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Outline and Disclosures

1. Why transparent research?
2. How to conduct transparent research?
3. Example of transparent QMSKI: pyKNEEr

• I will show some of the tools for transparent research, chosen among the 
most commonly used
• I do not have conflicts of interest
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What are openness and reproducibility?

• Open science refers to the free availability of data, software, and 
methods developed by researchers with the aim to share knowledge 
and tools to professionals and citizens (Woelfle 2011)

• Reproducibility is the ability of researchers to duplicate the results of a 
previous study using the same data, software, and methods used by the 
original authors (Bollen 2015) 
• Replicability is the recreation of same results using new data but the same 

experimental design (Gorgolewski)

Note: In some fields the two definitions are inverted
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https://www.nature.com/articles/nchem.1149
https://www.nsf.gov/sbe/AC_Materials/SBE_Robust_and_Reliable_Research_Report.pdf
http://blog.chrisgorgolewski.org/p/talks.html
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1https://www.youtube.com/watch?v=dF1-nkqwmjI from min 13:30, and https://www.youtube.com/watch?v=eV9dcAGaVU8

• Discovery of personalized cancer treatment at Duke University

V. Stodden1: “None of that was 
picked up in peer-review. Nobody 
looks under the covers that deeply 
in peer-review. They were able to 
read the paper. This kind of thing is in 
the code and in the data itself”

Replication crisis

(Baggerly 2009)(Bonnefoi 2007)

(Potti 2006)

(Potti 2006)

(Hsu 2007)

https://www.youtube.com/watch?v=dF1-nkqwmjI
https://www.youtube.com/watch?v=eV9dcAGaVU8
https://projecteuclid.org/euclid.aoas/1267453942
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(07)70345-5/fulltext
https://www.nature.com/articles/nm1491
https://www.nejm.org/doi/full/10.1056/NEJMoa060467
http://ascopubs.org/doi/full/10.1200/JCO.2007.11.0593?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&


Computational replicability crisis
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(Collberg 2015a)

• 508 papers from 8 conferences and  
5 journals with a practical orientation

• Team of undergraduate students, 
graduate students, and postdocs

• They could replicate algorithms of 
226 papers (44%) 

(Collberg 2015b)

https://dl.acm.org/citation.cfm?doid=2897191.2812803
https://pdfs.semanticscholar.org/94f7/2e68ba2c602a913e198fa283d22d7d736f55.pdf


Why is it so difficult to replicate studies?

• Papers must be concise (Vandewalle 2012)  
• Limited amount of words, figures, and tables
• Authors have to select methods and parameters to present

• Data and software are in the supplementary material
• Not in the paper body (Vandewalle 2012) 

• Until a few years ago there were no permanent, large, 
and free repositories for data and software with DOI 
• Personal repositories often get deleted (Gil 2016)

• “Publish or perish” might favor quantity over quality 
and scientific bias (results have to be good) (Fanelli 2010)
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https://infoscience.epfl.ch/record/206184/files/Vandewalle12.pdf
https://infoscience.epfl.ch/record/206184/files/Vandewalle12.pdf
https://www.researchgate.net/profile/Xuan_Yu10/publication/305670625_Towards_the_Geoscience_Paper_of_the_Future_Best_Practices_for_Documenting_and_Sharing_Research_from_Data_to_Software_to_Provenance_Geoscience_Paper_of_the_Future/links/5806806e08ae5ad1881664f8/Towards-the-Geoscience-Paper-of-the-Future-Best-Practices-for-Documenting-and-Sharing-Research-from-Data-to-Software-to-Provenance-Geoscience-Paper-of-the-Future.pdf
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0010271&type=printable


Current vs. transparent way of publishing

• Currently
• Publications are the tip of the iceberg
• “It’s impossible to verify most of the results that 

computational scientists present at conferences and 
in papers” Donoho 2009

• A transparency solution
• “An author attaches to every figure caption a 

pushbutton or a name tag usable to recalculate the 
figure from all its data, parameters, and programs. 
This provides a concrete definition of reproducibility 
in computationally oriented research” Claerbout 1992
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Slide modified from: http://mescal.imag.fr/membres/arnaud.legrand/teaching/2016/mosig_smpe_2_reproducible_research.pdf

https://sparselab.stanford.edu/OptimalTuning/rr.pdf
https://library.seg.org/doi/abs/10.1190/1.1822162
http://mescal.imag.fr/membres/arnaud.legrand/teaching/2016/mosig_smpe_2_reproducible_research.pdf


What are the benefits of transparent research?

• Openness and reproducibility are 
essential to researchers to:

• Assess the value of scientific claims (Sandve 
2013) 

• Compare new methods to existing ones 
(Freire 2018)

• Build on the work of other scientists with 
confidence and efficiency, i.e. without 
"reinventing the wheel” (Rule 2018)

• Collaborate to improve and expand robust 
scientific workflows to accelerate scientific 
discoveries (Donoho 2009, Munafo 2017)
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https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003285
http://sites.computer.org/debull/A18mar/A18MAR-CD.pdf
https://arxiv.org/abs/1810.08055
https://sparselab.stanford.edu/OptimalTuning/rr.pdf
https://www.nature.com/articles/s41562-016-0021
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• Increased citation rate

• Personal and group self-discipline 
(Donoho 2009)

• Reproducibility helps defeat       
self-deception (Nuzzo 2015)

(Piwowar 2007) (Vandewalle 2012)

”The median number 
of citations […] 
increases with a factor 
of 3 when code is 
available online”

What are the benefits of transparent research?

https://sparselab.stanford.edu/OptimalTuning/rr.pdf
https://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0000308
https://infoscience.epfl.ch/record/206184/files/Vandewalle12.pdf


Funding agencies support transparent research

• Europe: EOSC, Horizon 2020, OpenAire

• US: NIH, Gates Foundation, Chan-Zuckerberg Initiative

• Canada: Open data

• Australia, New Zealand, Asia, …
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https://eosc-portal.eu/
http://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/open-access-dissemination_en.htm
https://www.openaire.eu/
https://www.nih.gov/news-events/news-releases/nih-releases-strategic-plan-data-science
https://www.gatesfoundation.org/How-We-Work/General-Information/Open-Access-Policy
https://chanzuckerberg.com/science/
https://open.canada.ca/en/open-data


How can we conduct transparent research?

• Historically, research data, tools, and 
processes were rarely openly available 
because of limited storage and 
computational power (Munafo 2017)

• Nowadays there are several tools to conduct 
transparent research

• Open access data

• Reproducible workflows

• Interactive publications
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https://www.nature.com/articles/s41562-016-0021


A few questions about our research practice

• How many of us have uploaded data and/or code to a public repository?

• How many of us use Jupyter notebook or R markdown for reproducible 
workflows?

• How many of us have written an interactive publication?
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Transparent research:
Open-access data,

reproducible workflows,
and interactive publications



Data repositories
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https://zenodo.org/ https://figshare.com/
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 Zenodo+Figshare
 Zenodo
 Figshare

Zenodo and Figshare

GitHub

• Data repositories provide a DOI
• Data and software are persistent and citable

https://zenodo.org/
https://figshare.com/
https://github.com/sbonaretti/2019_QMSKI_Transparent_Research_WS/blob/master/presentation_graphs/2019_QMSKI_WS_graphs.ipynb


Software repositories

• Version control for reproducibility
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https://github.com/

https://bitbucket.org

https://about.gitlab.com

https://github.com/
https://bitbucket.org/
https://about.gitlab.com/


Metadata and documentation

• Characteristics of raw and derived data
• Code documentation

• Formats 
• Fields in repositories (e.g. Zenodo)
• Text files
• README.md in GitHub
• Website
• …
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• Online material is automatically protected by copyright à Add a license

License
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MOSTLEAST FREEDOM

DATA AND PUBLICATIONS
(https://creativecommons.org/choose)

CODE
(https://choosealicense.com/licenses/) 

GNU 
AGPLv3

GNU 
GPLv3

GNU 
LGPLv3

Mozilla 
Public 2.0

Apache 
License 2.0

MIT 
License

The 
Unlicense

Commercial use

Distribution

Modification

Patent use

Private use

Disclose source

License and copyright notice

Network use is distribution

Same license

State changes

Liability

Warranty

Trademark use

https://creativecommons.org/choose
https://choosealicense.com/licenses/


Transparent research:
Open-access data,

reproducible workflows,
and interactive publications



How do we create reproducible workflows?
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(Wilson 2016)(Sandve 2013) 

(Rule 2018)

(Perez-Riverol 2016)

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1005510
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003285
https://arxiv.org/abs/1810.08055
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004947


Summary of rules

• Use open source programming language and file 
formats
• e.g. python, R, .txt, .csv, …

• Keep track of how you create results
• Document computational provenance of derived data

• Store raw data, including data behind plots
• Use computational notebooks

• Avoid manual data manipulation
• Tidy data tables with scripts

• Record dependencies 

• Be your own user
• Code well, be transparent, be simple 

20



Open access programming language

• Plenty of libraries, examples, and Q&A (somebody already had your issue!)
• No purchase needed

21

●

●

●
●

●

●
● ● ●

●
●

●

●

● ●

0

50000

100000

150000

200000

250000

300000

350000

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Year

Se
ar

ch
 c

ou
nt

s

MATLAB

● ● ● ●
●

●
●

●

●

●

●

●
●

●

●

0
10000
20000
30000
40000
50000
60000
70000
80000

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Year
Se

ar
ch

 c
ou

nt
s

python

GitHub - Modified from Donoho 2015

https://github.com/sbonaretti/2019_QMSKI_Transparent_Research_WS/blob/master/presentation_graphs/2019_QMSKI_WS_graphs.ipynb
http://stanford.edu/~vcs/papers/PCAM_20140620-VCS.pdf


Jupyter notebooks
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• Open-source web application integrating
• Live code
• Narrative text with equations
• Visualizations

• Easy to use and share among researchers 

• Examples in medical imaging
• Bone microCT
• SimpleITK notebooks
• SPIE 2019 workshop
• Deep Learning Toolkit
• VTK
• pyKNEEr

http://emmanuelle.github.io/segmentation-of-3-d-tomography-images-with-python-and-scikit-image.html
http://insightsoftwareconsortium.github.io/SimpleITK-Notebooks/
http://insightsoftwareconsortium.github.io/SimpleITK-Notebooks/
https://github.com/DLTK/DLTK/tree/master/examples/tutorials
https://lorensen.github.io/VTKExamples/site/Python/
https://github.com/sbonaretti/pyKNEEr/tree/master/code/pykneer


Dependences

• Reproducibility of computational environment
• Future versions might be incompatible
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Last note on reproducibility

• Reproducibility does not imply correctness
• Lack of reproducibility does not imply incorrectness

• Incorrectness can be found with reproducibility

24

Holmes 2018

http://web.stanford.edu/class/bios221/book/Chap-Supervised.html


Transparent research:
Open-access data,

reproducible workflows,
and interactive publications



How do we make interactive publications?
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(Gil 2016) (Gundersen 2018)

• Buttons and links to data and code

https://www.researchgate.net/profile/Xuan_Yu10/publication/305670625_Towards_the_Geoscience_Paper_of_the_Future_Best_Practices_for_Documenting_and_Sharing_Research_from_Data_to_Software_to_Provenance_Geoscience_Paper_of_the_Future/links/5806806e08ae5ad1881664f8/Towards-the-Geoscience-Paper-of-the-Future-Best-Practices-for-Documenting-and-Sharing-Research-from-Data-to-Software-to-Provenance-Geoscience-Paper-of-the-Future.pdf
http://www.idi.ntnu.no/~odderik/RAI-2019/On_Reproducible_AI-preprint.pdf


Examples of interactive papers

27(Bonaretti 2019)

(Luger 2018)

https://www.biorxiv.org/content/biorxiv/early/2019/05/04/556423.full.pdf
https://arxiv.org/pdf/1810.06559.pdf


Initiative at a community level

• QMSKI 2019

• Wiki with How To: https://github.com/QMSKI/TransparentQMSKI/wiki

28

QMSKI 2021 

in 
Netherlands / Belgium

https://qmski.org/
https://github.com/QMSKI/TransparentQMSKI/wiki


pyKNEEr: An image analysis workflow 
for open and reproducible research 

on femoral knee cartilage
Serena Bonaretti1,2, Garry E. Gold1, Gary S. Beaupre2,3

1Department of Radiology, Stanford University, Stanford, CA, USA 
2Musculoskeletal Research Laboratory, VA Palo Alto Health Care System, CA, USA 

3Department of Bioengineering, Stanford University, Stanford, CA, USA  

https://sbonaretti.github.io/

https://sbonaretti.github.io/
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Literature map of femoral knee cartilage segmentation

Image-based analysis of femoral knee cartilage
• In knee OA, analysis of femoral cartilage 

from MR images has assumed an 
important role (Hafezi-Nejad 2018 )

• Analysis workflows include:
• Preprocessing
• Segmentation
• Morphology and Relaxometry

• Segmentation is a major challenge
• Of 29 segmentation algorithms,                        

only 2 have open source code                        
(Wang 2013, Shan 2014)
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pyKNEEr: An image analysis workflow for open and reproducible research 
on femoral knee cartilage 

https://www.ncbi.nlm.nih.gov/pubmed/29330100
https://github.com/iZehan/spatial-pbs
https://bitbucket.org/marcniethammer/ksrt


Openness of pyKNEEr

31

• Code written in python

• Use of open file formats 
• .mha, .txt, .csv

• Modular structure to favor code expansion

• Reuse of developed code
• Intensity preprocessing from Shan et al.
• Atlas-based segmentation using elastix

• Available on GitHub
• GNU GPLv3 license and DOI

I. Preprocessing

II. Segmentation

III. Analysis

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5025945/
http://elastix.isi.uu.nl/
https://github.com/sbonaretti/pyKNEEr
https://github.com/sbonaretti/pyKNEEr/blob/master/LICENSE
10.5281/zenodo.2574171


Reproducibility of pyKNEEr: Jupyter notebook
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https://github.com/sbonaretti/pyKNEEr
1. Link to GitHub repository

https://github.com/sbonaretti/pyKNEEr


Reproducibility of pyKNEEr: Jupyter notebook
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https://sbonaretti.github.io/pyKNEEr/
1. Link to GitHub repository
2. Link to documentation

https://sbonaretti.github.io/pyKNEEr/


Reproducibility of pyKNEEr: Jupyter notebook
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3. Introduction

1. Link to GitHub repository
2. Link to documentation



Reproducibility of pyKNEEr: Jupyter notebook
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3. Introduction

4. User inputs

1. Link to GitHub repository
2. Link to documentation

input_file_name

n_of_cores

output_file_name

... 



Reproducibility of pyKNEEr: Jupyter notebook
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3. Introduction

4. User inputs

5. Commands
with narrative

1. Link to GitHub repository
2. Link to documentation



Reproducibility of pyKNEEr: Jupyter notebook
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3. Introduction

4. User inputs

5. Commands
with narrative

6. Visualization 
of outputs

Qualitative visualizations

Quantitative visualizations

1. Link to GitHub repository
2. Link to documentation



Reproducibility of pyKNEEr: Jupyter notebook

38

1. Link to GitHub repository
2. Link to documentation

3. Introduction

4. User inputs

7. References

5. Commands
with narrative

6. Visualization 
of outputs



Reproducibility of pyKNEEr: Jupyter notebook
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3. Introduction

4. User inputs

7. References

8. Dependencies

5. Commands
with narrative

6. Visualization 
of outputs

à Reproducibility of computational environment

1. Link to GitHub repository
2. Link to documentation



Algorithms in pyKNEEr
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I. Preprocessing

ReferenceMoving

Inversion of
Registration

Transformation

Intensity
Registration

Mask
Warping

II. Segmentation

Space
Intensity

III. Analysis

Morphology

Relaxometry

Atlas-based using elastix



Validation experiments
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• OAI1-DESS
• OAI1-T2
• G. Truth: atlas-based

(TamezPena 2012)

• OAI2: 88 subjects
• OAI2-DESS BL
• OAI2-DESS FU
• G. Truth: AAM

(Vincent 2011)

Data on Zenodo
Code on GitHub

Analysis on binder
Paper on bioRxiv
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https://ieeexplore.ieee.org/abstract/document/6145621/
http://www.ski10.org/data/2011-01-27-1131.pdf
https://zenodo.org/record/2530609
https://github.com/sbonaretti/pyKNEEr
https://mybinder.org/v2/gh/sbonaretti/pyKNEEr/master?filepath=publication%2Fdata%2Fdata_analysis.ipynb
https://www.biorxiv.org/content/biorxiv/early/2019/02/21/556423.full.pdf


Discussion

• pyKNEEr can facilitate transparent research
• Open source and reproducible
• Notebooks can be shared and linked to publications

• Do you want to use pyKNEEr?
• Go to terminal and type: pip install pyKNEEr
• Download Jupyter notebooks from GitHub
• Follow the instruction on the documentation (demo)

• Do you want to contribute to pyKNEEr?
• Go to GitHub and clone the repository
• Implement your contribution

• Segmentation: machine and deep learning, hybrid, …
• Thickness algorithms: surface normal vectors, potential field lines, …
• Other knee tissues: tibial cartilage, patellar cartilage, menisci, …

• Send a pull request and your code will be merged to the main project
42

https://sbonaretti.github.io/pyKNEEr/

https://github.com/sbonaretti/pyKNEEr
https://sbonaretti.github.io/pyKNEEr/index.html
https://github.com/sbonaretti/pyKNEEr
https://sbonaretti.github.io/pyKNEEr/
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https://sbonaretti.github.io/

