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Outline

A What is reproducible science and why should | care?

A What does software development have to do with it?
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Reproducible Research
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Who am |, and why am | speaking about this?

A Ph.D. from the University of Oslo (2010)

A Havebeen working with hyperbolic conservation
laws on GPUshallow water in particular

A Getting it 90% correct takes "two weeks"
A Getting it 99% correct takes "two years"
A Getting it 100% correctimpossible”

A Three month stay at the National Center for
Computation&dlydrosciencandEngineering

A Research Scientist at SINTEF ICT since 2010
A Getting a prototype code to a commercial code is a major challenge!

A Attended ICERM (Brown University) workshop on
reproducible research December 2012

A Learned a lot from the real experts
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What is reproducible science?

A Science is a very wide spectrum of disciplines:
A Chemistry
A Physics
A Biology
A Mathematics
A Computer science
A Medicine
A é

A Reproducible research for is most certainly not the same in any two given
disciplines!
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Measuring the charge of an electron

A Robert Millikan held a famous experiment published in 1910.

A Part of the reason for his 1923 Nobel prize in physics &\
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A By varying the charge of the electric field, the (charged) oil ,f’
particles would rise or fall. \Qoﬁy, /

A Millikan discovered that that charge was discrete, and had a*
value ofl.5924(1%)1.0 1°C with a very small margin of error

A The value is today believed td.16892176487(40)0 1°C Oiopexperiment magBCBYSA 3.0, Theresa Kn
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Measuring the charge of an electron

A In 1978 Gerald Holton criticized Millikan,
claiming he had manipulated the data

A Millikan had 1#8easurements taken over five months
A 75 measurements taken over two months published

"Itis to baemarked, tqdhat this is naselected
group of drops, but represents all the drops
experimented upon during 60 consecutive days"
--Millikan, 1913

A Millikan kept a journal of his experiments, which includes notes on the
measurements:

A CWL h@B EBf AH CRublish hibétifulfonep
"Error high will nase", Toohigh byl %2 %,"e
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Measuring the charge ofad@ctron

Publish this surely
Beautiful!!
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Measuring the charge of an electron

A Millikan had almost exactly the correct value, but extremely small error mar
In published result
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A A lot of data excluded from publication
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Measuring the charge of an electron

Wehave learned a lot from experience about how to handle son
the ways we fool ourselves. One exawipikan measured the
charge on an electrdoy an experiment with falling oil drapsl

got an answer which we now know not to be quite Hgna little

bit off because he had the incorrect value for the viscositif'sf air
Interesting to look at the history of measurements of the charge
of an electron, after Millikali 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
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Measuring the charge ofed@ctron

é
Whydidn't they discover the new number was higher right away”
a thing that scientists are ashamestlof history- because it's
apparent that people did things like Widigen 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
--Richard Feynman
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Making up data

A http://dilbert.com/strips/comic/2008-11/
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Making up data

A TheSudbaase (2006)

A Made up 900 persons with metical history for cancer
research (the use of amtflamatorydrugs were claimed
to reduce risk of mouth cancer).

A The data was supposedly from a named padi@iase
(whichhad not yebpeneé )

A Articles retracted (including in The Lancet), his wife a
brother were eauthors on several retracted papers, log
his Ph.Dé

A Lancet editothebiggest scientific fraud conducted by a
singleresearcher
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Making up data

A http://dilbert.com/strips/comic/200%-08
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Duke University: Breakthrough in cancer research gone

"AnilPottiis accuseaffalsifying dataregarding the use of

microarray genetic analysis for personalized cancer treatiment,

waspublished in various prestigious scientific jouthals
[Wikipedia on Aﬁ’id)ttﬂj

-

A "Asof February 2012, of more than 120rpeiawed
publication'Published Papers", ten scienpidigers
authoredoy Pottiand othersetracted"

A Patients treated with experimental treatments (personalized tred

A Based on their genes, one would find the most suitable drug
cancer treatment

A 60 minuteslocumentary:
http://www.cbsnews.com/video/watch/?id=7398476n
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Irreproducible science

What is the difference betweeatt, Sudbeand Millikan?
A Allmanipulated datased in publications in some way
A Millikan was right, the others were wrong

What does this have to do with reproducible science?

A Millikansotebook was important to documgme—_—=—""7
his published and unpublished results |+~ &

A His results have been reproduced again af "= |
again

A Other researchers discovered the errors in
PottiandSudbgay studying their data
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o )
guardian

Tenfold increase in scientific research papers
retracted for fraud since 1975: Two thirds retracted
Qor scientific misconduct, not error /

‘nature

Findings in six of 53 landmark studieg in
\_ cancer research can be confirme9

Source:

A Tenfoldncrease in scientific research papers retracte
fraud AlokJha The Guardian, Monday 1 October

A Drug development: Raise standards for preclinical ¢
researchC. Glenn Begley and Lee M N#tise 4832012
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The scientific method and reproducible science

Roger Bacon Francis Bacon Robert Boyle
12141294 15611626 16261691
4 ) ( A
1267 1620: 1665: |
Alchemist who proposes Important for the idea of | “enough informationust
ideas of observation, the "scientific method" be included to allow
hypothesis, othersto independently
experimentation, and _ reproduce thending”
\external verification / Inspired by slides presented by Vic®tiaderat ICERM, 20

SINTEF Technology for a better society 19



Reproducible Research Movement

A 1991Professor JoBlaerboufStanford) requires theses of his students to be
reproducibl¢geophysick

A A lot of researchers at other institutions see similar problems, and use simil
ideas

A Randy Leveque, Serg@eynel DavidDonoho KabDiethelmé

A Scandals in some disciplines (cancer research, ge@onsi@sse policy
changes and huge (local) awareness

A Special issue on in Compuiingcience and Engineer{8§09)
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Reproducible Research Movement

Increasingawareness around 2010 with a large numb&rookshops:

A 2009:
Yale 2009: Roundtable on Data and Code Sharing in the Confpeiatcesal

A 2011:
SIAM CSE 20Verifiable Reproducible Computatid@@@énce
AAAS 201TheDigitization of Science: Reproducibility and Interdisciplinary
ENAR International Biometric Society 2011: Panel on RepRekeani
SIAM Geosciences 2&Eproducibland Open Source Software irGiesciences
AMP / ICIAM 202@mmunitiForum on Reproducible ReseRalities
AMP 201ReproduciblResearch: Tools and StrategieSéoentific Computing

A 2012:
ICERM 20Reproducibilittn Computational and Experimévitdhematics
Supercomputing012, ReproducibilbyResults

A 2013:
eVITANinter School éteproducibl&cience and Modern Scientific Software Developm:
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Reproducible Research Movement

A Important journalstart changing their policies
A Allowfor supplementamaterial
A Require statements on reproducibility

A é

A Image Processing On Line
A All published algorithms are available as an interactigenviee
A http://www.ipol.im
A NicolasLimareof the IPOL editorial board is attending the winter school
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Reproducible Research Movement

A Reproducible science is thoroughly embedded j }_
the scientific woritow in many disciplines =
A An experimental scientist will keep a lab — e e
notebook over all experiments. | e =
A The notebook will enable him to reproduce | === s 7oz
experiment

Lab notebook of Graham Bell, 1876
A In computational science, however, this lab
notebook has lost its place in the natural-flewk

A Possible workflow: write a program, create "
graph, change the program, create a grapl

A Changes can be small: a parameter ch
domain size change, oil

A The graphs are kept for publication
A The program changes are forgétten
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50 Shades of Reproducible Research

Interactively reproducibléAll figures, tables, and data in a pape
can be reproduced with the original data, or | can supply my oy
data through a web service and get new graphs and results.

Turnkey reproducibleAll figures, tables, and data in a paper ca
be reproduced by compiling and running the program at the cli
a button. |

Publicly reproducibleAll figures, tables, and data in the paper |
would be possible to reproduce for someone else, but they'd h
to manually compile the program and all of its dependencies.

Level of reproducibility

Privately reproducibleAll figures, tables, and data in a paper s
would be possible to reproduce, albeit with a great deal of effog ~_‘~7
myself or one of my-aathors. |

Irreproduciblelt would not be possible for me to recreate the
results | published.
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p
"The person most likely to reproduce

your work Is your own future sgelf"
-- Sergeyromeht ICERM workshop

o

A The most convincing reason for me to be reproducible,
IS that somewhere down the line:

A 1 will have to do the graph with different axes because a reviewer asked,
A 1 will have to reinterpret the data for an updated conclusion,

A 1 will write a journal paper based on a conference paper,

A 1 will (hopefully) write a book or book chapter based on previous results,

A é
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More reasons for reproducible research

A Reproducible papers are cited almost 5 times as often!
A Easier to get collaborations started

A Startuptime for Masters and Ph.D. students cut down from months/years to
weeks.

A Fraudulentesearch is not reproduciblgeproducibleesearch should not be
fraudulent.

A ACM journals starting with "stamps of approval" for reproducible research

[1] Cod&haring I&ssociated witResearcthmpact inmageProcessing?atrick
Vandewall€omputing in Sciencé&&gineering, 201
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The importance of reproducible research

/Computational science cannot be elevated to

third branch of the scientific method until it
generates routinely verifiable knowledge.
N --Donohopet al. 200

Science ishe art of building
pyramids of knowledge, one small
blockof knowledgat a time

"If | have seen further it is by standing
on the shoulders of giants."
--Isaac Newto

AllGizaHPyramids, CBY-SA 2.(Ricardo Liberato
Inspired by slides presented by SeFgeyelnd Victori&todderat ICERM, 20
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A chemist treats the laboratorywith thoroughrespect, having strict security
procedures;arefulnotetakingduringexperimentsetc. Soshouldwealsotreat our
computersasit is thelaboratoryof computationadcience
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