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Editors’ Introduction
The crucial importance of science and technology and its accurate peer reviewed dissemination,
has once again been demonstrated during the current pandemic. Thus the COVID-19 pandemic
together with the inevitable energy transition required by climate change, lead us to consider the
issue of scientific and technical communication, both for the written papers and proceedings that
have largely moved online (but not always in open access), and the various types of seminars,
workshops, and symposia that frequently involve air travel with substantial CO2 impact. Online
meetings that have become recently very popular, as well as online repositories for publications,
themselves have a significant CO2—as well as environmental—impact, due to the massive use of
electricity by information and communication technologies (ICT) and of the environmentally
unfriendly manufacturing processes and decommissioning of ICT equipment. Presented is a
broad overview of these aspects, and some recommendations regarding the future organization
of scientific and technical communication, including: (1) peer-reviewed journals and
proceedings with online open access; (2) the importance of face to face seminars and symposia,
together with online meetings, to maintain the serendipity and importance of direct human
contact while reducing the need for air travel; (3) the peer evaluation of research and of
academic and research staff and its dependence on publications and their qualitative—rather
than excessively quantitative—evaluation, where the concept of impact should include the
usefulness of research to education, industry and society; (4) and the crucial role of ICT in all
these aspects and the questions raised by the sustainability of ICT itself.
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The development of science and innovation involves different actors in society, each of which
contributes in its way to the advancement of knowledge and thus to economic, social, and
cultural development. These actors are of course scientists but also companies of all sizes, local
authorities, cities, large national groups, and ultimately the largest possible number of citizens
because science and innovation are everyone’s business. The internet has sped up the
dissemination of various types of information among this large group of actors and this
inevitably obliges us to maintain an “open science,” which allows us to quickly verify the validity
of information that may be of importance to our wellbeing, safety, and health.
The recent COVID-19 crisis has made it clear that crisis management and unfounded statements
or pressure from public opinion are no substitute for the requirements of a scientific approach,
peer review, or structured, objective, and transparent research. It has illustrated the absolute
need for a shift toward open science.
Thus, the results of research—not least publicly funded research—should generally, with some
exceptions, be accessible and the resulting knowledge should remain freely available, without
charge, to all citizens [1]. When this knowledge concerns legitimate issues of national security,
it may be bound by rules regarding its confidentiality. Similarly, when knowledge leads directly
to developments and inventions of commercial value, it may legitimately be exploited in
compliance with intellectual property rules. Moreover, there is no denying the increasing use
of results from one discipline in another one, and indeed from scientific and engineering
disciplines to industry, business, and society; among many examples, chemistry and physics are
extensively used in biology, engineering tools (such as robotics) are revolutionizing medical
practice, while the use of computer technology affects practically all disciplines. This
interaction, which has become commonplace, has increased the need for sharing and requires a
rapid transfer of knowledge between actors and disciplines.
Traditionally, sharing knowledge through dissemination is based on work published in academic
journals, on education and popularization, and on the organization of seminars, workshops and
international conferences. To this, however, we must add ICT, which offers the ubiquitous
means to store and disseminate knowledge.
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The COVID-19 pandemic, which suddenly confronted our societies with a problem that was all
the more worrying precisely because of our lack of knowledge about it, combined with the
questions raised for several years now by climate change, have led us to consider the issue of
scientific communication and, in particular, the various types of meetings between researchers
(seminars, symposia, conferences, digital social networks, etc.), some of which frequently
involve substantial air travel. Indeed, the current situation has confronted us with both the
absolute need to exchange knowledge and a communication means imposed by circumstances:
teleconferences and giant “chats.” While their existence is fully justified at present, what about
their future?
It is clear to any researcher that human encounters are a powerful driving force in science. They
help to inspire research, to avoid taking a dead-end road already tried by others, to launch
collaborations between researchers working on similar or identical questions, to appraise each
other, to unofficially validate an experimental approach, and to corroborate or validate risky
hypotheses before undertaking cumbersome and/or lengthy procedures. These meetings also
help establish contacts that will sometimes lead to a job, prepare a career transition, and set up
postdoctoral stays for young researchers or a long-term stay at a renowned institution. This
opportunity to meet must be preserved. But, this obvious fact aside, should we not ask more
questions about the purpose and effectiveness of our trips in the context of our research
activities?
Major International Conferences and Workshops
Traditional peer-reviewed publications fail to meet many specific but important needs and
situations: a time frame and review cycles (“refereeing”) that are sometimes far too long; and
the possible “barrier” put up by peers who can be skeptical about a real innovation or brilliant
concept. It may also be a waste of resources and time if the path followed in the publication
submitted has already been unsuccessfully explored by others, and never published.
On the other hand, taking part, via oral presentations or “posters” or a mixture of the two
(“PICOs”), in this diverse range of symposia and seminars that have become established in
different disciplines over time—and the rapid means of communication they offer—makes it
possible to test the field and interact in a timely manner. In addition, face-to-face discussion
forums in small groups (workshops) allow for a very enriching exchange of ideas, which is
difficult to replace with written correspondence or online meetings.
Nevertheless, the internet provides a practical alternative to some of these approaches by
creating real dissemination and discussion forums that reduce the need for participants to
travel and also facilitate the participation of researchers with limited travel budgets.
Furthermore, a powerful accelerator compared to traditional publishing has evolved in the form
of platforms—such as arXiv—which are open and free of charge (to authors and readers) and
help disseminate prepublications quickly. While their open and immediate nature has clear
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advantages, it is certainly not free of drawbacks: Authors must be able to set a date very
formally in order to be able to subsequently assert the anteriority of their discovery or
invention, and must agree to expose themselves transparently to the criticism and
recommendations of their peers, in the public eye rather than under the protection of editorial
confidentiality.
It would therefore be in the interest of research and higher-education institutions to use
reliable platforms that allow them to communicate easily at a distance, taking direct part in
major international symposia. Universities can organize such events, just as they increasingly
provide distance education and popularization courses.
The working group further recommends that all the preprints for these symposia submitted on
reliable, permanent archiving platforms that are free of charge to researchers be used to
supplement the presentations or abstracts at many conferences. This archiving could be
accompanied by a process of refereeing and reviewing articles, leading to the validation of a
publication under the supervision of a scientific editorial board, with the contribution of the
academies who would agree, where appropriate, to take responsibility for it.
Furthermore, the working group strongly stresses the need for any public-research publication
or prepublication to be submitted on platforms that must remain freely and openly accessible.
This effort should be tied in with, on the one hand, the current open-science gains made in
Germany (where works by German researchers are funded through the payment of a lump sum
to several publishers) and, on the other hand, with the negotiations around Plan S that aims at
a similar result across Europe, in parallel with “open” archiving support for research work
funded by the European Union.
The working group also proposes that higher-education institutions and research bodies, like all
public and private organizations, should consider their policies regarding international travel
and assess how they can offset the greenhouse gas emissions they cannot reduce.
Of course, the proliferation of discussion forums and archiving platforms requires investing in
hardware and software, and this too leads to energy consumption and therefore to greenhouse
gas emissions as well as the consumption of other natural resources, which have a serious
impact on the environment [2, 3, 4]. It is therefore not a “miracle solution” and here too a
careful analysis of the energy cost-efficiency ratio and environmental impact is required.
Toward Scientific Communication Corridors In Europe
Until now physical meetings in the field of research (seminars, symposia, conferences) were the
norm, while virtual meetings were the exception. The COVID-19 crisis, however, has led to a
rapid shift toward virtual meetings, the advantages and limitations of which everyone has been
able to experience. One of these shortcomings is, by its very nature, the limiting of physical
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contact that is otherwise characteristic of human exchanges essential to research, thanks to
their informal and spontaneous expression. Indeed, the virtues of coffee-break talks are well
proven. We all know how much our ability to make progress in a research study “by chance”—
thanks to an unexpected discovery, or a sudden intuition, or serendipity—can benefit from such
informal contacts and face-to-face meetings.
However, a growing awareness of the need for more sustainable development has for the past
few years spurred reflections on the trips linked to scientific events and on the partial
alternative offered by virtual meetings. If exchanges between people—in the field of research
as in all sectors of human activity—are essential to the development of knowledge and
innovations our societies need, we will probably not be able to do without a combination of
face-to-face and virtual meetings. So we can envisage regular regional meetings and annual
global meetings.
For regional meetings, better use should be made of the many European cities connected by
high-speed rail corridors, which emit much fewer greenhouse gases than airplanes planes at an
average ratio of 1 to 20 according to the European Environment Agency. In addition, trains—
whether “normal,” fast, or overnight ones—can be more convenient than planes if we take into
account airport delays (access, security, and check-in and waiting times), provided that their
timetables and frequency are adequate.
Thus, to facilitate face-to-face contacts as well as limit the carbon footprint of research trips as
much as possible, the working group recommends that cycles of regional meetings be set up. In
this case, and particularly in Europe, these meetings should be organized in places that are
interesting hubs connected by fast rail corridors. Global plenaries could be organized according
to a hybrid model whereby some participants would be physically present while others would
attend by teleconference. There could thus be a hierarchy of meetings (local, regional, and
global) that are clearly labeled to limit energy-intensive travel.
National and international academies and their networks (ALLEA, ICSU, Euro-CASE, CAETS,
EASAC, etc.) could become more involved in this restructuring to help develop appropriate
logistics and the dissemination of knowledge, both at a high level between peers, and in terms
of smart dissemination and exchanges with citizens, NGOs, the public, and young citizens.
Research Assessment
Largely related to scientific communication, the assessment of researchers and research
structures is an essential element of the research process in terms of both judging the quality of
research and motivating researchers.
Assessment must be carried out by competent peers, in accordance with proper standards.
Admittedly, any qualitative review by experts is necessarily tinged with a certain degree of
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subjectivity, which has often been blamed for the brake placed by peer review on the
publication of ideas that are very innovative or break with current practice. We must be aware
of this and take it into account since peer review remains, rightly so, the golden rule of the
scientific world.
However, peer evaluation cannot be limited to calculating the various numerical indices, which
are supposed to account for the productivity or creativity of a researcher. It must consist of a
genuine assessment of the real value of the publications, their contribution to science, and of
their contribution to the work. Indeed, a fair and balanced assessment should be based on: (a)
the relevance, transparency, and fairness of the assessments, and (b) the competence,
integrity, and diversity of the assessors. The impact of a researcher's work should also include,
when appropriate, the usefulness of the research to education, industry, business, and society,
as well as the adoption of its outcomes in practical settings, such as clinical practice (e.g. as in
medicine) or products or business practice (e.g. as in management science).
Thus, the 2012 San Francisco Declaration on Research Assessment (DORA) and the 2015 Leiden
Manifesto were intended to improve assessment practices in recruiting, promoting, or
evaluating individual researchers. These documents, signed by numerous research and funding
institutions, have alerted the research community to the misuse of certain bibliometric
indicators, such as journal impact factors (JIF) that can be biased or manipulated to favor
certain journals. Moreover, when it comes to the comparative assessment of researchers from
different fields or even sub-specialties, it should take into account the diversity of disciplinary
practices. Indeed, the total number of citations (using different sources) is often influenced by
the number of articles and of co-authors, and may be of little relevance in some fields or in
assessing the impact that a researcher may have on the practical and widespread usage of the
concepts they may have developed or introduced.
The H index, a composite indicator supposed to simultaneously account for the number of a
researcher’s publications and their scientific impact, is appealingly simple but it depends on the
number of publications, the JIF, the number of citations of a given publication, and thus on the
number of years that have passed since it came out as well as its influence over a long period.
Unfortunately, it suffers from the same defect as the JIF, while placing great importance on the
number of publications, which tends to lead to the production of an abnormal quantity of
articles with minimal added value. This aberration has also ended up saturating the peerreview process by eroding its quality, leading to a proliferation of commercially oriented
journals that require authors to pay to be published.
Thus, the principles of open science require assessment that is based on multiple, essentially
qualitative, criteria and is done by peers. This is a long and sometimes tedious task that in many
cases requires more skill, effort, and analytical rigor than the mere addition of rather
meaningless figures. It should not be carried out too often given its arduous nature: about once
every five years seems reasonable. It should not be reduced to publication indicators even
though publications remain an essential criterion for assessing dossiers. Indeed, an abundance
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of publications—and the number of co-authors per article—is not necessarily a reliable
measure of the quality of a researcher or the importance of a research project, even if the
number of publications compared to research seniority is low certainly calls for a vigilant
examination of someone’s real contribution, which may nevertheless prove to be significant.
In most cases, self-assessment can contribute to this more qualitative approach in the initial
phase of the process. In a self-assessment dossier, those who are being assessed are asked to
select their major works and, above all, to explain this selection: the scope and impact of a
publication and their personal contribution. All works cited must be accessible in an open
institutional archive. Researchers should be allowed to publish their manuscripts by uploading
them to a prepublication server before submitting them for peer review. In this way, they can
elicit comments from the scientific community, which they may take into account when making
possible amendments. This is already the case in physics, mathematics, or economics.
It is important funding bodies and other stakeholders encourage this prepublication principle.
And, once it has been accepted in its final form and as soon as the publisher allows it, any
published document must be placed on an open-access institutional server.
We can see that open science can play a central role in research assessment. This fact must be
taken into account by all actors: researchers, laboratories, research-funding bodies, and
publishers. The situation is changing, slowly but in the right direction, and national academies
should encourage this change.
Finally, assessment methods should be part of the doctoral training of all researchers. Indeed,
they touch on the issue of scientific integrity, which is an essential part of the research
profession.
Thus, the working group reaffirms the centrality of the peer assessment of researchers and
research structures in the process of developing the quality of research, as well as in motivating
researchers. However, these assessments should not be too frequent to maintain their
importance: every five years would be reasonable. They should be carried out in accordance
with international standards, in compliance with requirements of transparency, collegiality, and
equal treatment, and by eminent peers from outside the structure being assessed or who have
no professional relationship with the researcher whose dossier is being reviewed.
It is important to consider the specificities of each disciplinary field and to take into account
criteria other than publication alone, such as a desire for openness (free access to publications
as well as to research data, etc.), the results obtained in the doctoral training of young
researchers, the time devoted to training researchers, or the contribution to the scientific
community at a local, national, and international level. It is also important to pay attention to
the wording of the questions put to the experts. A process that tries to obtain clear answers on
specific points, often used by major American universities in the assessment of their faculty,
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could inspire the questions submitted to the assessors. When assessing a researcher,
laboratory, organization, or research program it may be useful to look at the following:
• What are the main and important results obtained by the researcher (or laboratory,
etc.) during the period under assessment, including details about the relevant
publications?
• What new questions has the researcher (or laboratory, etc.) raised or worked on and
published?
• What are the group projects to which the researcher (or the laboratory, etc.) has
contributed or in which they have demonstrated intellectual or organizational
“leadership”?
• What are the important services and contributions of the researcher (or laboratory,
organization, or research program) to the international, national, institutional, and
regional scientific community, and industry and business?

The Carbon Footprint Of Academic Communication, Training, And Exchanges
Universities and research bodies, just like society as a whole, are increasingly aware of the
importance of climate change. They are thus striving to better understand and measure the
carbon footprint of their activities, set their priorities in this area, and reduce their consumption
of non-renewable energy and their CO2 emissions. Some institutions in Europe and elsewhere,
such as the EPFL or the University of British Columbia, have even taken the initiative of
publishing annual reports on this subject. These show that commuting and business travel
account for more than 50 percent of the CO2 impact of these institutions. The muchencouraged globalization of universities, including education and academic exchanges, leads to
much air travel that has a significant impact on CO2 emissions, often amounting to 30 percent
or more of the total.
However, the difficulty of such assessments can easily be seen from a few examples. Thus,
sending around 30 emails a day for a year results in the emission of around 600 kg of CO2,
which is equivalent to around 50 percent of the annual emissions of an average citizen of India;
while the purchase of €5,000 worth of ICT equipment represents the emission of around 2.8
tons of CO2 (without counting the carbon impact of its operation), which is greater than the 2.2
tons of CO2 per passenger of a two-way flight between Brussels and Beijing [5].
In these assessments, the many trips made by students to travel back and from their families
when the latter live in a different country or city are rarely taken into account, even though
students are an essential part of a university’s community. Indeed, a European institution
hosting 1,000 North or South American and Asian students expected to return home twice a
year would add around 4,400 tons of CO2 to its carbon footprint; this is equivalent to the trips
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made by 420 “frequent-flyer” teacher-researchers, each of whom would fly twice a year to Asia,
twice to the USA, and four times inside Europe.
Compared to other human activities such as leisure, the carbon footprint of researchers and
scientific institutions may be very well justified. However, we should probably not overlook how
crucially important is the example set by the scientific community, which makes the very
recommendations aimed at drastically reducing greenhouse gas emissions. Therefore, the
working group suggests research institutions and organizations, as all-public and private bodies,
should publish annual reports on their energy consumption as well as an estimate of their CO2
footprint. The carbon footprint of universities can include commuting by staff and students, an
estimate of the CO2 footprint of student and staff travel for academic purposes, and may also
include information regarding the effect of an institution's internationalization and globalization
objectives and strategy, as well as any carbon offsets.
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