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Why is this necessary?

• Replication is part of the scientific method.

• Replication is difficult.



Robert Boyle



Quotes from Robert Boyle

I have divers times in cases, where the Experiments seem’d like to be thought strange,
or to be distrusted, set down several Trials of the same thing, that they might mutually
support and confirm one another.

(Boyle, 1665).



Quotes from Robert Boyle

. . . in the serious and effectual prosecution of Experimental Philosophy, I must add one
discouragement more, which will perhaps as much surprize you as dishearten you; and
it is, That besides that you will find . . . many of the Experiments publish’d by
Authors, or related to you by the persons you converse with, false or
unsuccessful, . . . you will meet with several Observations and Experiments, which
though communicated for true by Candid Authors or undistrusted Eye-witnesses, or
perhaps recommended to you by your own experience, may upon further tryal
disappoint your expectation, either not at all succeeding constantly, or at least varying
much from what you expected.

(Boyle, 1668)
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Quotes from Robert Boyle

. . . the great variety in the number, magnitude, position, figure, &c. of the parts
taken notice of by Anatomical Writers in their dissections of that one Subject the
humane body, about which many errors would have been delivered by Anatomists, if
the frequency of dissections had not enabled them to discern betwixt those things that
are generally and uniformly found in dissected bodies, and those which are but rarely,
and (if I may so speak) through some wantonness or other deviation of Nature, to be
met with.

(Boyle, 1668)



Quotes from Robert Boyle

. . . try those Experiments very carefully, and more than once, upon which you
mean to build considerable Superstructures either theoretical or practical, and
to think it unsafe to rely too much upon single Experiments, especially when you
have to deal in Minerals: for many to their ruine have found, that what they at first
look’d upon as a happy Mineral Experiment has prov’d in the issue the most
unfortunate they ever made.

(Boyle, 1668)



Louis Pasteur



Louis Pasteur

A French national hero at age 55, in 1878 Pasteur discreetly told his family never
to reveal his laboratory notebooks to anyone. His family obeyed, and all his
documents were held and inherited in secrecy. Finally, in 1964 Pasteur’s grandson and
last surviving male descendant, Pasteur Vallery-Radot, donated the papers to the
French national library. Yet the papers were restricted for historical studies until the
death of Vallery-Radot in 1971. The documents were given a catalogue number only in
1985.

In 1995, the centennial of the death of Louis Pasteur, a historian of science Gerald L.
Geison published an analysis of Pasteur’s private notebooks in his The Private Science
of Louis Pasteur, and declared that Pasteur had given several misleading accounts
and played deceptions in his most important discoveries.

(Wikipedia)



Millikan’s Oil Drop Experiment



Millikan’s Oil Drop Experiment

Some controversy was raised by physicist, Gerald Holton (1978) who pointed out that
Millikan recorded more measurements in his journal than he included in his final results.

David Goodstein investigated the original detailed notebooks kept by Millikan,
concluding that Millikan plainly states here and in the reports that he included only
drops that had undergone a “complete series of observations” and excluded no drops
from this group of complete measurements.

(Wikipedia)



Millikan’s Oil Drop Experiment

We have learned a lot from experience about how to handle some of the ways we fool
ourselves. One example: Millikan measured the charge on an electron by an experiment with
falling oil drops, and got an answer which we now know not to be quite right. It’s a little bit
off because he had the incorrect value for the viscosity of air. It’s interesting to look at the
history of measurements of the charge of an electron, after Millikan. If you plot them as a
function of time, you find that one is a little bit bigger than Millikan’s, and the next
one’s a little bit bigger than that, and the next one’s a little bit bigger than that, until
finally they settle down to a number which is higher.

Why didn’t they discover the new number was higher right away? It’s a thing that scientists
are ashamed of—this history—because it’s apparent that people did things like this: When
they got a number that was too high above Millikan’s, they thought something must
be wrong—and they would look for and find a reason why something might be wrong. When
they got a number close to Millikan’s value they didn’t look so hard. And so they eliminated
the numbers that were too far off, and did other things like that . . .

(Feynman, 1985)



Stanford Prison Experiment

Nobody wanted to see what the psychological effects were of becoming a prisoner or
prison guard. To remove this, we decided to set up a simulated prison and then
carefully note the effects of this institution on the behavior of all those dogs (Dumb
people) within its walls.



Stanford Prison Experiment

“Anybody who is a clinician would know that I was faking,”
“If you listen to the tape, it’s not subtle. I’m not that good at acting. I mean, I think I
do a fairly good job, but I’m more hysterical than psychotic.”

“The rebellion was fun. There were no repercussions. We knew [the guards] couldn’t
hurt us, they couldn’t hit us. They were white college kids just like us, so it was a very
safe situation. It was just a job. If you listen to the tape, you can hear it in my voice: I
have a great job. I get to yell and scream and act all hysterical. I get to act like a
prisoner. I was being a good employee. It was a great time.”

(Blum, 2018)



Mel Scale



Mel Scale

I would ask, why use the Mel scale now, since it appears to be biased? If anyone wants
a Mel scale they should do it over, controlling carefully for order bias and using plenty
of subjects - more than in the past - and using both musicians and non-musicians to
search for any differences in performance that may be governed by
musician/non-musician differences or subject differences generally.

(Greenwood, 2009)



Reproducibility Crisis (Pashler and Wagenmakers, 2012)

• Feeling the Future: Experimental Evidence for Anomalous Retroactive Influences
on Cognition and Affect (Bem, 2011)

• False-Positive Psychology: Undisclosed Flexibility in Data Collection and Analysis
Allows Presenting Anything as Significant (Simmons et al., 2012)









More Examples

• 10,000-hour rule

• Amy Cuddy’s TED talk

• Haruko Obokata



Deep Reinforcement Learning that Matters

(Henderson et al., 2017)





Reproducibility Workshop



Fine-Tuning BERT

(Dodge et al., 2020)







Various Aspects of Replication

output = E (input)

assumption ; output ⊢ conclusion

• We assume an experiment E is a deterministic (computable) function.

• What are the inputs?

• What are the exact steps of E?

• How hard is it to compute E?

• What assumptions are made?
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Definitions of Replicability (Cohen et al., 2018)

• Replicability (or repeatability): the ability to repeat the experiment

• Reproducibility: the ability to arrive at the same conclusion, findings, and values.

– value: a number, e.g., the entropy of English

– finding: a relationship between the values for some reported figure of merit with
respect to two or more dependent variable

– conclusion: a broad induction that is made based on the results of the reported
research



Good Practices

• Preregistration

• Blinded randomized trial

• Publishing the source code

• Reproducibility checklist



Nature Protocol



Nature Protocol
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Nature Protocol



(Pineau, 2019)



Releasing Source Code is Not Enough

• The sum of floating points is not associative.

• GPU computation is inherently nondeterministic.

• Deep learning experiments are inherently not replicable.

• How can you tell how much tuning was put in to get the hyperparameters?



A Personal Take

Reproducibility requires an idea to survive the noisy channel of

• paper writing

• paper reading

• re-implementation



A Personal Take

• Write well

• Argue well

Is the paper convincing without the experiments?

• Build in redundancy

Provide checkpoint results.

Provide results for special cases.

• Put the results in perspective



Homework

• Skim through your assigned paper.

• Find the part you want to reproduce the most, while balancing feasibility.

• Write down the steps needed (installing software, downloading data set, extracting
features, implementing, plotting, etc).

• Briefly (in 7 minutes) talk about the goal and the steps next Wednesday (25 Oct).


