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Scope & 
motivation
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https://giphy.com/gifs/usnationalarchives-nasa-scientist-scientists-1F1JGyGZhiSAA8Vuhn https://giphy.com/gifs/with-computers-fascination-PxSFAnuubLkSA

https://giphy.com/gifs/david-hasselhoff-M3o3fL9nnxG4o

CC-BY 3.0, Sebastian Bertalan, Wikimedia Commons

 An article about computational science in 
 a scientific publication is not the  
 scholarship itself, it is merely advertising 
 of the scholarship. The actual scholarship 
 is the complete software development 
 environment and the complete set of 
 instructions which generated the figures. 

 https://doi.org/10.1190/1.1822162 
 https://doi.org/10.1007/978-1-4612-2544-7_5 

 Claerbout’s claim: 
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A problematic situation

http://go.wwu.de/wklef
https://giphy.com/gifs/usnationalarchives-nasa-scientist-scientists-1F1JGyGZhiSAA8Vuhn
https://giphy.com/gifs/with-computers-fascination-PxSFAnuubLkSA
https://giphy.com/gifs/david-hasselhoff-M3o3fL9nnxG4o
https://doi.org/10.1190/1.1822162
https://doi.org/10.1007/978-1-4612-2544-7_5
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Definition

CC-BY 4.0 | © The Turing Way Community | https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html 

http://go.wwu.de/wklef
https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
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♻
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Closed and irreproducible research

✔ ❌ ��❌ ��❌⁉ ❌

http://go.wwu.de/wklef
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Approach

 Sharing   comput
ational   workflo
ws 

 Peer review + 

 Barrier free 
 Broad usage 

Technological

Individual

Structural
Cultural

Policy
CC-BY 2.0 | Photo by Flickr user Jumilla

http://go.wwu.de/wklef
https://www.flickr.com/photos/jumilla/14403331148
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The culture change pyramid (Nosek et al.)

Image by Brian Nosek; licensed under CC BY-ND 4.0, reproduced from the blog post Strategy for Culture Change. 
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Part 1

Part 2

http://go.wwu.de/wklef
https://www.cos.io/blog/strategy-for-culture-change
https://www.cos.io/blog/strategy-for-culture-change
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Part 1:
Infrastructure &
user experience
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RQ part 1

📦⚙ 🔧 🏭��������📦⚙ 🔧📦⚙ 🔧📦⚙ 🔧

http://go.wwu.de/wklef
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ERC

10 

Nüst, D., Konkol, M., Pebesma, E., Kray, C., Schutzeichel, M., Przibytzin, H., & Lorenz, J. (2017).
Opening the Publication Process with Executable Research Compendia. D-Lib Magazine, 23(1/2). 
https://doi.org/10.1045/january2017-nuest 

- links/connections
- UI widgets w/o coding
- entrypoints - article/manuscript as

notebook
- metadata (licenses, …)
- tech. instructions

- raw (ideal) or preprocessed
- files
- Open Data

- computational 
environment

- executable
- Open Source

http://go.wwu.de/wklef
https://doi.org/10.1045/january2017-nuest
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ERC technical spec

Nüst, D. (2021). A web service for executable research compendia enables 
reproducible publications and transparent reviews in geospatial sciences. 
Zenodo. https://doi.org/10.5281/zenodo.5108218
https://o2r.info/erc-spec/ 

�� BagIt
IETF

RFC 8493
Contents

erc.yml

http://go.wwu.de/wklef
https://doi.org/10.5281/zenodo.5108218
https://o2r.info/erc-spec/
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containerit

Capturing an R session (script, Rmd)

in a Dockerfile

User only uses R functions

System dependency resolving

Always executes script (callr),

hard to fool (unlike static progr. anal.)

github.com/o2r-project/containerit 

Nüst, D., & Hinz, M. (2019). containerit: Generating Dockerfiles for 
reproducible research with R. Journal of Open Source Software, 
4(40), 1603. https://doi.org/10.21105/joss.01603 

http://go.wwu.de/wklef
https://github.com/o2r-project/containerit
https://doi.org/10.21105/joss.01603
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Reproducible GEOBIA workflow
Knoth, C., & Nüst, D. (2017). Reproducibility and Practical Adoption 
of GEOBIA with Open-Source Software in Docker Containers. 
Remote Sensing, 9(3), 290. https://doi.org/10.3390/rs9030290 

http://go.wwu.de/wklef
https://doi.org/10.3390/rs9030290
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Ten “simple” rules for bespoke hand-crafted
computing environments for smaller-scale data science

1. - 2. Use only if no tool works 

and don’t reinvent the wheel

3. - 4. Dockerfiles are for humans 

and machines (communication!)

5. - 6. Pinning and versioning

7. - 10. Habits & tricks for 

usability and stability

Nüst, D., Sochat, V., Marwick, B., Eglen, S. J., Head, T., Hirst, T., & Evans, B. D. (2020).
Ten simple rules for writing Dockerfiles for reproducible data science.
PLOS Computational Biology, 16(11), 1–24. https://doi.org/10.1371/journal.pcbi.1008316 

http://go.wwu.de/wklef
https://doi.org/10.1371/journal.pcbi.1008316
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o2r web service for reproducibility

ERC Reproducibility Service (ERS):

Context

Architecture

Specification

Web API

Nüst, D. (2021). A web service for executable research compendia 
enables reproducible publications and transparent reviews in 
geospatial sciences. Zenodo. https://doi.org/10.5281/zenodo.5108218

http://go.wwu.de/wklef
https://doi.org/10.5281/zenodo.5108218
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ERS Architecture
https://o2r.info/architecture/#527-whitebox-reproducibility-service 

Nüst, D. (2021). A web service for executable research compendia 
enables reproducible publications and transparent reviews in 
geospatial sciences. Zenodo. https://doi.org/10.5281/zenodo.5108218

meta

containerit

geoextent

erc-checker

http://go.wwu.de/wklef
https://o2r.info/architecture/#527-whitebox-reproducibility-service
https://doi.org/10.5281/zenodo.5108218
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ERS reference implementation

https://o2r.uni-muenster.de/

erc/q7Eje/

job/9YCzy#result 

Nüst, D. (2021). A web service for executable research compendia 
enables reproducible publications and transparent reviews in 
geospatial sciences. Zenodo. https://doi.org/10.5281/zenodo.5108218

http://go.wwu.de/wklef
https://o2r.uni-muenster.de/erc/q7Eje/job/9YCzy#result
https://o2r.uni-muenster.de/erc/q7Eje/job/9YCzy#result
https://o2r.uni-muenster.de/erc/q7Eje/job/9YCzy#result
https://doi.org/10.5281/zenodo.5108218
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ERC example failed but correct

Nüst, D. (2021). A web service 
for executable research 
compendia enables 
reproducible publications and 
transparent reviews in 
geospatial sciences. Zenodo. 
https://doi.org/10.5281/zenodo.
5108218

http://go.wwu.de/wklef
https://doi.org/10.5281/zenodo.5108218
https://doi.org/10.5281/zenodo.5108218
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RQ answer part 1

🏭📦⚙ 🔧

http://go.wwu.de/wklef
https://www.cos.io/blog/strategy-for-culture-change
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Part 2:
Communities, 
incentives & policy

20 

http://go.wwu.de/wklef
https://www.cos.io/blog/strategy-for-culture-change
https://www.cos.io/blog/strategy-for-culture-change
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✨

🆕

RQs part 2

http://go.wwu.de/wklef


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 22 

State of reproducibility in GIScience?

https://doi.org/10.7717/peerj.5072/fig-2

75 papers; 2012-2018
Ostermann, F. O., Nüst, D., Granell, C., Hofer, B., & Konkol, M. (2020). Reproducible Research and GIScience: An 

evaluation using GIScience conference papers.

EarthArXiv. https://doi.org/10.31223/X5ZK5V (dissertation version)

> 11th International Conference on Geographic Information Science (GIScience 2021) - Part II. Schloss Dagstuhl - 

Leibniz-Zentrum Für Informatik. https://doi.org/10.4230/LIPICS.GISCIENCE.2021.II.2 (accepted)

32 “best papers” nominees (20/12); 2010-17
Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. (2018). Reproducible 

research and GIScience: An evaluation using AGILE conference papers. PeerJ, 6, e5072. 

https://doi.org/10.7717/peerj.5072

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072/fig-2
https://agile-online.org/
https://doi.org/10.31223/X5ZK5V
https://doi.org/10.4230/LIPICS.GISCIENCE.2021.II.2
https://www.giscience.org/
https://doi.org/10.7717/peerj.5072
https://reproducible-agile.github.io/publications/
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State of reproducibility?
0 papers were readily reproducible. 

Majority not even at time of publication. 

🤒
Few “Level 2”, no “Level 3”.

Majority of papers describe 

methods/results (Level “1”).

Comp. env. largely neglected.

Variations partly reaching Level “2”

> no common practice.

No recognition, no requirements,

no details, no reproductions. h
tt
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https://zivgitlab.uni-muenster.de/d_nues01/phd-package/-/blob/master/combined-giscience-assessment-figure.Rmd
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Change peer review

AGILE Reproducible Paper Guidelines

https://doi.org/10.17605/OSF.IO/CB7Z8 

Promotion, not exclusion

Data and software availability section

Author & reviewer guidelines; Reproducibility checklist

AGILE Reproducibility Review 2020, 2021

14 reproductions, guidelines mandatory since 2021
One re-execution by codechecker 
during peer review

1. Codecheckers record but don’t investigate or fix.
2. Communication between humans is key.
3. Credit is given to codecheckers.
4. Workflows must be auditable.
5. Open by default and transitional by disposition.

30+ Certificates 
https://codecheck.org.uk/register/

Independent execution of computations 
underlying research articles.

Nüst, D., & Eglen, S. J. (2021). CODECHECK: An Open Science 
initiative for the independent execution of computations 
underlying research articles during peer review to improve 
reproducibility
[version 1; peer review: 1 approved, 1 approved with 
reservations]. F1000Research, 10, 253. 
https://doi.org/10.12688/f1000research.51738.1 (dissertation 
version)
[version 2; peer review: 2 approved] 
https://doi.org/10.12688/f1000research.51738.2 (published)

http://go.wwu.de/wklef
https://doi.org/10.17605/OSF.IO/CB7Z8
https://codecheck.org.uk/register/
https://codecheck.org.uk/
https://doi.org/10.12688/f1000research.51738.1
https://doi.org/10.12688/f1000research.51738.2
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What are challenges for practical 
reproducibility in geography and 
geosciences?

Nüst, D., & Pebesma, E. (2021). Practical reproducibility in geography and 
geosciences. Annals of the American Association of Geographers, 111(5), 
1300–1310. https://doi.org/10.1080/24694452.2020.1806028 

1 🧰🧰🧰 🗺🖌 SDI

🖥�� 🖥🔒 🖥�� ����

http://go.wwu.de/wklef
https://doi.org/10.1080/24694452.2020.1806028
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Downstream applications

Geospatial Metadata Badges Interaction

Nüst, D., Lohoff, L., Einfeldt, L., Gavish, N., Götza, M., Jaswal, S. T., Khalid, S., 
Meierkort, L., Mohr, M., Rendel, C., & Eek, A. van. (2019). Guerrilla Badges for 
Reproducible Geospatial Data Science. AGILE Short Papers. 
https://doi.org/10.31223/osf.io/xtsqh 

Nüst, D., Boettiger, C., & Marwick, B. (2018). How to Read a Research 
Compendium. arXiv:1806.09525 [Cs]. http://arxiv.org/abs/1806.09525

5 minutes
+ construction
+ complexity

1 hour
+ skim data and code files
+ project status on repo
+ install, run & compare

3+ hours
+ understand code
+ manipulate + develop
+ re-implement

👆
🔬

Niers, T., & Nüst, D. (2020). Geospatial Metadata for Discovery in 
Scholarly Publishing. Septentrio Conference Series, 4. 
https://doi.org/10.7557/5.5590

🔗

http://go.wwu.de/wklef
https://doi.org/10.31223/osf.io/xtsqh
http://arxiv.org/abs/1806.09525
https://doi.org/10.7557/5.5590
https://doi.org/10.7557/5.5590
https://doi.org/10.7557/5.5590
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RQ answer part 1

�� 🌏🌍
🌎

🔗 👆🔬

http://go.wwu.de/wklef
https://www.cos.io/blog/strategy-for-culture-change
https://codecheck.org.uk/


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 

Key 
contributions

28 
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infrastructure
captured &

crafted containers
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✔⁉ 
Key contributions

http://go.wwu.de/wklef
https://www.planetary.org/space-images/2018-state-of-the-union-white-house
https://www.flickr.com/photos/hitchster/3366271681/
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Citation & Publications

Infrastructure & use experience

Knoth, C., & Nüst, D. (2017). Reproducibility and Practical Adoption of GEOBIA with Open-Source 
Software in Docker Containers. Remote Sensing, 9(3), 290. https://doi.org/10.3390/rs9030290 

Konkol, M., Nüst, D., & Goulier, L. (2020). Publishing computational research - a review of 
infrastructures for reproducible and transparent scholarly communication.
Research Integrity and Peer Review, 5(1), 10. https://doi.org/10.1186/s41073-020-00095-y 

Nüst, D. (2021). A web service for executable research compendia enables reproducible publications 
and transparent reviews in geospatial sciences. Zenodo. https://doi.org/10.5281/zenodo.5108218 

Nüst, D., Eddelbuettel, D., Bennett, D., Cannoodt, R., Clark, D., Daróczi, G., Edmondson, M., Fay, C., 
Hughes, E., Kjeldgaard, L., Lopp, S., Marwick, B., Nolis, H., Nolis, J., Ooi, H., Ram, K., Ross, N., 
Shepherd, L., Sólymos, P., Swetnam, T. L., Turaga, N., Petegem, C. V., Williams, J., Willis, C., & Xiao, N. 
(2020). The Rockerverse: Packages and Applications for Containerisation with R. The R Journal, 
12(1). https://doi.org/10.32614/RJ-2020-007 

Nüst, D., & Hinz, M. (2019). containerit: Generating Dockerfiles for reproducible research with R. 
Journal of Open Source Software, 4(40), 1603. https://doi.org/10.21105/joss.01603 

Nüst, D., Konkol, M., Pebesma, E., Kray, C., Schutzeichel, M., Przibytzin, H., & Lorenz, J. 
(2017). Opening the Publication Process with Executable Research Compendia. D-Lib
Magazine, 23(1/2). https://doi.org/10.1045/january2017-nuest 

Nüst, D., & Pebesma, E. (2021). Practical reproducibility in geography and geosciences.
Annals of the American Association of Geographers, 111(5), 1300–1310. 
https://doi.org/10.1080/24694452.2020.1806028 

Nüst, D., Sochat, V., Marwick, B., Eglen, S. J., Head, T., Hirst, T., & Evans, B. D. (2020). Ten
simple rules for writing Dockerfiles for reproducible data science. PLOS Computational
Biology, 16(11), 1–24. https://doi.org/10.1371/journal.pcbi.1008316 

Communities, incentives & policy

Niers, T., & Nüst, D. (2020). Geospatial Metadata for Discovery in Scholarly Publishing.
Septentrio Conference Series, 4. https://doi.org/10.7557/5.5590

Nüst, D., Boettiger, C., & Marwick, B. (2018). How to Read a Research Compendium.
arXiv:1806.09525 [Cs]. http://arxiv.org/abs/1806.09525 

Nüst, D., & Eglen, S. J. (2021). CODECHECK: An Open Science initiative for the independent 
execution of computations underlying research articles during peer review to improve 
reproducibility. F1000Research, 10, 253. https://doi.org/10.12688/f1000research.51738.1 

Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. (2018). 
Reproducible research and GIScience: An evaluation using AGILE conference papers. PeerJ, 6, e5072. 
https://doi.org/10.7717/peerj.5072 

Nüst, D., Lohoff, L., Einfeldt, L., Gavish, N., Götza, M., Jaswal, S. T., Khalid, S., Meierkort, L., Mohr, M., 
Rendel, C., & Eek, A. van. (2019). Guerrilla Badges for Reproducible Geospatial Data Science.
AGILE Short Papers. https://doi.org/10.31223/osf.io/xtsqh 

Ostermann, F. O., Nüst, D., Granell, C., Hofer, B., & Konkol, M. (2020). Reproducible Research and 
GIScience: An evaluation using GIScience conference papers. EarthArXiv. 
https://doi.org/10.31223/X5ZK5V 

Nüst, Daniel. 2021. Infrastructures and Practices for Reproducible Research in
Geography, Geosciences, and GIScience. Doctoral dissertation, University of
Münster, Germany. https://doi.org/10.5281/zenodo.4768096
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https://doi.org/10.1080/24694452.2020.1806028
https://doi.org/10.1371/journal.pcbi.1008316
https://doi.org/10.7557/5.5590
http://arxiv.org/abs/1806.09525
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Computational reproducibility is still perceived 
as hard, much too rarely taught or checked, and 

if achieved it does not get enough credit.

Cultural
change
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What are your questions and comments?

32 Nüst, Daniel. 2021. Infrastructures and Practices for Reproducible Research in Geography, Geosciences, and GIScience
Doctoral dissertation, University of Münster, Germany. https://doi.org/10.5281/zenodo.4768096

http://go.wwu.de/wklef
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Encore

33 
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What is the geoinformatics?

1. GI solves geospatial problems with IT, the problem: computational reproducibility

2. Adaptation and transfer of mainstream IT to domain: containerisation

(little needed, future work re. maps?!)

3. ERC infrastructure & metascience are transferable, the direct addressing (examples, 

community membership) is not - without domain focus just a theoretical exercise

4. Geoinformatitians translate and interpret between geo-scientists and developers

?

http://go.wwu.de/wklef
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Recommendations and change

Authors: habits, carpentries, existing guidelines

Conferences & organisations: recognition (awards, badges, …), guidance, openness (OA, OER, repos, 

…)

AGILE Reproducible Paper Guidelines
https://doi.org/10.17605/OSF.IO/CB7Z8 

Promotion, not exclusion

Data and software availability section

Author & reviewer guidelines

Reproducibility checklist

AGILE Reproducibility Review 2020, 2021

14 reproductions, guidelines mandatory since 2021

http://go.wwu.de/wklef
https://doi.org/10.17605/OSF.IO/CB7Z8
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Independent execution of computations 
underlying research articles.

One re-execution by codechecker 
during peer review

👶
1. Codecheckers record but don’t 

investigate or fix.
2. Communication between 

humans is key.
3. Credit is given to 

codecheckers.
4. Workflows must be auditable.
5. Open by default and 

transitional by disposition.

30+ Certificates 
https://codecheck.org.uk/register/
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Nüst, D., & Eglen, S. J. (2021). CODECHECK: An Open Science initiative for the independent execution 
of computations underlying research articles during peer review to improve reproducibility
[version 1; peer review: 1 approved, 1 approved with reservations]. F1000Research, 10, 253. 
https://doi.org/10.12688/f1000research.51738.1 (dissertation version)
[version 2; peer review: 2 approved] https://doi.org/10.12688/f1000research.51738.2 (published)

CODECHECK

http://go.wwu.de/wklef
https://codecheck.org.uk/
https://codecheck.org.uk/register/
https://doi.org/10.12688/f1000research.51738.1
https://doi.org/10.12688/f1000research.51738.2
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Practical Reproducibility in Geography and Geosciences

Review of common guidance for RR

Core idea: consciously control & share computing environment

physical,

logical, and

cultural components

Use scripts and notebooks, create research compendia.

Nüst, D., & Pebesma, E. (2021). Practical reproducibility in geography 
and geosciences. Annals of the American Association of Geographers, 
111(5), 1300–1310. https://doi.org/10.1080/24694452.2020.1806028 

http://go.wwu.de/wklef
https://doi.org/10.1080/24694452.2020.1806028
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Outlook
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https://giphy.com/gifs/turtle-funny-skating-HuVCpmfKheI2Q

http://go.wwu.de/wklef
https://www.cos.io/blog/strategy-for-culture-change
https://codecheck.org.uk/
https://giphy.com/gifs/turtle-funny-skating-HuVCpmfKheI2Q
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Why has it not happened yet? Landmark papers

Claerbout, J., & Karrenbach, M. (1992). Electronic 

documents give reproducible research a new 

meaning. SEG Technical Program Expanded 

Abstracts, 601–604. 

https://doi.org/10.1190/1.1822162 

Gentleman, R., & Temple Lang, D. (2007). Statistical 

analyses and reproducible research. Journal of 

Computational and Graphical Statistics, 16(1), 1–23. 

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

http://go.wwu.de/wklef
https://doi.org/10.1190/1.1822162
https://doi.org/10.1198/106186007X178663
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One thing

Have a README: all else is details.

Inspired by Greg Wilson’s Teching Tech Together (http://teachtogether.tech/en/index.html) Rule 1.

http://go.wwu.de/wklef
http://teachtogether.tech/en/index.html
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Research Compendia

research-compendium.science 

http://go.wwu.de/wklef
http://research-compendium.science
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Is there a reproducibility crisis in

geography?
geosciences?
GIScience?

Crisis narrative useful?

Unclear!

A lot of work to proof on the technical/practical side, even not separable from general academic crisis?

How likely is it that these disciplines are so different from others (psychology) that there really is nothing?

https://www.incaseofpeace.org/
currencies-in-academia/

http://go.wwu.de/wklef
https://www.incaseofpeace.org/currencies-in-academia/
https://www.incaseofpeace.org/currencies-in-academia/
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Generalisability

Yes, CODECHECK, Reproducible AGILE, and the o2r ERS should work across all disciplines.

“Geo” is already very mixed discipline, manifold methods and specialisations.

E.g., qualitative research? Make reproducible what is based on code.

Other documents? Atlases, books (Jupyter Book), …

http://go.wwu.de/wklef
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Limitations

ERCs

Big data, long workflows

User evaluation of ERC/ERS

> proof benefits

Small # workflows

Long term study

Prototype

Bindings environment != ERC image

Real world deployment missing

 - BagIt profile + real archive

http://go.wwu.de/wklef
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Research 
Questions

http://go.wwu.de/wklef
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All Research Questions
Infrastructure & user experience

1) How can packaging of computational analyses serve the needs of authors, publishers, 

readers, and preservationists?

2) To what extent can the process of capturing the runtime, software, data, and metadata of 

reproducible research packages be automated in geoscientific analyses?

3) How can the ERC fit into the existing practices and infrastructure for research and 

publishing in geography, geosciences, and GIScience?

Communities, incentives & policy

1) What are domain-specific challenges and solutions for the geography, geosciences, and 

GIScience domains in the context of reproducible publications?

2) What new services and features can be built upon reproducible workflows, e.g., when 

packaged as an ERC?

47 

http://go.wwu.de/wklef
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How can packaging of computational analyses serve the needs of authors, 
publishers, readers, and preservationists?

To what extent can the process of capturing the runtime, software, data, and 
metadata of reproducible research packages be automated in geoscientific 
analyses?

✍ efficiency in (self-)collaboration, understandability = persuading/accessibility

🏛 Innovative leadership position, more interesting product, costs unclear; ERC: adaptable and flexible

📖 Reduced barriers to understanding/evaluation, extend workflows, become collaborator

󰠁 Assume completeness, ERC (plain text, meaningful links & entrypoints; snapshot with consistent packaging = one preservation strategy)

Automation of ERC creation for large majority of workflows starting from a notebook or fully scripted workflow is possible with containerisation

Capturing large data and HPC environments challenging

Manual alternative important for researcher freedom

Manual checks for crucial metadata needed

http://go.wwu.de/wklef
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How can the ERC fit into the existing practices and infrastructure for 
research and publishing in geography, geosciences, and GIScience?

ERS can make the ERC the unit of publication, interacting with existing open or 

even closed services, no duplication of services

ERC can alleviate the issues of procedural and cultural shift in publication practices

Notebooks are established practice for reproducibility

Missing (for ERC): private data (solutions exist),

huge data (under development),

commercial support

uptake/investment by publishers

Unique ERS: full openness (spec, impl), substitutions, bindings

http://go.wwu.de/wklef


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 50 

What are domain-specific challenges and solutions for the geography, 
geosciences, and GIScience domains in the context of reproducible 
publications?

󰞵 󰠁 Technical: generally none, some at concrete level

All recommendations draw from other disciplines

👍 🪧 Incentives & policy: same as academia at a whole?

CAN change within our communities

󰔤 󰔭 Communities: have a lot of technical literacy

http://go.wwu.de/wklef
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What new services and features can be built upon reproducible workflows, 

e.g., when packaged as an ERC?

Reproducibility technology & humans in peer review

for improving the odds for high quality and reusability of work

🔍 ✨Enhanced search engines and novel recombination of works

(more than text, search, recommend, filter)

⁉ ✔ ♻ 🎓 
💡

Higher understanding and more collaboration

= Better science

http://go.wwu.de/wklef
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Platforms

http://go.wwu.de/wklef
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Reproducibility Platform Landscape
Konkol, M., Nüst, D., & Goulier, L. (2020). Publishing computational 
research - a review of infrastructures for reproducible and 
transparent scholarly communication. Research Integrity and Peer 
Review, 5(1), 10. https://doi.org/10.1186/s41073-020-00095-y 

http://go.wwu.de/wklef
https://doi.org/10.1186/s41073-020-00095-y
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Rockerverse

http://go.wwu.de/wklef
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Rockerverse

I) Packaging research reproducibly benefits from other use cases applying containerisation

II) Usability vs. Diversity vs. Stability vs. Uptake vs. Innovation vs. Funding

Interfaces for Docker in R

Image stacks for communities of practice

Capture and create environments

Development, debugging, and testing

Processing

Deployment and continuous delivery

Using R to power enterprise software in production environments

Common or public work environments

Teaching

Packaging research reproducibly

Nüst, D., Eddelbuettel, D., Bennett, D., Cannoodt, R., Clark, D., Daróczi, G., Edmondson, M., Fay, C., Hughes, E., Kjeldgaard, L., Lopp, S., Marwick, B., Nolis, H., Nolis, J., Ooi, H., Ram, K., Ross, N., Shepherd, L., Sólymos, 
P., Swetnam, T. L., Turaga, N., Petegem, C. V., Williams, J., Willis, C., & Xiao, N. (2020). The Rockerverse: Packages and Applications for Containerisation with R. The R Journal, 12(1). 
https://doi.org/10.32614/RJ-2020-007 

http://go.wwu.de/wklef
https://doi.org/10.32614/RJ-2020-007
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GEOBIA

http://go.wwu.de/wklef
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Reproducible GEOBIA workflow
Knoth, C., & Nüst, D. (2017). Reproducibility and Practical Adoption 
of GEOBIA with Open-Source Software in Docker Containers. 
Remote Sensing, 9(3), 290. https://doi.org/10.3390/rs9030290 

http://go.wwu.de/wklef
https://doi.org/10.3390/rs9030290
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GEOBIA Knoth, C., & Nüst, D. (2017). Reproducibility and Practical Adoption 
of GEOBIA with Open-Source Software in Docker Containers. 
Remote Sensing, 9(3), 290. https://doi.org/10.3390/rs9030290 

http://go.wwu.de/wklef
https://doi.org/10.3390/rs9030290
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GEOBIA

Knoth, C., & Nüst, D. (2017). Reproducibility and Practical Adoption 
of GEOBIA with Open-Source Software in Docker Containers. 
Remote Sensing, 9(3), 290. https://doi.org/10.3390/rs9030290 

http://go.wwu.de/wklef
https://doi.org/10.3390/rs9030290
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AGILE conference

http://go.wwu.de/wklef
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Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. (2018). 

Reproducible research and GIScience: An evaluation using AGILE conference papers.

PeerJ, 6, e5072. https://doi.org/10.7717/peerj.5072

AGILE paper corpus

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072
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AGILE paper corpus

Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. 

(2018). Reproducible research and GIScience: An evaluation using AGILE conference 

papers. PeerJ, 6, e5072. https://doi.org/10.7717/peerj.5072

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072
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Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. 

(2018). Reproducible research and GIScience: An evaluation using AGILE conference 

papers. PeerJ, 6, e5072. https://doi.org/10.7717/peerj.5072

AGILE paper corpus levels

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 64 

AGILE assessment results

Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. (2018). 

Reproducible research and GIScience: An evaluation using AGILE conference papers.

PeerJ, 6, e5072. https://doi.org/10.7717/peerj.5072

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072
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AGILE survey results

Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. (2018). 

Reproducible research and GIScience: An evaluation using AGILE conference papers.

PeerJ, 6, e5072. https://doi.org/10.7717/peerj.5072

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 66 

GIScience 
conference

http://go.wwu.de/wklef
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GIScience assessment
results

Ostermann, F. O., Nüst, D., Granell, C., Hofer, B., & Konkol, M. (2020). Reproducible Research and GIScience: An evaluation using 

GIScience conference papers. EarthArXiv. https://doi.org/10.31223/X5ZK5V (dissertation version)

> 11th International Conference on Geographic Information Science (GIScience 2021) - Part II. Schloss Dagstuhl - Leibniz-Zentrum 

Für Informatik. https://doi.org/10.4230/LIPICS.GISCIENCE.2021.II.2 (accepted)

http://go.wwu.de/wklef
https://doi.org/10.31223/X5ZK5V
https://doi.org/10.4230/LIPICS.GISCIENCE.2021.II.2
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GIScience assessment
results

Ostermann, F. O., Nüst, D., Granell, C., Hofer, B., & Konkol, M. (2020). Reproducible Research and GIScience: An evaluation using 

GIScience conference papers. EarthArXiv. https://doi.org/10.31223/X5ZK5V (dissertation version)

> 11th International Conference on Geographic Information Science (GIScience 2021) - Part II. Schloss Dagstuhl - Leibniz-Zentrum 

Für Informatik. https://doi.org/10.4230/LIPICS.GISCIENCE.2021.II.2 (accepted)

http://go.wwu.de/wklef
https://doi.org/10.31223/X5ZK5V
https://doi.org/10.4230/LIPICS.GISCIENCE.2021.II.2
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Assessment of GIScience papers: AGILE & GIScience

Nüst, D., Granell, C., Hofer, B., Konkol, M., Ostermann, F. O., Sileryte, R., & Cerutti, V. (2018). 
Reproducible research and GIScience: an evaluation using AGILE conference papers. PeerJ, 6, 
e5072. https://doi.org/10.7717/peerj.5072 
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Ostermann, F., Nüst, D., Granell, C., Hofer, B., & Konkol, M. (2020). Reproducible Research and 
GIScience: an evaluation using GIScience conference papers. EarthArXiv. 
https://doi.org/10.31223/x5zk5v | pub. pending at GIScience conf.

http://go.wwu.de/wklef
https://doi.org/10.7717/peerj.5072
https://doi.org/10.31223/x5zk5v
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Posters

http://go.wwu.de/wklef
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Poster: An architecture for 
reproducible 
computational geosciencesNüst, D., & Schutzeichel, M. (2017). An 

Architecture for Reproducible Computational 

Geosciences. 20th AGILE Conference for 

Geoinformation Science poster session. 

https://doi.org/10.5281/zenodo.1478542 

http://go.wwu.de/wklef
https://doi.org/10.5281/zenodo.1478542
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EGU 2018 Poster
Nüst, D., & Bartoschek, T. (2018). Open Environmental Data Analysis. 

Geophysical Research Abstracts, Vol. 20; archived on Zenodo; ERC: 

https://o2r.uni-muenster.de/erc/PhbIa. 

https://doi.org/10.5281/zenodo.1217912

http://go.wwu.de/wklef
https://o2r.uni-muenster.de/erc/PhbIa
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BSc & Msc
theses

https://o2r.info/theses/ 

http://go.wwu.de/wklef
https://o2r.info/theses/
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Developing and Evaluating Infrastructure for ERC to 
Communicate with Data Repositories and Computing Services

Niklas George, 2021, MSc

Open up ERCs to allow controlled access to specific computing or data services; expert interviews and 

prototyping approaches (proxy, DNS, firewall) for Docker container/networks.

http://go.wwu.de/wklef
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Geospatial Metadata for Discovery in Scholarly Publishing

Tom Niers, 2020, BSc

http://nbn-resolving.de/urn:nbn:de:hbz:6-69029469735

https://github.com/tnier01/geoOJS 

Geospatial metadata for articles as part of OJS; innovative 

matching of text and coordinate metadata.

http://go.wwu.de/wklef
http://nbn-resolving.de/urn:nbn:de:hbz:6-69029469735
https://github.com/tnier01/geoOJS
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Testing Geospatial R Packages on Implementations of the R 
language and Platforms

Ismail Sunni, 2020, MSc GeoTech

http://hdl.handle.net/10362/95140 | https://github.com/ismailsunni/altRnative/ 

Using containers for R implementations (GNU R, MRO, Renjin, FastR, pqR, TERR) across several distributions 

(Debian, Fedora, Ubuntu, Arch), including benchmarking; challenging installations!

http://go.wwu.de/wklef
http://hdl.handle.net/10362/95140
https://github.com/ismailsunni/altRnative/
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Testing Geospatial R Packages on Implementations of the R 
language and Platforms (cont.)

Ismail Sunni, 2020, MSc GeoTech

http://hdl.handle.net/10362/95140 | https://github.com/ismailsunni/altRnative/ 

http://go.wwu.de/wklef
http://hdl.handle.net/10362/95140
https://github.com/ismailsunni/altRnative/
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Similarity Measurements for Executable Research Compendia

Lukas Lohoff, 2018, MSc

Use components of an ERC, code and geospatial metadata, to enhance search, i.e., find spatially (Geohash + 

Text similarity) and computationally similar works (e.g., loaded libraries)

http://go.wwu.de/wklef
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Serverless GEO Labels for the Semantic Sensor Web 

Scalable generation of meaningful and rich metadata visualisations with labels (GIScience ‘20)

> Adaptable to ERC badges!

Graupner, A., & Nüst, D. (2020). Serverless GEO Labels for the Semantic Sensor Web.
Schloss Dagstuhl - Leibniz-Zentrum Für Informatik. https://doi.org/10.4230/LIPICS.GISCIENCE.2021.I.4 

http://go.wwu.de/wklef
https://doi.org/10.4230/LIPICS.GISCIENCE.2021.I.4
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CODECHECK

80 
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Codecheck DIMENSIONS

http://go.wwu.de/wklef
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CODECHECK Experiences

30+ certificates

Several journals, one conference > ongoing contacts

25+ codecheckers signed up, 1 check from not core team member

Next

Mentoring + practical experiences (ReproHack collaboration?), funding! (codechecks for diamond OA journals?)

CODECHECK + R2S2 @ ITC: https://www.itc.nl/research/open-science/codecheck/ 

Independent execution of computations 
underlying research articles.

http://go.wwu.de/wklef
https://www.itc.nl/research/open-science/codecheck/
https://codecheck.org.uk/
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The inverse problem in reproducible research. Figure 1 of https://doi.org/10.12688/f1000research.51738.1

The left half of the diagram shows a diverse range of materials used within a laboratory. These materials are often then condensed for sharing with the outside world via the research paper, a static PDF document. Working backwards from the PDF to the 

underlying materials is impossible. This prohibits reuse and is not only non-transparent for a specific paper but is also ineffective for science as a whole. By sharing the materials on the left, others outside the lab can enhance this work.

CODECHECK: The inverse problem in research

http://go.wwu.de/wklef
https://doi.org/10.12688/f1000research.51738.1
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The CODECHECK example process implementation. Figure 2 of https://doi.org/10.12688/f1000research.51738.1

The left half of the diagram shows a diverse range of materials used within a laboratory. These materials are often then condensed for sharing with the outside world via the research paper, a 

static PDF document. Working backwards from the PDF to the underlying materials is impossible. This prohibits reuse and is not only non-transparent for a specific paper but is also ineffective 

for science as a whole. By sharing the materials on the left, others outside the lab can enhance this work.

https://codecheck.org.uk/process/

CODECHECK process implementation

http://go.wwu.de/wklef
https://doi.org/10.12688/f1000research.51738.1
https://codecheck.org.uk/process/
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Reproducible 
AGILE

85 

http://go.wwu.de/wklef


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 

https://reproducible-agile.github.io/

2017, ‘18 & ‘19: Workshops on reproducibility

2019: Reproducible publications at AGILE conferences (initiative)

2020: AGILE Reproducible Paper Guidelines v1

2020: First AGILE reproducibility review

86

Reproducible 
AGILE: TIMELINE

http://go.wwu.de/wklef
https://reproducible-agile.github.io/


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 

The AGILE guidelines
Reproducibility checklist

Author guidelines
Writing DASA section
Data in Research Papers
Computational workflows in Research Papers

Reviewer guidelines

Reproducibility reviewer guidelines

Background

https://doi.org/10.17605/OSF.IO/CB7Z8 
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Checklist & Writing the DASA section
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The guidelines for data

“What if…”

Examples

https://doi.org/10.17605/OSF.IO/CB7Z8 
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The guidelines
for computational
workflows
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Scientific reviewer
guidelines…
concerning the 
reproducibility
review only!
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Examples for “Do’s and Don’ts”:

 Do shift burden to author

 Do encourage and set examples

 Private data/code sharing last resort

 Document your work in report (impact)

 Be kind (career stage, knowledge, privileges)

 No rummaging

The guidelines for reproducibility 
reviewers

92 

Ideal vs. realistic

Role & skills
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Review process
Proceedings:

https://www.agile-giscience-series.net/review_process.html

Process documentation:

https://osf.io/7rjpe/ 

Reproducibility review after accept/reject decisions

Reproducibility review & communication

Community conference & volunteers

Badges on proceedings website, article website 

with link, and first article page

(💖 Copernicus!)
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Reproducibility 
Reports
Published on OSF with a DOI

Title page, cites the paper

Paper links to report via URL

(no citation)

Automatically added to ORCID 

profile
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Reproducibility review results 2021

9 reproducibility reports published (2020: 6)

● no starting point in the paper

● documentation insufficient for third party

8 not reproducible:

● conceptual papers

● data not shared (choice, licence)

● code not shared (choice) or proprietary software 

(repro reviewer matching failed) ht
tp

s:
//o

sf
.io

/h
64

sd
/ 
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Reproducible AGILE: 5 hard steps

How to put your community on a path towards
more reproducibility in 5 easy hard steps

1. Build a team of enthusiasts (workshop, social events)

2. Assess the current state and raise awareness (workshop, paper)

3. Institutional support (🙏 AGILE Council 🙏 + committee chairs)

4. Positive encouragement (no reproduction != bad science)

5. Keep at it!

96
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Next steps for reproducible AGILE

Do it again in 2022 🎉
Grow reproducibility reviewer team
Opportunity ECRs (mentoring/workshops/…)

Continue discourse (meaning of rprdcblty)

Re-assess new papers > impact?

Towards opening scholarship
Scope, requirements, acceptance condition?

Open review if tenured? Format-free first submission

CRediT

Phase out when standard practice...
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Word-stem cloud of all AGILE 2021 submissions (full/short/poster & accepted/rejected)
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Spectrum or layers of reproducibility very apparent

Effect of guidelines at AGILE: improved reproducibility, community discourse

Reproducibility reports/CODECHECK certificates full of recommendations for improvement, often well 
received by authors, many included in revised submission

Good practices spread slowly, establishing a process is tedious, needs time until familiarity

Challenges for reproducibility reviewer: Inconsistencies and disconnects (figures), lack of 
documentation, unknown runtimes vs. no subsets of data, lack of reprod. guidance

Reproductions are rewarding and educational, matching expertises tricky

Communication is without alternative

Safety net (👀), not security

Read full report at 
https://osf.io/7rjpe/ 
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Reproducible AGILE and CODECHECK:
Highlights of Lessons learned
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What can communities and institutions do?

Introduce reproducibility reviews - CODECHECK (or not) - at your 

journals, labs, collaborations!

Workshops on RCR, ReproHacks

Provide support (R2S2, PhD edu.)

Rewards and incentives

Community discourse

Awareness > Change
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Concepts, 
metaphors, 
memes

http://go.wwu.de/wklef
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Lessig’s pathetic dot theory

Law

policies, sanctions

Social norms

community enforcement

Markets

supply & demand > price of items & behaviours

(Social) Architecture

Made or found features & properties & infrastructure (biology, 

physics, major social/cultural forces); constraints

Theory of regulation, applied to internet but also fitting scholarly 

communication > unlike real world, architecture (= code) is created 

and controlled by humans resp. scientists, yet still are a force on 

our behaviour.
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Digital information lasts forever, or five 
years - whichever comes first.

Rothenberg, Jeff. 1995. “Ensuring the Longevity of Digital Documents.” Scientific American 272 (1): 42–47.

via https://twitter.com/snet_jklump/status/1141934045820887040?s=09 

http://go.wwu.de/wklef
https://twitter.com/snet_jklump/status/1141934045820887040?s=09
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PhD Comincs “Re-use”
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XKCD “All software is software as a service”

https://xkcd.com/2224/

CC BY-NC 2.5

http://go.wwu.de/wklef
https://xkcd.com/2224/
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Reproducibility Spectrum & Preproducibility

https://doi.org/10.1126/science.1213847 

https://www.nature.com/articles/d41586-018-05256-0 
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T
Traditional and modern scientists

https://en.wikipedia.org/wiki/T-shaped_skills

https://doi.org/10.1007/s10816-015-9272-9

https://jakevdp.github.io/blog/2014/08/22/hacking-academia/ 
https://www.sciencemag.org/careers/2013/05/when-all-science-becomes-data-science
https://escience.washington.edu/community-level-data-science-and-its-spheres-of-influence-beyond-novelty-squared/

Π
Broad knowledge: across disciplines

collaborate with other experts, apply outside of own field
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1992

RR Meaning - QUIZ!
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Quintana, D. S. (2020, November 28). Five things about open and reproducible science that every 
early career researcher should know. https://doi.org/10.17605/OSF.IO/DZTVQ

Reproducibility is “more work”?

http://go.wwu.de/wklef
https://doi.org/10.17605/OSF.IO/DZTVQ
https://twitter.com/dsquintana/status/1331979334245097477
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”Software is 95% 
human and only

5% code” *

* Eric Albers, CCC2019, https://media.ccc.de/v/thms-49-ber-die-nachhaltigkeit-von-software  | Bilder © H. Seibold, S. Janosch, OSD2019

RSEng = create research software
RSEs = people behind research software
RSEs ≠ IT !!!

Researcher uses scripts 
for data analysis and 
needs working stable 
software for her work. 
She learns what is 
necessary to achieve her 
research goals.

Reproducibility guru dives deeply into manifold 
software and tools to make his research 
reproducible and develops his own software in a 
sustainable way.

Person for tough problems 
knows how to solve all kinds 
of computer-related issues; 
he was not hired for that, 
but enjoys to help and 
spends time to get to the 
bottom of other people’s 
challenges.

Geek writes software as part of her 
research project and would like to code 
more, but must keep an eye on her 
career in science and needs to write 
papers.

Software developer was hired to 
implement software for a 
research project and contributes 
to large collaborative software 
projects to realise the next 
generation of digital 
infrastructure for science.
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RSEng personas
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Professionalisation
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DEVELOPERS
CONDITIONS FOR

LEAD TO

EDUCATION OF

RESEARCHERS USING
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Better Software Better Research (++)
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[Meme] Reproduction with methods section
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Code review, 
journals,
crisis
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Code Review != Reproduction/Reproducibility Review

114 

Code Review Community 
Working Group

Boettiger, C., Chamberlain, S., Hart, E., & Ram, K. (2015). Building Software, 
Building Community: Lessons from the rOpenSci Project. Journal of Open 
Research Software, 3(1), e8. doi:10.5334/jors.bu

http://go.wwu.de/wklef
https://docs.google.com/document/d/1Q8CW3m7YBUJyJS2HUnQovOxGdm2iHm02v5-tRJyMJ30/edit#heading=h.q8v6yjrga83
https://docs.google.com/document/d/1Q8CW3m7YBUJyJS2HUnQovOxGdm2iHm02v5-tRJyMJ30/edit#heading=h.q8v6yjrga83
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Reproducible computational research in journals & conferences
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https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970 

https://www.youtube.com/watch?v=j7K3s_vi_1Y 

1500 scientists lift the lid on reproducibility

http://go.wwu.de/wklef
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https://simplystatistics.org/2017/07/26/announcing-the-tidypvals-package/ 

“Notice
Anything
funny?”

J. Leek’s tidypvals

http://go.wwu.de/wklef
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https://doi.org/10.1186/s13059-015-0850-7

1. reproducibility helps to 
avoid disaster

2. reproducibility makes it 
easier to write papers

3. reproducibility helps 
reviewers see it your way

4. reproducibility enables 
continuity of your work

5. reproducibility helps to 
build your reputation

Five selfish reasons to work reproducibly

http://go.wwu.de/wklef
https://doi.org/10.1186/s13059-015-0850-7
https://doi.org/10.1186/s13059-015-0850-7
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https://doi.org/10.1038/467753a 
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Publish your computer code: it is good enough
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Structural challenges

Metrics for acknowledging/measuring impact in science are broken 

(impact factor, ..) and they lead to publication bias, HARKing, 

p-Hacking, intransparency and lack of reproducibility

Leiden Manifesto: http://www.leidenmanifesto.org

DORA: https://sfdora.org 

Vienna Principles: https://viennaprinciples.org 

Acknowledging data and software as valuable products of research 

(instead of shoehorning software into papers)
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Motivation for RSE
Back to 2010 The Software Sustainability Institute (SSI, UK) run a study (1000 randomly chosen researchers) …

“It's impossible to conduct

research without software,

say 7 out of 10 UK

researchers”  

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

A study of Nature papers from Jan-March 2016 reveals that 

“32 of the 40 papers examined mention software, and the 32 

papers contain 211 mentions of distinct pieces of software, for an 

average of 6.5 mentions per paper.”  

[2] Nangia, Udit; Katz, Daniel S. (2017): Understanding Software in Research: Initial Results from Examining Nature and a Call for 

Collaboration. doi:10.1109/eScience.2017.78
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Learn more about code execution practices at 
journals and
conferences

osf.io/x32nc 
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Code execution in peer review

Survey practices of code execution as part of peer review

Text survey design ✔
Manuscript outline ✔
List of journals and events ✔

Surveying ❌ (interviews?)

https://osf.io/x32nc/ 

Daniel Nüst, Heidi Seibold, Stephen Eglen, Lea Schulz-Vanheyden, Limor Peer, Josef Spillner

http://go.wwu.de/wklef
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Metadata

http://go.wwu.de/wklef
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The role of metadata in reproducible
computational research
Jeremy Leipzig, Daniel Nüst, Charles Tapley Hoyt, Karthik Ram, Jane Greenberg
Patterns (N Y). 2021 Sep 10;2(9):100322. https://doi.org/10.1016/j.patter.2021.100322

http://go.wwu.de/wklef
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Knowledge
Exchange

http://go.wwu.de/wklef
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The Art of Publishing Reproducible 
Research Outputs: Supporting 
emerging practices through cultural 
and technological innovation.

Chiarelli, Andrea, Loffreda, Lucia, & Johnson, Rob. (2021). The Art of Publishing 

Reproducible Research Outputs: Supporting emerging practices through 

cultural and technological innovation. Zenodo. 

https://doi.org/10.5281/zenodo.5521077

Chiarelli, Andrea, Loffreda, Lucia, & Johnson, Rob. (2021). Executive Summary: 

The Art of Publishing Reproducible Research Outputs: Supporting emerging 

practices through cultural and technological innovation. Zenodo. 

https://doi.org/10.5281/zenodo.5639384
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The Art of Publishing Reproducible 
Research Outputs: Supporting 
emerging practices through cultural 
and technological innovation.

Chiarelli, Andrea, Loffreda, Lucia, & Johnson, Rob. (2021). The Art of Publishing 

Reproducible Research Outputs: Supporting emerging practices through cultural and 

technological innovation. Zenodo. https://doi.org/10.5281/zenodo.5521077

 

Stakeholders, roles and responsibilities
(awesome contributor list)

Incentivising and supporting reproducible publication 

practices (tech./struct. pathways)

Technological innovation

Covering the costs of reproducible publication practices

http://go.wwu.de/wklef
https://doi.org/10.5281/zenodo.5521077
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o2rX
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ERC creation sequence
https://o2r.info/architecture/#61-erc-creation 

Nüst, D. (2021). A web service for executable research 
compendia enables reproducible publications and 
transparent reviews in geospatial sciences. Zenodo. 
https://doi.org/10.5281/zenodo.5108218

http://go.wwu.de/wklef
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ERC examination
sequence
https://o2r.info/architecture/#62-erc-inspection

Nüst, D. (2021). A web service for executable research 
compendia enables reproducible publications and 
transparent reviews in geospatial sciences. Zenodo. 
https://doi.org/10.5281/zenodo.5108218

http://go.wwu.de/wklef
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ERS Web API

OpenAPI Spec: https://o2r.info/api/

Demo: https://o2r.uni-muenster.de/api/v1/ 

Nüst, D. (2021). A web service for executable research compendia 
enables reproducible publications and transparent reviews in 
geospatial sciences. Zenodo. https://doi.org/10.5281/zenodo.5108218

https://o2r.uni-muenster.de/api/v1/compendium/q7Eje (/jobs)

https://o2r.uni-muenster.de/erc/
q7Eje/job/9YCzy#result 

http://go.wwu.de/wklef
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ERS API OpenAPI Spec
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Secondary metadata in the ERC & preservation

More formats, higher chance of long-term meaningful access
https://o2r.info/erc-spec/spec/#preservation-of-erc 

Leaflet

.erc folder

DateCite

Zenodo

o2r (extraction, options)

http://go.wwu.de/wklef
https://o2r.info/erc-spec/spec/#preservation-of-erc
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BagIt example & profile

https://o2r.info/erc-spec/spec/#preservation-of-erc 
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erc.yml

http://go.wwu.de/wklef


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 139 

ERC specification

https://o2r.info/erc-spec/ 

http://go.wwu.de/wklef
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Load test of o2r ERS

https://github.com/o2r-project/api/pull/84 

http://go.wwu.de/wklef
https://github.com/o2r-project/api/pull/84


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 141 

ERC publication process (URC, ERC, RERC, PERC)

Nüst, D., Konkol, M., Pebesma, E., Kray, C., Schutzeichel, 
M., Przibytzin, H., & Lorenz, J. (2017).
Opening the Publication Process with Executable 
Research Compendia. D-Lib Magazine, 23(1/2). 
https://doi.org/10.1045/january2017-nuest 

http://go.wwu.de/wklef
https://doi.org/10.1045/january2017-nuest
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ERC Vision

Reproducible Research in Geoinformatics: Concepts, Challenges and Benefits (Vision Paper) Kray C, Pebesma E, Konkol M, Nüst D. doi:10.4230/LIPIcs.COSIT.2019.8 
GenR blog: https://genr.eu/wp/a-vision-for-reproducible-research-in-geoinformatics-geography-and-geosciences/ 
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ERC Vision: Outlook

Explore further options such as

other tech interactions

Deploy in practice

Use in teaching

Towards Vision of Geoinformatics V2

Reproducible Research in Geoinformatics: Concepts, Challenges and Benefits (Vision Paper) Kray C, Pebesma E, Konkol M, Nüst D. doi:10.4230/LIPIcs.COSIT.2019.8 

http://go.wwu.de/wklef
https://www.uni-muenster.de/forschungaz/publication/157821?lang=en
https://doi.org/10.4230/LIPIcs.COSIT.2019.8
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o2r platform Login

http://go.wwu.de/wklef
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o2r platform view check failed
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o2r platform view small difference in check
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ERC
benefits
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geoextent

Extraction of geospatial metadata (spatial and temporal extent) from data files in workspaces submitted 

to the ERC reproducibility service. Integrated in ERS as containerised CLI tool via o2r-meta.

File formats (via GDAL):

GeoJSON, CSV, GeoTIFF, Shapefile,

GeoPackage, GPX, GML, KML, (tbc)

Sebastian Garzón and Nüst, Daniel. 2021. Exploring Research 
Data Repositories with geoextent. EarthCube annual meeting. 
https://doi.org/10.5281/zenodo.5496311

https://o2r.info/geoextent/ 

http://go.wwu.de/wklef
https://doi.org/10.6084/m9.figshare.14786199
https://doi.org/10.6084/m9.figshare.14786199
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https://o2r.info/geoextent/supportedformats/index_supportedformats.html#examples
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https://doi.org/10.6084/m9.figshare.14786199
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o2r meta

Extraction of metadata (publication, geospatial, code, licenses, …) from workspaces 

submitted to the ERC reproducibility service,

Mapping of metadata documents from one schema to another for target systems (Zenodo, 

archives, …),

Validation of metadata, and

Harvesting of catalogues for metadata completion (OAI-PMH).

Integrated in ERC reproducibility service as a containerised CLI tool.

https://github.com/o2r-project/o2r-meta 

http://go.wwu.de/wklef
https://github.com/o2r-project/o2r-meta
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ERC in peer review in o2r pilots

https://o2r.info/pilots/ 

Copernicus journal Earth System Science Data

Deep-sea sediments of the global ocean by Markus Diesing (Data description paper)
https://essd.copernicus.org/articles/12/3367/2020/essd-12-3367-2020-discussion.html 

Referee comment
https://essd.copernicus.org/

preprints/essd-2020-22/

essd-2020-22-RC1.pdf 

http://go.wwu.de/wklef
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R2S2
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Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 

��
📦

��
https://go.wwu.de/r2s2

152 

R2S2

http://go.wwu.de/wklef
https://go.wwu.de/r2s2
https://go.wwu.de/r2s2


Daniel Nüst | PhD Thesis Defense | 2022-02-14 | http://go.wwu.de/wklef 153 

Containers

http://go.wwu.de/wklef
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Slide by Docker inventor & 

Docker, Inc. CTO Solomon 

Hykes, DockerCon 2014
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The real value of Docker
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Dockerfile

def file
Image Containerbuild run pause

stop/kill
start
logs
cp
exec
rm
stats
export
load

CLI tool

Engine

Image Registry

pull

Containerisation Basics

$> download file
$> install software
$> edit configuration

commit

push

https://docs.docker.com/engine/reference/builder/ 
https://sylabs.io/guides/3.5/user-guide/definition_files.html 
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 Containers in Scholarly Communication.

1. Data Science!.

 Reproducibility.

 Project separation.

 Computing environment documentation.

 Collaboration.

 “Live” papers.

2. Tools to support users and automate creating. .environments 

from containers.

3. Platforms built on containers.
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     https://mybinder.org/     https://o2r.info/     https://www.reprozip.org/               https://wholetale.org/            .

https://doi.org/10.1038/d41586-019-03366-x 
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Container preservation

1. Saving the image + the Dockerfile is a good idea!

2. Remaining risk: availability of hardware to host container runtime

https://doi.org/10.2218/ijdc.v12i2.509 

https://doi.org/10.11588/heibooks.285.377 
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 Challenges.

 High potential to abstract away problems with computing environments in science, but risk 
to add.
 “yet another layer” / containers all the way down.

 Almost too easy to build your own image > fragmentation.

 Need practices (e.g., how/if to mount volumes) to ensure preservation - no “one-click” by 
default.

 Tooling still fluid, “standards” outside of preservation domain.
.Is there a critical mass for OCI-based “own” standard for research?.

 Docker main actor, who does not care about scientific usage.

 Best practices based on Singularity must catch up.

 Resources for science-grade and preservation-ready tools missing.

 Cross-cutting nature and ubiquity of containers lead to diverse practices.

Im
ag

e 
by

 d
dz

ph
ot

o 
on

 P
ix

ab
ay

Solutions:Library leadership+ author guidelines.
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Image by Valdas Miskinis on Pixabay

 Researchers build great things with containers!

 Container images should be built from recipes or tools 

 Images have layers and metadata 

 Drill down possible - it is all just files in the end!

 No long-term studies yet :-/ 

 Need research-ready containerisation tools, standards, and curation 

 Libraries & infrastructure providers need to prepare for containers 
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Abstract (for indexing and search)

Reproducibility of computational research, i.e., research based on code and data, poses enormous challenges to all branches of science. In this dissertation, technologies and practices 

are developed to increase reproducibility and to connect it better with the process of scholarly communication with a particular focus on geography, geosciences, and GIScience. Based 

on containerisation, this body of work creates a platform that connects existing academic infrastructures with a newly established executable research compendium (ERC). It is shown 

how the ERC can improve transparency, understandability, reproducibility, and reusability of research outcomes, e.g., for peer review, by capturing all parts of a workflow for 

computational research. The core part of the ERC platform is software that can automatically capture the computing environment, requiring authors only to create computational 

notebooks, which are digital documents that combine text and analysis code. The work further investigates how containerisation can be applied independent of ERCs to package complex 

workflows using the example of remote sensing, to support data science in general, and to facilitate diverse use cases within the R language community. Based on these technical 

foundations, the work concludes that functioning practical solutions exist for making reproducibility possible through infrastructure and making reproducibility easy through user 

experience. Several downstream applications built on top of ERCs provide novel ways to discover and inspect the next generation of publications.

To understand why reproducible research has not been widely adopted and to contribute to the propagation of reproducible research practices, the dissertation continues to investigate 

the state of reproducibility in GIScience and develops and demonstrates workflows that can better integrate the execution of computational analyses into peer review procedures.

We make recommendations for how to (re)introduce reproducible research into peer reviewing and how to make practices to achieve the highest possible reproducibility normative, 

rewarding, and, ultimately, required in science. These recommendations are rest upon over 100 GIScience papers which were assessed as irreproducible, the experiences from over 30 

successful reproductions of workflows across diverse scientific fields, and the lessons learned from implementing the ERC.

Besides continuing the development of the contributed concepts and infrastructure, the dissertation points out broader topics of future work, such as surveying practices for code 

execution during peer review of manuscripts, or reproduction and replication studies of the fundamental works in the considered scientific disciplines. The technical and social barriers to 

higher reproducibility are strongly intertwined with other transformations in academia, and, therefore, improving reproducibility meets similar challenges around culture change and 

sustainability. However, we clearly show that reproducible research is achievable today using the newly developed infrastructures and practices. The transferability of cross-disciplinary 

lessons facilitates the establishment of reproducible research practices and, more than other transformations, the movement towards greater reproducibility can draw from accessible 

and convincing arguments both for individual researchers as well as for their communities.
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Zusammenfassung

Die Reproduzierbarkeit von rechnergestützter Forschung stellt alle Wissenschaftszweige vor enorme Herausforderungen. In dieser Dissertation werden Technologien und Praktiken 

entwickelt, um die Reproduzierbarkeit zu erhöhen und sie besser mit dem Prozess der wissenschaftlichen Kommunikation zu verbinden, mit besonderem Fokus auf Geographie, 

Geowissenschaften und GIScience. Basierend auf Containerisierung wird in dieser Arbeit eine Plattform geschaffen, die bestehende akademische Infrastrukturen mit einem neuartigen 

ausführbarem Forschungskompendium (Executable Research Compendium; ERC) verbindet. Es wird gezeigt, dass das ERC die Transparenz, Verständlichkeit, Reproduzierbarkeit und 

Wiederverwendbarkeit von Forschungsergebnissen, zum Beispiel für Peer-Reviews, verbessert, indem es alle Teile eines computergestützten Arbeitsablaufs erfasst. Das Kernstück der 

ERC-Plattform ist eine Software, welche die Rechenumgebung automatisch erfassen kann, so dass die Autoren nur noch sogenannte computational notebooks, digitale Notizbücher die 

Text und Analysecode verbinden, erstellen müssen. Die Arbeit untersucht weiter, wie Containerisierung unabhängig von ERCs angewendet wird und werden kann, unter anderem bei 

einer komplexen Analyse aus der Fernerkundung, für Datenwissenschaften im Allgemeinen sowie innerhalb der Anwenderschaft der Programmiersprache R. Basierend auf diesen 

technischen Grundlagen kommt die Arbeit zu dem Schluss, dass es funktionierende praktische Lösungen gibt, die Reproduzierbarkeit durch geeignete Infrastruktur möglich machen und 

die Benutzung deutlich vereinfachen. Mehrere nachgelagerte Anwendungen, die auf ERCs aufbauen, bieten neuartige Möglichkeiten, die nächste Generation von Publikationen besser 

suchen und inspizieren zu können.

Um zu verstehen, warum reproduzierbare Forschung nicht weit verbreitet ist, und um zur Verbreitung reproduzierbarer Forschungspraktiken beizutragen, untersucht die Dissertation 

weiterhin den Stand der Reproduzierbarkeit in der wissenschaftlichen Disziplin GIScience. Sie entwickelt und demonstriert Arbeitsabläufe, mit welchen die Durchführung von 

rechnerischen Analysen besser in Peer-Review-Verfahren integriert werden können. Es werden Empfehlungen gegeben, wie reproduzierbare Forschung in Peer-Review-Verfahren 

(wieder) eingeführt werden kann und wie Praktiken um die höchstmögliche Reproduzierbarkeit zu erreichen in der Wissenschaft normativ, lohnend und letztlich verpflichtend werden 

können. Diese Empfehlungen stützen sich auf über 100 als irreproduzierbar befundenen Artikeln aus der GIScience, auf die Erfahrungen aus über 30 erfolgreichen Reproduktionen von 

computerbasierten Arbeitsabläufen in verschiedenen Wissenschaftsbereichen und auf die Erkenntnisse von der Implementierung des ERC.

Neben der Weiterentwicklung der eingebrachten Konzepte und der Infrastruktur weist die Dissertation auf weitergehende Themen zukünftiger Arbeit hin, wie zum Beispiel die 

Untersuchung von Prozessen für Code-Ausführung als Teil von Begutachtungen von Manuskripten, oder Reproduktions- und Replikationsstudien für grundlegende Arbeiten in den 

betrachteten Wissenschaftsdisziplinen. Die technischen und sozialen Barrieren für höhere Reproduzierbarkeit sind stark mit anderen Transformationsprozessen in der Wissenschaft 

verwoben und daher trifft die Verbesserung der Reproduzierbarkeit auf ähnliche Herausforderungen rund um Kulturwandel und Nachhaltigkeit. Die Arbeit zeigt jedoch klar, dass 

reproduzierbare Forschung jedoch schon heute auf Basis der neu entwickelten Infrastrukturen und Praktiken realisierbar ist. Die Übertragbarkeit von disziplinübergreifenden 

Erkenntnissen begünstigt die Etablierung reproduzierbarer Forschungspraktiken, und mehr als andere Transformationen kann die Bewegung hin zu mehr Reproduzierbarkeit aus 

zugänglichen und überzeugenden Argumenten sowohl für einzelne Forscher als auch für ihre Gemeinschaften schöpfen.
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