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Necessity & Sufficiency 

Goal: distinguish neural correlates of… 

1) Preconscious processing (necessary but not sufficient) 

2) Conscious perception (necessary and sufficient) 

3) Postperceptual processing (sufficient but not necessary) 

Aru et al. (2012) NeuroBioRev; de Graaf et al. (2012) NeuroBioRev 



Previous Paradigms & Findings 

 Masking, Attentional Blink: aware vs. unaware contrasts 

 EEG signatures of awareness = P3 & Gamma Oscillations 

Dehaene & Changeux (2011) Neuron 

 Awareness = widespread “ignition” of cortical activity 



Problem with Previous Paradigms? 

 Different paradigms needed to address this problem… 

Masking, Attentional Blink: 
 Unaware = no PPP;  Aware = PPP 



 Inattentional Blindness (IB) 
 “Failure to perceive unexpected objects or events 

because attention is focused on another task”  

 Simons & Chabris (1999);  

The Inattention Paradigm 

Mack & Rock (1998) 



Inattention Paradigm adapted for EEG/ERP 

 Video Example of Stimuli: 
http://www.youtube.com/watch?v=8-9NAFUn_CI 

  

http://www.youtube.com/watch?v=8-9NAFUn_CI


Square or Random 

Stimuli 

600-800ms 600-800ms 300ms 



Procedure 

Phase 1: 

Distracter Task 

(unaware) 

Phase 2: 

Distracter Task  

(aware) 

Phase 3: 

Pattern Recognition 
Task 

(aware + relevant) 

Awareness 
Assessment 

Awareness 
Assessment 

# of Stimuli: 

Random: 300 

Square: 240 

Diamond: 60 



Awareness assessment 





Behavioral results (awareness assessments) 

unaware aware 



Paradigm comparison 

Masking, Attentional Blink: 
 Unaware = no PPP;  Aware = PPP 



Paradigm comparison 

Inattentional Blindness: 
 Unaware = no PPP;  Aware = no PPP;  Aware+ = PPP 



Phase 1 (unaware, task irrelevant) 



Phase 2 (aware, task irrelevant) 

Nd2 / VAN 



Phase 3 (aware, task relevant) 



Phase 1 

Phase 2 

IB subjects Noticer subjects 

Between Subjects 



IB subjects Noticer subjects 

Between Subjects 

Phase 1 

Phase 2 

Pitts, Martinez, & Hillyard (2012) JCogNeuro 



Time-Frequency Results (IB subjects) 

Phase 1 
(unaware, task irrelevant) 

Phase 2 
(aware, task irrelevant) 

Phase 3 
(aware, task relevant) 

Pitts et al. (in prep) 



Time-Frequency Results (noticer subjects) 

Phase 1 
(aware, task irrelevant) 

Phase 2 
(aware, task irrelevant) 

Phase 3 
(aware, task relevant) 

Pitts et al. (in prep) 



 
Interim Summary 
 Early (~180ms) ERP negativity regardless of whether subjects are 

aware of the shapes. 
 Phase 1 (unaware, task irrelevant) 

 
 Subsequent (~260ms) ERP negativity only when subjects are 

aware of the shapes. 
 Phase 2 (aware, task irrelevant) 

 
 Widespread activity and gamma (>300ms) only when shapes are 

task relevant. 
 Phase 3 (aware, task relevant) 

 

preconscious 
processing 

NCC ? 

postperceptual 
processing 



 
Follow-up Experiments 
 Early (~180ms) ERP negativity regardless of whether subjects are 

aware of the shapes. 
preconscious 
processing 



Preconscious Processing 

Contours task irrelevant: 

Contours task relevant: 

Pitts & Martinez (in press) Cognitive Electrophysiology of Attention 



 
Follow-up Experiments 

 
 Widespread activity and gamma (>300ms) only when shapes are 

task relevant. 
 

postperceptual 
processing 



Postperceptual Processing 

Random Array: Shape Pattern: Color Patches: 

 Attend shape or color (counterbalanced blocks) 

 P3 & Gamma for clearly perceived, but irrelevant shapes?  

Pitts et al. (in prep) 



Postperceptual Processing 

Shapes task irrelevant: 

Shapes  task relevant: 

Pitts et al. (in prep) 



 
Follow-up Experiments 

 
 Subsequent (~260ms) ERP negativity only when subjects are 

aware of the shapes. 
NCC ? 



NCC for faces 

   Face Pattern    Random Array Distracter Task 

Shafto & Pitts (in prep) 



IB subjects Noticer subjects 

Phase 1 

Phase 2 

Phase 3 

Shafto & Pitts (in prep) 

Nd2 / VAN N170 



Time-Frequency Results 

Phase 1 
(unaware, task irrelevant) 

Phase 2 
(aware, task irrelevant) 

Phase 3 
(aware, task relevant) 

Shafto & Pitts (in prep) 



Conclusions 

 P3 & Gamma reflect “ignition” of postperceptual processes 

 NCC: local “flicker” instead of widespread “ignition”? 

 Does this NCC (Nd2/VAN) reflect attention or awareness? 

 Important to isolate NCC from pre & postperceptual processes 

 

 

Nd2 / VAN 

~200-300ms 



Thank you for your attention and awareness! 
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ERP correlations with awareness reports 
Nd1 Nd2 

Nd1 Nd2 

Nd1 Nd2 





Behavioral results (distracter task) 

U A A A U A A A 

No performance difference for aware vs. unaware (within or between subjects) 



Phase 1: unaware 

Phase 2: aware 

Phase 3: aware + task relevant 

- 

Source Estimates (LORETA) 
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