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General Design Choices
Transparent Models Post-hoc Explanation

7



General Design Choices

Chest X-ray  
Rajpurkar et al. 2017

Post-hoc Explanation
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General Design Choices
Transparent Models
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<latexit sha1_base64="+ykn9fL9re31qL/e5eOJwSxzCXA=">AAAB63icdZDLSsNAFIZP6q3WW9Wlm8EiuAqJqKm7ohuXFewF2lAm00kzdDIJMxOhhL6CGxeKuPWF3Pk2TtpSVPSHgcP3n8Oc8wcpZ0o7zqdVWlldW98ob1a2tnd296r7B22VZJLQFkl4IrsBVpQzQVuaaU67qaQ4DjjtBOObwu88UKlYIu71JKV+jEeChYxgXaB+GrFBtebYV3XPcy6QazszIUOMPGdJarBQc1D96A8TksVUaMKxUj3XSbWfY6kZ4XRa6WeKppiM8Yj2TClwTJWfz3adohNDhihMpHlCoxn9PpHjWKlJHJjOGOtI/fYK+JfXy3RY93Mm0kxTQeYfhRlHOkHF4WjIJCWaT0yBiWRmV0QiLDHRJp6KCWF5+/9F+8x2L+3zu/Na43oRRxmO4BhOwQUPGnALTWgBgQge4RlerNh6sl6tt3lryVrMHMIPWe9fijOOmA==</latexit>
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General Design Choices
Transparent Models

Support concept intervention
Limited design choices
Difficult to get high-
performance
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Desiderata
§ Not compromising performance
§ Being able to intervene (fix) undesirable properties 
§ Transferability: Clinical rules are transferrable between domains 

§ The transparent should look like clinical rules

§ R1: fasting p-Glucose level > 126 mg/dL on two separate tests ⟹ may be diabetes.
§ R2: 2-hour p-Glucose level during an Oral Glucose Tolerance Test > 200 mg/dL ⟹ diabetes 

(probabilistic).
§ R3: random p-Glucose level > 200 mg/dL ∧ hyperglycemia (frequent urination ∧ increased thirst ∧
	unexplained weight loss ⟹	diabetes (probabilistic).

§ R4: A1C test > 6.5% (visit 1) ∧	A1C test > 6.5% (visit 2) ⟹ diabetes (probabilistic)
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General Idea

Blackbox

Transparent
(symbolic)
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Problem Set Up

Dog

<latexit sha1_base64="bZF8XeiscPPBMS+7oUBFjwGHS2Y=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqn75cFlr3BZ1lOEETuEcPLiGBtxDE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwBli+Rdw==</latexit>X

thin ears
 shortened muzzle

round feet
….

<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

<latexit sha1_base64="G3qKBu8ZRyYgFykSmsWH/y0gXNA=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9iHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XBym/vdJ6YNV/IBpgkLYjKSPOKUgJX8fkxgTInIHmeDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LundZb9w3as2boo4yOkGn6Bx56Ao10R1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPl7SReA==</latexit>Y

<latexit sha1_base64="5woa2AhwFXqrkL5bju3TM2iWDCI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPlp44o</latexit>

�
<latexit sha1_base64="6PHaGaAPwAf7fwbhf6hhPQxg/7c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/fDR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wfzJo2X</latexit>

h0
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Problem Set Up
Report: 

Right upper lobe consolidation with adjacent. 
While this may be infectious in nature, a CT 
scan is recommended for further clarification.
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Problem Set Up

right upper lobe
 left lower lobe

heart size
….

<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

Report: 
Right upper lobe consolidation with adjacent. 
While this may be infectious in nature, a CT 
scan is recommended for further clarification.

parse the reports to get the concepts
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right upper lobe
 left lower lobe

heart size
….

Consolidation

<latexit sha1_base64="bZF8XeiscPPBMS+7oUBFjwGHS2Y=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqn75cFlr3BZ1lOEETuEcPLiGBtxDE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwBli+Rdw==</latexit>X <latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C
<latexit sha1_base64="G3qKBu8ZRyYgFykSmsWH/y0gXNA=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9iHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XBym/vdJ6YNV/IBpgkLYjKSPOKUgJX8fkxgTInIHmeDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LundZb9w3as2boo4yOkGn6Bx56Ao10R1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPl7SReA==</latexit>Y

Report: 
Right upper lobe consolidation with adjacent. 
While this may be infectious in nature, a CT 
scan is recommended for further clarification.

parse the reports to get the concepts
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Discovering Hidden Concepts

Dog

<latexit sha1_base64="bZF8XeiscPPBMS+7oUBFjwGHS2Y=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqn75cFlr3BZ1lOEETuEcPLiGBtxDE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwBli+Rdw==</latexit>X <latexit sha1_base64="G3qKBu8ZRyYgFykSmsWH/y0gXNA=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9iHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt4CBYL9GMxKFg3XBym/vdJ6YNV/IBpgkLYjKSPOKUgJX8fkxgTInIHmeDas2tu3PgVeIVpIYKtAbVr/5Q0TRmEqggxviem0CQEQ2cCjar9FPDEkInZMR8SyWJmQmyeeQZPrPKEEdK2ycBz9XfGxmJjZnGoZ3MI5plLxf/8/wUousg4zJJgUm6+ChKBQaF8/vxkGtGQUwtIVRzmxXTMdGEgm2pYkvwlk9eJZ2LundZb9w3as2boo4yOkGn6Bx56Ao10R1qoTaiSKFn9IreHHBenHfnYzFacoqdY/QHzucPl7SReA==</latexit>Y

<latexit sha1_base64="5woa2AhwFXqrkL5bju3TM2iWDCI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPlp44o</latexit>

�
<latexit sha1_base64="6PHaGaAPwAf7fwbhf6hhPQxg/7c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/fDR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wfzJo2X</latexit>
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<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C
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Carving out Interpretable Models

Residual (𝑟!)

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

18

<latexit sha1_base64="+7EUdyM1D7un31irS28tjlc7OkU=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9q1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAVyfnw==</latexit>

� � h0



Carving out Interpretable Models

Residual (𝑟!)

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1
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<latexit sha1_base64="+7EUdyM1D7un31irS28tjlc7OkU=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9q1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAVyfnw==</latexit>

� � h0

Each g is E-LENs (Barberio et al. AAAI 2022) to produce sample specific FOLs.



Carving out Interpretable Models

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

20

<latexit sha1_base64="+7EUdyM1D7un31irS28tjlc7OkU=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9q1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAVyfnw==</latexit>

� � h0
<latexit sha1_base64="Vp/RmOl/IN5ewyefcY0/9facZeY=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9u1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAwKfoA==</latexit>

� � h1

Fix <latexit sha1_base64="VPpH/OEZENfZBoMgqWg5/alwZ24=">AAACDXicbVBLTsMwFHwpvxJ+BZZsLCokVlWCELCsYMOySPQjtVHlOE5j1XEi26moql4BlnARdogtZ+AeHACnzYK2jGRpNPOePR4/5Uxpx/m2SmvrG5tb5W17Z3dv/6ByeNRSSSYJbZKEJ7LjY0U5E7Spmea0k0qKY5/Ttj+8y/32iErFEvGoxyn1YjwQLGQE61zqNSLWr1SdmjMDWiVuQapQoNGv/PSChGQxFZpwrFTXdVLtTbDUjHA6tXuZoikmQzygXUMFjqnyJrOsU3RmlACFiTRHaDRT/25McKzUOPbNZIx1pJa9XPzP62Y6vPEmTKSZpoLMHwozjnSC8o+jgElKNB8bgolkJisiEZaYaFPPwk3BiKWqSP00j23btqnJXS5llbQuau5V7fLhslq/LQorwwmcwjm4cA11uIcGNIFABM/wCm/Wi/VufVif89GSVewcwwKsr18qrpwI</latexit>

�

Each g is E-LENs (Barberio et al. AAAI 2022) to produce sample specific FOLs.



Carving out Interpretable Models

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

21

<latexit sha1_base64="+7EUdyM1D7un31irS28tjlc7OkU=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9q1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAVyfnw==</latexit>

� � h0
<latexit sha1_base64="Vp/RmOl/IN5ewyefcY0/9facZeY=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9u1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAwKfoA==</latexit>

� � h1

Fix <latexit sha1_base64="VPpH/OEZENfZBoMgqWg5/alwZ24=">AAACDXicbVBLTsMwFHwpvxJ+BZZsLCokVlWCELCsYMOySPQjtVHlOE5j1XEi26moql4BlnARdogtZ+AeHACnzYK2jGRpNPOePR4/5Uxpx/m2SmvrG5tb5W17Z3dv/6ByeNRSSSYJbZKEJ7LjY0U5E7Spmea0k0qKY5/Ttj+8y/32iErFEvGoxyn1YjwQLGQE61zqNSLWr1SdmjMDWiVuQapQoNGv/PSChGQxFZpwrFTXdVLtTbDUjHA6tXuZoikmQzygXUMFjqnyJrOsU3RmlACFiTRHaDRT/25McKzUOPbNZIx1pJa9XPzP62Y6vPEmTKSZpoLMHwozjnSC8o+jgElKNB8bgolkJisiEZaYaFPPwk3BiKWqSP00j23btqnJXS5llbQuau5V7fLhslq/LQorwwmcwjm4cA11uIcGNIFABM/wCm/Wi/VufVif89GSVewcwwKsr18qrpwI</latexit>

�

Each g is E-LENs (Barberio et al. AAAI 2022) to produce sample specific FOLs.



Carving out Interpretable Models

22

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

<latexit sha1_base64="1Rr+54WFQ6ml5hJI42+9kZxZD8E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtLJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/PbT6g0T+SDGafoxzSSPOSMGivdR4/VfqnsVtw5yCrxclKGHI1+6as3SFgWozRMUK27npsaf0KV4UzgtNjLNKaUjWiEXUsljVH7k/mpU3JulQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlVK95lpXZXK9dreRwFOIUzuAAPrqAOt9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHwco2K</latexit>

g2
<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1

Residual (𝑟#)

<latexit sha1_base64="H6qV8ABAxalHOtmhRlVKQtH87A8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vjw4rGi/YA2ls12ky7dbMLuRCilP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3A2q4FIo3UKDk7VRzGgeSt4LhzdRvPXFtRKIecJRyP6aREqFgFK10Hz1e9Eplt+LOQJaJl5My5Kj3Sl/dfsKymCtkkhrT8dwU/THVKJjkk2I3MzylbEgj3rFU0Zgbfzw7dUJOrdInYaJtKSQz9ffEmMbGjOLAdsYUB2bRm4r/eZ0Mw2t/LFSaIVdsvijMJMGETP8mfaE5QzmyhDIt7K2EDaimDG06RRuCt/jyMmmeV7zLSvWuWq5V8zgKcAwncAYeXEENbqEODWAQwTO8wpsjnRfn3fmYt644+cwR/IHz+QPx9o2L</latexit>

g3

<latexit sha1_base64="+7EUdyM1D7un31irS28tjlc7OkU=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9q1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAVyfnw==</latexit>

� � h0
<latexit sha1_base64="Vp/RmOl/IN5ewyefcY0/9facZeY=">AAACF3icbVDLSsNAFL2prxpfVZduBovgqiQi6rLoxmUF+4AmLZPJpBk6eTAzKZbQ/9Cl/og7cevS//ADnLZZ2NYDA4dz7r1zOF7KmVSW9W2U1tY3NrfK2+bO7t7+QeXwqCWTTBDaJAlPRMfDknIW06ZiitNOKiiOPE7b3vBu6rdHVEiWxI9qnFI3woOYBYxgpaWe0wgZcggTBIU9u1+pWjVrBrRK7IJUoUCjX/lx/IRkEY0V4VjKrm2lys2xUIxwOjGdTNIUkyEe0K6mMY6odPNZ6gk604qPgkToFys0U/9u5DiSchx5ejLCKpTL3lT8z+tmKrhxcxanmaIxmX8UZBypBE0rQD4TlCg+1gQTwXRWREIsMFG6qIVL/oilskj9NI9tmqauyV4uZZW0Lmr2Ve3y4bJavy0KK8MJnMI52HANdbiHBjSBgIBneIU348V4Nz6Mz/loySh2jmEBxtcvAwKfoA==</latexit>

� � h1
<latexit sha1_base64="8r5LjvP1Cab72kHDNCw+bxP+zJM=">AAACF3icbVDLTsJAFL3FF9YX6tLNRGLiirRK1CXRjUtM5JFAIdPplE6YPjIzJZKG/9Cl/og749al/+EHOEAXAp5kkpNz7r1zctyEM6ks69sorK1vbG4Vt82d3b39g9LhUVPGqSC0QWIei7aLJeUsog3FFKftRFAcupy23OHd1G+NqJAsjh7VOKFOiAcR8xnBSku9bj1gqEuYICjoXfZLZatizYBWiZ2TMuSo90s/XS8maUgjRTiWsmNbiXIyLBQjnE7MbippgskQD2hH0wiHVDrZLPUEnWnFQ34s9IsUmql/NzIcSjkOXT0ZYhXIZW8q/ud1UuXfOBmLklTRiMw/8lOOVIymFSCPCUoUH2uCiWA6KyIBFpgoXdTCJW/EEpmnfprHNk1T12Qvl7JKmhcV+6pSfaiWa7d5YUU4gVM4BxuuoQb3UIcGEBDwDK/wZrwY78aH8TkfLRj5zjEswPj6BQZOn6I=</latexit>

� � h3

Fix <latexit sha1_base64="VPpH/OEZENfZBoMgqWg5/alwZ24=">AAACDXicbVBLTsMwFHwpvxJ+BZZsLCokVlWCELCsYMOySPQjtVHlOE5j1XEi26moql4BlnARdogtZ+AeHACnzYK2jGRpNPOePR4/5Uxpx/m2SmvrG5tb5W17Z3dv/6ByeNRSSSYJbZKEJ7LjY0U5E7Spmea0k0qKY5/Ttj+8y/32iErFEvGoxyn1YjwQLGQE61zqNSLWr1SdmjMDWiVuQapQoNGv/PSChGQxFZpwrFTXdVLtTbDUjHA6tXuZoikmQzygXUMFjqnyJrOsU3RmlACFiTRHaDRT/25McKzUOPbNZIx1pJa9XPzP62Y6vPEmTKSZpoLMHwozjnSC8o+jgElKNB8bgolkJisiEZaYaFPPwk3BiKWqSP00j23btqnJXS5llbQuau5V7fLhslq/LQorwwmcwjm4cA11uIcGNIFABM/wCm/Wi/VufVif89GSVewcwwKsr18qrpwI</latexit>

�

Each g is E-LENs (Barberio et al. AAAI 2022) to produce sample specific FOLs.



Indigo BuntingCNN / VIT Logistic
classifier

E-LENs

Indigo Bunting
+

FOL

Replace the standard logistic classifiers in CBM (Koh et el. ICML 2020) and 
post-hoc CBM (Yuksekgonul et al. ICLR 2023) with E-LENs to compare the FOLs 23

Baselines



24

Examples on Bird Dataset 



<latexit sha1_base64="sv0l5wHFlRih70cDqPRoRZyVwjA="></latexit>

Olive sided Flycatcher $breast color grey^
tail pattern solid

Expert 1

25

Examples on Bird Dataset 



<latexit sha1_base64="sv0l5wHFlRih70cDqPRoRZyVwjA="></latexit>

Olive sided Flycatcher $breast color grey^
tail pattern solid

Expert 1

Expert 2
<latexit sha1_base64="CNxrgs0wRfX001rhuKlNmy/+sao="></latexit>

Olive sided Flycatcher $underparts color grey^
wing color grey

26

Examples on Bird Dataset 



<latexit sha1_base64="sv0l5wHFlRih70cDqPRoRZyVwjA="></latexit>

Olive sided Flycatcher $breast color grey^
tail pattern solid

Expert 1

Expert 2
<latexit sha1_base64="CNxrgs0wRfX001rhuKlNmy/+sao="></latexit>

Olive sided Flycatcher $underparts color grey^
wing color grey

Final Residual
(Unexplained)

27

Examples on Bird Dataset 
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Comparing Performance 



CUB-200 with ViT 
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Comparing Performance 



CUB-200 with ViT CUB-200 with ResNet101 

30

Comparing Performance 



CUB-200 with ViT CUB-200 with ResNet101 

31

Comparing Performance 



32

Residuals gradually performs poorly
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Residuals gradually performs poorly
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Residuals gradually performs poorly
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Residuals gradually performs poorly
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Residuals gradually performs poorly
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Residuals gradually performs poorly
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Residuals gradually performs poorly



Test time interventions on hard samples
Chose the misclassified samples covered by the last 2 experts 

Expert6

Concepts

bill_length_shorter_than_head
bill_shape_allpurpose

wing_shape_roundedwings
…

Prediction (y):

Concept values
0.192
0.949
0.403

…

Brewer Blackbird Fish Crow
Wrong

Intervene

Oracle

0
1
1

…

Right

Weights

D
es

ce
nd

in
g

   
  o

rd
er

0.0120
0.0118
0.0118

…

39



• CUB-200 (ResNet101) – 5.49 % ↑ 
• CUB-200 (VIT) – 6.5 % ↑
• AWA2 (ResNet101) – 5.74 % ↑
• AWA2 (VIT) – 2.42 % ↑

Test time interventions on hard samples

Intervening on top 75 concepts 

40



41Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”. 
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

1 2

3 4

Examples on Chest X-ray

https://en.wikipedia.org/wiki/Pleural_effusion


42Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”. 
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

1 2

3 4

2

Examples on Chest X-ray

https://en.wikipedia.org/wiki/Pleural_effusion


43Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”. 
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

Expert 2
<latexit sha1_base64="FO9Azu4lfzZEx1WAaIRP14VCNlA="></latexit>

E↵usion $
right pleural

^ pleural unspec

1 2

3 4

1

2

Examples on Chest X-ray

https://en.wikipedia.org/wiki/Pleural_effusion


44Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”. 
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

Expert 2
<latexit sha1_base64="FO9Azu4lfzZEx1WAaIRP14VCNlA="></latexit>

E↵usion $
right pleural

^ pleural unspec Expert 3
<latexit sha1_base64="HJww7wqqhlBbUi6SsF+cfIcvBRo="></latexit>

E↵usion $
left pleural

^ pleural unspec

1 2

3 4

1

2

3

Examples on Chest X-ray

https://en.wikipedia.org/wiki/Pleural_effusion


45Pleural_unspec is “unspecified pleural effusion” referred to as “hydrothorax”. 
Hydrothorax is a noninflammatory collection of serous fluid within the pleural cavities

Expert 1
<latexit sha1_base64="R+NTpxZ5ni2ljYPujWfqtl/SFw8="></latexit>

E↵usion $
left pleural

^ right pleural

^ pleural unspec

Expert 2
<latexit sha1_base64="FO9Azu4lfzZEx1WAaIRP14VCNlA="></latexit>

E↵usion $
right pleural

^ pleural unspec Expert 3
<latexit sha1_base64="HJww7wqqhlBbUi6SsF+cfIcvBRo="></latexit>

E↵usion $
left pleural

^ pleural unspec
Expert 4

<latexit sha1_base64="V+pq7SiJKRvIXux0aa54qhsQlIs="></latexit>

E↵usion $
pleural unspec

1 2

3 4

1

2

3

4

Examples on Chest X-ray

https://en.wikipedia.org/wiki/Pleural_effusion


EFFUSION
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Comparing Performance 



EFFUSION PNEUMOTHORAX
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Comparing Performance 



<latexit sha1_base64="lrAFVGHKr0HhHW1SCs46olBwlKo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6Dx91r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFVtY3Y</latexit>

fs

MIMIC-CXR

Pneumothorax

Best practices for fine-tuning visual classifiers to new domains. In: Computer Vision. Chu et al. 2016. ECCV-W
48

Data-Efficient Fine-tunning



<latexit sha1_base64="lrAFVGHKr0HhHW1SCs46olBwlKo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6Dx91r1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy8vk+ZZ1buont+dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AFVtY3Y</latexit>

fs

MIMIC-CXR

Pneumothorax

Stanford-CXR

Pneumothorax<latexit sha1_base64="haCB9UJ4mQhUj5h0WSnjHQNBeo8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffiIvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1Uz+/OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBXOY3Z</latexit>

f t

Finetune

Transfer learning

Best practices for fine-tuning visual classifiers to new domains. In: Computer Vision. Chu et al. 2016. ECCV-W
49

Data-Efficient Fine-tunning



How deeply to fine-tune a convolutional neural network: a case study using a histopathology dataset. Kandel et al. 2020. Applied Sciences
Growing a brain: Fine-tuning by increasing model capacity. Wang et al. 2017 CVPR

50

Data-Efficient Fine-tunning

Data and Computationally inefficient

The clinical rules are “invariant”



Fine-tune to a New Domain

Apply source model

51



Fine-tune to a New Domain

<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

Apply source model

Use concepts from 
matching patients

? ? ? ?

52



Fine-tune to a New Domain

<latexit sha1_base64="7Vbz19Kh4IqTKHMu2iETdQnceX4=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWxG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuG0lfu9J6YNV/IRZgkLYjKWPOKUgJX8QUxgQonIWvNhtebW3QXwOvEKUkMF2sPq12CkaBozCVQQY3zPTSDIiAZOBZtXBqlhCaFTMma+pZLEzATZIvIcX1hlhCOl7ZOAF+rvjYzExszi0E7mEc2ql4v/eX4K0W2QcZmkwCRdfhSlAoPC+f14xDWjIGaWEKq5zYrphGhCwbZUsSV4qyevk+5V3buuNx4ateZdUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdkaRYg==</latexit>

C

Apply source model

Use concepts from 
matching patients

? ? ? ?

Propagate the concepts and update the concept extractor 

53



Fine-tune to a New Domain

Update the selectors and interpretable models for 5 epochs 

<latexit sha1_base64="pidFsupusMxA4JxVX2PPdyekI80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Qe0sWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28HoZua3n1BpnsgHM07Rj2kkecgZNVa6jx69frniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AHu7o2J</latexit>

g1

Blackbox Model
Interpretable Model
Selector

Residual (𝑟!) Residual (𝑟")

<latexit sha1_base64="1Rr+54WFQ6ml5hJI42+9kZxZD8E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtLJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/PbT6g0T+SDGafoxzSSPOSMGivdR4/VfqnsVtw5yCrxclKGHI1+6as3SFgWozRMUK27npsaf0KV4UzgtNjLNKaUjWiEXUsljVH7k/mpU3JulQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlVK95lpXZXK9dreRwFOIUzuAAPrqAOt9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHwco2K</latexit>

g2
<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1

Residual (𝑟#)

<latexit sha1_base64="1Rr+54WFQ6ml5hJI42+9kZxZD8E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWNF+wFtLJvtJF262YTdjVBKf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0M/PbT6g0T+SDGafoxzSSPOSMGivdR4/VfqnsVtw5yCrxclKGHI1+6as3SFgWozRMUK27npsaf0KV4UzgtNjLNKaUjWiEXUsljVH7k/mpU3JulQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8NqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlVK95lpXZXK9dreRwFOIUzuAAPrqAOt9CAJjCI4Ble4c0Rzovz7nwsWtecfOYE/sD5/AHwco2K</latexit>

g2
<latexit sha1_base64="AzNuc90EeRk747R0X2aoeYE0G+E=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbSbp0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4M/VbT6g0T+SDGaXoxzSSPOSMGivdR49er1xxq+4MZJl4OalAjnqv/NXtJyyLURomqNYdz02NP6bKcCZwUupmGlPKhjTCjqWSxqj98ezUCTmxSp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIBBBM/wCm+OcF6cd+dj3lpw8plD+APn8wfzJI2X</latexit>

g1
<latexit sha1_base64="H6qV8ABAxalHOtmhRlVKQtH87A8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vjw4rGi/YA2ls12ky7dbMLuRCilP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3A2q4FIo3UKDk7VRzGgeSt4LhzdRvPXFtRKIecJRyP6aREqFgFK10Hz1e9Eplt+LOQJaJl5My5Kj3Sl/dfsKymCtkkhrT8dwU/THVKJjkk2I3MzylbEgj3rFU0Zgbfzw7dUJOrdInYaJtKSQz9ffEmMbGjOLAdsYUB2bRm4r/eZ0Mw2t/LFSaIVdsvijMJMGETP8mfaE5QzmyhDIt7K2EDaimDG06RRuCt/jyMmmeV7zLSvWuWq5V8zgKcAwncAYeXEENbqEODWAQwTO8wpsjnRfn3fmYt644+cwR/IHz+QPx9o2L</latexit>

g3
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Transferring to Stanford-CXR 

Distilling BlackBox to Interpretable models for Efficient Transfer Learning. Ghosh et al. MICCAI 2023. Early accept
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Transferring to Stanford-CXR 
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Transferring to Stanford-CXR 
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Transferring to Stanford-CXR 
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Transferring to Stanford-CXR 
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Transferring to Stanford-CXR 



Conclusion
• Post-hoc approach allows the use of flexible Blackbox models, but 

post-hoc explainability is problematic and doesn’t allow recourse.
• Interpretable-by-design allows recourse but suffer in performance.
• A mixture of interpretable models are carved out of a Blackbox 

model offering best of both worlds.
• Each interpretable model (expert) is modeled as First Order Logic 

(FOL), but other choices are possible for the interpretable model.
• Transfer Learning is more efficient (data & compute) with the new 

model.
• Intervention is possible with the new interpretable model.
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Future work

63

• We aim to use language to detect and fix the blackbox.
• We are interested in Breast imaging, i.e 2D mammograms
• We developed the first vision language model for mammograms, i.e Mammo-

CLIP (Early accept, top 11%, MICCAI 2024)
• We will present our work at MICCAI 2024 
    Date: Poster Session 5, Wednesday, October 9, 2024, 10:30 to 11:30
    Poster number: W-AM-169

Project: https://shantanu-ai.github.io/projects/MICCAI-2024-Mammo-CLIP/ 



Shantanu Ghosh1,   Ke Yu2,  Kayhan Batmanghelich1

1BU ECE, 2Pitt ISP

64

Thank you


