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The contents and duration ƻŦ άƴƻǿέ ŘŜǇŜƴŘ ƻƴΥ 

ÅSense 

ÅStimulus 

ÅExpertise 

ÅAttention 

ÅConscious awareness 

 

 

 

 

 

 

What is happening now? 



Conscious awareness creates a partial map of 
events in time.  
 
To map a more complete temporal landscape, 
also look at unconscious processing.  

Working hypotheses 



Predictive Anticipatory Activity 

PAA = Physiological differences preceding stimuli 
that evoke different post-stimulus responses 
(e.g. calm vs. arousing images, guessing tasks). 

 

Hypothesis = human physiology anticipates its 
own future state of arousal. 

 

PAA is generally unconscious. 

 

 

 

 

 

 





Protocol 



Analysis 



 

 

 

 

 

 

Meta-analysis 



N=26; ES=0.21 95% CI=0.13ς0.29,  

z=5.3, p<5.7x10-8, 1 chance in 17 million,  

fail-safe: 87 non-significant studies 



Possible explanations 

ÅExpectation bias/physiological undershoot 

ÅFiltering artifacts 

ÅaǳƭǘƛǇƭŜ ŀƴŀƭȅǎŜǎ ƻǊ άp-ƘŀŎƪƛƴƎέ 

ÅFraud 

ÅtƘȅǎƛƻƭƻƎȅ Ŏŀƴ ǊŜŦƭŜŎǘ άŦǳǘǳǊŜέ ŜǾŜƴǘǎ  

 

 

 

 

 

 

 



Expectation bias/undershoot 
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Expectation bias/undershoot 



Filtering artifacts 

ÅOnly 2 EEG studies in 
meta-analysis; 1 used 
acausal filter.  

ÅWith only SC studies, 
still significant. 

 

 

 

 

 

 



aǳƭǘƛǇƭŜ ŀƴŀƭȅǎŜǎ ƻǊ άp-ƘŀŎƪƛƴƎέ 

ÅSignificant results with only SC studies. 
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aǳƭǘƛǇƭŜ ŀƴŀƭȅǎŜǎ ƻǊ άp-ƘŀŎƪƛƴƎέ 

ÅSignificant results with only SC studies. 

ÅTpre consistent within researchers. 

ÅMeta-analysis tested different hypothesis. 

 

Ą Still, we need a gold standard experiment and 
registration of designs and analyses. 

 

 

 

 

 

 

 



Fraud 

ÅTrim-and-fill analysis suggests no evidence of 
fraud; difficult to detect. 

 

 

 

 



Fraud 

ÅTrim-and-fill analysis suggests no evidence of 
fraud; difficult to detect. 

ÅI know my Řŀǘŀ ŀǊŜƴΩǘ ŦǊŀǳŘǳƭŜƴǘΦ 
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Gold standard? One trial only 
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Conclusion & Discussion 

Unconscious processes reveal more (or different) 
information about events than conscious processes. 
 
 
 
 
 
 
  



Conclusion & Discussion 

Unconscious processes reveal more (or different) 
information about events than conscious processes. 
 
 
 
Critical experiments:  
Å Gold standard experiment 
Å Role of awareness 
Å Event importance/motivation 
Å Critical pre-event duration 
Å Relationship between PAA and volitional anticipation 
 
 
 
 
 
  



Use heart-rate 
detection engine to 
track physiology 
before and after 
winning or losing a 
single-trial task. 
 
 
 
 
 
 
 
 
 
  



Implications 
 
Harnessing information from the so-ŎŀƭƭŜŘ άŦǳǘǳǊŜέ ŎƻǳƭŘ 
help us prepare for important imminent events. 
 
Ą explosions 
Ą surgical errors 
Ą epileptic seizures 
Ą swift stock market changes 
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²ƘŀǘΩǎ ƎƻƛƴƎ ƻƴ ƛƴ ǘƘŜ ōǊŀƛƴΚ 

ĄBenjamin Libet (1983) showed brain waves ~500-600 ms 
before a conscious decision predicted the decision. 

 
Ą¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ƛƴǘŜǊǇǊŜǘŜŘ ǘƻ ƳŜŀƴ ǘƘŀǘ ǘƘŜǊŜΩǎ ƴƻ ŦǊŜŜ 
will.  

 
ĄWhat if the brain is being influenced by the future event? 
[ŜǘΩǎ ǘŜǎǘ ƛǘΦ 



Approach 

 
 
Use a pattern classifier to classify EEG 
recorded during the expectation phase in a 
speeded response task. 

 

1 
200 ms 

1000 ms 

2000 ms 

2500 ms = expectation phase 

2 
200 ms 



Random forest classification 
Leo Breiman and Adele Cutler 2002 

 

ω Are among the most accurate of pattern classification tools 
 
ω Run efficiently on large databases 
 
ω Can handle thousands of input variables 
 
ω Give estimates of important variables in the classification 
 
ω Generate an internal unbiased estimate of generalization error 
 
ω Seem to be democratic (majority wins) 



Post-Stimulus Data 



Post-Stimulus Data 
m

V
/c

m
2
 



Pre-Stimulus Data 



Pre-Stimulus Data: 2 differences 
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What is alpha? 

Ą¢ƘŜ ŦƛǊǎǘ ōǊŀƛƴǿŀǾŜ ŘƛǎŎƻǾŜǊŜŘ ǿŀǎ ŎŀƭƭŜŘ άŀƭǇƘŀΦέ 
 
ĄIt has a period of ~100 ms (1/10th of a second).  



Why care about alpha? 

ĄCƻǊ ǎǘŀǘŜǎ ƻŦ ƘƛƎƘ ŀƭǇƘŀΣ ǿƘŜƴ ƛǘΩǎ άŘƻǿƴΣέ ǿŜ ŘƻƴΩǘ ǎŜŜ 
ǘƘƛƴƎǎΦ ²ƘŜƴ ƛǘΩǎ άǳǇέ ǿŜ Řƻ όMatthewson et al. 2009). 
 



¢ǊȅƛƴƎ ǘƘŜ ŎƭŀǎǎƛŦƛŜǊΧ 

ĄGet maximum alpha frequency for participant and each 
trial. Also get ERPs for each participant and trial. 

 
ĄFor alpha, find phase at -650 to -500 ms pre-stimulus. 
  
ĄFor each electrode, give classifier the phases for each 
participant at each of 6 timepoints, and ERP averages at 
each of the same 6 timepoints. 

 
Ą{ŜŜ ƛŦ ǘƘŜ ŎƭŀǎǎƛŦƛŜǊ Ŏŀƴ ǇǊŜŘƛŎǘ ǘƘŜ ǳǇŎƻƳƛƴƎ ŜǾŜƴǘǎΧ 



group: 99.7% hits, 3.5% FAs 
trial-by-trial: 30/40 significant 



Critical alpha phase electrode @-
550 ms 


