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“An article about comput al jenti ication is not the scholarship itself, it is
merely advertising of the schola : actual scholarship is the complete software
development environment and the complete set of instructions which generated the figures. ”

Jon Claerbout (paraphrased) -


https://library.seg.org/doi/abs/10.1190/1.1822162

SCIENGE IS MORE THAN A PDF



https://the-turing-way.netlify.app/reproducible-research/rdm.html
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RESEARCH INGREDIENTS




OPEN SHARING MAY NOT BE ENOUGH

e Open data of 38% of N=174 studies were not "in principle reusable"

e 24 out of 35 studies with reusable data: irreproducible main results without assistance of
the original authors,

e 13 out of 24: not exactly reproducible even with assistance

e N=62 Registered Reports
e 36 articles shared both data and code to reproduce results
e QOut of those, main findings of 15 articles could not be reproduced

Data Management Technical problems Human errors
 multiple versions of code/data e wrong software e reporting (copy-paste) errors
e suboptimal data curation environment e ambiguous analysis
e unclear execution order/entry e proprietary software specification
points e link rot/accessibility

e non-portable code issues


https://royalsocietypublishing.org/doi/10.1098/rsos.180448
https://journals.sagepub.com/doi/full/10.1177/2515245920918872
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You can find this recording on YouTube: https://www.youtube.com/watch?v=nhLgmF58SLQ



https://www.youtube.com/watch?v=nhLqmF58SLQ

BUILDING BLOCKS OF THE PUBLICATION

Disclaimer: This is not the only way to write a reproducible paper!
Original reproducible paper: https://github.com/psychoinformatics-de/paper-remodnav
Resulting publication: https://doi.org/10.3758/s13428-020-01428-x
Step-by-Step instructions: handbook.datalad.org/usecases/reproducible-paper.html
Tutorial: github.com/datalad-handbook/repro-paper-sketch

Specific workflow and software choices:

e Version control and data transport: Git & Datalad
* Workflow management: Make

e Software management: Virtual environments

e Dynamic document generation: LaTeX



https://github.com/psychoinformatics-de/paper-remodnav
https://doi.org/10.3758/s13428-020-01428-x
http://handbook.datalad.org/en/latest/usecases/reproducible-paper.html
https://github.com/datalad-handbook/repro-paper-sketch

WHY: VERSION CONTROL AND DATA TRANSPORT?

The building blocks of a scientific result are rarely static
Analysis code evolves

(Fix bugs, add functions, refactor, ...)


https://phdcomics.com/comics/archive_print.php?comicid=1531

1323

WHY: VERSION CONTROL AND DATA TRANSPORT?

The building blocks of a scientific result are rarely static
Data changes

(errors are fixed, data is extended,
naming standards change, an analysis
requires only a subset of your data...)


https://phdcomics.com/comics/archive_print.php?comicid=1323

HOW IT WORKS: VERSION CONTROL AND DATA TRANSPORT

e Datalad : Open source, domain-agnostic data management &
data publication tool, build on top of Git and (Joey Hess)
e Main features used in this publication:
= version-controlling and linking arbitrarily large digital objects (data,
software, code, results),
= transport mechanisms for sharing, obtaining & collaborating on data
(analysis) using existing infrastructure without a central service



https://joss.theoj.org/papers/10.21105/joss.03262
https://git-scm.com/
https://git-annex.branchable.com/

HOW IT WORKS: VERSION CONTROL AND DATA TRANSPORT

e Datalad (Halchenko et al): Open source, domain-agnostic data management &
data publication tool, build on top of Git and Git-annex (Joey Hess)
e Main features used in this publication:

= version-controlling and linking arbitrarily large digital objects (data,
software, code, results),

= transport mechanisms for sharing, obtaining & collaborating on data
(analysis) using existing infrastructure without a central service
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HOW IT WORKS: VERSION CONTROL AND DATA TRANSPORT

e Datalad (Halchenko et al): Open source, domain-agnostic data management &
data publication tool, build on top of Git and Git-annex (Joey Hess)
e Main features used in this publication:
= version-controlling and linking arbitrarily large digital objects (data,
software, code, results),
= transport mechanisms for sharing, obtaining & collaborating on data
(analysis) using existing infrastructure without a central service

(remodnav) adina@muninn in ~/repos/papers/paper-remodnav on git:master

Let's take a look into how the script retrieves data:

3 from datalad.api import get as datalad get

Import datalad API

datalad get (f)

Get individual ﬁles|


https://joss.theoj.org/papers/10.21105/joss.03262
https://git-scm.com/
https://git-annex.branchable.com/

HOW IT WORKS: VERSION CONTROL AND DATA TRANSPORT

e Datalad (Halchenko et al): Open source, domain-agnostic data management &
data publication tool, build on top of Git and Git-annex (Joey Hess)
e Main features used in this publication:
= version-controlling and linking arbitrarily large digital objects (data,
software, code, results),
m transport mechanisms for sharing, obtaining & collaborating on data
(analysis) using existing infrastructure without a central service
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HOW IT WORKS: VERSION CONTROL AND DATA TRANSPORT

e Datalad (Halchenko et al): Open source, domain-agnostic data management &
data publication tool, build on top of Git and Git-annex (Joey Hess)
e Main features used in this publication:
= version-controlling and linking arbitrarily large digital objects (data,
software, code, results),
= transport mechanisms for sharing, obtaining & collaborating on data
(analysis) using existing infrastructure without a central service

1 $ (remodnav) adina@muninn in ~/repos/papers/paper-remodnav on git:master
2 ) datalad subdatasets --recursive



https://joss.theoj.org/papers/10.21105/joss.03262
https://git-scm.com/
https://git-annex.branchable.com/

HOW IT WORKS: VERSION CONTROL AND DATA TRANSPORT

2020-06-05 10:58 +0200 Adina Wagner M— [master] {upstream/master} {upstream/HEAD} Merge pull request #12 from psychoinformatics-d
{upstream/finalround} add results from computing with mean instead of median
‘ Change wording, clarify comment
= :] Merge remote-tracking branch 'gh-mine/finalround'
Added datalad.get() so S2SRMS() pulls data and can run standalone
{gh-asim/finalround} S2SRMS: example implementation of the S2SRMS method suggested by R2
Minor edits as suggested by reviewer 2
Merge pull request #13 from psychoinformatics-de/adswa-patch-1
{upstream/adswa-patch-1} Fix installation instructions
Merge pull request #14 from psychoinformatics-de/bf-data

One-time datalad import
install and get relevant subdataset data
Merge pull request #8 from psychoinformatics-de/adswa-patch-1
{gh-asim/adswa-patch-1} add sklearn to requirements
Tune new figure caption
Merge pull request #11 from ElectronicTeaCup/revision 2

Date ~ ‘Author | | | Change.stmnidry (COMMIL messgggy <

name pa eter 1n Cd}TlOﬂ




WHY: WORKFLOW MANAGEMENT?

"Shit, which parametrization of which script produced these outputs from which subset of
what data in which order?"



https://the-turing-way.netlify.app/reproducible-research/rdm.html

HOW IT WORKS: WORKFLOW MANAGEMENT

Makefiles!

The final result: A manuscript PDF

Its ingredients: Manuscript sources
and results. Only render the
manuscript when those exist.

How to generate results and figures

Clean-up routine




WHY: SOFTWARE MANAGEMENT?

"Works on my machine"



https://derickbailey.com/2017/02/08/digging-into-the-works-on-my-machine-problem/

WHY: SOFTWARE MANAGEMENT?

"This used to work on my machine..."

YOU, 6 MONTHS

LATER



https://derickbailey.com/2017/02/08/digging-into-the-works-on-my-machine-problem/

HOW IT WORKS: SOFTWARE MANAGEMENT

Set up software environment prior to computing




WHY: DYNAMIC DOCUMENT GENERATION?
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£ ¥\
L% COPY.PASTE[ERROR
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HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

Let's take a look into how results and figures are saved by the script:

def mk confusion figures(fig, stat):

woiw

small helper function to save all confusion matrices

woivw

max mclf = 0
for pair in itertools.combinations(['MN', 'RA', 'AL'], 2):
plt.figure (




HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

Let's take a look into how results and figures are saved by the script:

Figures are saved into a relative project path




HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

The LaTeX sources can directly embed this figure:

\includegraphics[trim=0 0 0 O
\includegraphics[trim=0 0 0 6
\includegraphics[trim=0 0 0 6

yclip,width=1\textwidth] {img/confusion MN RA.pdf} \\
omm, clip, width=1\textwidth] {img/confusion MN AL.pdf} \\
omm, clip, width=1\textwidth] {img/confusion RA AL.pdf}

Figures are embedded into the manuscript sources




HOW IT WORKS: DYNAMIC DOCUMENT GENERATION
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Fig. 2 Confusion patterns for pairwise eye movement classification comparison of both human raters (MN and RA; Andersson
et al., 2017) and the REMoDNaV algorithm (AL) for gaze recordings from stimulation with static images (left column), moving
dots (middle column), and video clips (right column). All matrices present gaze sample based Jaccard indices (J1; Jaccard,
1901). Consequently, the diagonals depict the fraction of time points labeled congruently by both raters in relation to the
number of timepoints assigned to a particular event category by any rater.



HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

What about tables?

We print them under a unique label as a LaTeX \newcommand variable|



HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

Output is automatically writtento results def. tex..

The value 6.1 will be in a LaTeX variable \imgMNRAMCLF




HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

...and can be used in the LaTeX sources:

2 \lnput{results def.tex}

Make the variables available to the LaTeX sources

MN versus RA & \kappaRAMNimgFix & \kappaRAMNdotsFix & \kappaRAMNvideoFix \

Use them to embed the results in a table|



HOW IT WORKS: DYNAMIC DOCUMENT GENERATION

Table 2 Proportion of samples in each stimulus category
classified in disagreement between human coders (MN, RA)
and the REMoDNaV algorithm (AL). The MC (misclassi-
fication) column lists proportions considering all four event
categories (fixation, saccade, PSO, pursuit), while the w/oP
{without pursuit) column excludes pursuit events for a direct
comparison with Andersson et al. {2017, Tables 8-10). The
remaining columns show the percentage of labels assigned to
incongruent time points by each rater {deviation of their sum
from 100% is due to rounding).

Images

Comp MO w/oP Coder Fix Sac PSSO SP
MMN-RA 6.1 3.0 MN 0 9 21 0
— — — RA 13 5] 20 o3
MMN-AL 23.1 65 MN 26 2 11 2
— — — AL o 13 G T
RA-AL 228 64 RA 7 3 11 9
— — — AL 13 13 G G2
Dots

Comp MC  wj/oP Coder Fix 5Sac PS5O 5P

MN-RA 10.7 4.2 NN 11 Ly 9 Tl
— — — BA G4 T i 23
MMN-AL 18.6 ®.2 NN 9 o 7 TR
— — — AL T G 2 15
BA-AL 228 L2 BA 28 4 i Gl
— — — AL a9 T 2 31
Videos

Comp MO w/oP Coder Fix Sac PSSO SP

MN-RA 185 4.0 MN o 3 B 15
— — — RA L& E 3 T
MN-AL 315 7.9 MN a7 1 G 36
— — — AL a6 o 3 oo
RA-AL 255 91 RA 38 3 o oo

— — — AL aa G o 35




ADD A FEW BASIC RDM STRATEGIES

e Create an intuitive structure, ideally comply to standards

code/ scripts

data/ datasets

img/ computed figures

main.tex manuscript sources
Makefile documentation for machines

README . md documentation for humans
references.bib

remodnav/ software

results def.tex numerical results

e Ensure completeness and portability:

path = 'code/veryimportant.info'



WHY WOULD YOU WANT T0 WORK THIS WAY?

Example:
Data changes (for real) P , .
(errors are fixed, data is extended, | found an error in one of the public datasets -

naming standards change, ...) jUSt before Su bmission

2019-03-068 12:38 +0100 Richard Andersson M— [master] {origin/master} {origin/HEAD} Merge pull request #3 from AdinaWagner/datafix

ENH/FIX: relabel erroneous saccades to fixations, closes #2.
Uploaded a folder consting only of the data used in the original article

Code added

Added currently shared data and stimuli.

Deleted -- to be reuploaded

Add files via upload

Add files via upload

Initial commit

commit d28911838f91f33af0db57332f55ccc442d24166

AuthorDate: Thu Apr 25 17:54:

CommitDate: Thu Apr 25 17:5:

Update Anderson et al test dataset with Zemblys labeling fix

| 2

1 file changed, 1 insertion(+), 1 deletion(-)
diff --git a/remodnav/tests/data/anderson etal b/ ) ta/ande

- ay
+++ by




WHY WOULD YOU WANT TO WORK THIS WAY?

WHAT You THINK T WHAT T ACTUALY
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e Savetime

e Have a framework for collaboration

e Gain confidence in the validity of your results

e Make a more convincing case with your research
e Make your research more accessible

e |ncrease your work's reusability



https://the-turing-way.netlify.app/reproducible-research/rdm.html

"OH GOD, BUT.| DON'T KNOW ANY OF THE TOOLS..."

Use other.tools! (RMarkdown/Beoekdown, Snakemake, Bash scripts for
orchestration, Guix, Software containers, ...). What matters is the result, not how

you get there
There are even complete frameworks, such as WORCS ( a or

tandmai 21
There are tutorials'and documentation everywhere, e.g., for our papérusing™ake,

in R, etc.


https://content.iospress.com/articles/data-science/ds210031
https://doi.org/10.5964/qcmb.3763
https://github.com/datalad-handbook/repro-paper-sketch/
https://the-turing-way.netlify.app/reproducible-research/make/make-casestudy.html
https://osf.io/pxfjg/download
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THANKS FOR YOUR ATTENTION
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Slides at DOI 10.5281/zenodo.5508797

Women neuroscientists are underrepresented in neuroscience. You can use the
Repository for Women in Neuroscience to find and recommend neuroscientists for
conferences, symposia or collaborations, and help making neuroscience more open & divers.
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