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Can macroscopic neuroimaging 

measure relevant cognition?

Complexity science has a scaling problem:

• What coarse-grained measures can we use to access

microscopic activity?

• If we use fMRI or EEG, are we measuring anything

relevant to consciousness or cognition?

• Do our measures depend on how we divide activity into voxels 

or channels?

Compositional information measures 

guarantee experimental relevance

Compositionality

A measure is compositional if there is a way to relate the global 

measure (e.g. over the whole of the brain, across all time scales) 

to measures on parts and the relationships between them

Importantly, if all the parts are accounted for, the global measure 

is independent of the scale of the decomposition.

If a measure is not compositional, the specific choice of how 

macroscopic regions (e.g. channels, fMRI voxels) are located and 

arranged might affect the global measure, rendering it 

inconsistent.

Non-compositional measures aren’t wrong and are still powerful, 

but relevant patterns might be ‘lost in the gaps’ or not reconcilable 

with subtly different measurements.

Composition in information measures

Classical information measures all compose naturally. In particular, 

entropy, mutual information, co-information, KL-divergence all 

have chain rules which render them compositional.

Many contemporary information measures such as Partial 

Information Decomposition do not appear to compose naturally, 

meaning that they might depend on how the system is measured.

Many modalities reduce complex brain regions to large, macroscopic voxels or channels. How do we 

know that our choice of macroscopic regions is correct? Compositionality implies that all macroscopic 

measures are relevant to the measure.

A probability distribution on four 

outcomes. Each blue area represents an 

outcome(probability 0.25) measured by 

the dit python package. Compositionality 

can be checked by grouping together 

different outcomes in X successively. If 

the measure composes, the choice of 

how to do this should not affect the global 

measure. Some measures failed unless 

the yellow outcome was introduced for 

maximal support, in which case it was 

allocated probability 0.0001.

Non-compositional measures, such as 

many partial information decomposition 

measures or traditional activity-based 

measures are not compositional. Values 

read might depend entirely on the scale of 

the measurement and the arrangement of 

voxels. Without compositionality, 

individual neurons and macroscopic brain 

regions are not speaking the same 

language.

Capturing patterns at all scales

Compositionality is the main reason why classical information 

measures ‘capture all patterns’. If they did not compose, then this 

would not be the case, potentially pointing to one of the challenges 

of Partial Information Decomposition. Some systems, such as the 

one depicted above, have redundant subcomponents which 

become synergistic when grouped in different ways.

Is IIT’s Φ even measuring information?

Φ, in all versions, has always been explicitly constructed to be non-

compositional, explicitly depending on the choice of scale and 

subsystems.

If it doesn’t capture all patterns of emergence as intended, 

depending on specific (bi)partitions to work, is it even information?

Alternative compositional measures?

Using a recently developed framework called Logarithmic 

Decomposition it is possible to build a sort of periodic table of 

classical information effects.

It might be possible to group these atoms into novel compositional 

structures, capturing new kinds of information emergence with 

greater internal consistency.

Assuming compositionality, all classical 

information effects can be desconstructed

into this periodic table using Logarithmic

Decomposition (Down and Mediano 

2023).

For three variables, all co-information 

effects contain one of these two effects:

* This atom seems to cause redundancy.

** This atom seems to cause synergy.

*

**
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