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Alzheimer’s disease is officially 
listed as the seventh leading cause 

of death in the United States in 
2020 and 2021 with 32.4% and 
31.0% death rates, respectively.

 S. L. Murphy, K. D. Kochanek, J. Xu and E. Arias, Mortality in the united states, 2020 (2021) 
https://www.cdc.gov/nchs/data/databriefs/db427.pdf



Neurodegenerative Disease - Alzheimer’s 
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Early Diagnosis and Biomarkers
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Biomarkers are 
effective, but it is 
already too late when 
brain markers are 
obtained from a 
patient.
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Language Markers
● An early detection approach of MCI that is affordable 

and accessible.
● Extract language markers from conversations to build 

predictive models
● Semantic, Syntactic, and Lexical features are used for 

language markers

“.. i see a german 
shepherd deluge 

with two children…”

Subject’s Interview Transcription

Semantic

Syntactic

Lexical
Extract Linguistic Feature Concatenate Semantic, 

Syntactic, and Lexical

Language Marker 
of Conversation
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Problems of Language Markers (any digital ones)
- The data points are not independent and 

identically distributed (i.i.d.)
- One subject will have multiple 

conversations, and these conversations’ 
language markers form a cluster

- The way people speak can be 
drastically different

- Such differences are much more 
outstanding than subtle differences 
characterizing cognitive capability (MCI or 
NL) 

9

t-SNE plot of language markers



Challenges from Non-IID/Subject Bias
- A classifier may naturally pick up “easier” features during learning

- Easier features are ones that separate subjects rather than MCI/NL
- Performance degradation because they are not useful features

- A larger dataset with more subjects may be helpful … 
- But not available :( 

- Harmonization cannot be used due to unseen subjects in the testing
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Can we harmonize language markers 
to remove subject bias? 

so as to further improve cognitive predictive power 



Subject Harmonization
● Key Idea

○ Harmonized features should not be able to differentiate subjects under classifiers
○ Harmonized features should be close to the original feature as possible 

● Approach
○ We train a feature harmonization network fFH(.): x      x̄ with parameter θFH where x is original 

feature and x̄ is harmonized feature
○ The objective function is:
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Encourage the harmonized features 
cannot be differentiate by subject 
identities

Subject classifier 

Encourage the similarity between 
harmonized features and original 
features

Subject label 



Key Result for Subject Harmonization
successfully
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t-SNE plot of language markers

Subject Classification Task Accuracy

Subject clusters are successfully 
destroyed by harmonization

Classifier cannot predict subject 
identity of conversations after 
harmonization



Subject Harmonization Process
● Stage 1: Harmonize features
● Stage 2: Use harmonized features to predict cognitive status (MCI or NL)
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Key Quantitative Results
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Take away: Subject Harmonization improves predictive performance on both 
cognitive classification tasks (conversation-wise and subject-wise)  



Discussions and Future Work
● Validate Subject Harmonization on different modality such as speech or 

brain imaging other than language markers. 
● Can we deploy subject harmonization in privacy-aware collaborative 

learning (e.g., federated learning)? 

16



Thanks!
http://illidanlab.github.io
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