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Predictive Modeling

Input Model Output

• Liability with decision 

• Trust in decision
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Input Model Output

• Model debugging 

• Comparison of models



Predictive Modeling

Input Model Output

• Find hidden associations 

• Reduction of ambiguity
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Different algorithms 
prefer different features 
but yield similar results

Josua Krause
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Model Interaction

Interacting with Predictions: Visual Inspection of Black-box Machine Learning Models 
Josua Krause, Adam Perer, Kenney Ng – CHI 2016



• What are expected values? 

• What needs to change for flipping the label?

Model Interaction
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Using Visual Analytics to Interpret Predictive Machine Learning Models  
Josua Krause, Adam Perer, Enrico Bertini – 2016 ICML Workshop on Human Interpretability in Machine Learning
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Model Induction

Using Neural Networks for Data Mining  
Mark Craven, Jude Shavlik – Future Generation Computer Systems 1997
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Code and Internal State

Code from scikit-learn tree implementation 

[1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, -1, -1, -1, -1, -1, -1, -1, 

-1, -1, -1, -1, -1, -1, -1, -1, 83, 84, 85, 86, -1, -1, -1, -1, -1, 92, -1, -1, 95, -1, -1, 98, -1, -1, -1, -1, -1, -1, 105, 106, 107, -1, -1, -1, -1, 112, 
113, 114, 115, 116, 117, 118, -1, -1, -1, -1, 123, 124, -1, -1, -1, 128, -1, -1, -1, -1, 133, -1, -1, -1, -1, 138, 139, 140, 141, 142, 143, -1, 
-1, 146, -1, -1, -1, -1, -1, -1, -1, -1, 155, 156, -1, -1, 159, -1, -1, 162, 163, -1, 165, -1, -1, -1, -1, -1, 171, -1, 173, -1, -1, 176, 177, 178, 

179, 180, 181, 182, 183, -1, -1, 186, -1, -1, 189, -1, -1, -1, -1, -1, 195, 196, -1, -1, -1, 200, 201, -1, -1, -1, 205, 206, 207, 208, 209, 210, 
211, 212, 213, 214, 215, 216, 217, 218, -1, -1, -1, -1, -1, -1, -1, -1, 227, -1, -1, 230, -1, -1, -1, -1, 235, -1, -1, 238, -1, -1, 241, 242, -1, 

-1, -1, 246, -1, -1, 249, 250, 251, 252, 253, 254, 255, 256, -1, 258, 259, 260, -1, -1, -1, 264, -1, -1, 267, -1, -1, -1, -1, -1, -1, 274, -1, -1, 
-1, 278, 279, -1, -1, -1, 283, 284, 285, 286, -1, 288, -1, -1, -1, -1, -1, 294, -1, -1, -1, 298, 299, 300, 301, 302, 303, 304, 305, -1, -1, -1, 

-1, 310, -1, -1, 313, 314, 315, -1, -1, -1, -1, 320, -1, -1, -1, 324, 325, 326, 327, 328, -1, -1, -1, -1, -1, -1, 335, 336, -1, -1, -1, 340, -1, -1, 
-1, 344, 345, -1, -1, -1, 349, 350, -1, -1, -1, 354, 355, -1, -1, 358, -1, -1, 361, 362, 363, -1, -1, -1, -1, 368, 369, -1, -1, -1, 373, 374, 375, 
-1, -1, -1, -1, 380, 381, -1, -1, -1, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, -1, -1, -1, -1, -1, -1, -1, 406, -1, 

-1, 409, -1, -1, -1, 413, -1, 415, -1, -1, 418, -1, -1, 421, 422, 423, 424, -1, 426, -1, -1, -1, 430, -1, -1, -1, -1, -1, 436, -1, -1, 439, 440, 
441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, -1, -1, -1, -1, -1, -1, -1, -1, -1, 467, -1, -1, 470, -1, 
-1, 473, -1, -1, 476, 477, -1, -1, -1, 481, 482, 483, -1, -1, -1, 487, -1, 489, -1, -1, -1, 493, 494, 495, 496, 497, 498, 499, -1, -1, -1, -1, -1, 
-1, -1, -1, 508, 509, -1, -1, -1, -1, 514, -1, -1, 517, 518, -1, -1, -1, 522, 523, 524, -1, 526, -1, -1, -1, -1, -1, 532, -1, 534, -1, -1, 537, 538, 
539, 540, 541, 542, 543, 544, -1, -1, -1, 548, -1, -1, -1, -1, 553, -1, 555, 556, -1, -1, -1, 560, -1, -1, 563, -1, -1, 566, 567, 568, -1, -1, -1, 
572, 573, 574, -1, -1, -1, -1, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 591, 592, 593, 594, 595, 596, -1, 598, 599, 

-1, -1, -1, -1, -1, 605, -1, -1, 608, -1, -1, -1, 612, -1, -1, 615, 616, 617, 618, 619, 620, 621, -1, -1, -1, -1, 626, -1, -1, -1, -1, 631, -1, 633, 
-1, -1, 636, 637, 638, 639, 640, -1, -1, -1, -1, -1, -1, -1, 648, 649, 650, 651, -1, 653, 654, -1, -1, -1, -1, -1, -1, 661, -1, 663, -1, -1, 666, 

-1, -1, 669, 670, 671, 672, -1, 674, -1, -1, -1, -1, -1, -1, 681, -1, -1, -1, 685, 686, -1, -1, -1, 690, 691, 692, 693, 694, 695, 696, 697, 698, 
699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709, -1, -1, -1, -1, -1, -1, -1, 717, -1, -1, 720, -1, -1, 723, -1, -1, -1, 727, 728, -1, -1, 
-1, -1, 733, -1, -1, 736, -1, -1, -1, 740, -1, -1, 743, -1, -1, 746, 747, 748, 749, 750, 751, 752, 753, 754, -1, -1, -1, -1, -1, -1, 761, -1, -1, 
-1, -1, -1, 767, 768, 769, 770, 771, -1, -1, -1, 775, -1, -1, 778, -1, -1, -1, 782, -1, 784, -1, -1, 787, 788, 789, 790, 791, 792, 793, 794, 

795, 796, 797, 798, 799, 800, 801, 802, 803, 804, 805, 806, 807, 808, 809, 810, 811, 812, 813, 814, 815, 816, 817, 818, 819, -1, 821, 
-1, -1, -1, -1, -1, -1, -1, -1, 830, 831, 832, 833, -1, 835, -1, -1, -1, -1, -1, -1, 842, 843, -1, -1, -1, 847, -1, -1, 850, -1, 852, -1, -1, -1, -1, 
-1, -1, -1, -1, 861, -1, -1, 864, -1, -1, 867, 868, -1, -1, -1, 872, 873, -1, -1, -1, 877, -1, -1, 880, -1, -1, 883, -1, -1, -1, 887, 888, -1, 890, 
891, 892, -1, -1, -1, -1, 897, -1, -1, 900, 901, 902, 903, -1, -1, -1, -1, -1, 909, 910, 911, 912, -1, 914, -1, -1, -1, -1, -1, 920, 921, 922, 
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Towards Better Analysis of Deep Convolutional Neural Networks  
Mengchen Liu, Jiaxin Shi, Zhen Li, Chongxuan Li, Jun Zhu, Shixia Liu – VAST 2016
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Model Interaction

"Why Should I Trust You?" Explaining the Predictions of Any Classifier  
Marco Riberio, Sameer Singh, Carlos Guestrin – KDD 2016

LIME 
Local Interpretable Model-agnostic Explanations
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Reflections
• More black box explanations 

- Generalizable 

- Current strategies are still far from optimal 

• Gray box explanations 

- Leveraging feature transformations / convolution 

• Methods from ML community don't utilize Visual Analytics 

• Generalize over data types 

• How to deal with non-interpretable or inferred features? 

• Item level explanation --> Population level explanation
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Thanks!

Slides at http://bit.ly/2eIyP8R
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