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Goal

Investigating a trained classifier through generating counterfactual examples

Domain Knowledge Bias Education Discovery



Problem Setup with a Synthetic Example

3D Shapes dataset [1]

Factors of variation: floor hue, wall hue, object hue, scale, shape, and orientation.

Shape Color: Floor Color:
RED

Classifying:

“Colored Correctly” Ground truth
or not? Concepts:
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Real / Fake?

Method T

Interpreting the classifierf  £¢(G) = LogLoss(«, f(zx))
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GAN loss [1] LcGAN (Da G) > R —V'é.

Enforcing disentanglement  £,.(G, R) = CE(ex, R(z,z1)) + CE(ey, R(Zk, T1))

Overall Objective réli}% max AeGANLcGAN(D, G) + Ar L (D, G) + ArecLrec(G) + ArecLeye (G) + AL (G, R)

For simplifying the notation, let:  Zx = G(z,c (o, k) ), &k = G(z,c(f(x),k)), and Ir = G(Zk,c(f(z),k)) Asma Ghandeharioun
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Validating Qualities of Concept Traversals
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Validating Qualities of Concept Traversals

Influence Realism Distinctness Substitutability | Stability

TCF | TCF | TCF
Acc | Prec | Rec

TPrec | TPrec | TRec T Rec T Acc | TPrec | TRec | | CF | Prob

TR Tp J KL | | MSE (micro) | (macro) | (micro) | (macro) | Sub Sub Sub | MSE JSD

JAcc | | Prec | | Rec | 1 Acc

VAE-mod 701 03 inf 042 500 0 0 \/949 921 996/ 863 951 953 806 806 Y147 142 694\  0.151 0.0000
B-VAE-mod 00 00 inf 042 500 0 0 | 995 990 100 | 907 922 922 910 910 | 425 82 198 | 0.197 0.0000
Annealed-VAE-mod | N/A* N/A* inf 042 500 O 0 || 100 100 100 | 340 532 492 120 12 | 358 144 481 | 0.175 0.0000
DIPVAE-mod 0 05 inf 041 523 100 46 | 100 100 100 || 972 967 969 965 965 | 190 190 100 | 0.127 0.0001
BTCVAE-mod 05 07 inf 042 500 0 0 A 100 100 100 )\ 100 100 100 100 100 A\ 364 213 873 ) _0.143 0.0000
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EPE-mod | 0.9 .1 2.2 008 997 100 994 ] 49.3 45.3 49.6 49.8 30.3 30.3 91.0 100 52.5 ) 0.128 0.0002 |
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DISSECT | 0.8 .8 1.61 100 997 100 | 0.102 0.0003




Investigating Alignment with Domain Knowledge

SynthDerm dataset:

e Inspired by real-world characteristics of melanoma: ABCDE of melanoma [1]
e Using Fitzpatrick (FP) scale [2]

Factors of variation: skin tone, lesion shape, lesion size, lesion location (vertical
and horizontal), and whether there are surgical markings present.

| Surgical
. Asymmetry Border Color  Diameter Markings
Classifying:
Melanoma Ground truth Xy
or Concepts: t

Benign? s

Spurious

Concept
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Identifying Biases
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CelebA dataset [1]
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wearing a hat, etc.

Smiling Correlated
or Ground Truth
not? Concepts:

[1] Ziwei Liu, Ping Luo, Xiaogang Wang, and Xiaoou Tang. Deep learning face attributes in the
wild. ICCV, 2015.

40 annotated face attributes, such as smiling, hair color, bangs, glasses,

Blond hair
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Conclusions

e DISSECT: a novel counterfactual explanation approach that manifests several
desirable properties outperforming baselines:

o Distinctness By

o Substitutability |

o Stability Google Research
e Showcased effectiveness of this approach through extended experiments for: Ill'l-

o Investigating alignment with domain knowledge,
o Detecting potential biases of a classifier. ELl mit
e Developed a set of explanation baselines inspired by generative disentanglement.

lab
e [ranslated desirable explanation properties into measurable quantities applicable
to counterfactual generation.
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