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In 1989, English telecommunication engineer and CERN
fellow Tim Berners Lee wrote a 'vague, but exciting' pro-
posal to build a hypertext project called "WorldWideWeb"
[1]. The rest is history. As of June 2018, an estimated 55%
of the 7.5 billion people living on this planet have access to
the Internet via the Web. It has become the backbone of the
Information Age we all live in, the cornerstone of our modern
digital culture and of its communication revolution.

What is well known is that a CERN scientist invented the
Web. What is lesser known is that it was initially invented for
scientists. More precisely, the goal was “to allow high-ener-
gy physicists to share data, news, and documentation” as
Tim Berners Lee explained on an internet forum in August
1991. Anticipating the enormous potential of the Web tech-
nology, he insisted that it should not be restricted to his dis-
cipline. “The Project started with the philosophy that much
academic information should be freely available to anyone.
It aims to allow information sharing within internationally dis-
persed teams”, he wrote in another memo addressed to the
early adopters and supporters of the Web.

Open Science and Digitalization

Open science is based on the assumption that the discovery
process should be carefully described and ultimately shared
so that everyone can critically assess the results and build
on them or make new discoveries [2]. It can be debated
whether the Web is the cause or the consequence of the
open science movement we witness today. What is clear
is that it was conceived as a tool to support global collab-
oration in science. It has dramatically changed, and is still
continuously changing, the way we discover, produce and
share knowledge.

Beyond the Web, it is digitalisation in general that has trig-
gered a transformation in research and education. The
academic institution is in a transition, much like the rest of
society. Computers are used in virtually every step of the
research process, from generating a hypothesis to dissemi-
nating results. Scientists use search engines to find relevant
documents in the ever-expanding volume of literature, store
their observations, measurements and models in digital files
on servers, craft algorithms to sort, analyse and visualise
the data, and use the web again to share all of this with
colleagues across the globe. Some compare the impact of
computers and networks to what happened during the first
scientific revolution when the printing press was invented.
One can wonder: is digitalisation triggering another scien-
tific revolution?

What is surprising is that, although our means of communi-
cation have evolved so dramatically, the format used for the
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dissemination of scientific knowledge within the academic
community has remained relatively unchanged. In 1665,
German theologian and natural philosopher Henry Olden-
burg joined forces with Robert Boyle, considered the first
modern chemist and one of the pioneers of the experimen-
tal scientific method, to launch the Philosophical Transac-
tions of the Royal Society. It was the first journal in the world
exclusively devoted to science and the first to adopt peer
review. The publication process was put in place to fulfill
five main roles: documentation (detailed description of the
experiment and the results), registration (list of authors and
date stamp), certification (through peer review), dissemina-
tion (via subscriptions) and archiving (in libraries). With the
advent of scientific journals, the reputation economy of aca-
demic scholarship was born.

Some voices say that the format adopted by the Philosoph-
ical Transactions in the 17" century is out-dated today. The
complexity of contemporary research methodologies and re-
sults cannot simply be described in words, tables and static
figures anymore. The problem started to appear over two
decades ago with the advent of computers in research, lead-
ing to the apparent expansion of the scientific method [3].
Inspired by Stanford professor of geophysics Jon F. Claer-
bout [4], James Buckheit and David L. Donoho expressed
their concerns in the following statement: “An article about
computational result is advertising, not scholarship. The ac-
tual scholarship is the full software environment, code and
data, that produced the result.” [5] [6] The rationale is that,
in order for others to verify and build upon their work, re-
searchers have to share more than just a wordily description
of their methods. The documentation required to guarantee
an acceptable level of reproducibility in chemistry and other
natural sciences was not sufficient in an era when scientists
increasingly used computer models and large data sets to
make discoveries and prove hypotheses. While errors are a
crucial component of the scientific enterprise, only transpar-
ency allows others to correct them.

After over 350 years of going virtually unchanged, it may be
time for the ‘paper’ format to be rethought. Its limitations,
exacerbated by the commodification of knowledge that big
publishers have put in place through paywalls as they con-
solidated their catalogue of journals, start to transpire in
every field of research [7]. The foundation of open access
were laid over two decades ago, but today, open science
supporters promote public access to the data, the comput-
er code, algorithms, and other digital products that support
the results described in research articles. They seek to
solve the problem of under-reporting or misinterpretation of
results that led to a perceived reproducibility crisis [8]. Or
they want to tackle insufficient skills and infrastructures that
would allow coping with the ever-increasing importance of



computers and digital data in research (see for example the
teaching programs by the community initiative The Carpen-
tries [9]). As a consequence, new practices emerge in the
research community, together with new expectations from
journals and funding agencies, but also from the public.

By going back to Tim Berners Lee’s original vision, open
science initiatives are bringing back digital innovation to ac-
ademia and changing the way researchers make and share
discoveries. They use the Web to its full potential and ex-
plore new strategies allowing 215 century science to thrive.

The Promises (and Challenges) of Open Science

A number of influential scientific institutions have released
reports that identify the potential impact of open science
practices. As early as 2012, the Royal Society has laid out
the vision, and the necessary steps to enable its realisa-
tion [10]. More recently, the American National Academies
of Sciences, Engineering and Medicine systematically
mapped the benefits and motivations, as well as the bar-
riers and limitations of an implementation of open science
principles [11]. The authors of the report put the researcher
at the centre of the concept of open science by design, ex-
pecting them to both contribute and take advantage of the
open science practices. Their assumption is that research
conducted openly and transparently leads to better science.
Indeed, open science is a vow to invest into best practice
that will eventually lead to the following outcomes:

Visibility = larger impact
Scrutiny = better quality
Reuse = higher efficacy
Public access = fair opportunity

Physics has been at the forefront of open science in many
ways. One salient example is the widespread adoption of
digital preprints as soon as Paul Ginsberg launched the
online repository arXiv.org in 1991. In the spirit of the Web
original purpose, sharing a digital version of research ar-
ticles before their formal publication has rapidly become
the norm in this discipline. What may come as a surprise
to contemporary researchers is that correspondence be-
tween scientists to collect feedback on one’s work before
formal publication has always existed. In fact, following the
steps of the physics community, biologists also attempted to
adopt preprints mailing lists in the 1960s although in did not
succeed at the time [12]. Their recent growing popularity, in
particular in biology [13] and chemistry [14], may be in part
related to an increase in the number of interdisciplinary pro-
jects over the past decades. Researchers who have been
trained as physicists or mathematicians started contributing
to research in genetics and genomics, systems biology, bi-
ophysics, molecular simulations and other subfields. In this
important case of cross-pollination between disciplines, bi-
ology preprints were initially submitted to a sub-section of
arXiv — called g-bio (arxiv.org/archive/q-bio) for “quantitative
biology” — before the creation of www.bioRxiv.org.

Beyond publications, the potential of data sharing has re-
cently gained the attention of the field of particle physics.
In a key move, the Compact Muon Solenoid (CMS) experi-
ment, one of two large detectors built on the Large Hadron
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Collider (LHC) at CERN, made three data releases in No-
vember 2014, in April 2016 and in December 2017. Any-
one can now explore the data with their own point-of-view,
bringing diversity in interests and skills. This allowed MIT
researchers to make new discoveries, independently from
the team based in Geneva [15].

It is important to realize that allowing others to reuse infor-
mation is only one of the two sides to the reproducibility coin.
This main motivation to produce reproducible results rests
on the idea of “Nanos gigantum humeris insidentes” (dwarfs
standing on the shoulders of giants) to use a popular meta-
phor attributed to 12" century French philosopher Bernard
of Chartres. But the ability to hand over a methodology from
one person to another in a timely and efficient manner en-
ables project integrity as personnel changes over time. In a
very pragmatic move, CERN needs to make sure the data
it produces will not become obsolete. As pointed out, “data
and the knowledge needed to interpret them are more likely
to survive in the long term if many people outside an exper-
iment are constantly trying to make sense of them.” [16] But
open is not enough [17]. Significant efforts must be invested
in careful documentation, the development of standards as
well as classification methods. In fields that lack such best
practice, a substantial investment and a cultural change are
required, demanding efforts from every stakeholders of the
research ecosystem (see Figure 1).

COMMUNITIES

Make it required
Make it rewarding

Make it normative

Make it easy

Make it possible

Fig 1. Support necessary for the cultural change leading to open
science (adapted from original work by Brian Nosek, Center for
Open Science [18])

But even within the physics community, there are different
cultures. On the one hand, researchers using facilities — the
Hubble telescope or a synchrotron beam line - compete for
instrument time and collect data they often can keep under
embargo. On the other hand, participants to an experiment
— the Sloan Digital Sky Survey [19] or the Gaia space ob-
servatory [20] for example — participate to the construction
of an infrastructure that will release data openly to all. In this
case, it is the originality of their analyses that will be advan-
tageous. For theorists or experimentalists having their own
infrastructure, there is no particular incentive to participate
in a collective endeavor. In each of these groups, the rela-
tionship between the researchers and the data is therefore
different and collaboration between these cultures can lead
to friction. We can ask ourselves why astrophysics and par-
ticle physics have been amongst the most open research
disciplines. One possible answer is that there is only one
sky, and there is also only one Large Hadron Collider. In



“Big Science”, researchers have to mutualize resources and
share outputs amongst consortia. As more and more disci-
plines adopt a team science strategy, openness becomes
increasingly justified.

Open Science at EPFL

Because one of the missions of EPFL is to perform world-
class research and disseminate the resulting knowledge
and technologies as broadly as possible, there is a strong
interest in exploring the potential of open science. In a world
where science is increasingly international, and where in-
terdisciplinarity and collaboration have demonstrated sig-
nificant impact, our researchers have a strong incentive to
share information in order to maximize their impact on the
research of others, and on society at large. To some, open
science may seem like a nebulous term, with philosophical,
rather than practical, implications. While some initiatives
explore practices that have not yet gathered consensus,
others have now demonstrated value in supporting high
quality research results. As research communities adopt
new standards, we need to support our researchers when
adopting these practices so that they stay competitive.

Since October 2017, a strategic committee is exploring the
topic and how to support researchers best. It is composed
of faculty members representative of the many disciplines
present on EPFL campus, as well as central services pro-
viding support with issues related to open science. This
committee has now made a series of recommendations on
how to best leverage existing central services and resourc-
es to foster change, including a need for communication,
training and new types of infrastructures.

Based on these recommendations, the EPFL Presidency
has decided to dedicate resources in the form of an Open
Science Fund [21]. This competitive funding will support
projects that explicitly aim at increasing the use of tools and
best practice in research management, as well as lowering
the technical, social, and cultural barriers that make it hard
for researchers to openly share some of the research out-
puts with their colleagues, and ultimately with anyone out-
side of the academic community. The fund will support pro-
jects leading to the development and bottom-up adoption
of innovative ways of making research robust, accessible
and reusable at any stage of the research life cycle. They
should facilitate the curation and dissemination of valuable
and original research outputs in all possible forms: scholarly
publications, data files of all kinds, the associated metadata,
software and hardware, experimental setups, methods and
instruments, etc. with the hope that researchers will earn
recognition for these outputs, in complement to their publi-
cation record.

In their 1992 article, Jon Claerbout and Martin Karrenbach
wrote — with a certain optimism — that “we are nearing a time
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when it will simply be the author's choice whether to keep
detailed means to results confidential with the use of tradi-
tional publication or to communicate fully by using reproduc-
ible documents.” [2] This choice is still that of the research-
ers, but as the technological barriers have constantly been
lowered since the invention of the Web thirty years ago, it
is has become difficult to justify not choosing the open and
reproducible route.
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