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strong inference follows a systematic & 
transparent recipe

• 1) Devising alternative hypotheses
• 2) Devising crucial experiment(s), 

• with alternative possible outcomes, 
each of which will, as nearly as 
possible, 

• exclude one or more of the 
hypotheses

• 3) Carrying out the experiment so 
as to get a clean result

• 1') Recycling the procedure, making 
• sub-hypotheses or 
• sequential hypotheses to refine the 

possibilities that remain; and so on.

Experiment

No

Experiment

Experiment

Yes: Hypothesis 1 
is wrong.

Experiment

No: Hypothesis 3
is wrong. 

Methods

Hypothesis 1
Hypothesis 2
Hypothesis 3

Platt, Science, 1964
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which measurements are effective?

• Errors of reasoning:
• We substitute correlations

for causal studies.
• Numbers become the goal 

instead of the crucial 
experiment.

mathematical
box

elegant
fine-grained
but flimsy

logical box

coarse
qualitative

strong

Measurements are 
useful when & only 
when they are 
related to disproof.

“Many—perhaps most—of the great issues of 
science are qualitative, not quantitative.”

Platt, Science, 1964
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A theory which cannot be mortally 
endangered cannot be alive.

- W. A. H. Rushton

model

meets machine learning
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Adversarial Controls for 
Scientific Machine Learning
ACS Chem Biol. 2018 Oct 19. Chuang KV, Keiser MJ.

1. Opening the Black Box
Does the model make scientific sense?

2. The Method of Multiple Models
Is a confounding variable driving the prediction?

3. Outperforming the Straw Model
Does it break when you remove what matters?

Platt’s logical box 1964

Chamberlin 1897, Bacon 1620

Langley’s straw man 1988
Popper 1963

• Langley, P. (1988) Machine Learning as an Experimental Science. Mach. Learn. 3 (1), 5−8.
• Science as Falsification (Popper, Conjectures and Refutations, 1963)
• The method of multiple hypotheses (Chamberlin, 1897)

http://www.stephenjaygould.org/ctrl/popper_falsification.html
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CoredDiffuse

Nat Commun. 2019 May 15. Tang Z, et al.

Interpretable classification of Alzheimer's disease 
pathologies with a convolutional neural network pipeline

1 - black box

https://doi.org/10.1101/454793
https://github.com/keiserlab/plaquebox-paper
https://doi.org/10.5281/zenodo.1470797

https://github.com/keiserlab/plaquebox-paper
https://github.com/keiserlab/plaquebox-paper
https://doi.org/10.5281/zenodo.1470797
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Comment on "Predicting reaction 
performance in C-N cross-coupling 
using machine learning"
Science. 2018 Nov 16. Chuang KV, Keiser MJ.

Using random barcodes instead of chemical features

Science. 13 Apr 2018. Ahneman et al.

Prediction of chemical reaction yields

3 - straw model

https://github.com/keiserlab/comments

https://github.com/keiserlab/comments
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• Methods are parts of 
a chain of precise 
induction of how 
nature works.

• This is the sole 
yardstick of their 
effectiveness.

how should we choose scientific methods?

Experiment

No

Experiment

Experiment

Yes: Hypothesis 1 is wrong.

Experiment

No: Hypothesis 3 is wrong. 

Methods 
1, 3, 4

Methods 
1, 4, 5

Methods 
3, 6

Methods 
3, 4

Methods
2, 7, …X

reporting standards?

Transparent reporting shows
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we can share the chain itself

• Registered reports
• https://osf.io/rr/

• Version control (git) & data (zenodo)
• https://github.com & https://zenodo.org

• Show logic in Jupyter notebook/lab
• http://jupyter.org

• Save the environment (conda)
• https://github.com/conda/conda

• Use makefiles &/or workflow tools
• http://kbroman.org/minimal_make
• https://github.com/pditommaso/awesome-pipeline

• 10 Rules for Reproducible Research
• PLoS Comp Biol 2013
• http://bit.ly/2bhhSQx

https://osf.io/rr/
https://github.com/
https://zenodo.org/
http://jupyter.org/
https://github.com/conda/conda
http://kbroman.org/minimal_make/
https://github.com/pditommaso/awesome-pipeline
http://bit.ly/2bhhSQx
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one proposal-

scientific (ai) red team

& regular in-lab code review 
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