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The Electric Brain

The brain appears to compute electrically. What do electric field 
patterns have to do with mind?

Can we harness them for communication or therapy?



M/EEG and tES (electrical stimulation)



tES and TMS (both electrical)

0.25 V/M

180 V/M



BCI/CBI 
Applications 



Brain to Brain Communication 



Matrix

Animals can be entirely 
conditioned by using tACS 

stimuli.

Once trained, they respond 
in a conditioned manner 
when peripheral sensory 
stimulus is presented for 

the first time.



Lucid Dreams



Thought to Speech 



EEG/tES as an affective interface  



ENAKD – Enobio-powered Affective Interface 



The Luminous Project 

Consciousness will someday be 
electromagnetically measured and 
altered, and that the associated 
needed insights will prove crucial 
to the development cognitive 
sciences.

2016-2020



Perturbational Complexity Index (TMS-EEG)



Complexity of M/EEG Signals



Epilepsy, deep sleep, DOC Healthy wakefulness Psychedelics

Apparent complexity perspective

ECA Rule 51 ECA Rule 110 (TC) ECA Rule 30 (chaotic)



Complexity, Network Integration, Segregation 



Computational Circuitry



Criticality: prerequisite for healthy computation?



We are missing a principled, unifying 
framework to define and operationalize 

what we want to measure and understand 
what its physiological signatures are – how 

to measure it.

The Challenge



Kolmogorov
Theory of 
Consciousness

1. There is Experience – the 
immediate, subjective sense of “what 
it feels like” to be oneself at any given 
moment. 

2. Focus on Structured 
Experience

KT
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What is structured 
experience?

The spatial, 
temporal, and 
conceptual 
organization of our 
first-person 
experience of the 
world and of 
ourselves as agents 
in it. 



Coarse-
graining, 
compressing to 
extract useful 
structure



What is special about brains?

#2 They compute: modeling and decision making

#1 High Mutual Algorithmic Information with the world

What is special about brains?



KT in a Nutshell

Ask what creates structured 
experience in an algorithmic context 

A. Evolution gives rise to agents 
(and we are agents)

B. Agents run models of the world 
and enjoy structured experience!

C. Agents have goals. This gives 
origin to valence & emotions



What is an algorithmic 
agent?

A computational system 
that interacts effectively 
with its environment by 
planning actions using 
compressive predictive 
models to maximize an 
objective function.

Using a model entails 
computation and dynamics.
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The central hypothesis in KT

An agent has structured experience (𝒮) to 

the extent it has access to encompassing 

and compressive models to interact with the 

world. 

More specifically, the event of structured 

experience arises in the act of running 

models. 
 

Model structure determines the structure of 

experience.
 

Successful comparison with data leads to 

wakeful presence.



How do we define model structure? 

Formalize model using group theory, capturing the idea of simplicity as 

symmetry. Then, we can show that 

1) Tracking the world forces the agent as a dynamical system to mirror the 

symmetry in the data. Dynamics collapses to reduced manifolds. 

2) The hierarchical nature of world data leads to coarse-graining and the 

notion of hierarchical constraints and manifolds 



Structured Experience



Tool 1: Topology, Group Theory



Tool 2: Computational Modeling, Criticality 

Aim: Mechanistic interpretation of 
brain data using whole-brain 
computational models. The brain 
as computer – requirements.



Summary

1) We focused on the requirements for structured experience

2) EEG/MEG/tES/TMS can all be used, in principle, to measure and alter 

structured experience in the electrical brain. 

3) Tracking the world requires computation to run models

4) This constrains brain structure and also collapses dynamics to reduced 

manifolds, the characteristics of which are good candidates for “neural 

correlates of structured experience (NCSE)”
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