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Current State of Modern AI (for us) 

Large Language Models
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Current State of Modern AI (for us)

Large Language Models

DON’T DO THIS!

DON’T DO THIS!

5Causal Federated Learning for Neuroimaging



Current State of Modern AI (for us) Multimodal AI
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Current State of Modern AI (for us) Multimodal AI

Image Generation

Audio Generation
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Current State of Modern AI (for us)
Video Generation
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Current State of Modern AI (for the industry) 

Recommendation Systems
Predictive Analysis & 

Forecasting
Route Optimization
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Current State of Modern AI (in healthcare) 

Mostly Theoretical
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Why AI lags behind in the medical sector  

Data Imbalance (non-IID condition)
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Why AI lags behind in the medical sector  
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Why AI lags behind in the medical sector  

Lack of Data + Biased Data

14Causal Federated Learning for Neuroimaging



Why AI lags behind in the medical sector  

Complexity of Data
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Okay, it’s tricky but surely given 
enough data, we’ll get there, right?
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We propose a solution!
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Whoops!
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Can’t we just make exceptions to the rule?
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What about them?
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Can’t we just make exceptions to the rule?
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Who should access my private data?

Everyone NobodyHealthcare Hospitals
Non-Profit

Hospitals

That seems 

reasonable, no?

What is the 

legal definition 

of Non-Profit 

Hospitals?



Can’t we just make exceptions to the rule?
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Hospitals

*: exceptions can be made upon request
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Can’t we just make exceptions to the rule?
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Better safe than sorry!

Everyone Nobody*Healthcare Hospitals
Non-Profit

Hospitals

*: exceptions can be made upon request

I’m not reading 

all that!



We still have a lack of data, and no 
easy way to obtain more.
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Back to the drawing board
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34

Causal Federated Learning for Neuroimaging



Back to the drawing board
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Back to the drawing board
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We’re not exchanging data, 

your Honor
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Federated Learning
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Federated Learning: Origins
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 Increase available data for model training

 Privacy preservation of original data

 Data diversity & representation

 Allows collaboration between institutions

 Scalability

 Regulatory & ethical alignment

40

Upsides

Causal Federated Learning for Neuroimaging



 Current State of Modern AI

 Why AI lags behind in the medical sector

 Federated Learning: A New-Age Approach to Privacy

 Open Challenges of Federated Learning

 The Achilles heel of Machine Learning

 Introducing Causality

 Open Challenges of Causality

 The Intersection of Federated Learning & Causality

Roadmap

41Causal Federated Learning for Neuroimaging



42

Model Security
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Model Security
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Model Security

Causal Federated Learning for Neuroimaging

DDOS
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Model Security
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Computation Overhead
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Communication Overhead
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Computation Overhead
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Heterogeneity
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Heterogeneity

Causal Federated Learning for Neuroimaging



52

Fairness
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Fairness
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Millions of datapoints

You’re not 

invited to the 

Federation

Hundred thousands of datapoints
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Incentive Mechanisms
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Incentive Mechanisms

Causal Federated Learning for Neuroimaging

Model Ownership Lower Price of Use

Is more data always good?
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Federation is just getting started!
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Federation is just getting started!
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Federation is just getting started!
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Model Weights (Causal) Structure
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Federation is just getting started!

Causal Federated Learning for Neuroimaging

Model Weights (Causal) Structure Synthetic Data (GAN)



 Expertise in general AI and computer science.
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The Federation

 Expertise in cognitive deterioration

 International MS network with many cases.

Causal Federated Learning for Neuroimaging



 Expertise in general AI and computer science.
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The Federation

 Expertise in cognitive deterioration

 International MS network with many cases.

Causal Federated Learning for Neuroimaging

Interested in Federated Learning? Send me an e-mail!

Alvaro.Javier.Vargas.Guerrero@vub.be
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To State The Obvious
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The Achilles heel of Machine Learning
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How to solve bias?
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Introducing Causality

 ”Patients who take Drug A tend to recover 
faster”

 Observation/Correlation -> P(R | A)
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Introducing Causality

 ”Patients who take Drug A tend to recover 
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Introducing Causality

 ”Patients who take Drug A tend to recover 
faster”

 Observation/Correlation -> P(R | A)

 Which one is it?

 Both! -> bias

 “Patients who were forced to take Drug A tend 
to recover faster”

 Intervention/Causality -> P(R | do(A))

 Randomized Control Trials enforce 
intervention!

Full Model
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Model with intervention A=1
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Introducing Causality

 ”Patients who take Drug A tend to recover 
faster”

 Observation/Correlation -> P(R | A)

 Which one is it?

 Both! -> bias

 “Patients who were forced to take Drug A tend 
to recover faster”

 Intervention/Causality -> P(R | do(A))

 Randomized Control Trials enforce 
intervention!
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Judea Pearl

 ”The father of modern 
Probabilistic AI”: invented 
Bayesian Networks in the 
1980s

 Leader of the Causal 
Revolution

 Turing Award winner

 Wrote “The Book of Why” for 
non-mathematicians to 
understand causality

Causal Federated Learning for Neuroimaging



76

Ladder of Causation
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(Causal) Structure Discovery
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Rung 1: Bayesian Networks
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Based on Bayes’ Theorem
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Rung 1: Bayesian Networks

Causal Federated Learning for Neuroimaging

Based on Bayes’ Theorem

Can only look at associations by design!
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The Issues with Rung 1

Causal Federated Learning for Neuroimaging

Hidden/Latent Confounder!
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The Issues with Rung 1

Causal Federated Learning for Neuroimaging

No Interventions!

Check whether temperature 

humidity influences the rain 

gauge.

Regular Conditions: P (F | H)

F = Full 

H = Humidity Level

What if a toddler fills the rain 

gauge themselves?

Experiment loses it’s power.

Unless we model the toddler in 

the BN, no way to express 

intervention.

Regular: P (F | H)

IV: P (F | do(H))
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The Issues with Rung 1

Causal Federated Learning for Neuroimaging

No Counterfactuals!
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Ladder of Causation
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Open Challenges of Causality

Causal Federated Learning for Neuroimaging

 Lack of Interventional Data (not enough Randomized Control Trials)

 Current Causal algorithms require functional assumptions (linearity) or fail 
to converge to a single DAG
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Open Challenges of Causality

Causal Federated Learning for Neuroimaging

 Lack of Interventional Data (not enough Randomized Control Trials)

 Current Causal algorithms require functional assumptions (linearity) or fail 
to converge to a single DAG

 Scales horribly with high dimensional data

 Most theoretical assumptions are only for discrete data
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Potential for Causality in ML Models

Causal Federated Learning for Neuroimaging

 Causally-guided ML models

 Feature Selection

 Counterfactual Data Generation

 Full Causal Inference models

 Explainable by Design

 Supports Interventions

 Supports Counterfactuals

Interested in Causality? Send me an e-mail!

Alvaro.Javier.Vargas.Guerrero@vub.be
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Federated Causal Discovery
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 Expertise in general AI and computer science.
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The Federation

 Expertise in cognitive deterioration

 International MS network with many cases.
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