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Towards Explainable AI
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Why Explanations ? 
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the system
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Explanation Methods
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Perturbation-Based

Occlusion-Based (Zeiler & Fergus 14)

Meaningful Perturbations (Fong & Vedaldi 17)
…

Function-Based

Sensitivity Analysis (Simonyan et al. 14)
(Simple) Taylor Expansions

Gradient x Input (Shrikumar et al. 16)
…

Structure-Based

LRP (Bach et al. 15)
Deep Taylor Decomposition (Montavon et al. 17)

Excitation Backprop (Zhang et al. 16)
…

Surrogate- / Sampling-Based

LIME (Ribeiro et al. 16)

SmoothGrad (Smilkov et al. 16)
…
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(Bach et al.,  
PLOS ONE, 2015)

Layer-wise Relevance Propagation
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Layer-wise Relevance Propagation
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Classification

cat

rooster

dog

Idea: Redistribute the evidence for class  
          rooster back to image space.
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Layer-wise Relevance Propagation
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Theoretical Interpretation: 
Deep Taylor Decomposition
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Layer-wise Relevance Propagation
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Explanation

cat

rooster

dog
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Deep Taylor's View on LRP
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(Bach et al., 2015  
Montavon et al. 2017)

easy to  
explain

hard to  
explain
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Limitations: 
- difficult to find good root point 
- gradient shattering

Idea: Use Taylor expansion to redistributed 
relevance from output to input

Taylor Decomposition
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Idea: Use Taylor expansion to redistributed 
relevance from one layer to another

Advantage: 
- easy to find good root point 
- no gradient shattering

Deep Taylor Decomposition
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12(Montavon et al., 2017)

Deep Taylor Decomposition
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Deep Taylor Decomposition
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Best Practice for LRP
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Principle: Explain each layer type (input, conv., fully 
connected layer) with the optimal rule according to DTD.

(Montavon et al., 2019)
(Kohlbrenner et al., 2019)
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Evaluating Explanations
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Perturbation Analysis 
[Bach’15, Samek’17, Arras’17, …]

Pointing Game 
[Zhang’16]

Using Axioms 
[Montavon’17, Sundararajan’17, Lundberg’17, …]

Solve other Tasks 
[Arras’17, Arjona-Medina’18, …]

Using Ground Truth 
[Arras’19, Osman'20]

Task Specific Evaluation 
[Poerner’18]

Human Judgement 
[Ribeiro’16, Nguyen’18 …]
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Evaluating Explanations
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Using Ground Truth 
[Osman’20]
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LRP Applied to Different Problems
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Beyond Deep Classifiers:  
Explaining Other Models



W. Samek: Recent Advances in XAI

PASCAL VOC Challenge (2005 - 2012)
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Explaining BoW-Based Classifiers
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LRP Principle: (Proportional) Redistribution + Conservation
(Bach et al., 2015)
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Explaining BoW-Based Classifiers
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Unmasking Clever Hans Predictors
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Leading method (Fisher-Vector / SVM Model) of PASCAL VOC challenge
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Unmasking Clever Hans Predictors
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Leading method (Fisher-Vector / SVM Model) of PASCAL VOC challenge

(Lapuschkin et al., 2019)
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Unmasking Clever Hans Predictors
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‘horse’ images in PASCAL VOC 2007
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The “Neuralization” Trick
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The “Neuralization” Trick
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Explain ML algorithm (e.g., SVM, k-Means) in two steps:

1. Convert it into a neural network (‘neuralize it’)

2. Explain the neural network with propagation methods (LRP)

NEON (Neuralization-Propagation)

One-class SVM (Kauffmann’18) Clustering (Kauffmann’19)
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Neuralizing Clustering

27(Kauffmann et al. 2019)
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Neuralizing K-Means

28(Kauffmann et al. 2019)
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K-Means on VGG-16 Features

29(Kauffmann et al. 2019)



Beyond Deep Classifiers:  
XAI Beyond Visualization
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Understanding Learning Behaviour
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(Lapuschkin et al., 2019)



W. Samek: Recent Advances in XAI

Understanding Learning Behaviour
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model learns 

1. track the ball

2. focus on paddle

3. focus on the tunnel
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Automating Clever Hans Detection
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(Anders et al. 2019)
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Automating Clever Hans Detection
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Unhansing
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Explanation-Guided Training
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Cross-domain few-shot classification task (CD-FSC)

(Sun et al. 2020)
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Explanation-Guided Training
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Explanation-Guided Training
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XAI-Based Pruning
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(Yeom et al. 2019)
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XAI-Based Pruning
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No fine-tuning
only 10 samples per class 
(domain adaptation scenario)
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XAI in the Sciences
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(Thomas et al. 2019)

Our approach:
- Recurrent neural 

networks (CNN + LSTM) 
for whole-brain analysis

- LRP allows to interpret 
the results
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XAI in the Sciences
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XAI in the Sciences
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XAI in the Sciences
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determining the label solely from the 
patch’s centre cell (yellow mark)

small artificial corruption

training a classifier on a dataset 
lacking examples of necrosis

(Hägele et al., 2020)



Conclusion
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Conclusion
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Explanations can be used beyond visualization purposed


Theoretical approaches to XAI exist (e.g. Deep Taylor, Shapley). That allows to 
compute really meaningful explanations, also beyond deep neural networks.


Large interested of XAI in scientific communities
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Our new book is out
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Thank you for your attention

59


