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The problem is that most modern science is so complicated, and most journal articles so brief,
it’s impossible for the article to include details of many important methods and decisions made
by the researcher as he analyzed his data on his computer.

Ben Marwick:


https://theconversation.com/how-computers-broke-science-and-what-we-can-do-to-fix-it-49938

"[..] an article about a computational result is advertising, not scholarship. The actual
scholarship is the full software environment, code and data, that produced the result.”

“Claerbout’s claim” in Donoho, 2010



“From time to time over the past few years, I’'ve politely refused requests to referee an article
on the grounds that it lacks enough information for me to check the work.”

Stark (2018): Nature 557, 613 (2018). doi:


https://doi.org/10.1038/d41586-018-05256-0

Open Reproducible Research

Reproducible research refers to achieving exactly the same results (e.g. tables,
figures, numbers) as reported in the paper by using the same source code and
data. In Open reproducible research, these materials are publicly accessible.

Replicable research refers to coming to similar conclusions based on newly
collected data or a newly implemented analysis.

Replicability & reproducibility are essential for scientific work.

Goodman, S. N, Fanelli, D., & loannidis, J. P. (2016). What does research reproducibility mean? Science Translational Medicine 8(341),
341ps12-341ps12.


https://doi.org/10.1126/scitranslmed.aaf5027

The reproducibility crisis

IS THERE A REPRODUCIBILITY CRISIS?
(Reproducible research refers to achieving exactly )

776 D8 the same resuiis (e.g., tables, figures, numbers) as

Don't know Yes, a significant crisis . )
o | reported in the paper by using the same source
0, ere Is no

crisis code and data. In Cpen reproducible research,
\these materigis are publicly accessible. )

1,576 |
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Baker, M. (2016). 1,500 scientists lift the lid on reproducibility. Nature News, 533(7604), 452.
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The reproducibility crisis

Open Access | Published: 23 October 2015
The prevalence of statistical reporting errors in
psychology (1985—2013)

Michele B. Nuijten &, Chris H. J. Hartgerink, Marcel A. L. M. van Assen, Sacha Epskamp & Jelte M.

Wicherts

Behavior Research Methods 48, 1205-1226(2016) ‘ Cite this article

General prevalence of inconsistencies

(8,273 of the 16,695 articles) and 12.9 % (2,150) of the articles with NHST



https://doi.org/10.3758/s13428-015-0664-2

The reproducibility crisis

Open Access | Published: 23 October 2015

The prevalence of st
psychology (1985—2

Research articles

Analytic reproducibility in articles receiving
open data badges at the journal

Michele B. Nuijten &, Chris H.). Hartgerink, PSy/chological Science: an observational
Wicherts StUdy

avior 205-122
Behavior Research Methods 48, 1205-1226( Tom E. Hardwicke &1, Manuel Bohn, Kyle MacDonald, Emily Hembacher,

General prevalence Of incons Micheéle B. Nuijten, Benjamin N. Peloquin, Benjamin E. deMayo, Bria Long, Erica J. Yoon
and Michael C. Frank

Published: 06 January 2021 https://doi.org/10.1098/rs0s.201494
(8,273 of the 16,695 artic 3. Results

After requesting input from original


https://doi.org/10.3758/s13428-015-0664-2
https://doi.org/10.1098/rsos.201494

The reproducibility crisis

Open Access | Published: 23 October 2015

The prevalence of st
psychology (1985—2

Research articles

Analytic reproducibility in articles receiving
open data badges at the journal

Michéle B. Nuiiten &, Chris H. ). Hartgerink, PS)/chological Science: an observational
Wicherts Research Articles

T study

Behavior Research Methods 48, 1205-1226(

Computational reproducibility in geoscientific papers:

om & HBafﬁInsights from a series of studies with geoscientists and
Ichele b.

General prevalence of incons v reproduction study

Markus Konkol &% ", Christian Kray ' & Max Pfeiffer
Published: Ot Pages 408-429 | Received 09

) Apr 2018, Accepted 30 Jul 2018, Published online: 13 Aug 2018

(8,273 of the 16,695 artic 3. Resulti pownioad citation https://doi.org/10.1080/13658816.2018.1508687 . Check forupdate
3.5.3. Results

Below, we first report on the technical issues we encountered and then summarise the differences

between the original and reproduced figures that we observed.

Technical issues:

We classified four papers as being irreproducible, as we could not solve all issues. The code



https://gph.is/g/4DAnQjB
https://doi.org/10.3758/s13428-015-0664-2
https://doi.org/10.1098/rsos.201494
https://doi.org/10.1080/13658816.2018.1508687

The reproducibility crisis

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

Baker, M. (2016). 1,500 scientists lift the lid on reproducibility. Nature News, 533(7604), 452.
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Why is unreproducible research a problem?

Q Difficult to find errors in the analysis

—

DON'T WORRY, |/ ou chn RE-veE THE TS 16 GOING
' ' T STRRT Yok “PRtVions PeReoN s
0 START YouR 2EVIOL S0 1 e
v Reviewers cannot verify but need to ) STRT You G et
20TE SEVER )

trust the results

e o Extra effort from authors and reviewers
required

Analysis not fully understandable

¥  Materials not reusable (sustainable)

12



“It's impossible to conduct research without
software, say 7 out of 10 UK researchers”

* 92% of academics use research software

* 69% say their research would not be practical without it

* 56% develop their own software

Hettrick (2014):

Baker, M. (2016). 1,500 scientists lift the lid on reproducibility. Nature News, 533(7604), 452.

13


https://www.software.ac.uk/blog/2014-12-04-its-impossible-conduct-research-without-software-say-7-out-10-uk-researchers

Reproducibility? What's in for me?

Reason number 1: reproducibility helps to avoid disaster

“How bright promise in cancer testing fell apart” titled a The New York Times article

Reason number 2: reproducibility makes it easier to write papers

Transparency in your analysis makes writing papers much easier. For example, in a dynamic

Reason number 3: reproducibility helps reviewers see it your way

Most of us like to moan about peer review. One of the complaints I hear most often is: the
Reason number 4: reproducibility enables continuity of your work

reviewers didn’t even read the paper and had no idea what we were really doing.
I would be surprised if you hadn’t heard the following remarks before, maybe you have even

said them yourself: “I am so busy, I can’t remember all the details of all my projects” or “I did

this analysis 6 months ago. Of course I can’t remember all the details after such a long time” or

Reason number 5: reproducibility helps to build your reputation

For several papers, we have made our data, code and analyses available as an Experiment

Package on Bioconductor [5]. When I came up for tenure, I cited all of these packages as

Markowetz, F. Five selfish reasons to work reproducibly. Genome Biol 16, 274 (2015). https://doi.org/10.1186/s13059-015-0850-7

14


https://doi.org/10.1186/s13059-015-0850-7

Why is so much work not reproducible?

What do you think?

Please go to https://www.menti.com/ and make a suggestion. Code: 7925 8413

15



Why is so much work not reproducible?

\Why is so much work not reproducible?

People don't publish their methods in poor documentation
sufficient detail

It's extra work and we don't have
much work to make it reproducible time.

terms of service of data provider; Because there is error in the code.
extra effort with perceived lack of

benefits

Not a priority

too complicated

« Mentimeter

The data and underlying code is not
available

Takes effort now, while the benefits
come later.

We don't spot our own mistakes

because reproducibility does not
get enough attention

16



Why is so much work not reproducible?

\Why is so much work not reproducible?

{ LSS T TR I LT

Not all steps have been
includedSoftware version changed
in the meanwhile which might lead to
different solutions

Takes extra effort when
documenting research

Change of context

There is not enough information to
reproduce the research results.

oL Tl VUgl el

(I |

d Mentimeter

Code not well documented

confidential

The code needs commercial
software (e.g. Matlab).

Lack of proper documentation




Why is so much work not reproducible?

WHAT FACTORS CONTRIBUTE TO WHAT FACTORS COULD BOOST
IRREPRODUCIBLE RESEARCH? REPRODUCIBILITY?

Many top-rated factors relate to intense competition
and time pressure.

Framework for
Open and

Reproducible
Research
ining

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

® Very likely Likely

Selective reporting : ‘ Better understanding
: : : i : of statistics

@ Always/often contribute Sometimes contribute

Pressure to publish

s 7 Better mentoring/supervision
Low statistical power

or poor analysis

Not replicated enough More robust design

in original lab

Insufficient Better teaching

oversight/mentoringr

More within-lab validation
Methods, code unavailable

: : Incentives for better practice | 3
Poor experimental design -
Incentives for formal

Raw data not available :
reproduction

from original lab

Fraud : More external-lab validation

Insufficient peer review : More time for mentoring

Problems with ; ; i : N
reproduction efforts - : : Journals enforcing standards | =

Technical expertise required

for reproduction More time checking

notebooks <
Variability of
standard reagents

Bad luck

Baker, M. (2016). 1,500 scientists lift the lid on reproducibility. Nature News, 533(7604), 452.
18


https://forrt.org/

Why is so much work not reproducible?

* Losing competitive advantages —
* Prepare code and data —

* Code not worth publishing —

* Proprietary software —

* Missing supporting tools —

* Licensing —

* Not yet relevant —

Publish or Perish
Journal Impact Factors
h-index

Re-doing

Typlcal research project analyses
Ana/yses Peer
review

Research project using reproducible practices

Anal Peer Peer
UEHEED review rewew

Re-doing
analyses
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Shaping Europe’s digital future
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WORLD VIEW - 24 MAY 2018

Before reproduc
preproducibility

e Instead of arguing about whether results hold up, let’s pushto provide
enough information for others to repeat the experiments, says Philip

Stark.

ibility must come

Internati
r onal Networl
Open Science & Scholarship Camm::‘i:iz-:

Phiip B. Stark ™

)5 PDF version

st few years, 83 nolitely refused reg uests Lo

formation for me to

narticle on the grounds that it lacks enough in
This can be a hard thing to explain.
RELATED ARTICLES

Starter kit:
20


https://inosc-starter-kit.netlify.app/
https://www.openscience-twente.com/

he status quo of ORR in the geosciences

Charcoal Influx z-Scores | 20500-21500 BP

20.5-21.5 ka

Konkol et al. (2018): Comp. reproducibility in geoscientific papers: Insights from a series of studies
with geoscientists and a reproduction study. https://doi.org/10.1080/13658816.2018.1508687

21
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Why are the two maps not identical?

What do you think?

Please go to https://www.menti.com/ and make a suggestion. Code: 7925 8413

22



Why are the two maps not identical?

i Mentimeter

\Why are the two maps not identical?

The authors edited the map outside Different code to generate the data. Different date/ Different options

the software but did not document
the edits

Probably the map for reproduction
was created after the publication,
and either "improved" or actually
had to be reconstructed as the
original was not even repeatable...

many reasons: you did not run the

lateat vercion of the conde innnit datra

The authors did not record all the
steps for using the software

The reproduction was done
selectively? Catering for a change
of context by the researcher?

| think we should only consider the

used to create the map

The scale is different?

Different software versions.

There were dependencies required
that weren't loaded

23



\Why are the two maps not identical?

and eltner ‘improved’ or actually
had to be reconstructed as the
original was not even repeatable...

The reproduction was done
selectively? Catering for a change
of context by the researcher?

Why are the two maps not identical?

A Mentimeter

Different software versions.

many reasons: you did not run the
latest version of the code, input data
got updated, the authors "cheated"
(removed some results), etc. etc.

The function has changed because
the program used to create the map
was updated in the meanwhile

| think we should only consider the
maps while comparison, and
according to that they are different
because they include different data
points.

There were dependencies required
that weren't loaded




. . Apparently: Making the code and
CO m p Utatlo Nd | environme nt? the data a\\//ailable is not enough!

M import numpy as np

M import numpy as np
import matplotlib.pyplot as plt

import matplotlib.pyplot as plt

plt.figure (figsize=(6, 5)) plt.figure (figsize=(6, 5))
fig.add_subplot(111) fig.add subplot (111)

) :M*15]

np.ogrid[0:20:N* tM*17] np.ogrid[0 3
0) * np.cos(np.pi * Y*2 /

np.sin(np.pi * X / * np.cos(np.pi * Y*2 / 20) np.sin(np.pi *
200

im ax.imshow (data, extent=[0, 2 0 ) im = ax.imshow(data, extent=[0, 0,

fig.colorbar (im, ax=ax, shrin fig.colorbar(im, ax=ax, shrink=0.8)
ax.set_xlabel ("X", fontsize= ax.set_xlabel( , fontsize=18)
ax.set_ylabel ("Y", fontsize= ax.set_ylabel ("Y", fontsize=18)

<matplotlib.text.Text at 0x7£5989e5b25 _ ‘- : <matplotlib.text.Text at 0x7£82e8b9%c910>

(8 sloc) 113
200 ’ 200

= name : CompEnv-Ex2 name: CompEnv-Ex2
150
channels: channels:
125
- defaults - defaults
dependencies: dependencies:
python=2.7.% python=2_7.%
pip
pip:
- matplotlib==1.5.3 - matplotlib==2.6.%

https://mybinder.org/v2/gh/alan-turing-institute/CompEnv- https://mybinder.org/v2/gh/alan-turing-institute/CompEnv-
Ex2/branch-a?filepath=demo.ipynb Ex2/branch-b?filepath=demo.ipynb 55



https://mybinder.org/v2/gh/alan-turing-institute/CompEnv-Ex2/branch-a?filepath=demo.ipynb
https://mybinder.org/v2/gh/alan-turing-institute/CompEnv-Ex2/branch-b?filepath=demo.ipynb

Publishing computational research —
a review of infrastructures

AUTHOREANNS binder

= Galaxy

COMMUMNITY HUB

opening -~
reproducible - -
research -

EQBDPOZip EWHOLE TALE

OMANUSCRIPTS

Konkol, M., Nist, D., & Goulier, L. (2020). Publishing computational research-a review of infrastructures for reproducible and
transparent scholarly communication. Research integrity and peer review, 5(1), 1-8.c 26


https://www.google.com/imgres?imgurl=https%3A%2F%2Fo2r.info%2Ferc-checker%2Fimg%2Fo2r-logo.png&imgrefurl=https%3A%2F%2Fo2r.info%2F&tbnid=lihiE6VcNv9mmM&vet=12ahUKEwjm696Yv6rvAhUJyKQKHRr3CPoQMygAegQIARB6..i&docid=ij1qVHWuqtI-FM&w=400&h=117&q=o2r%20opening%20reproducible%20research&client=firefox-b-d&ved=2ahUKEwjm696Yv6rvAhUJyKQKHRr3CPoQMygAegQIARB6

The concept of a research compendium

Text Data Code Computational
environment
Literate Programming:

Combining text, data, and code in one document, e.g., R Markdown
and Jupyter Notebooks

Gentleman, R., & Temple Lang, D. (2007). Statistical analyses and reproducible research. Journal of Computational and Graphical Statistics, 16(1), 1-23.

27


https://doi.org/10.1198/106186007X178663

The concept of a research compendium

@ | agile-rr-paper-corpus.Rmd
M import numpy as np

import matplotlib.pyplot as plt z v S @ Knit . @ Insert -
183~ """ {r data path}
184 data_path <- "paper-corpus”

### Data

The data for the analysis is required in form of a directory with PDF files.
: Add the PDFs to a directory called ~ “r data_path™ = (path automatically inserted here based on
np.sin(np. * np.cos(np.pi * Y*2 / 20) above variable) next to the file "agile-rr-paper-corpus.Rmd™ (this file).

im ax.imshow (data, extent=[0, ) You can contact the original paper authors and ask for the test dataset to reproduce the full
fig.colorbar (im, ax=ax, shrink analysis.

Alternatively, you can download a selection of AGILE short papers to test the workflow using the
ax.set xlabel ("X", fontsize=18) code below which is not_ executed by default.

ax.set_ylabel ("Y", fontsize=18)

“{r demo_data,eval=FALSE}
<matplotlib.text.Text at 0x7£5989e5b250> b dir.create(here: :here(data_path))

200 ; rvest links to PDFs, selec sears for more data,
8 ) and increase max_fi er_year
175
! max_files
150 2 base_url
proceedings_urls <- sapply(X = as.character(years),
125 FUN = function( { paste®(base_url, x) }, USE.NAMES=TRUE)
proceedings_html <- lapply(X = proceedings_urls, FUN = read_html)

# papers, posters, abstrac
# we might al atch both abstr
get_links <- function(page){
all_links <- page
html nodes(css
html_attr("href")
as.list()
pdf_links <- tibble(links = all_links)
filter(str_detect(links, pattern = "pdf$"
return(ndf links)
A Analysis and visualisations for "Reproducible research and GiScience: an evaluation using AGILE conference papers” =

Gentleman, R., & Temple Lang, D. (2007). Statistical analyses and reproducible research. Journal of Computational and Graphical Statistics, 16(1), 1-23.
28
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The concept of a research compendium

Text Data Code

Literate Programming:
Combining text, data, and code in one document, e.g., R Markdown
and Jupyter Notebooks

Computational
environment

Gentleman, R., & Temple Lang, D. (2007). Statistical analyses and reproducible research. Journal of Computational and Graphical Statistics, 16(1), 1-23.

29
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Which applications consider the computational environment?

ReproZip

ning - -
producible N
research g

EOWHQYETALE

= Galaxy

COMMUMNITY HUB

OMANUSCRIPTS
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fo2r.info%2Ferc-checker%2Fimg%2Fo2r-logo.png&imgrefurl=https%3A%2F%2Fo2r.info%2F&tbnid=lihiE6VcNv9mmM&vet=12ahUKEwjm696Yv6rvAhUJyKQKHRr3CPoQMygAegQIARB6..i&docid=ij1qVHWuqtI-FM&w=400&h=117&q=o2r%20opening%20reproducible%20research&client=firefox-b-d&ved=2ahUKEwjm696Yv6rvAhUJyKQKHRr3CPoQMygAegQIARB6
https://elifesciences.org/labs/b521cf4d/reproducible-document-stack-towards-a-scalable-solution-for-reproducible-articles

Which infrastructures support Literate programming?

R Markdown (R

AUTHOREA

= Galaxy

COMMUMNITY HUB

-
- -

EReproZilg
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fo2r.info%2Ferc-checker%2Fimg%2Fo2r-logo.png&imgrefurl=https%3A%2F%2Fo2r.info%2F&tbnid=lihiE6VcNv9mmM&vet=12ahUKEwjm696Yv6rvAhUJyKQKHRr3CPoQMygAegQIARB6..i&docid=ij1qVHWuqtI-FM&w=400&h=117&q=o2r%20opening%20reproducible%20research&client=firefox-b-d&ved=2ahUKEwjm696Yv6rvAhUJyKQKHRr3CPoQMygAegQIARB6
https://www.google.com/search?q=r&client=firefox-b-d&sxsrf=ALeKk02A3yRypPzZw8eLwui6QduZRToNjA:1615545044039&tbm=isch&source=iu&ictx=1&fir=3mybzK21hU1sWM%252CYQiq9wOsiAZBVM%252C%252Fm%252F0212jm&vet=1&usg=AI4_-kR9_4TYlgDwaN68fWcMLYlO_ElnVA&sa=X&ved=2ahUKEwjhr9-jxqrvAhUvuaQKHXQWAeEQ_B16BAgcEAE#imgrc=3mybzK21hU1sWM
https://www.google.com/search?q=r&client=firefox-b-d&sxsrf=ALeKk02A3yRypPzZw8eLwui6QduZRToNjA:1615545044039&tbm=isch&source=iu&ictx=1&fir=3mybzK21hU1sWM%252CYQiq9wOsiAZBVM%252C%252Fm%252F0212jm&vet=1&usg=AI4_-kR9_4TYlgDwaN68fWcMLYlO_ElnVA&sa=X&ved=2ahUKEwjhr9-jxqrvAhUvuaQKHXQWAeEQ_B16BAgcEAE#imgrc=3mybzK21hU1sWM

Turn a Git repo into a collection of interactive
notebooks

" Jupyter
Have a reposi — JUpY

executable enviy Files Running Clusters

Select items to perform actions on them
New to B
~ B

0 bin

Build and launch a r
[ kitematic

GitHub repository name or
0 agile-rr-paper-corpus.pdf

GitHub
0 agile-rr-paper-corpus.Rmd
GitHub (3 binder-screenshot-01.png
Gist O binder-screenshot-02_png
Git repository

0 binder-screenshot-03.png
GitLab.com

Zenodo DOI [ Dockerfile

Figshare DOIL O install R

Hydroshare resource [ LICENSE

Dataverse DOI
LOpY INe TexXT DeIow, tner

O Paper_Evaluation.csv
(3 README.md

0 Reproducibility_Survey.csv

Visit repo

Copy Binder link

Upload |New = | &

MNotebook:

6 File Edit Code View Plots Session Build Debug Profile Tools Help
Q- Oyl € Go to file/functior ~ Addins «

@ agile-rr-paper-corpus Rmd — = Environment

v A @ Knit - 3 Insert - #Run - | G - I

# Import Dataset - | 3

[-- "k Global Environment -

title: 'Analysis and visualisations for "Reproducible research and GIScience: an evaluation using
AGILE conference papers"'
author: "Daniel Niist, Barbara Hofer"
date: ""r format(Sys.time(), "%d %B, %Y')™ "
output:
pdf_document:
keep_tex: yes
latex_engine: xelatex
toc: yes
html_document:
df_print: paged
toc: yes
urlcolor: blue
# add lscape package to support kableExtra::landscape() for PDF output ~
header-includes: | =
\usepackage{lscape}

Files

) -
## License

This document is licensed under a [Creative Commons Attribution 4.0 International
License](https://creativecommons.org/licenses/by/4.0/).

All contained code is licensed under the [Apache License
2.0](https://choosealicense.com/licenses/apache-2.8/).
24
25 The data used is licensed under a [Open Data Commons Attribution v
1:1 Analysis and visualisations for "Reproducible research and ClScience: an evaluation using AGILE conference papers” 3 R Markdown

Console  Terminal =0
€1TaTion() On noW TO C1Te K OF K packages 1n pupllcations.
Type 'demo()' for some demos, "help()' for on-line help, or

‘help.start()' for an HTML browser interface to help.
Type "q()' to quit R.

@ New Folder

Plots Packages Help Viewer

Home

4 Name

¢ _gitignore

agile-rr-paper-corpus.pdf
agile-rr-paper-corpus Rmd
bin
binder-screenshot-01.png
binder-screenshot-02_png
binder-screenshot-03_png
Dockerfile

install. R

kitematic

LICENSE
Paper_Evaluation.csv
README.md
Reproducibility_Survey.csv

History  Connections

Environment is empty

© | upload © Delete

Size

591 B
153.3 KB
34.4 KB

57 4 KB
61.7 KB
2766 KB
896 B
7778

2808
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5.4 KB
16.4 KB
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» RUN DOCUMENT A 2 SOURCE

®

Figure 1B
Replication

#' @width 17
' ight 10

new column lculating RNA in 1
data2$RNA.100uL <- data2%Average.RNA.Con
L Michelle Lewis, Meredith -
iHicalculates RNA per cell
data2$RNA.per.cell <- data2$RNA.1806ul/da

o
=)
=
— 1.0
—
)
o

per 1,00C

Ck
4
o
I
S

University of Georgia, Bioexpre
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Which infrastructures support sensitive data?
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How to get ready for ORR?

Start with your own workspace (e.g. naming of files, folder structure)

Learn a scripting language (R, Python)

Learn a notebook format (R Markdown/Jupyter Notebooks)

Learn a software for versioning (git)

Some effort at the beginning, pays off for the rest of your career

“Openness is not all-or-nothing [...] Fully open research is a long-term qgoal, not a
switch we should expect to flip overnight-” (MCKIERNAN, 2076)
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