
How to avoid trouble when talking about consciousness  

Conscious access / 

conscious content  

perception & information 

processing in the brain 

accompanied by subjective, first 

person, reportable experiences 

(“I saw X”) 

Conscious awareness  

a brain state extended in time in 

which a stream of  conscious 

information access is possible 

Alertnesss / vigilance 

a brain state of  wakefulness and 

reactivity 

• Conscious awareness without vigilance (dreams in deep sleep) 

• Vigilance without conscious awareness (vegetative state patients) 

• Conscious awareness without conscious content (certain meditation practices) 

 
“Hard” problem: “What is it like to be someone that you are not – even with unlimited 

information about his/her brain” 

“Easy” problem: Neural correlates of  conscious access and conscious awareness 

Avoid discussing with philosophers unless you prepare yourself  beforehand 
Tip #1: this slide is not enough 

Everything is  

conscious 

Nothing is  

conscious 

Tip #2: you don’t want to be in this line 

 Warning 



Neural correlates of  consciousness 

When? 

Where? 

Models of  consciousness 

When? 

Where? 

How? (mechanism) 
Fast forward 20 years and 

hundreds of  papers  

What makes a good model of  consciousness? 

 

Knowing how          knowing when and where 

We address two mainstream models:  

 

global workspace theory & information integration theory 



Global workspace theory 

Incoming sensory stimuli compete 

 

Conscious access = self-sustained activity 
spreading to the “global workspace”  

 

“Ignition” = conscious access is all-or-none 

 

 
Forward masking Binocular rivalry 

Subliminal One conscious, 

other subliminal 

Changeux Dehaene Baars 

Competition for access: one stimuli becomes self-sustained 

and takes over the global workspace, blocking the other  

Dehaene et al., 2006. 
TICS 



Global workspace = 

fronto-parietal 

cortex 

Seen Unseen 
96 ms 

180 ms 

276 ms 

300 ms 

348 ms 

436 ms 

576 ms 

Activity of  a few cells in the visual cortex elicits global widespread 

activation = high susceptibility  

Sargent et al., 2005 

Nat Neurosci 

Dehaene et al 2011 

Neuron 



Global workspace = 

fronto-parietal 

cortex 

Reduced metabolism Reduced temporal correlations (sleep) 

Reduced temporal correlations (propofol) Reduced spatial correlations (sleep) 

Dehaene et al 2011 

Neuron 

Tagliazucchi et al., 2013 

PNAS 

Tagliazucchi, Chialvo, et al., 2016 

J. Roy. Soc. Interface 

Uehara et al. 2014 

Cer. Cortex 

Evidence from states of  diminished 

 conscious awareness 



Global workspace theory 

 

How: sensory stimuli compete for the “ignition” of  the 
global workspace; successful stimuli become globally 
available for a sustained period of  time and enter 
consciousness 

 

When: when a stimuli is strong enough and receives 
attention 

 

Where: the fronto-parietal cortex 



Information integration theory 

Brain activity during conscious must be highly differentiated 

(think of  the number of  possible conscious experiences) 

 

It must also be integrated 

(otherwise it’s just a bunch of  independent systems) 

 

So it must be both integrated and segregated. 

 

 

Edelman Tononi 

“Explains” why loss of  conscious awareness is in general 

associated with massive over-synchronization / 

integration / loss of  differentiation  

Tononi et al., 2016 

Nat Rev Neurosci 



Quantifying information integration? 

Derive from “first principles” : 

 

Necessary conditions for conscious awareness 

 

Sufficient conditions for conscious awareness 

 

The minimal set of  neurons involved in 
conscious perception 

 

 

In practice: 

 

Combinatorial algorithms (exploring all sub-
partitions of  the system) 

 

In newest metrics, need to causally manipulate 
all subsets of  the system at will 

 

The theory reincarnated several times 

 

 



Delta  

(EEG) 
Connectivity 

(fMRI) 
Tagliazucchi et al., 2013. 
Neuroimage 

Tagliazucchi et al., 2014. 
Neuron 



Information integration theory 

 

How: different metrics of  information integration are 
proposed and conscious content is associated with their 
maximization 

 

When: when predicted from the maximization  

(can’t compute) 

 

Where: where predicted from the maximization  

(can’t compute) 



Integration-segregation 

in the language of  phase 

transitions 

Tagliazucchi & Chialvo, 2014 

Tegmark, 2015 



Decreased information integration in the vegetative 

state 

Magnetic perturbations fail to elicit global, sustained and 

reverberating response during deep sleep 

? 

Either both models are not 

incompatible or they are vague 

enough to accommodate evidence 

supporting the opposing model 



Carhart Harris et al., 2015. 
Frontiers in Neuroscience 



Serotonergic psychedelics 

LSD DMT 

Psilocybin 

LSD 

Serotonin 



Action by similarity with a 

certain serotonin receptor 

(5HT2A agonists) 

Potency 
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LSD 



LSD expands fronto-parietal connectivity and metabolism  

(as opposed to unconsciousness) 

Tagliazucchi et al., 2015. 
Current Biology 



LSD reduces network modularity (i.e. increases integration) 

(as opposed to unconsciousness) 

Tagliazucchi et al., 2015. 
Current Biology 



Symbolic entropy of  

the sequence of  

visited states 

Psilocibyn increases the entropy of  visited states 

(as opposed to unconsciousness) 

Tagliazucchi et al., 2014. 
Human Brain Mapping 


