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Explanations

2

Name of the 
bird?

Question Answer

Spoonbill

Why Spoonbill?

Shallow-water bird with flattened 
beak and football shaped body. They 
are pale pink birds with pink 
shoulders and rump. They have a 
white neck and a partially feathered, 
yellow green head.

Language-based  
explanation

Explanations are a set of rationales used to understand the reasons behind a decision [1]

[1] Philip Kitcher and Wesley C Salmon, Scientific explanation, vol 13, U of Minnesota Press, 1962



Visual Explanations
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Visual characteristics that are used to justify decisions are termed as visual explanations

Name of the 
bird?

Question Answer

Spoonbill

Why Spoonbill?

Shallow-water bird with flattened 
beak and football shaped body. They 
are pale pink birds with pink 
shoulders and rump. They have a 
white neck and a partially feathered, 
yellow green head.

Language-based  
explanation

Visual Explanation
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Visual characteristics that are used to justify decisions are termed as visual explanations

Name of the 
bird?

Question Answer

Spoonbill

Why Spoonbill?

Shallow-water bird with flattened 
beak and football shaped body. They 
are pale pink birds with pink 
shoulders and rump. They have a 
white neck and a partially feathered, 
yellow green head.

Causal factors based visual explanations – answers to `Why?’ Questions



Visual Explanations
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Guided Backpropagation Positive saliency Smooth Gradients Vanilla Backpropagation

Grad-CAM`Why P?’



Contrastive Explanations

Providing novelty/contributions by contrasting against existing related works!



Visual Explanations
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Why Spoonbill?

Shallow-water bird with flattened 
beak and football shaped body. They 
are pale pink birds with pink 
shoulders and rump. They have a 
white neck and a partially feathered, 
yellow green head.

Why Spoonbill, rather than Flamingo?

Spoonbills have shorter legs and necks 
compared to Flamingos

Causal factors based visual explanations – answers to `Why?’ Questions



Contrastive Visual Explanations
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Why Spoonbill?

Shallow-water bird with flattened 
beak and football shaped body. They 
are pale pink birds with pink 
shoulders and rump. They have a 
white neck and a partially feathered, 
yellow green head.

Contrastive visual explanations – answers to `Why P, rather than Q?’ Questions

Why Spoonbill, rather than Flamingo?

Spoonbills have shorter legs and necks 
compared to Flamingos

Causal factors based visual explanations – answers to `Why?’ Questions



Paper Objective
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Contrast B/w Spoonbill and Flamingo Contrast B/w Bugatti Convertible and Coupe Contrast B/w Fault and Salt Dome

No Contrastive Ground Truths

Contrastive Explanation Contrastive Explanation Contrastive Explanation

Objective : 
• Define Contrast from a visual and representational sense 
• Extract contrast in an unsupervised fashion



Paper Structure and Novelty
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Formalize structure 
of explanations

Extract Contrastive 
explanations from 

Neural Nets

Applicability in Recognition 
and Image Quality 

Assessment
Define Contrast

Structure :

Novelty

Formalize explanations through First-Order logic 
Provide an unsupervised and intuitive methodology to extract contrastive explanation



Nature of Explanations
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Formalize structure 
of explanations Define Contrast Extract Contrastive 

explanations from Neural Nets
Applicability in Recognition and 

Image Quality Assessment

Guided Backpropagation Positive saliency Smooth Gradients Vanilla Backpropagation

All existing approaches answer `Why Spoonbill?’



Contrast in Neural Networks
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

In Visual space, contrast is the perceived difference between two known quantities

Spoonbill

Flamingo



Contrast in Neural Networks
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Spoonbill

𝑊1𝑊2

Learned Manifold : spoonbill labeled a 
spoonbill

PProjection from an 
arbitrary layer spans a 

manifold



Contrast in Neural Networks
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Introduce 

Contrast

𝑊1𝑊2

Learned Manifold : spoonbill labeled a 
spoonbill

P

In representation space, contrast is the distance 
between the manifolds that predicts the input 

image  as  vs  as 𝑥 𝑃 𝑥 𝑄

𝑥

Contrastive Manifold : spoonbill labeled a  
flamingo

z
𝑊1𝑊2

Learned Manifold : spoonbill labeled a 
spoonbill

P

𝑊1

𝑊2

Q

𝑥



Contrast in Neural Networks
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

𝑊1𝑊2

Learned Manifold : spoonbill labeled a 
spoonbill

P

𝑊1𝑊2
Learned Manifold : spoonbill labeled a 

spoonbill

Contrastive Manifold : spoonbill labeled a  
flamingo

Gradients o  show  
contrast b/w  spoonbill  
and flamingo 

f    𝑊1

𝑊1

𝑊2

Gradients as Contrastive Features

P

Q

Introduce 

Contrast

𝑥

𝑥

𝑥

In representation space, contrast is the distance 
between the manifolds that predicts the input 

image  as  vs  as 𝑥 𝑃 𝑥 𝑄



Contrast in Neural Networks
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

𝑊1𝑊2
Learned Manifold : spoonbill labeled a 

spoonbill

Contrastive Manifold : spoonbill labeled a  
flamingo

Gradients o  show  
contrast b/w  spoonbill  
and flamingo 

f    𝑊1

𝑊1

𝑊2

Gradients as Contrastive Features

P

Q

𝑥

𝑥

[1] Selvaraju, Ramprasaath R., et al. "Grad-cam: Visual explanations from deep networks via gradient-based localization." Proceedings of the IEEE international conference on computer vision. 2017.

Grad-CAM [1]

Pretrained 
Network

Logits

Logits[P] Grad-CAM 
Framework

Backpropagate

Contrastive Explanations
Pretrained 
Network Logits

Loss Grad-CAM 
Framework

Loss

Backpropagate

Q



Contrast in Neural Networks
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

𝑊1𝑊2
Learned Manifold : spoonbill labeled a 

spoonbill

Contrastive Manifold : spoonbill labeled a  
flamingo

Gradients o  show  
contrast b/w  spoonbill  
and flamingo 

f    𝑊1

𝑊1

𝑊2

Gradients as Contrastive Features

P

Q

𝑥

𝑥

Implementation : Within Grad-CAM framework 
Grad-CAM Contrastive Explanation



Recognition
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1
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Applicability in Recognition and 
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Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1
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Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1



Recognition
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1

Human 
Interpretable
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of explanations Define Contrast Extract Contrastive 
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Applicability in Recognition and 
Image Quality Assessment

Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1

Human 
Interpretable

Same as Grad-
CAM
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Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1

Human 
Interpretable

Same as Grad-
CAM
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Applicability in Recognition and 
Image Quality Assessment

Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1

Human 
Interpretable

Same as Grad-
CAM

Not Human 
Interpretable



Recognition
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1

Human 
Interpretable

Same as Grad-
CAM

Not Human 
Interpretable

CURE-TSR dataset [1]

[1] Temel, Dogancan, et al. "CURE-TSR: Challenging unreal and real environments for traffic sign recognition." arXiv preprint arXiv:1712.02463 (2017).



Recognition
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Input 
Image Grad-CAM Contrast 1 Contrast 2

Contrastive  
Explanation 2

Contrastive  
Explanation 1

Human 
Interpretable

Same as Grad-
CAM

Not Human 
Interpretable

Only traffic sign with a straight 
bottom-left edge – enough to 

say `Not STOP Sign’

We explore this `human-interpretability’ further in the next considered application

CURE-TSR dataset [1]

[1] Temel, Dogancan, et al. "CURE-TSR: Challenging unreal and real environments for traffic sign recognition." arXiv preprint arXiv:1712.02463 (2017).



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Image Quality Assessment   
Algorithm : 

DIQaM
Score : 0.58

Good  
Quality

Bad  
Quality

The given image is 
somewhat OK quality

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

[1] Bosse S, Maniry D, Müller K R, et al. Deep neural networks for no-reference and full-reference image quality assessment. 
IEEE Transactions on Image Processing, 2018, 27(1): 206-219.

[1]



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

DIQaM : 
0.58

Good  
Quality

Bad  
Quality

The given image is 
somewhat OK quality

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

Why 0.58?

Grad-CAM



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

DIQaM : 
0.58

Good  
Quality

Bad  
Quality

The given image is 
somewhat OK quality

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

Why 0.58?

Grad-CAMGrad-CAM explanation tells us 
that the quality score was 
decided based on all parts of 
the image



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

DIQaM : 
0.58

Good  
Quality

Bad  
Quality

All the distortions in the foreground 
prevent a quality score of 1

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

Why 0.58,  
rather than 1?

Contrastive explanation



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

DIQaM : 
0.58

Good  
Quality

Bad  
Quality

The distortions on the lighthouse and 
houses prevent a higher score of 0.75

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

Why 0.58,  
rather than 0.75?

Contrastive explanation



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

DIQaM : 
0.58

Good  
Quality

Bad  
Quality

The quality of the lighthouse and 
sky is better than a score of 0.5

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

Why 0.58,  
rather than 0.5?

Contrastive explanation



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

DIQaM : 
0.58

Good  
Quality

Bad  
Quality

The sky, lighthouse, and cliff 
merit a quality higher than 0.25

Lighthouse image with level 5 lossy  
compression from TID 2013 dataset

Why 0.58,  
rather than 0.25?

Contrastive explanation



Image Quality Assessment
Formalize structure 

of explanations Define Contrast Extract Contrastive 
explanations from Neural Nets

Applicability in Recognition and 
Image Quality Assessment

Contrastive explanations elicit the fine-grained decisions made by the network



Contributions

• Provide structure to existing explanations
• Questioned the nature of existing explanations based on structure
• Defined contrast from a visual and representational perspective
• Extracted contrast in an unsupervised fashion from pre-trained neural 

network

35



Thank You
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Codes : https://github.com/olivesgatech/Contrastive-Explanations

Paper : https://arxiv.org/abs/2008.00178  

Lab Website : https://ghassanalregib.info 

Paper Codes Website

https://github.com/olivesgatech/Contrastive-Explanations
https://arxiv.org/abs/2008.00178
https://ghassanalregib.info
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