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Science and reproducibility

Recall the key point from our review of the scientific method:

Key point: create a hypothesis and collect evidence to test it out

e Empirical observations constitute evidence.

A hypothesis is compared with the outcomes of the natural world ("Nature"), not
voted on by an individual or a committee

e A hypothesis should be testable by anyone, regardless of time, place, culture, etc.
Anyone can double check an experiment!
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Science and reproducibility

Recall the key point from our review of the scientific method:

Key point: create a hypothesis and collect evidence to test it out

e Empirical observations constitute evidence.

A hypothesis is compared with the outcomes of the natural world ("Nature"), not
voted on by an individual or a committee

e A hypothesis should be testable by anyone, regardless of time, place, culture, etc.
Anyone can double check an experiment!

How often do scientists actually do this?
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Survey says...

HAVE YOU ESTABLISHED PROCEDURES
FOR REPRODUCIBILITY?

Among the most popular strategies was having different lab
members redo experiments.

33% 349%
Within the No
past 5 years ——
1,976
researchers
surveyed 26%

Procedures have

7% been in place
More than since | started
5 years ago working in my lab

Source: M. Baker, "1,500 scientists lift the lid on reproducibility," Nature 533, 452 (2016)
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Reproducibility in practice

The scientific ideal of reproducibility is sometimes easier said than done, and there
many reasons why this is the case:
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The scientific ideal of reproducibility is sometimes easier said than done, and there
many reasons why this is the case:

e Lack of funding sources
e Lack of data sharing
e Lack of interest

» "Top-tier" journals won't publish
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Reproducibility in practice

The scientific ideal of reproducibility is sometimes easier said than done, and there
many reasons why this is the case:

e Lack of funding sources

Lack of data sharing

Lack of interest

"Top-tier" journals won't publish

Vague methods
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Reproducibility in practice

The scientific ideal of reproducibility is sometimes easier said than done, and there
many reasons why this is the case:

e Lack of funding sources

e Lack of data sharing

 Lack of interest

e "Top-tier" journals won't publish
e Vague methods

e And more...
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Reproducibility in practice

WHAT FACTORS CONTRIBUTE TO

IRREPRODUCIBLE RESEARCH?

Many top-rated factors relate to intense competition

and time pressure.

® Always/often contribute

Selective reporting

Pressure to publish
Low statistical power
or poor analysis

Not replicated enough
in original lab

Insufficient
oversight/mentoring

Methods, code unavailable

Poor experimental design

Raw data not available
from original lab

Fraud

Insufficient peer review
Problems with
reproduction efforts

Technical expertise required
for reproduction

Variability of
standard reagents

Bad luck

20

40

Sometimes contribute

60

WHAT FACTORS COULD BOOST
REPRODUCIBILITY?

Respondents were positive about most proposed improvements
but emphasized training in particular.

® Very likely Likely

Better understanding
of statistics

Better mentoring/supervision
More robust design

Better teaching

More within-lab validation

Incentives for better practice

Incentives for formal
reproduction

More external-lab validation

More time for mentoring

Journals enforcing standards
More time checking
notebooks

0 20 40 60 80 100%

80 1009
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Reproducibility in practice

It's important that we think about ways to encourage reproducible research, because...
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Replicating results: the reality

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

@ Someone else's My own

Chemistry =

Biology |

Physics and
engineering |

Medicine [~

Earth and
environment [

Other | —

B B A RO CRp e

HAVE YOU EVER TRIED TO PUBLISH
A REPRODUCTION ATTEMPT?

Although only a small proportion of respondents tried to publish
replication attempts, many had their papers accepted.

® Published @ Failed to publish

Sucdces?ful _ 24%
reproduction
.

.
Unsuccessful U
[

0

Number of respondents from each discipline:
Biology 703, Chemistry 106, Earth and environmental 95,
Medicine 203, Physics and engineering 236, Other 233 enamre

Source: M. Baker, "1,500 scientists lift the lid on reproducibility," Nature 533, 452 (2016)

7 [ 14



The Reproducibility Project
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Empirically analyzing empirical evidence G e st
One of the central goals in any scientific endeavor is to understand causality. Experiments that
seek to demonstrate a cause/effect relation most often manipulate the postulated causal
factor. Aarts et al. describe the replication of 100 experiments reported in papers published in RELATED CONTENT
2008 in three high-ranking psychology journals. Assessing whether the replication and the PODCASTS

original experiment yielded the same result according to several criteria, they find that about Science Podcast: 28 August Show

one-third to one-half of the original findings were also observed in the replication study.
IN DEPTH
Science, this issue 10.1126/science.aac4716 Many psychology papers fail replication test

Brian Nosek of University of Virginia and colleagues sought out to replicate 100
different studies that all were published in 2008. The project pulled these studies
from three different [psychologyl] journals... to see if they could get the same results
as the initial findings. [...] Only 36.1% of the studies [were] replicated.

— Reproducibility Project Wikipedia entry
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Science retracts gay marriage paper without agreement of lead author LaCour

In May 2015 Science retracted a study of
how canvassers can sway people's
opinions about gay marriage published
just 5 months ago.

Sources: http://news.sciencemag.org/policy/2015/05/science-retracts-gay-marriage-paper-without-lead-author-s-consent,
https://retractionwatch.com/2015/05/20/author-retracts-study-of-changing-minds-on-same-sex-marriage-after-colleague-

admits-data-were-faked/
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Science retracts gay marriage paper without agreement of lead author LaCour

In May 2015 Science retracted a study of
how canvassers can sway people's
opinions about gay marriage published
just 5 months ago.

Science Editor-in-Chief Marcia McNutt:
Original survey data not made available
for independent reproduction of results.

e Survey incentives misrepresented.

e Sponsorship statement false.
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Science retracts gay marriage paper without agreement of lead author LaCour

In May 2015 Science retracted a study of
how canvassers can sway people's
opinions about gay marriage published
just 5 months ago.

Science Editor-in-Chief Marcia McNutt:
Original survey data not made available

for independent reproduction of results.

e Survey incentives misrepresented.

e Sponsorship statement false.

Donald Green, of Columbia, and Michael LaCour, a graduate student at
UCLA, published the paper, “When contact changes minds: An
experiment on transmission of support for gay equality,” in December
2014. The study received widespread media attention, including

from This American Life, The New York Times, The Wall Street

Journal, The Washington Post, The Los Angeles Times, Science

M, Vox, and HuffingtonPost, as LaCour’s site notes.
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In May 2015 Science retracted a study of
how canvassers can sway people's
opinions about gay marriage published
just 5 months ago.

Science Editor-in-Chief Marcia McNutt:
Original survey data not made available

for independent reproduction of results.

e Survey incentives misrepresented.

e Sponsorship statement false.

Donald Green, of Columbia, and Michael LaCour, a graduate student at
UCLA, published the paper, “When contact changes minds: An
experiment on transmission of support for gay equality,” in December
2014. The study received widespread media attention, including

from This American Life, The New York Times, The Wall Street

Journal, The Washington Post, The Los Angeles Times, Science

Friday, Vox, and HuffingtonPost, as LaCour’s site notes.

Two Berkeley grad students who
attempted to replicate the study quickly
discovered that the data must have
been faked.

Sources: http://news.sciencemag.org/policy/2015/05/science-retracts-gay-marriage-paper-without-lead-author-s-consent,
https://retractionwatch.com/2015/05/20/author-retracts-study-of-changing-minds-on-same-sex-marriage-after-colleague-

admits-data-were-faked/
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Is the evidence for austerity based on an Excel spreadsheet error?

C. Reinhart and K. Rogoff, "Growth in a Time of Debt", Amer. Econ. Rev. 100, 573-578
(2010)

Influential economics paper that found that when a country's GDP to debt ratio
reaches 90%, GDP growth is cut almost in half.

Cited as evidence for implementing austerity measures post-2008 financial crisis

Dataset and analysis were not made public at time of publication

Sources: https://www.washingtonpost.com/news/wonk/wp/2013/04/16/is-the-best-evidence-for-austerity-based-on-an-excel-
spreadsheet-error/, http://www.bbc.com/news/magazine-22223190, https://www.peri.umass.edu/publication/item/526-does-
high-public-debt-consistently-stifle-economic-growth-a-critique-of-reinhart-and-rogo-ff
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data...
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data... and could not.
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data... and could not.

In 2013, T. Herndon wrote to Reinhart and Rogoff asking for their dataset, and they
obliged.

Sources: https://www.washingtonpost.com/news/wonk/wp/2013/04/16/is-the-best-evidence-for-austerity-based-on-an-excel-

spreadsheet-error/, http://www.bbc.com/news/magazine-22223190, https://www.peri.umass.edu/publication/item/526-does-
high-public-debt-consistently-stifle-economic-growth-a-critique-of-reinhart-and-rogo-ff
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data... and could not.

In 2013, T. Herndon wrote to Reinhart and Rogoff asking for their dataset, and they
obliged.

After receiving the data and analysis, T. Herndon, working with Profs. M. Ash and R.
Pollin, published a critique based on the following:
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data... and could not.

In 2013, T. Herndon wrote to Reinhart and Rogoff asking for their dataset, and they
obliged.

After receiving the data and analysis, T. Herndon, working with Profs. M. Ash and R.
Pollin, published a critique based on the following:

1. The selective exclusion of available data and data gaps
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data... and could not.

In 2013, T. Herndon wrote to Reinhart and Rogoff asking for their dataset, and they
obliged.

After receiving the data and analysis, T. Herndon, working with Profs. M. Ash and R.
Pollin, published a critique based on the following:

1. The selective exclusion of available data and data gaps

2. A spreadsheet coding error

Sources: https://www.washingtonpost.com/news/wonk/wp/2013/04/16/is-the-best-evidence-for-austerity-based-on-an-excel-
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Is the evidence for austerity based on an Excel spreadsheet error?

A graduate student at U. Mass. Amherst, T. Herndon, tried to replicate the study's
results using publicly available country spreadsheet data... and could not.

In 2013, T. Herndon wrote to Reinhart and Rogoff asking for their dataset, and they
obliged.

After receiving the data and analysis, T. Herndon, working with Profs. M. Ash and R.
Pollin, published a critique based on the following:

1. The selective exclusion of available data and data gaps
2. A spreadsheet coding error

3. Unconventional weighting of summary statistics

Sources: https://www.washingtonpost.com/news/wonk/wp/2013/04/16/is-the-best-evidence-for-austerity-based-on-an-excel-
spreadsheet-error/, http://www.bbc.com/news/magazine-22223190, https://www.peri.umass.edu/publication/item/526-does-
high-public-debt-consistently-stifle-economic-growth-a-critique-of-reinhart-and-rogo-ff
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Is the evidence for austerity based on an Excel spreadsheet error?
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The war over supercooled water
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The war over supercooled water

How a hidden coding error fueled a seven-year dispute between two of condensed matter's top theorists.
Ashley G. Smart

I
COMMENTS

Two different chemists ran simulations to see what
happens when water is supercooled to around

-40 °C, where it will spontaneously freeze even if
it is free of impurities.

Source: A. G. Smart, "The war over supercooled water" Physics Today, (2018)
https://physicstoday.scitation.org/do/101063/PT.61.20180822a/full/
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The war over supercooled water

DOI10.1063/PT.61.20180622a

22 Aug 2018 in Research & Technology

The war over supercooled water

How a hidden coding error fueled a seven-year dispute between two of condensed matter's top theorists.

Ashley G. Smart

I
COMMENTS

Two different chemists ran simulations to see what
happens when water is supercooled to around

-40 °C, where it will spontaneously freeze even if
it is free of impurities.

One of them found that water morphed back and
forth between a water-like form and an ice-like
form. The other chemist, who was very famous in
this field, only found the water-like form. But,
based on the details of their simulations, they
should have gotten the same result.

Over the next seven years, the perplexing
discrepancy would ignite a bitter conflict, with
junior scientists caught in the crossfire. At
stake were not only the reputations of the two
groups but also a peculiar theory that sought
to explain some of water’s deepest and most
enduring mysteries. Earlier this year, the
dispute was finally settled. And as it turns out,
the entire ordeal was the result of botched
code.

Source: A. G. Smart, "The war over supercooled water" Physics Today, (2018)
https://physicstoday.scitation.org/do/101063/PT.61.20180822a/full/
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"Science retracts gay marriage paper without agreement of lead
author LaCour" example from the Introduction to R/Rstudio and
git/GitHub slides developed by Mine Cetinkaya-Rundel and
made available under the CC BY-NC-SA 4.0 license.
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