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Abstract.

Background. Open Science seeks to render research outputs visible, accessible, reusable. The Open Science
framework is currently evolving vigorously due, among others reasons, to the UNESCO Open Science Rec-
ommendation adopted in November 2021. In this context, it is relevant to better visualize and describe the
relationships that hold among the direct protagonists of this changing landscape: research teams and their
research outputs, namely: articles, software and data, as their comprehension will certainly contribute to
foster better Open Science practices.

Method. In this work we review and describe, through the information collected in a large number of
bibliographic references, the current changing trends involving some essential, defining, characteristics and
behaviors of the main components of the scientific production, namely, research teams and three kinds of
research outputs they produce in many scientific areas. This comparative study is based, among others, in our
recent work on the evolving concepts of research software, research data in the context of Open Science.

Results. In this work we observe and document some key features in this evolving landscape such as the
changing and extended roles of research team members; the need to develop a new citing and referencing
culture for articles, but specially for research software and data; the rising relevance of open access (to
publications, software, data) policies all over the world; the existence of some barriers and difficulties like the
regulations concerning academic research close to industry, or other technological applications; the need to
develop standards for the “right to be forgotten”; the need to consider the impact of Open Science costs for
less favored communities, countries, institutions. . .

Conclusions. This calls for the urgent need to observe and depict further this changing Open Science
ecosystem, and to propose –as we have partially attempted in this work– new concepts to analyze this context
as well as to contribute to ongoing research-on-research and to improve the implementation of Open Science
practices, in order to foster better ways towards a sound, inclusive and fairer Open Science landscape.

Keywords. Open Science, research on research, scholar publications, research software, research data,
research teams, citation, open access.

Recommended Reference Format:
Teresa Gomez-Diaz and Tomas Recio. 2023. Articles, software, data: An Open Science ethological study. Maple
Trans. 3, 4, Article 17132 (December 2023), 19 pages. https://doi.org/10.5206/mt.v3i4.17132

1 Introduction
According to the Merriam-Webster Dictionary1, Ethology is defined as:

(1) a branch of knowledge dealing with human character and with its formation and evolution,
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(2) the scientific and objective study of animal behavior especially under natural conditions.

Lets us shortly explain the role of this term in our work.
Traditionally, scientists, working alone or as part of a research team, have had to consult doc-

uments, to collect and analyze data, with the help of technological (in a broad sense: from the
invention of writing to printed material, from abacus to slide rules. . . ) tools. Currently, this is
still so, but we are now in a context in which the concepts of “documents, data and technological
tools” have adopted new and extended forms. The observation and comparative analysis of some
of the novel behaviors of the scientific community, reacting to such changes, is the goal of the
present work, that is centered in the scholar context. Naturally, we acknowledge that science is
also developed out of the academic world, but reflecting on the changing, Open Science influenced,
conduct of the corresponding actors and productions, is out of the scope of this work.

Certainly, the behavior of scientists has always been conditioned by the ultimate goal of producing,
sharing and disseminating scientific results. In the last years, the ways to achieve this goal have
been the object of deep and revolutionary changes for different reasons. Let us think, for instance,
on the impact of Big Data, machine learning, and AI technological revolution. But here we would
like to focus on the consequences of the emergence of Open Science movements that have turned
upside-down the scientific landscape. Indeed, Open Science aims to foster, in some specific manner,
the visibility, accessibility and reusability of the scientific production [29, 42, 43, 91], thus clearly
impacting in the approach to the three key steps of scientists work, namely, production, sharing
and dissemination of scientific results, that now requires to adopt novel protocols.

Main stakeholders of this landscape, such the European Commission (EC) or the UNESCO, have
started to adopt these new ways, and do significant work towards installing them soundly for
the future. See, for example, the EC Horizon Europe Programme Guide (p.40) [29], where it is
stated that Open Science has the potential to increase the quality and efficiency of research and
accelerate the advancement of knowledge and innovation. . . or the UNESCO Recommendation on
Open Science [91] that declares that Open Science aims to make scientific knowledge, methods, data
and evidence freely available and accessible for everyone, increase scientific collaborations and sharing
of information for the benefits of science and society, and open the process of scientific knowledge
creation and circulation to societal actors beyond the institutionalized scientific community.
In order to contribute towards the achievement of such goals, we conduct this “ethological"

study within the Open Science “ecosystem" [7, 88]. We will focus on the description of the different
patterns that appear in this transition period concerning the roles of academic research teams, the
habits of citation and referencing of the scientific productions, the pursued methodology to achieve
their visibility, accessibility and reusability and the increasing relevance of the open access in their
sharing and dissemination practices.

In the next sections we will first, shortly describe, providing relevant references, our perception
of the constituent subjects of our ethological study: Open Science, articles, software, data (in section
2) and research team (in section 3). Then we will develop (in section 4) our observations concerning
the changing roles of academic research teams in the pursuit of research outputs, and the current
trends (see section 5) concerning the citation and referencing of such results, as well as the impact
of Open Science on the so-called “open access” policy (section 6). We finish our work summarizing
the main ingredients of the described landscape, and our subjective impressions in view of this
evolving panorama.

2 Basic notions: Open Science, articles, software, data
Of course, the most basic notion of our work here is that of Open Science. In what follows we
will adopt the following definition: Open Science is the political and legal framework where research
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outputs are shared and disseminated in order to be rendered visible, accessible, reusable quoting our
previous work on this subject [42, 43].

Although we could say that it is now a well known concept, we think a few remarks are necessary
here. For instance, as highlighted in [59], Open Science involves now a deeper philosophical debate
that the one addressed in [30], as the whole scientific system is henceforth under the influence of
the UNESCO Open Science Recommendation adopted in November 2021 [91], and of the research
funders such the European Commission [29]. Other works related to Open Science key issues that
we would like to mention here are [4, 5, 12, 19, 33, 55, 60, 61, 65, 71, 75, 84, 86, 93]. In particular let
us emphasize the disruptive vision, perhaps too biased towards economic issues, that is presented
in Lepage’s work [60], that is one of the oldest works dealing with Open Science as such, as far as
we are aware of.

Concerning the notion of article, it is largely assumed that this concept does not need to be
thoroughly discussed [39]. Yet, to be precise, we would like to fix that in this work we adopt the
following terminology:

Research Article (RA) is a written document that disseminates a scientific result produced
by a research team. It can be published in a scientific journal, published as a book or a
book chapter, presented in a conference or workshop, or disseminated as a preprint.

Indeed, it is well known that articles produced by research teams are, and have been for centuries
now, the main tool to disseminate and communicate scientific results among researchers. They are
usually subject to a peer review procedure as an essential stage in their publication process, an step
that is criticized – at least in its current form with predominant anonymous reviewing – by some
Open Science defenders e.g. [49, 60, 87, 93]. See also the statement in [48] (p.54):

In short, with the digital world, the evaluation process stands ready to be reinvented in a
clear, rational way by the relevant research communities themselves.

declaring the need to review the reviewing process in a new technological context.
A more extended, related concept is the one of a scientific publication. Here, we include in this

term any publicly available documents produced by a research team to disseminate a scientific result.
They may adopt several shapes: preprints, articles, book chapters, monographs, books, conference
papers, conference presentation supports, videos, podcasts. . .These outputs take often the form
of a written document, but it is becoming more usual, after the pandemic times, to communicate
through videos, live documents [13] or podcasts [76] although it is true that a large number of
scientists are still emotionaly attached to printed documents. We will use in this work this more
general term of Scientific Publication to extend the concept of Research Article to facilitate the
comparison with Research Software (RS) and Research Data (RD).
Let us remark that nowadays, the process of achieving a scientific result involves regularly

the production of a dataset, maybe organized as database, and we will use here the broad term
data to name all these research items. Similarly, in certain contexts, to get to a scientific result
involves, more and more frequently, the development of software by the research team, with code
(or a program) that has been written to analyze the data, to do simulations, or to test some theory,
for example. For the purposes of the present work, the terms software and computer program are
considered as synonyms.

More precisely, we adopt here the following definitions of Research Software and Research Data,
quoting the recently proposed formulations in [41, 45, 46]:

Research Software is a well identified set of code that has been written by a (again, well
identified) research team. It is software that has been built and used to produce a result
published or disseminated in some article or scientific contribution. . .
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Research Data is a well identified set of data that has been produced (collected, processed,
analyzed, shared and disseminated) by a (again, well identified) research team. The data
has been collected, processed and analyzed to produce a result published or disseminated
in some article or scientific contribution. . .

Note that both definitions have been the subject of extended discussions and analyzes in the
mentioned references [41, 45, 46], emphasizing, in particular, that that RS and RD can be dealt
with in a similar manner. For example [46] proposes similar dissemination and CDUR (Citation,
Dissemination, Use, Research) evaluation protocols for RS and RD. Here we will describe other RD
and RS similarities and differences, that will be also analyzed in a larger setting including RA.

Let us also remark that a RS can also, as a written research output, convey the dissemination of
a scientific result [57], which could also happen with some kinds of RD or the documentations or
other documents related to these outputs.

In summary, in this article, we will use indiscriminately the terminology RA, article or scientific
publication; software, computer program or RS; data, database, dataset or RD. And we will refer to
these three objects in a global manner as Research Outputs or ROs.

3 The Research Team
Research team, as such, is a complex concept that can exhibit different dimensions. In this section
we would like to present several observations concerning its changing role in the development and
management of research outputs, emphasizing the manifold relation of a RT with each one of the
kinds of ROs mentioned in the previous section.
Certainly, the concept of Research Team (RT) has been the subject of recent studies involving

different prespectives such as collaboration [50], communities of practice [20], management [6],
multidisciplinarity [89], gender-group-based studies [3], but here we will focus on its relation with
the research object under consideration (articles, software or data). Since the notion of research
team has such a relevant importance concerning the goals of this work we dare to start by proposing
a definition for research team that mimics somehow the formulations previously proposed for RA,
RS and RD.

Research Team is a well identified set of persons that are involved in whatever ways to
produce a result published or disseminated in some article or scientific contribution in the
academic context.

Next, as a first step to describe in the following section some issues that we consider relevant
concerning the changing roles of the constitutive elements of a RT regarding ROs, in the Open
Science academic ecosystem, we will start by enumerating here a (surely incomplete) list of different
kinds of membership relations we can actually find in RTs.
Traditionally, perhaps with some variations depending on the research topic under study, a

RT was mainly constituted by researchers with a permanent position in an academic institution,
including also PhD related students, lab engineers, other technical staff and some kind of leadership
in the figure of a full professor with a permanent position. Nowadays, the complexified research
landscape, whichmay include internationally funded projects, joint academic-industry cooperations,
multi-academic and/or multidisciplinary actions, etc., requires enlarging the list of constitutive
elements of a RT to include one or several of the following items:

• temporary positions funded by a specific project,
• researchers, engineers or trainees, hired by industrial companies associated to a given project,
working in the academic context for the duration of the project,

• members of different research institutions and countries that cooperate in stable or temporary
mode in a joint research context. For example, this is quite often the case in medical research,
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jointly developed by academic and health institutions. It is also the case of French research labs
that have multiple Head institutions, and the members of such institutions do collaborative
research daily. Surely the reader is aware of, and can find many other examples of such mixed
memberships,

• visiting researchers from other academic institutions temporarily included in a RT, during
sabbatical leaves, etc.,

• undergraduate, master students, during the training activities associated to their diploma,
• retired or emeritus collaborators that are willing to still participate in ongoing projects,
• . . .

Let us remark that most of the previous items describe RT components that were not part of the
traditional concept of RT some decades ago. For instance it was quite rare in those days to include
in the academic curricula the possibility for students to do external training in business or industrial
enterprises, as part of their university degree studies, or, as another example of very different kind,
teams constituted through international collaborative research projects were quite rare, etc. As a
final example, let us refer to [37] where the reader can find a detailed description of membership
kinds in the French academic software development context in a research lab.

4 Roles of RT members in ROs
Now, what are the roles of the RT constitutive elements regarding the production of research
outputs? In the following we will attempt to address this question for the three kinds of ROs under
consideration.
It may seem that there is no novelty concerning the behavior of a research team regarding

the publication of such a traditional output as a RA. As already mentioned, articles are the main
communication tool among researchers. But this model of diffusion is currently under a complete
revision, in which “all is changing”. In fact, we are assisting to an evolving panorama concerning its
main characteristics2: from the printed documents to digital formats [48, 49, 83], from closed to open
access [19, 27, 35, 49, 65, 83, 84], from paying for reading to paying for publishing or through the
diamond model of publication [2], from blind to open peer reviewing [17, 64, 74, 87], and the raising
awareness of the role of quantitative measures of research impact and their overwhelming influence
in the academic life as well as the need to change the evaluation system [10, 21, 28, 32, 41, 46, 47, 49].
So it is not surprising that the demeanor of RTs concerning RAs has also evolved to adjust to these
new contexts.

Thus, we acknowledge that, in present times, since the submission of a RA to a scientific journal
is almost always done through digital platforms, it is a usual first step to be asked for the affiliation
of the authors, as a way to have a certain assurance of the scientific origin of the work. Given
the potential complexity of the affiliation description that could be involved in some of the above
mentioned cases (section 3), it is usual to require as well some extra information to further describe
and validate the declared affiliation. See for example, the F1000Research publication criteria and
authorship3:

Publication criteria for research outputs presenting original data and results
• Authors must be formally affiliated at an accredited institution or recognised organiza-
tion.

• Author affiliation is verified through institutional/organizational email address AND
institutional/organizational website profile (or other means).

2Note that each one of the following mentioned items have associated an extended literature. Providing a systematic list of
the corresponding literature is out of the scope of this work, we will give here only few references for some items.
3https://f1000research.com/about/policies#publicationcriteria
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• . . .

Another source of verification concerning academic affiliation, widely consulted by the scien-
tific community, could be Google Scholar4 or ResearchGate5, where many scholars can have an
institutionally verified email address6.
In the same line of this F1000Research example, we notice that it has became current practice

in many scientific journals to ask to the authors, i.e. the publication signatories, to clarify their
individual contribution to the submitted article. Indeed, it is now widely acknowledged that authors
and/or signatories can have different roles. For example, F1000Research refers, as a guide, to The
International Committee of Medical Journal Editors (ICMJE)7 where the four criteria that should
meet an author are defined, see also (for example) the ACM Criteria for Authorship8 and [1, 56].
Contributors are qualified by ICMJE as those signatories of the publication that do not fill all the
four author’s requirements.
Furthermore, F1000Reseach asks that Each author’s contribution must be detailed by selecting

CRediT roles on the article submission form. The Contributor Roles Taxonomy (CRediT)9 is a taxonomy
that can be used to represent the roles typically played by contributors to research outputs. It is
developed and maintained by non nonprofit organizations like CASRAI10 or the National Informa-
tion Standards Organization (NISO)11 to develop and promote standards in research information
management. We would like to mention Copernicus.org12 as another example of an Open Access
scientific publisher that has adopted and describes in detail the CRediT taxonomy13.
Going a little bit further, let us remark that new technologies do raise up new challenges, for

example, regarding the use of AI as a helper tool for writing an article. In particular, there are
copyright challenges in determining if a work has been produced with enough human creativity14.
In the case of F1000Research, this is addressed in this manner:

Authors must be aware that using AI-based tools and technologies for article content
generation, e.g. large language models (LLMs), generative AI, and chatbots (e.g. ChatGPT),
is not in line with our authorship criteria. All authors are wholly responsible for the
originality, validity and integrity of the content of their submissions. Therefore, LLMs and
other similar types of tools do not meet the criteria for authorship.

Of course, the current notion of author/signatory/contributor role goes much beyond the writing,
reviewing and editing a RA. For example, the above mentioned CRediT taxonomy deals as well
with the diverse roles involved in addressing, among others, the following issues dealing with RD
and/or RS:

• . . .

4https://scholar.google.fr/
5https://www.researchgate.net
6See for example the user profiles in these platforms of Prof. Tomas Recio, one of the authors of this work.
7http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-
contributors.html
8https://www.acm.org/publications/policies/roles-and-responsibilities#author%20representations
9https://credit.niso.org/
10https://casrai.org/about/history/
11https://niso.org/welcome-to-niso
12https://copernicus.org/
13https://publications.copernicus.org/services/contributor_roles_taxonomy.html
14See for example Using AI to Create a Work - Copyright Protection and Infringement, June 2023, at https://www.jdsupra.com/
legalnews/using-ai-to-create-a-work-copyright-6609501/.
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• Data curation: Management activities to annotate (produce metadata), scrub data and maintain
research data (including software code, where it is necessary for interpreting the data itself) for
initial use and later re-use.

• Formal analysis: Application of statistical, mathematical, computational, or other formal tech-
niques to analyse or synthesize study data.

• Investigation: Conducting a research and investigation process, specifically performing the
experiments, or data/evidence collection.

• Software: Programming, software development; designing computer programs; implementation
of the computer code and supporting algorithms; testing of existing code components.

• Visualization: Preparation, creation and/or presentation of the published work, specifically
visualization/data presentation.

• . . .
In the specific case of RD, we would like to mention the EnviDat data portal15 of the Swiss Federal

Institute for Forest, Snow and Landscape Research (WSL)16 that proposes the Data Authorship
Contributor Roles Taxonomy (DataCRediT) to distinguish six different roles in the RD production
and publication17 [24]:

• Collection: Involvement in gathering and measuring information on targeted variables for a
research dataset.

• Validation: Verification and cleaning of the dataset, whether as a part of the collection activity
or separate.

• Curation: Involvement in annotating (producing metadata) and maintaining research data for
use and re-use.

• Software: Implementation of the computer code and algorithms that assisted in the collection,
validation, curation or publication of the dataset.

• Publication: Responsibility and involvement in activities related to the publication of the research
dataset in a science data repository.

• Supervision: Oversight and leadership responsibility for achieving goals related to the collection,
validation, curation or publication of the dataset.

In [45, 46] we have selected this vocabulary to describe the main data activities that correspond
to different roles of RT members involved in the RD: i.e. data that is collected, processed, analyzed,
shared & disseminated. A larger data taxonomy can be found in the Data Management Lexicon of
the Office of the Director of National Intelligence (USA) that also includes many roles involved in
RD, such as Data Analyst, Data Architect, Data Custodian. . . [51].
In the specific case of RS, we would like to mention that one of the authors of the present

work has studied in [39] (p.125) the different roles that do appear in RS development from the
authorship perspective. For example many RS are disseminated as free/open source software, which
may encourage the contributions of persons that are external to the RS research team. But this
contribution can be maybe modified by the team in order to be integrated into the main version
of the software to insure that the software remains functioning correctly after the integration of
the external contribution. The RT should be aware about the management of the copyright issues
regarding these contributions [39, 41].
Let us bring also the reader’s attention to the important figure of scientific responsible that can

maybe also hold the role of manager of the RS project, perhaps without contributing much to the

15https://www.envidat.ch/
16https://www.wsl.ch/en/
17https://www.wsl.ch/datacredit/
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code writing. This figure also appears in [54] as the expert that will answer the scientific questions
that are at the heart of the RS development:

Scientific software is defined by three characteristics:
(1) it is developed to answer a scientific question;
(2) it relies on the close involvement of an expert in its scientific domain; and
(3) it provides data to be examined by the person who will answer that question. . .

In [41] (section 2.2) we have proposed a somehow simplified vision of the roles that appear in RS
development, where role limits can be fuzzy depending on the RS, the RT and/or the size of the
development project:

. . .we have selected three main roles:
(i) RS responsible or leader,
(ii) main contributor,
(iii) minor contributor.

Minor contributions to the RS can refer to bug correction, documentation, maintenance, testing,
installation procedures. . . or many other tasks that are no directly related to code writing, and thus
they are not directly involved in RS copyright issues, but these contributions may have a direct
and important impact in the RS development (for example they can be the cause of big corrections
or the generation of new code writing) and can be acknowledged by the RT by granting some
percentage of the code writing to minor contributors, as proposed in [39, 41]. This is a RT decision.

The reader can find an extended description of several RS contribution roles in [80].
Similarly to the RS case, in RD there can also be this figure of the scientific expert or responsible

of the project that maybe it is not directly involved in the RS code writing or in the main RD
activities (collected, processed, analyzed, shared and disseminated), but without their scientific
guidance, the RS or the RD will simply not exist. For the same reasons, and in the the case that there
are author’s rights associated to the RD, the persons that are not involved in the direct generation
of these rights can be granted with a percentage of authorship, which is as well a RT decision. In
here we can find a real difference with the RT behavior in the article production, as this scientific
expert does usually appear among the authors of the publication, and so this person is directly
granted with a percentage of authorship.
To conclude these descriptions of the current behaviors of RTs regarding the different kinds of

research outputs, let us assert that we observe similar contributor roles in the case of RD as the
ones already remarked for RS, that is, we can refer to:

(i) RD responsible or leader,
(ii) main contributor,
(iii) minor contributor.
And, similarly, for RA we can also refer to:
(i) RA responsible or leader,
(ii) main contributor or author (i.e. satisfying similar requirements as those of ACM or ICMJE),
(iii) other contributors.
As for RS, role limits can also be fuzzy for RA and RD.

5 Citation and referencing in ROs
As explained in [90]:

. . . la différence entre référence et citation : l’acte de référence relève d’un auteur donné alors
que la citation est une nouvelle propriété, éventuellement calculable, du texte source. Selon
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P. Wouters (1999), ce renversement a radicalement modifié les pratiques de référencement
et littéralement créé une nouvelle “culture de la citation”.
[. . . the difference between reference and citation: the act of reference is the responsibility of
a given author while the citation is a new property, possibly calculable, of the source text.
According to P. Wouters (1999), this reversal has radically altered the practice of referral
and has literally created a new “culture of citation”.]

When an article is published by a journal or a preprint is made available in platforms like
arXiv18 or Zenodo19 there is a reference or citation form that is naturally settled and the scientific
community at large knows how to deal with it.

On the other hand, it is usual practice in RAs to include, typically at the end of the document, a
list of references to list the consulted bibliography that has been used to produce a new publication.
This list of what we can call here input information may be completed with footnotes or endnotes
to give links, comments or access to aside information, and that could be sometimes classified
in a different scientific level as the one associated to articles, books and other scientific material
mentioned in the bibliography.

This is the practice that we follow in the present work, but it varies among the different academic
communities, publications and authors. For example in [65] each chapter has its own list of
references and footnotes, or compare how these issues are dealt with in [41, 48, 49, 72] or in many
other of the references listed at the end of the present work.

There are recent works to discuss and propose solutions for RS citation [23, 40, 41, 53, 79, 81, 82]
and proposed tools like the JATS4R recommendation20, Software Citation Files21 [22], The CodeMeta
Project22 and the biblatex-software tool proposed by Software Heritage23. In [41] we select three
easy to implement ways to propose citation forms or references to your own RS:

• the reference to a research software paper or other kind of scientific publication that
includes, and relies on, a software peer review procedure, or

• the reference to a standard research article that includes a description of the RS and the
implemented algorithms, explaining motivations, goals and results, or

• a typical label, associated to the RS itself, and that identifies it as a research output,
specifying its title, authors, version, date, and the place the software can be recovered
from.

And it is left to the RT to choose the preferred formulae, choice that can vary on time depending
on versions and the evolution of the project.
Therefore, the RT should propose how to cite their RS, but they should also introduce and

implement best citation practices to refer to other RS or other software components that have been
included or used, following thus the usual behavior of scientific work referencing & citation in
RAs. To have a complete list of the used external components is in particular important in order to
verify their licences, and to confirm the rights of use, copy, modify and redistribute software, as
proposed in the our RS dissemination procedure [37, 38]. It may also happen that the licences of
included external components have consequences upon the licence that can be choosen to release
your own RS, so to have settled this list may have capital importance. It is also the main way to
recognise and acknowledge other’s work, as it is the usual practice in RAs.

18https://arxiv.org/
19https://zenodo.org/
20https://jats4r.org/software-citations/
21https://citation-file-format.github.io/
22https://codemeta.github.io/
23https://www.softwareheritage.org/2020/05/26/citing-software-with-style/
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Much work has already deal with data citation issues [11, 67], where we can find the following
definition:

Data citation is a reference to data for the purpose of credit attribution and facilitation of
access to the data.

There are also tools like the DataCite Metadata Schema24 proposed by the Metadata Working Group
[18] which also includes propositions to cite RS.

Following with our comparison behavior between RS and RD, we can also propose here a similar
set of citation forms for RD as the ones proposed to RS:

• the reference to a data paper or other kind of scientific publication that includes, and relies
on, some kind of peer view procedure, or

• the reference to a standard research article that includes a description of the RD and that
explains motivations, goals and results, or

• a typical label, associated to the RD itself, and that identifies it as a research output, specifying
its title, persons involved in the RD production, version, date, and the place the RD can be
recovered from.

Note that the proposition to cite documents (articles, documentation) associated to the RD can
also be found in [9].
Similarly to RS and RA, the RD should have a list of references to other external components

that have been included or used to build the RD. Similarly to RS, it is also needed to have a clear
understanding of these external components’ licences that allow to reproduce, distribute, display,
and make adaptations, and in particular to include them in the RD under consideration, as remarked
in the proposed dissemination procedures [37, 38, 46].
In order to achieve a complete and global vision of these citation and referencing issues for

ROs, the reference list of any RO could (and should) include the citation of other research outputs,
namely articles, software and data. In our vision, the relevance of best citation practices is reflected
in the first step of the proposed CDUR evaluation protocole(s) for RS and RD, mainly its (C) Citation
step [41, 46]. The use of such protocols will enhance best citation practices and contribute to spread
them among the scientific communities.
Other initiatives related to evaluation tools such as peer review to promote the sharing of

data and code can be found in [17, 64], that is, the Peer Reviewers’ Openness Initiative25. On
the other way around, UK “The hidden REF”26 initiative, where REF refers to the UK Research
Excellence Framework, is working towards increasing the amount on non-traditional research
outputs, e.g. software and data, to be submitted by the Higher Education Institutes for the next
research assessment in the UK in 2028, contributing in this way towards the recognition of every
role that participates in the elaboration of these outputs.

6 Closed and open access in ROs
Open Science is much more than open access [83, 84], although this is one of its most relevant
components. Thus, in what follows here we will reflect on some of the behavior changes of the
scientific community regarding this particular aspect of Open Science.
As remarked above, open access is a crucial issue for Open Science. Indeed, we consider that

Open Science stands over three foundational pillars, all involving in some manner open access:
• the Budapest Open Access Initiative (BOAI)27 that defines open access to publications [42, 43],

24https://schema.datacite.org/
25https://www.opennessinitiative.org/
26https://hidden-ref.org/
27https://www.budapestopenaccessinitiative.org/

Maple Trans., Vol. 3, No. 4, Article 17132. Publication date: December 2023.

https://schema.datacite.org/
https://www.opennessinitiative.org/
https://hidden-ref.org/
https://www.budapestopenaccessinitiative.org/


Articles, software, data: An Open Science ethological study 17132:11

• the Free software definition28 from the Free Software Foundation29 to set the freedom to run,
copy, distribute, study, change and improve software [42, 43],

• the Open Data concept as defined in [26, 65]:
Open data as a concept is generally understood to denote data in an open format that can
be freely used, re-used and shared by anyone for any purpose.

In order to recognize its relevance, we can mention, for example, the European Commission
guidelines to fund open cooperative projects as key incentives that drive the behavior of the
scientific community towards open access. These guidelines have evolved from pilot requirements
of open access to publications and research data [27] to systematic request for open data and open
access to research outputs [29], with mandatory practices to implement early and open sharing of
expected outputs, including detailed instructions such as:

Open access to generated research data is required under the premise ‘as open as possible as
closed as necessary’ meaning that there can be exceptions to this. Data management plans
are mandatory for all projects generating or reusing data. Additionally, we recommend
that you provide open access to research outputs beyond publications and data and share
them as early and openly as possible.

This specific requirement of a representative authority is particularly relevant as the context
of open access is highly political [14, 15, 34, 35, 62, 63, 65, 66]. See also [72] for a complete study
of current open access policies and practices in Latin America, The Caribbean and the European
Union. In this later reference, as in [29], the concept of datos de investigación (scientific data) is
already included in the more general vision of resultados, that corresponds in our work to the term
of research outputs.

In summary, we think that we are at world-wide level fostering a new context for open access to
ROs, which promotes and collects new trends of the scientific community, producing, in particular,
new behaviors of RTs.
But these efforts are still far from achieving their final goals, as there do remain numerous

difficulties and barriers. For example, in [77], one of the results of the the EU funded project EU
NMBP-13 H2020 Gov4Nano, it is described the TRAAC framework standing over five pillars named
Transparency, Reliability, Accessibility, Applicability and Completeness, in the Nanomaterials
context, a framework

. . . to quantify the readiness of different tools and methods towards their wider regulatory
acceptance and downstream use by different stakeholders.

emphasizing that:
The framework diagnoses barriers which hinder regulatory acceptance and wider usability
of a tool/method. . . In the future, the use of the TRAAC framework is planned to be further
extended to consider data and knowledge readiness. . . This effort on data is currently being
undertaken within the framework of EU NMBP-13 NANORIGO and Gov4Nano projects.

In particular, we remark that the open access policy required by the EU to funded projects
does facilitate a fast and easy access to Nanomaterial literature, which was, as far as we know,
unthinkable few years ago.
As another consequence of open access policies and requirements, there are more and more

scientific literature to understand, help, foster and accompany best dissemination practices of ROs,
see for example [4, 16, 37, 38, 39, 40, 46, 49, 52, 64, 69, 73]. Since the communities of Free/Open
Source Software are well established since long, best practices to develop and disseminate software
28https://www.gnu.org/philosophy/free-sw.en.html.
29https://www.fsf.org/
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are also well know for long time [31], but sometimes not well enough in the context of RS [16, 37,
38, 39, 40, 52]. More references on the subject can be found on [41] and the cited work there.
Monitoring Open Science landscape has become one of the tools to observe the advances in

the implementation and the adoption of best open access practices. The Registry of Open Access
Repositories Mandatory Archiving Policies (ROARMAP)30 is a searchable international registry
charting the growth of open access mandates adopted by universities, research institutions and
research funders that require their researchers to provide open access to their peer-reviewed
research article output by depositing it in an open access repository. ROARMAP shows the growth
of the number of OA policies adopted since 2005 by the institutions that are willing to register there
their open access policies. ROARMAP is developed by the School of Electronics and Computer
Science at the University of Southampton.

In France, the French Ministry of Higher Education and Research is developing the French Open
Science Monitor31 [8] to follow Open Science practices (in beta version for data and software)
as part of the first French National Plan for Open Science [62, 63]. It is also part of the UNESCO
Working Group on Open Science Monitoring [92], that is one of the five UNESCO Working Groups
on Implementation of Open Science32. For instance, the Laboratoire d’informatique Gaspard-Monge,
where one of the authors of the present article works, has a catalogue of RS productions, declaring
a percentage over 75% of items disseminated as free/open source software [44].
The French Open Science Monitor shows a 61,5% open access rate by December 2021 of the

172167 French publications in 2020, and a 66,6% open access rate by December 2022 of the 158060
French publications in 2021. In UK, as a result of the Research Excellence Framework (REF) 2021
open access open mandate for journal articles and conference proceedings has had greatest impact
in driving open access engagement by researchers. As a result, around 80% of the UK’s research
output can now be made open access [78], showing that Cultural change is at the heart, which is
slow, incremental, and involves winning hearts and minds. In [66], the White House Office of Science
and Technology Policy mentions that the American public has experienced great benefits: more than
8 million scholarly publications have become accessible to the public. Over 3 million people read these
articles for free every day.
Nevertheless, although more and more ROs are declared open access, some are declared open

access if requested, which does not really mean that they are easily accessible, as shown in [36], a
study over 3556 analyzed articles, where 42% indicated that the datasets are available on reasonable
request, but only 6.8% provided the requested data. Other studies on data practices [68] indicate
that

. . .we found that scientists frequently sought data from public collections and from other
researchers for comparative purposes such as “ground-truthing” and calibration. When
they sought others; data for reanalysis or for combining with their own data, which was
relatively rare, most preferred to collaborate with the data creators. [. . . ] These researchers
have learned through experience that interpreting data for reanalysis requires more
knowledge of the context and purposes for which those data were created than is available
through public documentation.

This suggests that, in order to achieve a real RD reusability, it could maybe easier, or even
necessary, to establish collaborations with the data producers.
To end up this section, we observe the raising of some new issues concerning open access in

ROs. One of these issues concerns the “right to be forgotten” and academic publishing in an Open

30https://roarmap.eprints.org/
31https://frenchopensciencemonitor.esr.gouv.fr/
32https://www.unesco.org/en/open-science/implementation#open-science-working-groups

Maple Trans., Vol. 3, No. 4, Article 17132. Publication date: December 2023.

https://roarmap.eprints.org/
https://frenchopensciencemonitor.esr.gouv.fr/
https://www.unesco.org/en/open-science/implementation#open-science-working-groups


Articles, software, data: An Open Science ethological study 17132:13

Science framework [85]. As mentioned there, the European Union (EU) adopted the General Data
Protection Regulation (GDPR) in 2016 [25]. Its Article 17 deals with the Right to erasure (‘right to be
forgotten’) (see also Articles 19 and 21), and [85] reflects on how this right is compatible with Open
Science principles and questions about the pertinence of the debate regarding its local versus global
applicability when considering the transnational nature of some collaborative research. The second
issue we mention here is related to the economic cost of open access and the potential problems for
less favored communities [59, 75, 94], yielding different problems regarding potential inequities, or
inclusion/exclusion problems.

7 Conclusion
All along this article, we have described a very active, large and evolving panorama reaching
practically all areas of scientific research in the academic context. It is a rising tide yielding a
somehow uncontrolled flood. This calls for the urgent need to observe and depict this changing
landscape, and to propose new concepts to analyze this phenomenon and to contribute to ongoing
research-on-research [34] and to improve the implementation of Open Science practices.

In particular, in this work we have described and documented:

• the very changing, different, extended roles of RT members concerning contribution at
articles, software and data (see section 4), including references to many documents describing
these new situations and proposing new terminology),

• the need to develop a new culture for citing and referencing, mainly regarding research
software and research data, but also for articles to refer to RS and RD outputs (section 5). As
a side conclusion we highlight the perceived similarity between RS and RD with respect to
these issues, a conclusion that has been supported through an important number of references
in the same section,

• finally, in section 6 we have argued the rising relevance of the open access policies, through
references describing the situation in The Caribbean, Latin America and also in some European
countries and other contexts regarding open access to publications, software and data,

• but also we refer in that section 6 to some barriers and difficulties that should be taken into
account in order to advance towards a complete open access and reusability of research
outputs. Barriers deriving from some regulatory aspects impacting in scientific areas closed
to industrial applications. Or difficulties arising from the urgent need to develop new laws
and practices, to improve the conciliation of open dissemination goals and the “right to be
forgotten”,

• and last, but not least, our detailed observation of the Open Science ecosystem allows us to
conclude warning the scientific community to pay attention to the undesired consequences
of this changing Open Science landscape concerning the inclusion or exclusion, in this
movement, of the less favored countries, institutions and scientific areas, in order to avoid
the establishment of two Open Science worlds: North/South, Rich/Poor, Open/Closed. . .

It is our hope that this work humbly contributes somehow to foster better ways towards a sound
and fairer Open Science landscape.
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