŜ ƛƎƴƻǊŜŘΣ ŎƻǳƴǘŜŘ ƻǊ ǳǎŜŘ ŀǎ ŦŜŜŘōŀŎƪ ƛƴ ŀ ǇŜǊŎŜǇǘǳŀƭ ǘŀǎƪΦ 
¢ƘŜ tо ƛǎ ƳǳŎƘ ƭŀǊƎŜǊ ǿƘŜƴ ǘƘŜ ǎǘƛƳǳƭǳǎ ƳŜŀƴǎ ƳƻǊŜΦ  LƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ǿŀǊǊŀƴǘǎ ŀ ŎƘŀƴƎŜ ƛƴ ōŜƘŀǾƛƻǊ 


