
• Starts from phenomenology, not from behavioral or neural correlates

• Identifies the essential properties of every experience (axioms)

• Derives the requirements that physical systems must satisfy
to account for them (postulates)

• Has explanatory, predictive, and inferential power

Tononi 2004, 2008, 2012, 2014, 2015 
Balduzzi and Tononi, 2008, 2009
Oizumi, Albantakis and Tononi, 2014
Tononi and Koch, 2015
Tononi, Boly, Massimini, Koch, 2016

Integrated Information Theory (IIT)



Physics: postulates
Required properties

of its physical substrate
(necessary and sufficient)

Phenomenology: axioms
Transcendental properties

of consciousness
(true of every experience)

Integrated Information Theory (IIT)
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CONCEPTUAL'STRUCTUREEXPERIENCE

An experience is identical to a conceptual structure
- a global maximum of irreducible, intrinsic cause-effect power

specified by a complex of elements in a state

Quantity:
irreducibility'(Φmax)

of'the'conceptual'structure

Quality:'
‘form’'of'the'conceptual'structure

Concept'='(ϕmax ='0.25)

PHYSICAL'SUBSTRATE

(COMPLEX) Tononi et al 
Nature Rev Neurosci 2016

Relation='(ϕmax ='0.15)
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Explanatory power

Why not the
cerebellum?

Why not the cortex
during deep sleep?

Why not the cortex
during a seizure?

Why not cortico-
subcortico-cortical loops?

Why not afferent
pathways?

Why not efferent
pathways?
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Cause Effect Cause Effect

Reduced*
neuromodulation
in*NREM*sleep
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Consciousness as integrated information:
Why did it evolve?



The*more*difficult*the*task,*the*higher*the*integrated*
information*(<Φmax>*and*#*of*concepts)*in*the*fittest*animats

16*units

36*units

Animat

main*complex

Albantakis*et*al.,*2014
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A The major complex
(watching a movie)

Predictive power
B It shrinks

(absolute achromatopsia)
D It splits anatomically

(split brain)
It moves

(pure thought?)
C

It splits functionally
(drive and listen?)

It coexists with minor complexes
(high-level, “unconscious” feats?)

E F



NCC:(a(withinGstate,(noGtask(paradigm

NCE: awakening with report of 
No Conscious Experience

CE: awakening with report of 
Conscious Experience

NREM sleep REM sleep

Siclari, Baird, Perogamvros et al., Nature Neuroscience, 2017



NCC:(a(withinGstate,(noGtask(paradigm

Perceptual Thought- like


