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Classifying low-order and high-order information

We can use information decomposition methods to distinguish between different types of 

information. Here we use BOLD activity in 232 brain regions built using fMRI data in a 10-minute 

resting state scan from the Alzheimer’s Disease Neuroimaging Initiative, which has scans from 

Cognitively Normal individuals, patients with Mild Cognitive Impairment and those with

Alzheimer’s Disease.

There are three main types of information:

• Redundant information (lower order)

This is when multiple regions have the same information.

• Unique information

When regions have information unique to them.

• Synergistic information (higher order)

When regions work together to provide more information than the sum of the parts.

This method is called Partial Information Decomposition (PID).

The information processing hierarchy demonstrates a 

reversal in MCI and AD

After regressing out confounds and ranking 200 cortical and 32 subcortical brain regions by their 

synergy (sts) and their redundancy (rtr), we can see what kind of information processing different 

ROIs do with respect to each other.

Regions which were previously synergy dominated in healthy individuals become redundancy 

dominated in Alzheimer’s disease, and vice versa.

Information processing dynamics in the brain

Partial Information Decomposition can be extended to ask about dynamical representations of 

information. How does the brain represent information over time?

If two regions have redundant information at time t, does it stay redundant at time t + 1?

Integrated Information Decomposition (ΦID) answers this question, describing how information 

representations can change over time.

Two regions X1 and X2 provide information about a target Y. They share 

some redundant information, have their own unique information, and 

together offer synergistic information.

Diagram from Varley and Kaminski, 2022.

Individuals with Alzheimer’s disease have distinct 

information processing profiles

By examining the ΦID atoms between each pair of regions, we can build information processing 

profiles for each diagnostic group. Here is the temporal redundancy atom.

Correlation with the healthy hierarchy is predictive of 

disease progression

For any individual’s resting state scan, we can ask how well its information processing correlates 

with the cognitively normal information processing hierarchy, providing a unique way to explore 

cognitive decline.

Intra-network effects are similar in many networks, 

with somatomotor regions less affected

How do the different information representations vary inside of the 7 Yeo networks or between 

distinct regions of the subcortex? By averaging inside of each network, we can build a network-

wise image of information processing alteration in Alzheimer’s disease.

The human visual system shows the difference between 

redundant and synergistic information. The identity of 

an object is given redundantly by both eyes, but depth

is only available synergistically when using both eyes 

together.

200 cortical and 32 subcortical 

regions ordered by their synergy 

(sts) rank minus redundancy (rtr) 

rank in the average cognitively 

normal brain. The equivalent 

synergy minus redundancy metric is 

also given for the average MCI and 

Alzheimer’s disease matrix, 

showing that this hierarchy is 

flipped in MCI and AD.

This pattern also stands across 

each of the individual networks.

Region rank correlation between 

CN and MCI: -0.76

CN and AD:  -0.78

MCI and AD: 0.25.

The temporally persistent 

redundancy atom (rtr) between the 

three diagnostic groups. 

Cognitively Normal (CN), Mild 

Cognitive Impairment (MCI), and 

Alzheimer’s Disease (AD).

Significant differences between the 

CN and AD group are given 

parametrically at the α = 0.05 level 

with an FDR correction for multiple 

comparisons.

Almost all networks exhibit 

increases in redundant 

processing, except for the 

somatomotor regions, which 

exhibit a decrease.

(Diagram from Mediano et al., 2021)

By averaging the pairwise information processing 

between regions inside of a network, we can see 

how different kinds of atoms change in progression 

to Alzheimer’s disease.

Significance is computed at the α = 0.05 level with 

an FDR correction for multiple comparisons. The 

strongest effects were in the limbic regions, ECN, 

DMN, and subcortical regions.

In line with the literature on Alzheimer’s disease, 

the somatomotor region is the least affected, with 

the salience network also showing minimal change.

Comparing across all scans (568 from 

cognitively normal individuals, 369 in 

MCI, 181 in Alzheimer’s disease), there 

are significant differences in correlation 

with the cognitively normal hierarchy.

Differences between the groups were

significant. The Cohen’s d effect size 

between CN and MCI is -0.44, between 

CN and AD is -0.64, and between MCI 

and AD is -0.19.
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