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Roadmap

» Some definitions
* Open research and reproducibility

* Reproducible data acquisition, processing, analyses
and reports/publications (with some useful tools)

» Take-aways
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Based on: https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
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Reproduced

results are consistent when following the same
method and analysis steps with the same input

data

https://www.nap.edu/catalog/25303
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Quantitative studies
computational reproducibility

Qualitative studies
process transparency



Quantitative studies
computational reproducibility

“obtaining consistent computational results using
the same input data, computational steps,
methods, code, and conditions of analysis”

https://www.nap.edu/catalog/25303
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Quantitative studies
computational reproducibility

Re-running analyses/code with the same data



Qualitative studies
process transparency

Arriving at similar (consistent) interpretation by
following the same analysis process



Qualitative studies
process transparency

Following the step-by-step reasoning and
interpretation process
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Reproducibility is strongly
associated with transparency



“Open Science has the
potential of making the
scientific process more
transparent, inclusive
and democratic. ltis(...)
a true game changer in
bridging the science,
technology and innovation
gaps and fulfilling the
human right to science.”

UNESCO Recommendation
https://www.unesco.org/en/natural-sciences/open-science on o pe n S cience

https://youtu.be/I3Wkvx ZaFo
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Reproducible does not
(have to) mean fully open



As open as possible,
as closed as necessary



Open but not usable

Piled Higher and Deeper by Jorge G Mw.phdcomics.com

ARE THERE
INSTRUCTIONS FOR
HowW TO uek (T?

DON'T WORRY, | /You CAN Re-vsE TUE \
YoU DON'T WAVE
TO START YOUR

CODE FROM
SCRATCH,

THS 1S GOING
TO BE PAINFUL,
ISN'T (T?

SOFTWARE THAT TWE
PREVIOUS PERSON
ON THE PROJECT
WROTE SEVERAL
YEARS AGO.

W, PHDCOMICS. COM

title: "Scratch” - originally published 3/12/2014



Reasons for irreproducibility:

* Unavailablility of materials, data and/or analyses
* Poor data management

« Unclear analysis specification

 Lack of documentation

 Errors in reporting numbers

 Lack of quality checking procedures

* Insufficient peer review



Reproducible research
workflows

Data acquisition and processing
Data analyses
Data reports (manuscripts)




Data organization
Data documentation
Version control



Organized data

project_name/
— README. md
— data/

# overview of the project
# data files used in the project
+— README.md # describes where data came from
L— sub-folder/ # may contain subdirectories
—— processed_data/ # intermediate files from the analysis
#
#
#
#
#

—— manuscript/ manuscript describing the results
— results/ results of the analysis (data, tables, figures)
— src/ contains all code in the project
+— LICENSE license for your code
— requirements.txt software requirements and dependencies
— doc/ # documentation for your project
— index.rst

Research project with a proper data file structure. Image taken from CodeRefinery, Lesson on Reproducible Research.
Shared under CC-BY 4.0.

https://coderefinery.qithub.io/reproducible-research/organizing-projects/
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Versioned data

Versioning refers to saving new copies of your files
when you make changes so that later you can go back
and retrieve specific versions of your files

DataFileName_v1_0 = original document
DataFileName_v1_1 = original document with minor revisions

DataFileName_v2_0 = document with substantial revisions



Documented data: README-files

* The first file to open
« Map for navigating and exploring files and their content

 One README.txt file per folder

“ 1 = |
Fil Hjem Del Visning
Klipp ut x T Nytt element ~ \/— Apne FH Merk
= = Kopier bane 1 | Enkel tilgang ~ J Rediger Merk
Fest til Kopier  Lim - Fiytt  Kopier Slett  Gi nytt My Egenskaper )
rtigtilgang inn | TR til til @ navn  mappe = & Logg £ Invert
Utklippstavle COrganiser My Apne e
- v 1 « OneDrive - Universitetet i Oslo » Forskningsdatahandtering > VeilederKurs_ISS_24_03_2021 v o
L1 Mavn Status Endringsdato Type
7+ Hurtigtilgang
B Skrivebord 01_Materials © 26.03.2021 09:17 Filmappe
) 02_Outline ® 24.03.2021 22:06 Filmappe
¥ Nedlastinger ] o B
03_Presentation ® 26.03.2021 12:12 Filmappe
= Dokumenter _ _ _
= ’ ® 24032021 22:07 Filmappe
&= Bilder =] README_26_03_2021 @ 26.03.2021 12:11 Tekstdokument
> Musikk

& OneDrive - Univers


http://dataabinitio.com/?p=344

Documented data: CODEBOOK

« Explains all variables and their codes in the dataset

It typically contains:

[ variable names, variable labels, variable codes, variable formats, missing

data (in quantitative research)

[ codes, code definitions, examples of what to include with a given code (in

qualitative research)

« Can be also called Data Dictionary
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Sex: biological sex self-
reported by the participant
(0 — Female, 1 — Male)

Gender: self-reported
gender (0 — Female, 1 —
Male, 2 — Other)

Age: age in months at the
date of test (automatically
calculated in the system as
the difference between the
date of test and the date of
birth)
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Tools that help: Templates

« Cornell University template and guide to README .txt-files:

https://data.research.cornell.edu/content/readme

« README.txt-files from DataverseNO:

General template

Example for social sciences

Example for life sciences



https://data.research.cornell.edu/content/readme
https://drive.google.com/file/d/1RHl-D79tZWC3nJJPrnvcgIQDHgmuH2Mk/view?usp=sharing
https://drive.google.com/file/d/1RHl-D79tZWC3nJJPrnvcgIQDHgmuH2Mk/view?usp=sharing
https://drive.google.com/file/d/186iauQWcDPLAGd-Ks1XK4vQFpSqMyBo3/view?usp=sharing
https://drive.google.com/file/d/186iauQWcDPLAGd-Ks1XK4vQFpSqMyBo3/view?usp=sharing
https://drive.google.com/file/d/186iauQWcDPLAGd-Ks1XK4vQFpSqMyBo3/view?usp=sharing
https://drive.google.com/file/d/186iauQWcDPLAGd-Ks1XK4vQFpSqMyBo3/view?usp=sharing
https://drive.google.com/file/d/1ljK19U37F-iynqunygz6nQZVMnMkm60T/view
https://drive.google.com/file/d/1ljK19U37F-iynqunygz6nQZVMnMkm60T/view
https://drive.google.com/file/d/1ljK19U37F-iynqunygz6nQZVMnMkm60T/view
https://drive.google.com/file/d/1ljK19U37F-iynqunygz6nQZVMnMkm60T/view

Tools that help: Nettskjema codebook

View Form builder JEeLLELLT] @M Settings Collect responses  See results

Codebook

Mapping questions and alternatives to variables is necessary if the results of a survey are going to
be processed in an external analysis tool (e.g. SPSS, STATA or R).

Read more about, and get an introduction to the codebook in Nettskjema

[ @ The codebook is not activated for this form ]

Activate codebook

https://www.uio.no/english/services/it/research/sensitive-data/help/create-nettskjema.html
https://www.uio.no/tienester/it/adm-app/nettskjema/hjelp/kodebok.html
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Tools that help: ELN

Electronic Lab Notebooks

help document research, experiments and procedures

performed in laboratories

SciSure
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Step-by-step documentation
Version control
Cloud computing and/or containers



Raw data Processed Analyzed
data data
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Qualitative studies
process transparency

Following the step-by-step reasoning and
interpretation process
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Tools that help: Annotations ~vivoi:

Use annotations to comment on selected parts of a source or node

Like scribbled notes in the margin, annotations let you record comments, reminders or observations about specific content in a source or node.
Annotated content is highlighted in blue and the text of the annotation is displayed in the Annotations tab at the bottom of the window.

[ (]

https://help-nv11l.gsrinternational.com/desktop/concepts/about annotations.htm
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E Qualitative Data Repository

Annotation for Transparent
~ Inquiry (ATI)

ATI Models
ATI Instructions
Why ATI?

Empowering Openness in
Law-Related Research: A
Pilot

Working with Sensitive Research
Data (WSRD)

Publications

LogIn

Register Q

Annotation for Transparent Inquiry (ATI

at a Glance

Annotation for Transparent Inquiry (ATI) facilitates transparency in qualitative research by allowing scholars to

“annotate” specific passages in an article. Annotations amplify the text and, when possible, include a link to one

or more data sources underlying a claim; data sources are housed in a repository.

Any digitally published manuscript can be
annotated using ATI (here: an article in
International Organization published by

Cambridge University Press)

Hungary, this was their only stated concern. However, many states conditioned

. aes . o . " o QDR
their recognition decision on an action related to Indian troop withdrawal and gave R AN—
three different types of reasons for doing so. States also differed in the extent of
troop withdrawal they required before recognition. See Table 2 for a full list of
states, their stated reason for conditioning recognition on withdrawal (if any can be
identified), and what recognition was conditioned on (whether actual withdrawal
Or a proxy).

The first type of reason, opposition to condoning or legitimizing aggression, is
labeled as “Non-aggression.” A good example comes from Mexican Foreign
Minister Emilio Oscar Rabasa who reported that the Mexican president had
decided not to recognize Bangladesh because, “since the Mexicans, like many
Latin Americans, refuse to condone territorial aggrandizement as a result of war,
they would prefer to wait on the withdrawal of Indian troops as the sign of true
independence.”

This also appeals to “true i dence.” Self-determination is another
important value expressed by the Mexican representative and is the second type of
reason commonly appealed to as justifying recognition as Bangladesh. For

T

QDR
Annotation for Transparent Inquiry (ATI) DI

Full Citation: Sir Peter Hope, UK Ambassador to Mexico, a
confidential telegram from Hope 1o the Foreign and
Commonweaith Office, 26 January 1972, Foider 37/1020 of the
FCO Archives held at the National Archives at Kew, UK

Source Excerpt: Rabasa said that, since the Mexicans, like
many Latin Americans, refuse to condone territonal
aggrandizement as a result of war, they would prefer 10 wait on
the withdrawal of indian troops as the sign of true
independence

' Analytic Note: This is a confidential telegram from UK
Ambassador to Mexico Sir Peter Hope to the Foreign and
Commonweaith Office of 26 January, 1972, from foider
37/1020 of the FCO Archives heid at the National Archives at
Kew, UK. This excerpt shows that the Mexican Foreign Minister,
Emiio Oscar Rabasa, gave as a reason for the Mexican
President's decision not to recognize Bangladesh, that they did
not want to condone territorial aggrandzement as a result of
war until indian troops had been withdrawn. The telegram also
indicates that this reason and another reason, | e. that Mujib's
assumption of several cabinet portfolios cast doubt on the fact
that his government had been elected by the peopie, were the
only two reasons cited by the Mexican government

q

88. Sce Figure 2.

89. A frequent concern was that states had to tcmgnmc in a group, or on the same day as multiple other
states. However, even all g for mmor p bl this in and of itself cannot explain the
length of time taken to make i and d i

90. Cable from Hope, 16 January 1972, FCO 37/1020.

125297k ey=13e4¢931-1172-4053-8a07-612651e50207

sFia<

Any passage in the text or
in notes of a manuscript
can be annotated using ATI

ATI Annotation: Displayed
alongside article. Created by
author, curated by QDR,
hosted and served by
Hypothesis, displayed on
publisher’s web site

Elements of an ATl annotation:
One or more of the following:
» Analytic Note

* Source Excerpt

+ Source Excerpt Translation

+ Link to Data Source

Data Source: hitps //data beta qdr u!g‘aguaccess-'calam’e’///

Link to data
source housed in
QDR

https://adr.syr.edu/ati



https://qdr.syr.edu/ati

PSC 43(1) 99078 1/7 12/21/09 9:08 am RE-REVISED PROOF Page: 29

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Active Citation: A Precondition for
Replicable Qualitative Research

Andrew Moravcsik, Princeton University

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

https://www.princeton.edu/~amoravcs/library/ps.pdf
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Quantitative studies
computational reproducibility

Re-running analyses/code with the same data



Tools that help: Analysis via code
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Tools that help: Version control

 Git: Free and open source 0 git
version control system

 GitHub: is an internet hosting
service for software development

and version control using Git .
GitHub

https://git-scm.com/
https://github.com/
https://youtu.be/gY2JwRfin1M



https://git-scm.com/
https://git-scm.com/
https://git-scm.com/
https://github.com/
https://youtu.be/gY2JwRfin1M

Tools that help: Shared notebooks

o=
' jupytel’ Try Install GetlInvolved Documentation News Governance Security About

jupyter

Free software, open standards, and web services for interactive computing across all
programming languages .
https://jupyter.org/
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Tools that help: Quality check

Language Static code analysis tool Language Formatter Tool

Python Pylint, prospector Python Black, yapf

R lintr R formatR

Shell/Bash shellcheck Shell/Bash Shelllndent
HTML Tidy

https://the-turing-way.netlify.app/reproducible-research/code-quality.html
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Tools that help: Code review

https://the-turing-way.netlify.app/reproducible-research/testing.html
Catching bugs. The Turing Way project illustration by Scriberia. Used under a CC-BY 4.0 licence. DOI: 10.5281/zenodo.3332807. https://the-turing-way.netlify.app/reproducible-research/reviewing.html
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Tools that help: Checklists

The TADA-Wiki: Best practice for sharing analytical code
https://eivimeycook.github.io/TADA-Wiki

T — Transferable
A — Available

D — Documented
A — Annotated

UNIVERSITY
OF OSLO
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Tools that help: Checklists

Code (TADA) Data

Condensed from the TADA guidelines.
Transferable — full chapter

(] Every script is saved with a standard code extension ( .R, .py, .cpp,
...), hotinside a .docx or .pdf

(] No setwd() (R)or os.chdir() (Python) appears anywhere in the code

[ ] No absolute paths ( /Users/you/.., C:/Users/you/..) remain; paths are
relative (written from the project folder, e.g. data/raw/file.csv)

(] Data, code and materials all live in one project directory

[ ] The project has been opened from a clean start (restart R or Python with
nothing already loaded) and still runs

UNIVERSITY
OF OSLO



However...









matpl:tlib

https://jiayiwu.me/blog/2021/05/13/how-to-make-a-r-package-in-rstudio.html
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png



https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png

/‘ EASLINSTALD -« 7— $Pvmoumm

n\ ‘ \W Qﬂm
QPATH——> Q»\ ’- /
c\% m{ /@m

/ th: oy
/Usr/m‘/ce"“x\l 1 [/usr/lomlll blpyﬂ\oré 6

fuse/local/opt = /usrlocal/Iib/ python27
/(A BUNCH OF PATHS WITH “FRAMEWORKS" IN THEM SOMEWHERE )/
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Analysis | Open Access | Published: 21 February 2022

A large-scale study on research code quality and
execution

Ana Trisovic &7, Matthew K. Lau, Thomas Pasquier & Merce Crosas

Scientific Data 9, Article number: 60 (2022) ‘

19k Accesses | 7 Citations | 399 Altmetric

R Object Not Found: 136 R Object Not Found: 151 W

https://www.nature.com/articles/s41597-022-01143-6
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Tools that help: Containers

Interaction
What is 147 [ Graphical Command line
reproduced?
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Linked tables and analyses
Version control
Collaboration



Tools that help: R Markdown

R Markdown

from ®Studio' Get Started Gallery Formats Articles Book References )

Oiversity gradient

Analyze. Share. Reproduce.

Your data tells a story. Tell it with R Markdown.
Turn your analyses into high quality documents,

reports, presentations and dashboards.

3
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a8 ; i ) Global Environment ~ Q
g- ## Using Terrain Colors Valies
. 19 M) T chapter "layers"
R Markdown documents are fully reproducible. » ;‘é’;‘;&{'f:;;;ﬂﬁ{:‘;ﬁf’;ﬁf‘mf‘:;ﬁ“, R o uistor 9
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Use a productive notebook interface to weave £ et s Vo, - i clors®y, o i) =1 Y
X include_graphics  function (x, options) =
1 is_latex
together narrative text and code to produce " Maunga Whau Volcano S ptps:/frmarkdown. rstudio.com/
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Tools that help: Quarto

qugrto Overview GetStarted Guide Extensions Reference Gallery Blog Help ~

Welcome to Quarto

Quarto is an open-source scientific and technical
publishing system built on Pandoc

Create dynamic content with Python, R, Julia, and Observable.

Author documents as plain text markdown or Jupyter notebooks.

Publish high-quality articles, reports, presentations, websites, blogs,
and books in HTML, PDF, MS Word, ePub, and more.

Author with scientific markdown, including equations, citations,

crossrefs, figure panels, callouts, advanced layout, and more.

https://quarto.org/
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Other tools

« Qverleaf (collaborative LaTeX editor)
« HackMD (a realtime web-based collaborative Markdown editor)

« Manuscripts.io (a collaborative authoring tool that support scientific content and
reproducibility)

« Rrtools (instructions, templates, and functions for making a basic compendium
suitable for writing a reproducible journal article or report with R)

« Jupyter Notebooks (can be used for supplementary material with journal
articles.

https://coderefinery.qithub.io/reproducible-research/organizing-projects/
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Reproducible research
workflows

Data acquisition and processing
Data analyses
Data reports (manuscripts)
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More resources:

The Turing Way: Guide for Reproducible Research
https://the-turing-way.netlify.app/reproducible-research/reproducible-research.html

CodeRefinery: Reproducible Research
https://coderefinery.qgithub.io/reproducible-research/motivation/

L

CODE REFINERY

UNIVERSITY
OF OSLO
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Journal Club

JOIN IN AND DISCUSS WITH FELLOW
STUDENTS AND RESEARCHERS

OPEN RESEARCH, REPRODUCIBILITY
and RESEARCH IMPROVEMENT

Join us

Everyone is welcome to join us - whether you are an enthusiast of
open and reproducible research, a skeptic, or a cautious explorer.
Currently, all meetings are hybrid with the possibility of joining on-site
at Blindern or via Zoom. Grab a cup of tea (coffee?) and join us!

Subscribe to our mailing list —>

https://www.ub.uio.no/english/libraries/dsc/open-repro-research/reproducibilitea/
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RN

NOR Ilzcle?orr\é\dﬁ}c/:ibility Network

Welcome to Norway’'s Reproducibility
Network!

Norwegian Reproducibility Network (NORRN) is a peer-led consortium located in Norway. It follows an
organisational format adopted internationally as nationwide "Reproducibility Networks” NORRN collaborates
with the other Reproducibility Networks whilst remaining a unique and independent community.

https://www.norrn.no/
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Digital Scholarship Centre

at the University of Oslo Library

Courses, guidance, networks, and resources

|ﬁ Research Data Management

[1 Digital tools and methods

3.1 Science visualization
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Det senteret for digitalforskerstgttes nyhetsbrev, The Digital Scholarship Centre's Newsletter,
en del av Universitetsbiblioteket 1 Oslo part of the University of Oslo Libran

DSC NEWS

Senter for digitalforskerstotte
Digital Scholarship Centre

https://sympa.uio.no/ub.uio.no/subscribe/dsc-news/subscribe
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