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Question: 

How do we transform sensory 

input (x) into perceptual 

representations (y)? 

Computational 

Algorithmic 

Implementation 



Unseen Seen 

1. Early feedforward 

2. Late broadcast 

3. Late maintenance 

 

1. Early feedforward 

2. No Late broadcast 

3. No Late maintenance 

 

Global Neuronal Workspace Theory of Conscious Perception, Dehaene et al 



1. What are the neural bases of perceptual inference? 
 

- We can test & improve these theories with simple decoding techniques. 

- First processing stages transiently encode objective sensory inputs. 

- Latest processing stages maintain subjective representations. 

Stanislas Dehaene Niccolo Pescetelli 



Unseen Seen 

High target contrast Low target contrast 

Target Mask 



fT 

MEG sensor 

Time 

MEG: measures tiny magnetic inductions generated by neuronal activity 



MEG can reveal the 

architecture of 

visual processing. 

King et al (2016) Neuron 

Masked targets elicit a response that propagates from V1 to PFC 
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Target Probe Tilt? Visibility? 



King & Dehaene (2014) TICS 

Sustained 

What  ARCHITECTURE  supports maintained representations? 

Feedforward 

V1 V2 V1 V2 … PFC 



King & Dehaene (2014) TICS 

Temporal Generalization 

Sustained Feedforward 
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Testing Time 

Temporal Generalization 

King & Dehaene (2014) TICS 

Sustained Feedforward 



Training 

Time 

Testing Time 

Target 

but not with a 

classifier trained at 

100 ms 100 ms 

The stimulus can be 

decoded 600 ms 

after its onset  

with a classifier 

trained at 300 ms,  

600 ms 

300 ms 



100 ms 

900 ms 

300 ms 

but not with a 

classifier trained at 

100 ms 

The stimulus can be 

decoded 600 ms 

after its onset  

with a classifier 

trained at 300 ms,  



100 ms 

300 ms 

900 ms Decoding 

score 

chance 

100% 

Visibility 

Early processing stages:  

transient and objective 

Late processing stages: 

stable and subjective 

Decoding 

score 

chance 

100% 

Visibility 



3. Late maintenance 

2. Late broadcast 2. No broadcast 

1. Early feedforward 

3. No maintenance 

Unseen Seen 

1. Early feedforward 

THEORY  PREDICTS: 

WHAT  WE  ACTUALLY  GET: 



1. Neural bases of perceptual inference: 

 
- We can invalidate & improve these theories with simple decoding techniques. 

- Early processing stages transiently encode objective sensory inputs. 

- Latest processing stages maintain subjective representations. 

Implementation 



2. Algorithmic bases of perceptual inference: 

 

- Visibility report is a special case of perceptual decision. 

- The brain transform sensory inputs into report via a hierarchy of  representations. 

- These hierarchical transformations only partially map onto deep neural nets. 

Implementation 

Algorithm 

Laura Gwilliams 
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Visibility reports are probably a special 

case of perceptual inference. 

Instead of manipulating the overall 

visibility, we can parametrically change 

perceptual contents 



 

 

Subjective 

reports 

 

 

Sensory evidence 



Sensory Input Percept 

Digit Letter 



Sensory Input Percept 

Classifier’s 
predicted 

probability 

of being 

Letter 

Evidence 

Digit 

Letter 



Sensory Input Percept 

We can track this disambiguation process from MEG. 

Digit 

Letter 

Digit 

Letter 
Classifier’s 
predicted 

probability 

of being 

Letter 
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We maximally orthogonolized 7 task 

dimensions to maximally isolate each 

processing stage 
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Normalized Decoding Scores 

The processing stages of perceptual 

inference are recruited sequentially 



Can we identify the algorithm that maximally 

fits the brain representations & dynamics? 



2. Algorithmic bases of perceptual inference: 

 
- Visibility report is a special case of perceptual decision. 

- The brain transform sensory inputs into report via a hierarchy of  representations. 

- These hierarchical transformations only partially map onto deep neural nets. 

Implementation 

Algorithm 



3. Computational bases of perceptual inference: 

 
- Perception can be modeled within the Bayesian inference framework. 

- Decisional priors affect latest processing stages. 

- Each processing stage can be decomposed into likelihood & posterior computations. 

Implementation 

Algorithm 

Computation 

Gabriela Meade 



Bayesian approach to perception:  

Likelihood: 

Sensory evidence 

Posterior: 

Probability that object 

y generated my 

sensory input x p(y) p(x | y) ∝ p(y | x) 

Prior: 

How likely is 

object y to occur? 
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Likelihood: 

Sensory evidence 

Posterior: 

Probability that object 

y generated my 

sensory input x 

Prior: 

How likely is 

object y to occur? 

 

Visibility 

rating 

 

SOA (ms) 

Meade et al & King (in prep) 



 

Visibility 

rating 

 

SOA (ms) 

Visibility ratings are modulated by  sensory evidence and contextual prior 

Visible trial 

Invisible trial 

Previous 

trial: 

visible 

Previous 

trial: 

invisible 

… Context … 
(previous trials: 

Visible or not?) 

Likelihood: Posterior: Prior: 

Meade et al & King (in prep) 
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Meade et al & King (in prep) 

Decoding 

Target Presence 

(AUC) 
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Visibility Report 

Test time (ms) 

Target-mask SOA 

Test time (ms) 

SOA Visibility? 

Context 

Meade et al & King (in prep) 



Visibility Report 

Test time (ms) 
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Meade et al & King (in prep) 



Deep stages encode 

contextual prior? 

88 ms 148 ms 189 ms 

Transient 

feedforward 

encode 

likelihood? 

Stable recurrent 

keep posterior? 

SOA 

β 

coefficient 

0.20 

0 

Time from 

onset (ms) 

0 400 

Visibility 

rating 

Canonical dynamics 

p(y) p(x | y) ∝ p(y | x) 



1. Visual inputs elicit a 

sequence of neural responses 

transforming objective codes 

into subjective ones. 

(King et al, Neuron 2016) 

3. Each processing stage 

can be decomposed into 

elementary computations. 

(Meade et al & King, in prep) 

2. This neural sequence 

corresponds to a specific 

computational hierarchy. 

(Gwilliams & King, in prep) 
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Integrative 

Open Source 
Temporal 

Generalization, 

RSA, CSP, SPoC, 

Patterns, Xdawn, 

Source Decoding, 

rERP, STRF, 

Receptive Field 

and many more 


