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Working Memory and Consciousness



VWM in everyday life…
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Information processing 
and manipulation

Remembering a face Remembering some digits



VWM in everyday life…

Goal-directed 
behavior
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What happen when the information is 
subliminal?
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Goal-directed 
behavior



Testing the dissociation between WM and 
Consciousness



The first attempt…

Soto et al. (2011) 7
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We decided to do a meta-analysis

- Medium effect ~0.5
- High heterogeneity
- Evidence for publication bias



Few open questions…

- Is the WM effect genuine or emerged only in specific 

conditions?

- How VWM information is retained?

- Does VWM is sensitive to different levels of 

consciousness?
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Experiment



What do we need to test the unconscious WM?
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Psychophysical method 
to manipulate the 
conscious experience

Paradigm that elicit the 
behavioral above-chance 
effect

VWM specific 
neural correlate
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Change-Detection Task

Retention Interval



The Contralateral Delay Activity

14Vogel & Machizawa, 2004 Luria et al. (2010)

The CDA amplitude increase as the amount of visual information increase
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Backward Masking
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Consciousness Manipulation



Consciousness assessment
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Unconscious

Conscious

Sandberg, & Overgaard (2015)

Perceptual Awareness Scale



QUEST Adaptive procedure
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65% Threshold

Watson  & Pelli (1983)
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Hypotheses
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1. Subliminal visual information is retained in VWM and can be actively used 
(i.e., above-chance behavioral accuracy on subliminal trials [PAS=1])

2. The CDA reflects the maintenance of subliminal visual information (i.e., 
CDA for subliminal [PAS=1] info different than zero/baseline)

3. The CDA tracks the clarity of the visual experience (i.e., higher CDA 
amplitude for supraliminal [PAS>1]  trials vs. subliminal trials [PAS=1])



Experimental Setup

- 23 subjects (21 females, 2 males)

- 522 total trials (174 catch trials with no stimulus)

- ~ 1 hour for the full experiment

- 64 channels EEG recording
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Behavioral Results



Accuracy ~ PAS

22Multilevel logistic regression - PAS 1 vs 50% (OR = 1.29, 95% CI = [1.03, 1.63], z = 2.19  p = 0.0284)

*

Above-chance 
performance



ERP Results



CDA results
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CDA results
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We analyzed the time window 400 - 1200 ms (the retention interval)

PAS 1 vs 0

M = -0.487, SE = 0.224, t23 = -2.168, p = 0.021, d = 
0.452

PAS 1 vs 234

M = 0.034, SE = 0.207, t23 = 0.165, p = 0.565, d = 
0.034, BF01 = 4.517



Main Conclusions



Conclusions

CDA PAS 1 > 0: Subliminal information is retained in VWM

Accuracy PAS 1 > 50%: Subliminal information is used for the CDT

CDA PAS 1 = CDA PAS 2-4: CDA is not tracking the conscious 

experience
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Extra: Response Criterion



Signal Detection Theory

29



Unbiased Participant
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Biased Participant
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Conservative Liberal



Conservative Criterion Problem
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- A conservative response criterion (i.e., tendency to say 

unconscious, PAS 1) could overestimate unconscious processing 

effects

- Previous studies did not report criterion measures or the 

relationship between criterion and accuracy



Conservative Criterion Problem

33

Unbiased Conservative



Accuracy ~ criterion

34Polynomial regression with significant quadratic component ꭕ2
1= 11.674, p < 0.001

Unbiased subject with a 
predicted accuracy of 
0.51 [0.48, 0.54]
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