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ABSTRACT

The demand for reproducible research is on the rise in disciplines concerned with

data analysis and computational methods. Therefore, we reviewed current recommen-
dations for reproducible research and translated them into criteria for assessing the

reproducibility of articles in the field of geographic information science (GlScience).
Using this criteria, we assessed a sample of GlScience studies from the Association

of Geographic Information Laboratories in Europe (AGILE) conference series, and

we collected feedback about the assessment from the study authors. Results from the
author feedback indicate that although authors support the concept of performing

reproducible research, the incentives for doing this in practice are too small. Therefore,
we propose concrete actions for individual researchers and the GlScience conference
series to improve transparency and reproducibility. For example, to support researchers
in producing reproducible work, the GIScience conference series could offer awards
and paper badges, provide author guidelines for computational research, and publish
articles in Open Access formats.




How did we examine AGILE papers’
reproducibility?
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How to assess reproducibility?

Input Data

Preprocessing

Method, analysis,

processing
Computational

Environment

Results

Level — Description

0 — unavailable & undocumented

1 — documented (i.e., recreatable)
2 — available & documented

3 — available, documented, open

(long term, with DOI)
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How to assess reproducibility?

[0] unavailable (including available upon request) and
not recreatable (even if documented or with metadata)

Il]p ut Data [1] documented (including metadata) and
recreatable (same or similar data can be retrieved from original source)

[2] available, but non-public licenses/no license or non-permanent websites (e.g. no DOI)
[3] available, open and permanent (with DOI)

Level — Description

0 — unavailable & undocumented

[0] unavailable (including available on request)

[1] documented (text, pseudo code, workflow description, 1 — documented (i.e., recreatable)
Criteria for Preprocessing versions, Dockerfile, Vagrantfile)
Reproducible iyl e iiea o 2 ~ available & documented
Research Methods e o S gslontiines 3 — available, documented, open
Method, analysis, processing -------- ? (Iong term, with DOl)

Computational environment ——————. :

[0] unavailable/insufficient

Resulis [1] documented (understandable, context provided), i.c.
G * reasonable statistical measures/summaries, textual descriptions, tables, maps

[2] available, i.e. models, "output data", scripted plots/maps

[3] available. open and permanent



How reproducible were AGILE papers?
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Level — Description

0 - unavailable & undocumented
1 - documented (i.e., recreatable)
2 - available & documented

Does it at least improve over time? (N0) s

(long term, with DOI)
3 -
Category
B input
B preprocessing
" method

2- B environment
© results

mean value of criterion level

2010 (n=1) 2012 (n=5) 2013 (1=3) 2014 (n=5) 2015 (n=3) 2016 (n=5) 2017 (n=5)
year



What were the authors’ views?

= authors were provided with our evaluation of their paper
= 22 /82 authors filled in the survey for 17/32 papers

= authors were asked to give consent to use their answers in the publications

Do you agree with our assessment?
Reasons for disagreement:

= Requirements should not be applicable for short paper
= Specific data is not always necessary for reproducibility
= “Availability upon request” means “available”

= OSM data is by default “open and permanent”

Partly



Count

Did they consider reproducibility? Why not?

Have you considered the reproducibility of research published in your nominated paper?

Publication type

B Eu

. Short

1
It is part of a
project and we can
only share parts of
the work.

1
No, I was not
concerned with it

]
Yes, I have
somewhat considered
reproducibility

1
Yes, it is important
to me that my
research is fully
reproducible

Reasons for lack of reproducibility

Legal restrictions
Not enough time
Inadequate tools
Lack of knowledge or skills

Insufficient incentives



ext step: Replicate with another conference
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procecdings from the years 2012 to 2018 [35, 7, 20, 34]. The paper assessment results and source code
of lgures are published at https: //github. com/nuest/reproducible-research-at-giscience and
archived on Zenodo [27]. The used computing environment is containerised with Docker pinning the
R version to 3.6.3 and B packages to the MEAN snapshot of July Sth 2019,

—— Abstract
GlScience conference anthors and researchers face the same computational reproducibility challenges
as authors and researchers from other disciplines who use computers to analyse data. Here, to
assess the reproducibility of GlScience research. we apply a rubric for assessing the reproducibility
of 75 conference papers published at the GlScience conference series in the years 2012-2018. Since
the rubric and process were previously applied to the publications of the AGILE conference series,
this paper itsell is an attempt to replicate that analysis, however going beyond the previous work by
evaluating and discussing proposed measures to improve reproducibility in the specific context of the
GlScience conference series. The results of the GlScience paper assessment are in line with previous
findings: although descriptions of workflows and the inclusion of the data and sofltware suffice to
explain the presented work, in most published papers they do not allow a third party to reproduce
the results and findings with a reasonable effort. We summarise and adapt previous recommendations
for improving this situation and propose the GlSeclence community to start a broad diseussion on
the reusability, quality, and openness of its research. Further, we critically reflect on the process of
assessing paper reproducibility, and provide suggestions for improving future assessments. The code

and data for this article are published at https://fdoi.org/10.5281/zenodo . 4032875, 10



Next step: Replicate with another conference

What did we want to do?
1. Investigate the state of reproducibility at GIScience conference series

2. Replicate an earlier assessment for AGILE conference series:

* |sthe method generalizable?

* How do AGILE and GlIScience compare?

3. Discuss strategies for improving reproducibility



How did we go about it?

Collect GlIScience full

papers

Assign 2 reviewers Conceptual Exclude from further RSAEIEE:

87 papers from '
per paper paper? analysis but none from 2018!

2012 - 2018

Discussion and

Assess Reviewers
reproducibility agree? N ultimately vote

Analyze and
interpret outcomes
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Was our approach replicable?

Short answer: yes

But:

* labor-intensive, thus difficult to scale up

*  Preprocessing not too helpful criterion (overlap with Analysis)

Computational environment of limited use because relates mostly to processing time
Future replications should drop preprocessing and could drop computational environment criteria

Try it out!

https://github.com/nuest/reproducible-research-at-giscience

13


https://github.com/nuest/reproducible-research-at-giscience

What’s the outcome for GIScience?

Methods/Analysis/  Computational

Input data Preprocessing - : Results
Processing Environment
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Figure 1 Barplots of reproducibility assessment results; levels range from 0 (leftmost bar) to mot
applicable’ (rightmost bar).

Level — Description

0 - unavailable & undocumented
1 - documented (i.e., recreatable)
2 - available & documented

3 — available, documented, open

(long term, with DOI)
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Figure 2 Alluvial diagram of common groups of papers throughout 4 of 5 categories including
only papers without any “not applicable” (Level NA) value; category Preprocessing was dropped
because difficulty to clearly assess it lead to many “not applicable” values.

Level — Description

0 — unavailable & undocumented

1 — documented (i.e., recreatable)
2 - available & documented

3 — available, documented, open

(long term, with DOI)
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Level — Description

0 - unavailable & undocumented
1 - documented (i.e., recreatable)
2 - available & documented

Any change over time? (again, no)

(long term, with DOI)
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But what does this mean for GlScience?

. Overall reproducibility not great but: most papers meet standards for
publication (‘documented’ in all three main criteria)

- Main problem is input data (several score only ‘unavailable’)
* Scores not a result of link rot (although that is a problem!): if there was reason to
assume data was available at time of publication, paper received ‘available’
* Worrisome, because of increased focus on data science and need for ML training

data



How do GIScience and AGILE compare?

Table 3 Mean values per criterion for both conferences (rounded to two decimal places).

Criterion AGILE full papers ‘ GIScience papers
input data 0.67 0.72
method /analysis/processing 1.00 ‘ 1.03
computational environment 0.62 0.28
results 0.88 ‘ 1.05

* Similar in terms of topics

* overlap of authors noticeable but not majority

* different geographic scope

* Biannual vs annual

Level — Description

0 — unavailable & undocumented

1 — documented (i.e., recreatable)
2 - available & documented

3 — available, documented, open

(long term, with DOI)

* AGILE has institutional framework (council) that supported newly

implemented guidelines, reproducibility committee, and badges

18



First a quick assessment ...

The first step is to be able to assess a paper’s reproducibility quickly. You

don’t have to understand the paper deeply for doing this!

Look for

o Data availability: What data sources are used, and how could you
retrieve or recreate them?

e Methods used: Which methods were used, and could you use the same
libraries/software? Are all parameters documented?

o Result details: Are all results presented and properly explained?



... of this paper

As example, let’s investigate this paper (or choose your own if you have a

good contender — don’t go searching now):

https://drops.dagstuhl.de/opus/volltexte/2018/9343/pdf/LIPIcs-GISCIENCE-2018-15.pdf

What do you think should be its scores?

Use the simple scoring system or input data, methods, and results

Level — Description

0 — unavailable & undocumented

1 - documented (i.e., recreatable)
2 — available & documented

3 — available, documented, open

(long term, with DOI)
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Immediate question:

How far do the authors of a paper have to go?
A: “Just” a repository with code and data and documentation
B: Exact reproduction of paper including figures

C: Full container of study (e.g., Docker)



Take-home message

Some reproducibility is always
better than no reproducibility!
If the gold standard seems unreachable,

don’t give up, do what you can!
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