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PUBLIC CONSULTATION
‘SCIENCE 2.0’: SCIENCE IN TRANSITION

0. OVERVIEW OF THE CONSULTATION PROCESS

This background paper to the online public consultation gives a short description of the
term 'Science 2.0' as used in this consultation. The goal of the consultation is to better
understand the full potential of 'Science 2.0" as well as the desirability of any possible
policy action.
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European Commission - Press release

European Cloud Initiative to give Europe a global lead in the data-driven economy
Brussels, 19 April 2016

The Commission today presented its blueprint for cloud-based services and world-class data infrastructure to ensure science,
business and public services reap benefits of big data revolution.

Europe is the largest producer of scientific data in the world, but insufficient and fragmented infrastructure means this 'big data' is not being
exploited to its full potential. By bolstering and interconnecting existing research infrastructure, the Commission plans to create a new
European Open Science Cloud that will offer Europe's 1.7 million researchers and 70 million science and technology professionals a virtual
environment to store, share and re-use their data across disciplines and borders. This will be underpinned by the European Data
Infrastructure, deploying the high-bandwidth networks, large scale storage facilities and super-computer capacity necessary to effectively
access and process large datasets stored in the cloud. This world-class infrastructure will ensure Europe participates in the global race for high
performance computing in line with its economic and knowledge potential.

Focusing initially on the scientific community - in Europe and among its global partners -, the user base will over time be enlarged to the public
sector and to industry. This initiative is part of a package of measures to strengthen Europe's position in data-driven innovation, to improve
competitiveness and cohesion and to help create a Digital Single Market in Europe (press release).

Carlos Moedas, Commissioner for Research, Science and Innovation, said: "Our goal is to create a European Open Science Cloud to make
science more efficient and productive and let millions of researchers share and analyse research data in a trusted environment across
technologies, disciplines and borders. We listened to the scientific community's plea for an infrastructure for Open Science and with this
comprehensive plan we can get down to work. The benefits of open data for Europe's science, economy and society will be enormous."

Gunther H. Oettinger, Commissioner for the Digital Economy and Society, said:"The European Cloud Initiative will unlock the value of big data
by providing world-class supercomputing capability, high-speed connectivity and leading-edge data and software services for science, industry
and the public sector. With this initiative, our ambition is to be in the global top-three in high performance computing by 2020. We will also be
looking into the potential of quantum technologies which hold the promise to solve computational problems beyond current supercomputers."
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Workshop objectives

The Research Data Alliance (RDA) builds the social and technical bridges that
enable open sharing of data for research. Building on this effort, this Workshop
establishes a forum to discuss ideas and advancements towards the revision of
current scientific communication practices in order to support Open Science,
introduce novel evaluation schemes, and enable reproducibility. As such it
candidates as an event fostering collaboration between
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Who am |7

v

Co-Editor-in-Chief for

» Computers & Geosciences (1977)
» Journal of Statistical Software (1996)

Co-author of Applied Spatial Data Analysis with R

v

v

author of several R packages

v

active member (and developer) in the R community
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Eos, Vol. 93, No. 16, 17 April 2012

The R Software Environment
in Reproducible Geoscientific Research

PAGE 163

Reproducibility is an important aspect
of scientific research, because the credibil-
ity of science is at stake when research is
not reproducible. Like science, the develop-
ment of good, reliable scientific software is a
social process. A mature and growing com-
munity relies on the R software environment
for carrying out geoscientific research. Here
we describe why people use R and how it
helps in communicating and reproducing
research.

R is a multiplatform open-source soft-
ware environment [R Development Core
Team, 2012] that implements S, a lan-
guage designed for data analysis. It pro-
vides low-level routines for data manage-
ment tasks and linear algebra and high-
loval rantinec far fitting ctatictical madele

relieving developers of the burden of multi-
platform support. Package verification mech-
anisms make CRAN a reliable and powerful
resource for users and developers.

When writing R packages, one assumes
that R works in a certain way and will con-
tinue doing so. When the working of R
changes, there is a chance that this change
will break a package, i.e., stop an exten-
sion package from working, especially when
the package was using R syntax sloppily.
Although R core uses the 3500 extension
packages on CRAN to verify the impact of
planned changes, improvements that break
some packages are at times needed. In such
a case, maintainers of packages affected are
notified in a timely way so that they can take
action before the change in R is released
and users would become affected. Keep-

ina tn thaca mialitv cantral nracadnrac and

improvement, or where better documenta-
tion or tutorials are needed.

Since 2003, there has been a concerted
effort by a number of R developers to estab-
lish a set of classes and methods for spa-
tial data (points, lines, polygons, grids),
which resulted in the sp package [Bivand
et al., 2008]. Today, nearly 100 CRAN pack-
ages depend, directly or indirectly, on the sp
package, and a further 250 suggest it. From
2010 on, there have been similar efforts
for handling various types of spatiotempo-
ral data. The package rgdal allows reading
and writing grid or polygon data in any of
the more than 180 formats supported by the
Geospatial Data Abstraction Library (GDAL)
and the OGR Simple Features library.

A typical work flow might consist of
(1) reading data, (2) manipulating data,
(3) analyzing data, computing statis-
tics, and generating figures, maps, and/or
graphs, and (4) exporting all results to a
manuscript. A strong reason R is the envi-
ronment preferred by many is that it offers
all needed functionality, and so it provides
a fast solution in terms of research effort.
Recent CRAN packages that provide topol-
ogy operations for vector geometry or that

analvza laraa ractar filae antoafomamanry



What is reproducible research? What is replication?

[ Collecting experimental data ]

tables figures paper
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Computational procedure
DB Query / R script

reproduction
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What is reproducible research? What is replication?

N

replication

[ Collecting experimental data ]

L.

Computational procedure

DB Query / R script

reproduction

tables figures paper
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Why is the ability to reproduce important?

> transparency, credibility: science is about truths, not opinions

> the ability to verify correctness
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Reasons to not do reproducible research

“Good" reasons:
» [ can't reveal the data — privacy, politics, size
» There is no (scientific) reward — lack of incentives
> Just tell me how! — it is hard, where are the guidelines?

“Bad” reasons:
» [ want to keep a competitive advantage — data, procedures,
software
» [ fear a loss of funding — someone else may financially benefit
from my work (NC clause)
» | fear someone finds a mistake, or reveal my messy practice
(climate community)
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Low-hanging fruit

> the “bad” reasons are hard to fight - this is appealing to
research ethics, really.

» some of the “good” reasons can be fought:

» there can be good reasons to not reveal the data = hard to
remove, but why not provide procedures with data that is
anonymized, scrambled, simulated, subsetted, ...

» lack of incentives: there is no (scientific) reward = create
incentives: reuse — citations

> it is hard: where are the guidelines? = make it simple

14 /23



http://o2r.info

“Opening Reproducible Research”:
instead of papers, publish research compendial, consisting of
paper, data, and software.

» DFG-LIS call “Open Access Transformation”

» cooperation ULB (library), Chris Kray (HCI), me (journals,
geoscience);

» funding: 3 FTE x 2 years, possibly +3 years; start 2016

Central to the proposal is a new form for creating and providing
research results, the executable research compendium (ERC),
which not only enables third parties to reproduce the original
research and hence recreate the original research results (figures,
tables), but also facilitates interaction with them and the
recombination of them with new data or methods.

!Gentleman and Temple Lang, 2007. Statistical analyses and reproducible

research. Journal of Computational and Graphical Statistics-16:1
15/23
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“Opening Reproducible Research”:
instead of papers, publish research compendial, consisting of
paper, data, and software.

» DFG-LIS call “Open Access Transformation”

» cooperation ULB (library), Chris Kray (HCI), me (journals,
geoscience);

» funding: 3 FTE x 2 years, possibly +3 years; start 2016

Central to the proposal is a new form for creating and providing
research results, the executable research compendium (ERC),
which not only enables third parties to reproduce the original
research and hence recreate the original research results (figures,
tables), but also facilitates interaction with them and the
recombination of them with new data or methods.

Focus on the publication cycle.

!Gentleman and Temple Lang, 2007. Statistical analyses and reproducible

research. Journal of Computational and Graphical Statistics-16:1
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Publication cycle

1. Prepare / write MS

3. Receive reviews

X. Publish
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one-click reproduce
interact and query
(change parameters,
visualisations, etc.)
discover &compare
re-use components
(data, analysis, etc.)

Publication Process

------------ > :

prepare validate review publish
add metadata * check metadata * human inspection in  assign DOI(s)/URI(s)
generate reference * check execution different contexts: * make accessible
results * compare results « self-publication « for download
convert/clean data from execution to * peer-review * one-click repro.
convert/clean reference results * library check * via specific
analysis procedure » check Ul bindings « confirm validation platforms/
specify licenses outcomes formats
specify Ul bindings * examine content * store
(parameters, tables,  archive

figures) make discoverable



PERC7

metadata

Ul bindings

description

adjust parameters via graphical Ul
D and immediately see impact on results A B

A

PERCH

PERCs

apply same

analysis method

to different datasets s

PERCs

Ul bindings

apply different
analysis methods
to same dataset

recombine analysis
methods & datasets
to gain new insights

one-click
reproduce




O2R goals:

(i) to define the formal structure to which an executable research
compendium has to comply,

(i) to develop tools for automating validation,

(i) to demonstrate and evaluate (i) and (ii) by means of fully
fledged use cases, and

(iv) going beyond mere reproduction by developing tools for
interactive exploration of executable research compendia.

Partners:
» Elsevier (H. Koers, content innovation management)
» Copernicus (X. van Edig, journals)

» UCSB (Kuhn), Aalto Univ. School of Science (Kauppinen),
Utrecht (Scheider)
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Role of the library

> long-term preservation & archiving
» search & find

> library workflows: what can the library offer to all scientists?
What do they have to understand, and what is managed by
the domains?

> use & extend library standards for digital archives: OAIS,
Baglt
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More difficult targets

Out of O2R’s scope:

» my data set is large (try reproduce Google Earth Engine)

» my computation only runs on dedicated hardware (GPU,
clusters, Arduino)

> my computation requires supercomputing
» licensed software, software constrained to particular platforms
» business models
Inside O2R’s scope
» which interactions are valuable?
» software is dynamic: fix versions and rebuild? fix runtime?

» primarily R, secondarily: anything that can be encapsulated in
a docker container
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Why docker?

v

VMs abstract away hardware/OS layer

» mainstream

v

lightweight, copy-on-write

v

dockerfiles make the docker container transparent, and
reproducible

Challenges:

» not developed primarily for the purpose of reproducibility
(luckily?)

» for this, software versioning system needs better developed



Reproducible Research in practice: Docker container
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https://github.com/benmarwick/1989-excavation-report-Madjebebe

Discussion & Conclusions

» Reproducible research is not hard, benefit now from the lack
of guidelines!

» Start early, small-scale: share workflows, scripts, software,
data and papers from day 1 rather than just before submitting
the manuscript

» How do we teach our students what open science is?
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