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Challenges of learning from data
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ModelData

Outcome

Questionable data Questionable inference
E.g., Bias E.g., Lack of representation



Challenges of learning from data

Data

Outcome

• Automated detection
• Re-training/Correction
• ….
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Challenges of learning from data

ModelData

Outcome

• Detection? 
• Correction?

• Traditional
• Complex
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Biased domain-experts?



Healthcare, specifically dermatology as a use case

https://www.statnews.com/2020/07/21/dermatology-faces-

reckoning-lack-of-darker-skin-in-textbooks-journals-harms-

patients-of-color/

https://jamanetwork.com/journals/jamadermatology/fullarticle

/2652680#.Xx7ozd64Hts.twitter

https://www.nytimes.com/2020/08/30/health/skin-diseases-

black-hispanic.html

Consequences

• Lack of expert access

• Delayed diagnosis

• Increased morbidity 

• Increased mortality
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Question?

Could we automatically identify the representation of skin images in 
dermatology academic materials across skin tones?
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Proposed solution

Input Ingestion, Extraction & Detection Output
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Tadesse et al., Automated Evaluation of Representation in Dermatology Educational Materials, AAAI Trustworthy Workshop, 2021.



Document ingestion: extract images

Staar et al., Corpus Conversion Service: A Machine Learning Platform to Ingest Documents at Scale. KDD. 2018 

Corpus Conversion Service

Coordinates

Page number

Non-skin images

Skin vs. Non-skin 
classification
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PCA Visualisations: before classification

Bolognia Atlas Rook All

Bolognia Atlas Rook All

Histogram of Oriented Gradient (HOG)

Pixel intensity values
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Skin vs. Non-skin  classification

One-class SVM

One-textbook-out validation: don’t see the test data during training

XGBoost
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Skin tone estimation

Challenges:  non-skin foreground or background parts

Solution: segmentation
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Skin images



Skin image segmentation
• Region based segmentation could suffice for dark vs. light tone outcome[1]

• pixel intensity, watershed and morphology

1Frerk Saxen and Ayoub Al-Hamadi. Color-based skin segmentation: An evaluation of thestate of the art. In2014 IEEE International Conference on Image Processing (ICIP), pages4467–4471. IEEE, 2014.

Used for ML input
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HSV= [(0, 40, 0), (25, 255, 255)] 
&
YCbCr = [(0, 138, 67), (255, 173, 133)]



Skin tone estimation

Imbalance represenation

• Question: how good ML methods could detect these skin tones? 15



Skin tone estimation: classification

Tree-based 
Baselines

VS.
ResNet

(Deep Learning)

• Next step: Wrap up the system into a standalone tool
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Detecting skin images: AUC = 0. 98  & F1 = 0.94
Classifying skin tones : AUC = 0.89 & F1 = 0.95

Conclusion: Data-centric - the way forward!
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