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Abstract: In the context of Open Science, the importance of Borgman’s conundrum challenges that have
been initially formulated concerning the difficulties to share Research Data is well known: which
Research Data might be shared, by whom, with whom, under what conditions, why, and to what effects. We
have recently reviewed the concepts of Research Software and Research Data, concluding with new
formulations for their definitions, and proposing answers to these conundrum challenges for Research
Data. In the present work we extend the consideration of the Borgman’s conundrum challenges to
Research Software, providing answers to these questions in this new context. Moreover, we complete
the initial list of questions/answers, by asking how and where the Research Software may be shared.
Our approach begins by recalling the main issues involved in the Research Software definition, and its
production context in the research environment, from the Open Science perspective. Then we address
the conundrum challenges for Research Software by exploring the potential similarities and differences
regarding our answers for these questions in the case of Research Data. We conclude emphasizing
the usefulness of the followed methodology, exploiting the parallelism between Research Software
and Research Data in the Open Science environment.
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1. Introduction

It is now widely accepted (e.g., [1–11]) that Open Science is speedily expanding, while
settled in a highly political and international context (more information at the Science,
technology and innovation (STI) policies for Open Science OECD portal (https://stip.oecd.or
g/stip/open-science-portal) (accessed on 11 November 2024)). On the other hand, it is
recognized that there are still defiances to be addressed; see, for example, [6,12–17]. In this
context, Borgman’s conundrum challenges are now of increasing relevance. These conundrum
challenges have been initially formulated in the context of the study of the difficulties to
share Research Data (RD) [18]:

[. . . ] research data take many forms, are handled in many ways, using many approaches,
and often are difficult to interpret once removed from their initial context. Data sharing
is thus a conundrum. [. . . ]
The challenges are to understand which data might be shared, by whom, with whom, under
what conditions, why, and to what effects. Answers will inform data policy and practice.

Indeed, the conundrum challenges arise quite naturally, and formulate the basic prob-
lems that the scientific community may face when sharing RD. Hence, policy makers and
researchers are called to furnish answers to these questions, bearing in mind the involved
actors, as well as the different aspects (scientific, legal, best practices. . . ) that could be
implicated. Answers should be provided in such a way as to produce performing and
efficient formulations, leading policy makers, and the scientific community at large, to set
forth, regulate and to adopt best practices for data sharing and dissemination.
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In [19,20], we have dared to propose answers to these conundrum questions as a
consequence of a precise analysis of the different issues involved in defining, sharing, and
dissemination conditions for RD. It is the intention of our present work to bring answers
to the same questions for Research Software (RS), while highlighting the similarities and
differences that arise in the production of both kinds of research outputs in the Open
Science context.

Indeed, we consider that one of the difficulties implicit in these conundrum questions
for RD derives from the potentially multiple, and sometimes fuzzy, meanings that may be
associated to the concept of “data”, and therefore, also to the concept of “research data”. Yet,
we consider that, even in this blurred RD definition context, answering the conundrum
questions could be addressed regarding the standard practices of the scientific community
for data sharing. But this approach is not possible because of the current, rapidly evolving,
and novel scholar environment concerning data management in an Open Science context.
A context dominated by challenging evaluation requirements and demanding necessary
changes in the rewards and incentive system for researchers [1,6,7,12,13,15,20–24].

Thus, as it is complicated to bring precise answers to difficult and novel problems
involving vague concepts, in our previous work we have prioritized the formulation of
a new RD definition in order to tackle the Borgman’s conundrum questions [19]. Let us
notice that, to accomplish such task, and in order to define what research data is, we have
left aside the difficulties arising into grasping what data is [25] (see page 28: Now in its fifth
century of use, the term data has yet to acquire a consensus definition. It is not a pure concept nor
are data natural objects with an essence on its own) [26] (see page 60, where answers to the
question 2 What do researchers think of the word “data” and how do they associate “data” with
research materials used in their discipline? include: I know what [data] are until someone asks me to
define them. and It is a complicated question [. . . ] I do not know if I’m answering it or rather asking
more questions) [27] (see page 10: While some of the interviewees appeared to be comfortable with
their stance in relation to data and data-sharing, many showed signs of struggling with the notion
of data, and the extent to which their research materials could be framed as data in the epistemic
context of their research) in general, as our interest relies specifically in conceptualizing the
notion of data produced by a research team, rather than dealing with the general concept
of data.

In our precedent work [19,20,28,29], we have developed a methodology that, among
other outcomes, we have applied successfully in order to formulate such an RD definition,
and we will continue to apply it here to address the conundrum challenges for RS by
comparing from the already given answers for RD. Thus, we will elaborate on a parallel
and simultaneous frame in which we analyze similarities and differences between the
production of data and software in the research context. Hence, in Section 2, we begin
by recalling the proposed formulations of the definitions of the main components of the
present work, that is research software, research data, in the Open Science framework. Moreover,
because of the importance of the producer team in the research context, we also present
in this Section 2 a definition of research team. Then, Section 3 is devoted to revisit the
conundrum challenges for RD and our previously proposed answers for this matter.

Our main contribution in this work is presented in Section 4, where we formulate
answers to the conundrum challenges for the case of RS by taking advantage of our
comparison methodology between RS and RD. In Section 5, we analyze the important role
of research evaluation policies in the Open Science context, highlighting their relation with
the conundrum challenges. Finally, in Section 6, we collect the main ideas and conclusions
developed in the paper.

2. Context and Definitions

As previously discussed (and referenced) in the Introduction, Open Science is currently
experiencing significant expansion, supported by international and national organisms
responsible for issuing scientific research policy normative, and recommendations. Inter-
national organisms are, for example, UNESCO, the G7 group that gathers Science and
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Technology Ministers of several countries [4,5], or the European Commission. National
organizations include, for example, the scientific institutions signing the G6 statement on
Open Science [3].

This paper adopts the definition of Open Science that we have developed in [6],
focusing on the related political and legal aspects:

Open Science is the political and legal framework where research outputs are shared and
disseminated in order to be rendered visible, accessible and reusable. ([6], V3, p. 2)

In these references, we have already argued the relevance of considering the charac-
teristics of the three main constituents for Open Science research outputs: research articles,
software and data. Aiming to be precise and self-contained, we adopt in the present work the
following definition of Research Software, quoting our recently proposed formulation ([23]):

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. Each research
software encloses a set of files that contains the source code and the compiled code. It can
also include other elements as the documentation, specifications, use cases, a test suite,
examples of input data and corresponding output data, and even preparatory material.
([23], Section 2.1)

Likewise, we consider here the following definition of Research Data, coming from [19]:

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. Each research data encloses a set (of files)
that contains the dataset maybe organized as a database, and it can also include other
elements as the documentation, specifications, use cases, and any other useful material as
provenance information, instrument information, etc. It can include the research software
that has been developed to manipulate the dataset (from short scripts to research software
of larger size) or give the references to the software that is necessary to manipulate the
data (developed or not in an academic context). ([19], Section 4)

Now, let us observe that, according to this definition, RS has three main characteristics:

• The goal of the RS development is to do research. As stated by D. Kelly: it is developed
to answer a scientific question [30];

• It has been written by a research team;
• The RS is involved in the obtention of results to be disseminated through scientific

articles (as the most important means for scientific exchange are still articles published
in scientific journals, conference proceedings, books, etc.).

Analogously, we can notice the following four characteristics that follow from this
RD definition:

• The purpose of RD collection and analysis is to do research, to answer scientific questions;
• It has been produced by a research team;
• The produced research results are intended to be published through scientific articles

(or similar kind of contributions);
• Data can have associated software, which could be, or not, Research Software, for

its manipulation.

Let us remark that both definitions have been the subject of extended discussions and
analysis in [19,20,23,29], emphasizing, in particular, that RS and RD dissemination and
evaluation issues can be dealt with in a similar manner, by using analogous protocols and
methodologies [20]. See [19,23,28,29] for more discussions and references that are behind
the RS and RD definitions that we have included in this Section. Notice that the Science
Europe report [31] gives as first recommendation for Research Funding and Research
Performing Organisations to Provide a definition of ‘research software’ and other key terms.
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On the other hand, the above RS and RD definitions show the relevance of the producer
Research Team (RT). Now, Research Team, as such, is a complex concept that can exhibit
different dimensions whose precision is both non trivial and important, for several reasons.
For example, RS involves written code that generates authorship rights, and it is crucial
to understand who are the rightholders and how such rights should be managed. See, for
example, ref. [28], where one of the authors of the present work studies the French legal
context of the RS production. In the case of RD, the legal context is often quite different, as
authorship rights, or other kind of legal rights are maybe involved in the RD manipulation,
and, thus, the legal context should be analyzed on a case-by-case basis [17,19,32–34].

Moreover, the composition of an RD or an RS producer team may be simple, involving
only one person that concentrates all the important activities and roles, or, as is often
the case, very complex. In the case of an RS, these activities may have a more technical
nature and entail dealing with a scientific question and the corresponding algorithm
invention, software planning, code writing, testing, documenting, bug correction, version
management, maintenance, etc., as well as other activities related to research dissemination:
writing articles, presenting the research outputs in scientific conferences, etc.

In the case of RD, there also technical activities related to the data collection, process,
and analysis, which can include documentation, corrections, version management, and
maintenance of databases. There are also RD sharing and dissemination tasks, similar to
the RS case, regarding articles to write, communications at scientific conferences, etc.

Obviously, to address such diversity of tasks usually requires an RT of complex compo-
sition, with several persons having different responsibilities and roles (team management,
project management, fundraising. . . ), perhaps coming from different institutions, or maybe
working in a collaborative international context. See [29] for further discussions on the
subject, including the following RT definition that we adopt in this work:

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. ([29], Section 2)

In summary, let us end by emphasizing here that, for us, RS and RD must be regarded as
the scientific contribution of an RT.

3. The Conundrum Questions for Research Data

As we have mentioned in the Introduction, we consider significant to deal with precise
definitions in order to be able to handle the conundrum questions. Let us exhibit an
example to illustrate this observation. One of the most mentioned RD definitions comes
from the OECD [34]:

In the context of these Principles and Guidelines, “research data” are defined as factual
records (numerical scores, textual records, images and sounds) used as primary sources
for scientific research, and that are commonly accepted in the scientific community as
necessary to validate research findings. A research data set constitutes a systematic,
partial representation of the subject being investigated.

The OECD report also indicates what is not RD:

This term does not cover the following: laboratory notebooks, preliminary analyses, and
drafts of scientific papers, plans for future research, peer reviews, or personal communi-
cations with colleagues or physical objects (e.g., laboratory samples, strains of bacteria
and test animals such as mice). Access to all of these products or outcomes of research is
governed by different considerations than those dealt with here.

In our opinion, while this definition has relevant aspects, like to indicate that A research
data set constitutes a [. . . ] partial representation of the subject being investigated, we consider as
well that it has two drawbacks. First, it does not discriminate the concepts of “data” and
“research data” and tries to deal with what data is or not at the same time as it is stated what
research data is. And, secondly, it seems to us that, in the OECD vision, there is not any
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reference to the producer team of the involved data, so it is difficult to answer conundrum
questions such as the second one: who shares the RD?

Hence, as argued in the Introduction, in order to avoid this kind of difficulty, we have
developed a detailed RD definition (that has been already included in Section 2) in [19,20] in
order to provide answers to Borgman’s conundrum challenges [18] related to sharing RD:

The challenges are to understand which data might be shared, by whom, with whom, under
what conditions, why, and to what effects. Answers will inform data policy and practice.

as well as to two extra ones that we consider equally relevant, namely how and where to
share RD [19]. What follows is the summary of the answers we have developed in [19].

Which data might be shared? It is a decision of the RD’s producer research team:
similarly to the stage in which the RT decides to present some research work in the
form of a document for its dissemination as a preprint, or a journal article, a conference
paper, a book. . . So, it is the team who decides which data might be shared, in which
form and when (following maybe funder or institutional Open Science requirements).
By whom? By the research team who has collected, processed, analyzed the RD, and
who decides to share and disseminate it, that is, by the RD producer team. Yet, data
ownership issues can be sometimes a tricky question; see [32] and further references
given in [19].
How? By following some kind of dissemination procedure like the one proposed
in [20] in order to identify correctly the RD set of files, to set a title and the list of persons
in the producer team (that can be completed with their different roles), to determine
the important versions and associated dates, to write the associated documentation,
to verify the legal [19,32] (and ethical) context of the RD, including issues like data
security and privacy, and to give the license settling the sharing conditions, etc., which
can include the publication of a data paper [35,36].
In order to increase the return on public investments in scientific research, RD dis-
semination should respect principles and follow guidelines as described in [2,34,37].
Further analysis on RD dissemination issues can be found in [20].
Where? There are different places to disseminate an RD, including the web pages
of the producer team, of the funded project, in a repository like Zenodo (https://
zenodo.org/ (accessed on 11 November 2024)) or in a more specific scientific area
data repository or an institutional repository. Let us mention here the Registry of
Research Data Repository (https://www.re3data.org/ (accessed on 11 November
2024)), funded by the https://digitalresearchservices.ed.ac.uk/resources/re3data-org
(accessed on 11 November 2024) German Research Foundation (DFG) (http://www.
dfg.de/ (accessed on 11 November 2024)), which is a global registry of RD repositories
that covers repositories from different academic disciplines, and can help the RT to find the
repository or repositories where they would like to disseminate their RD outputs. Note
that the Science Europe report [38] provides criteria for the selection of trustworthy
repositories to deposit RD.
With whom? Each act of scholar communication has its own target public and, initially,
the RD sharing and dissemination strategy can target the same public as the one that
could be interested on an associated research article. But it can happen that the RD is
of interdisciplinary value and can attract interest in a larger context than the strictly
related to the initial research goal, as observed by [18]:

An investigator may be part of multiple, overlapping communities of interest, each
of which may have different notions of what are data and different data practices.
The boundaries of communities of interest are neither clear nor stable.

So, it can be difficult to assess the target community of interest for a particular RD, but
this also happens for articles or other publications or research outputs, and it seems to us
that this has never been an obstacle for sharing, for example, a publication. Thus, [18]:

https://zenodo.org/
https://zenodo.org/
https://www.re3data.org/
https://digitalresearchservices.ed.ac.uk/resources/re3data-org
http://www.dfg.de/
http://www.dfg.de/
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. . . the intended users may vary from researchers within a narrow specialty to the
general public.

Under what conditions? The sharing conditions are to be found in the license that
goes with the RD. It can be, for example, a Creative Commons license (https://creati
vecommons.org/ (accessed on 11 November 2024)), or other kinds of licenses, that
settle the attribution, re-use, mining. . . conditions [33]. For example, in France, the law
of 2016 for a Digital Republic Act sets, in a Décret, the list of licenses that can be used
for RS or RD release [39].
Why and to what effects? There may be different reasons to release some RD, from the
contribution to build more solid, and easy to validate, scientific results, to simply react
to the recommendations or requirements of the funder of a project, of the institutions
supporting the research team, or those of a scientific journal, or as a response to
Open Science issues [6]. The work [18] gives a thorough analysis on this subject. As
documented there:

“The value of data lies in their use. Full and open access to scientific data should be
adopted as the international norm for the exchange of scientific data derived from
publicly funded research.”

Let us remark that, in the case of RD, the Data Management Plans (DMPs) can be a
useful tool to deal with the answers of these conundrum challenges. As Harvard University
tell us, a Data Management Plan (https://datamanagement.hms.harvard.edu/plan-design
/data-management-plans (accessed on 11 November 2024)), is a formal, living document
that outlines how data will be handled during and after a research project. In our vision,
a DMP can be the right tool to help researchers to ask, possibly answer, and manage the
associated information to the RD conundrum questions. DMPs are increasingly required by
research funding organizations (see, for example, [1,2,8,38]) and there are more and more
institutions providing tools and help to deal with these documents; see, for example the
UK Digital Curation Centre (DCC) (https://www.dcc.ac.uk/ (accessed on 11 November
2024)), the French DMP OPIDoR (https://dmp.opidor.fr/ (accessed on 11 November
2024)), or the California Digital Library DMP Tool (https://dmptool.org/ (accessed on 11
November 2024)).

As a final observation, we consider that the above answers to the conundrum challenges
have, among other consequences, the benefit of facilitating the improvement of RD sharing
and dissemination best practices, enhancing thus trustworthiness and transparency in the
research endeavor.

4. The Conundrum Questions for Research Software

In this Section we propose original (as far as we know) answers to the conundrum
challenges for RS, by highlighting the similarities and differences that appear in the pro-
duction, sharing and dissemination of RS and RD. Note that previous work regarding RS
sharing [28,40,41] do raise other sets of questions that bring out a parallel and complemen-
tary study to these conundrum challenges. Questions include what means research software?,
which is the list of research software of the lab?, how to reference and cite the RS?, how to provide
free/open acces?. . .

Which RS might be shared? As we have seen in Section 2, to produce RS or RD may
involve similar activities (documentation, corrections, version management, project
management. . . ), as well as others that are of different technical nature, like software
development or data collection.
In the case of software, the Agile Principles for software development (http://agil
emanifesto.org/principles.html, https://en.wikipedia.org/wiki/Agile_software_d
evelopment (accessed on 11 November 2024)) promote, among others, the practice of
Deliver working software frequently, principle that also appears in the Free/Open Source
Software (FOSS) (https://en.wikipedia.org/wiki/Free_and_open-source_software
(accessed on 11 November 2024)) [42] movements as release early, release often [43].

https://creativecommons.org/
https://creativecommons.org/
https://datamanagement.hms.harvard.edu/plan-design/data-management-plans
https://datamanagement.hms.harvard.edu/plan-design/data-management-plans
https://www.dcc.ac.uk/
https://dmp.opidor.fr/
https://dmptool.org/
http://agilemanifesto.org/principles.html
http://agilemanifesto.org/principles.html
https://en.wikipedia.org/wiki/Agile_software_development
https://en.wikipedia.org/wiki/Agile_software_development
https://en.wikipedia.org/wiki/Free_and_open-source_software
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These development practices may prompt the RT to disseminate early versions of a
software project, with the intention, for example, of communicate a new RS project, or
to attract collaborators external to the initial RT.
But this early dissemination may have little interest in the case of RD. As mentioned
in [18]:

If the rewards of the data deluge are to be reaped, then researchers who produce those
data must share them, and do so in such a way that the data are interpretable and
reusable by others.

Thus, it seems that potential RD users do usually expect data objects just when they
are mostly ready for reuse, while RS users or external collaborators can be interested
in software that is yet unready for reuse, or far away from a final form, having in this
way the possibility to participate in the development and to, maybe, influence the
evolution of future versions, to fit their own interests.
On the other hand, an RS may have different development branches, with versions
that can be easily shared with potential users, as well as other more experimental
ones, where the RT explore different options for the software evolution. Moreover, an
RS can also have different components, such as, for example, a computing kernel of
interest for the Computer Algebra community, and a user graphical interface, more
related to the Computer Graphics scholars. As remarked by one of the reviewers of
this work, creating branches for RD is an interesting idea, technically possible as in the case of
code. As far as we know, this is not an usual practice, but, yes, it is technically possible,
showing, thus, the benefits of our comparison methodology, as in this case, we can
learn from usual RS practices that can also be taken into consideration for RD.
Therefore, while in RD, the RT decision is about whether the research output is already
in its final form, ready to be shared and reused, the decision for RS can be a much
complex one: which components, which versions to share, to share early versions or
not, experimental branches or not. . .
So, Which RS might be shared? corresponds to an involved RT decision: the team
decides which RS might be shared, in which form and when, maybe following funder
or institutional Open Science requirements.
By whom? By the RS development RT that takes the decision to share and disseminate it.
How? An important similarity between RS and RD is that, currently, they have not got
a publication procedure as widely accepted as the one existing for articles published in
scientific journals (see [20]), despite the fact that data papers and software papers [35,36]
are becoming increasingly popular and there are more and more suggestions about
where to publish these kinds of papers (see, for example, the Software Sustainability
Institute list of Journals in which it is possible to publish software at https://www.so
ftware.ac.uk/top-tip/which-journals-should-i-publish-my-software (accessed on 11
November 2024) or the CIRAD (French Agricultural Research Centre for International
Development) list of Scientific Journals and book editors at https://ou-publier.cir
ad.fr/revues? (accessed on 11 November 2024) that compiles, at the time of writing
of this article, 171 entries and where it is possible to select the data papers (113 at
the consultation date) or the Software papers (80)). Even in this case, the journals do
not usually deal with the publication of RS or RD as such stand-alone objects. As a
consequence, the RTs may be a bit disoriented concerning methods for these outputs’
dissemination, and procedures, like the one proposed in [20], may be an effective help
in order to face this problem.
Moreover, in [20], we have shown that it is possible to use the same dissemination
protocol for RS and RD, but carefully recalling the steps in which it is important
to take into consideration that data and software are objects of different nature, for
example, in the legal (or ethical) aspects that may be involved, and that should be
closely considered by the RTs before the output dissemination.
So, How RS might be shared? Our answer is as follows: by following a dissemination
procedure like the one proposed in [20], where the RT should identify correctly the

https://www.software.ac.uk/top-tip/which-journals-should-i-publish-my-software
https://www.software.ac.uk/top-tip/which-journals-should-i-publish-my-software
https://ou-publier.cirad.fr/revues?
https://ou-publier.cirad.fr/revues?
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RS set of files, as well as setting a title, identifying the list of persons in the producer
team (that can be completed with their different roles), determining the important
versions and associated dates, giving documentation, verifying the legal context of the
RS, and giving a license to settle the sharing conditions, etc. Of course, this protocol
can include steps towards the publication of a software paper.
Where? There are different places to disseminate an RS, including the web pages
of the producer team, of the funded project, or in a repository like Zenodo (https:
//zenodo.org/ (accessed on 11 November 2024)). Note that the Zenodo repository
can provide with a Digital Object Identifier (DOI) (https://en.wikipedia.org/wiki/Di
gital_object_identifier (accessed on 11 November 2024)) for the RS or RD in the case
there is not already one, as well as with a citation form.
FOSS development communities [42] use collaborative platforms or Forges (https:
//en.wikipedia.org/wiki/Forge_(software) (accessed on 11 November 2024)), that
is, web-based collaborative platforms that provide tools to manage different tasks of
the software development and facilitate the collaboration (internal to the RT or with
external collaborators). These forges are also a popular tool to share and disseminate
the produced software, and some are well know among the RS developer teams.
Criteria helping to select code hosting facilities can be found, for example, on the
popular website Wikipedia (https://en.wikipedia.org/wiki/Comparison_of_sour
ce-code-hosting_facilities (accessed on 11 November 2024)), or in private counsel
companies like Rewind (https://rewind.com/blog/github-vs-bitbucket-vs-gitlab-co
mparison/ (accessed on 11 November 2024)). As shown in the Wikipedia statistics,
GitHub (https://github.com/ (accessed on 11 November 2024)) is currently the most
popular in terms of number of users and projects, but, as mentioned in the Wikipedia
GitHub page (https://en.wikipedia.org/wiki/GitHub (accessed on 11 November
2024)) (see also the included references), it is currently owned by Microsoft, one of the
richest and most powerful companies in the world.
It seems unclear to us what the limits that are Microsoft may have for exploring all
these software projects that are at its disposal in the GitHub forge, considering its
capacity to reuse all the collected information for AI produced software, a matter that
is still subject to some very preliminary legal dispositions [44,45].
We think that the research community should be a bit more aware of the strategic value
of the RS produced, usually within publicly funded projects, or at least have some
kind of reflection on this delicate subject, demanding the existence of public RS and
RD repositories [3], and avoiding the indiscriminate use of privately owned platforms.
Institutions can use FOSS like GitLab (https://gitlab.com/gitlab-org/gitlab-foss (ac-
cessed on 11 November 2024)) to install their own facilities to help RS developers to
manage their software projects on platforms internal to the institution (see, for example,
the GitLab platform of the University Gustave Eiffel at https://gitlab.univ-eiffel.fr/
(accessed on 11 November 2024)), while reflecting on digital sovereignty [46–48].
So, Where RS might be shared? RS can be shared in repositories like Zenodo, in forges
like GitHub, or in institutional repositories. A relevant example of a specific scientific
area that provides tools for data and software sharing in Life Sciences is ELIXIR
(https://elixir-europe.org/ (accessed on 11 November 2024)), an intergovernmental
organization that brings together Life Sciences resources from across Europe.
With whom? As previously discussed for RD (and applicable to all kinds of research
outputs: publications. . . ), each act of scholar communication has its own target public,
and initially, the RS sharing and dissemination strategy can be conceived to target
just the public hat could be interested by a research article. But it might happen that
the RS is of interdisciplinary value, and could rise interest in a larger context that the
strictly related to the initial research goal. Therefore, the intended users may vary
from researchers within a narrow specialty to researchers in other scientific disciplines
or even to the general public.

https://zenodo.org/
https://zenodo.org/
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/Forge_(software)
https://en.wikipedia.org/wiki/Forge_(software)
https://en.wikipedia.org/wiki/Comparison_of_source-code-hosting_facilities
https://en.wikipedia.org/wiki/Comparison_of_source-code-hosting_facilities
https://rewind.com/blog/github-vs-bitbucket-vs-gitlab-comparison/
https://rewind.com/blog/github-vs-bitbucket-vs-gitlab-comparison/
https://github.com/
https://en.wikipedia.org/wiki/GitHub
https://gitlab.com/gitlab-org/gitlab-foss
https://gitlab.univ-eiffel.fr/
https://elixir-europe.org/
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Under what conditions? Software licenses are the needed tools to ensure the legal
conditions for use, copy, modify, and redistribute software. Over these legally protected
actions stand the usual scientific actions, as researchers, as part of their daily activities,
do use, contribute to, write, share and disseminate, modify, include and re-distribute
RS components.
In this context, we would like to refer to our previous work, devoted to advising RTs
regarding RS sharing and dissemination practices with free/open source licenses [20,23,28],
in order to ensure and clarify the context in which the legal and the scientific actions
find no obstacle, remarking that the sharing and dissemination conditions are to be
found in the license that goes with the RS.
Free/Open Source licenses can be found at the Fre Software Foundation (https://
www.gnu.org/licenses/license-list.html (accessed on 11 November 2024)), the Open
Source Initiative (https://opensource.org/license (accessed on 11 November 2024)) or
at the Software Package Data Exchange (SPDX) (https://spdx.org/licenses/ (accessed
on 11 November 2024)). See [42] for more information on licenses. Note that the
popular Creative Commons licenses that can be used for RD sharing [33] are to be
avoided in the case of RS, as recommended by Creative Commons (https://creativeco
mmons.org/faq/#can-i-apply%20a-creative-commons-license-to-software (accessed
on 11 November 2024)).
Why and to what effects? There maybe different reasons to release some RS, from the
contribution to build more solid, and easy to validate science, to simply answer to
the recommendations or requirements of the funder of a project, of the RT supporting
institutions, or those of a scientific journal, or regarding Open Science issues [6,23].
Since Jon Claerbout raised the first concerns (as far as we know) about reproducibility
issues [49,50]:

an article about computational science in a scientific publication is not the schol-
arship itself, it’s merely scholarship advertisement. The actual scholarship is the
complete software development environment and the complete set of instructions
which generated the figures.

more and more voices are raised in order to improve the reproducibility conditions
of published research results; see, for example, [17,51,52]. As a consequence, the
research community is creating national organizations that are federated in the Global
Reproducibility Network (https://www.ukrn.org/global-networks/ (accessed on
11 November 2024)) in order to bring together different communities across the higher
education research ecosystem of their nation, with the aim of improving rigour, transparency
and reproducibility.
Finally, let us recall the case of the Image Processing On Line (IPOL) journal, founded in
2009 [53] as a contribution to implement reproducible research in the Image Processing
field, and then expanded to more general signal-processing algorithms, such as video
or physiological signal processing, among others. They propose re-defining the
concept of publication, which is no longer just the article, but the combination of the
article, its associated source code, and any associated data needed to reproduce the
results, that is, the research article and associated RD and RS as a whole. Our wish
would be that more and more journals work in this way, providing simultaneous
publication of these three important outputs, while remaining well aware of the
technical difficulties (as well as of the necessary human and finance resources) arising
in keeping software produced since 2009 in a working status.

Following the analysis of the parallelism between RS and RD conundrum answers,
let us remark here too that, unlike the case of Data Management Plans (DMPs) mentioned
at the end of Section 3, Software Management Plans for RS are still not widely required
by research funders, although new recommendations are emerging in the landscape [31].
Yet, some models are available such as PRESOFT [54], or the Software Sustainability
Institute (https://www.software.ac.uk/ (accessed on 11 November 2024)) Checklist for a

https://www.gnu.org/licenses/license-list.html
https://www.gnu.org/licenses/license-list.html
https://opensource.org/license
https://spdx.org/licenses/
https://creativecommons.org/faq/#can-i-apply%20a-creative-commons-license-to-software
https://creativecommons.org/faq/#can-i-apply%20a-creative-commons-license-to-software
https://www.ukrn.org/global-networks/
https://www.software.ac.uk/
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Software Management Plan [55]. More information and references on Research Software
Management Plans (RSMPs) can be found at [56] or at the web page (https://igm.un
iv-mlv.fr/~teresa/presoft/ (accessed on 11 November 2024)) maintained by one of the
authors of the present work. Notice that, while DMPs are usually centered over the
research funded project in which maybe some data will be produced, RSMPs, like the
PRESOFT model, are centered in the RS as a research output, maybe funded under several,
different projects. As a consequence, RSMPs may be more useful than DMPs in order to
handle the information required by the conundrum questions for a given RS, which has, as
a consequence, the possibility of improving RS sharing and dissemination best practices
for RTs, thus collaborating, as in the RD context, on augmenting trustworthiness and
transparency in the research realm.

5. The Conundrum Challenges and Research Evaluation

As previously discussed, we consider that providing answers to these conundrum
challenges has, among other consequences, the possibility of improving RD and RS shar-
ing and dissemination best practices for RTs, thus enhancing integrity, correctness, rigor,
reproducibility, reusability and transparency in the research endeavor.

Nevertheless, to reach this end, the need of new and adapted evaluation protocols and
practices in this changing Open Science context is increasingly widely recognized. For ex-
ample, the DORA San Francisco Declaration on Research Assessment states the following:

There is a pressing need to improve the ways in which the output of scientific research is
evaluated by funding agencies, academic institutions, and other parties. [. . . ]
Outputs from scientific research are many and varied, including: research articles report-
ing new knowledge, data, reagents, and software; intellectual property; and highly trained
young scientists. Funding agencies, institutions that employ scientists, and scientists
themselves, all have a desire, and need, to assess the quality and impact of scientific
outputs. It is thus imperative that scientific output is measured accurately and evaluated
wisely. ([21])

and high-level advisory groups for the European Commission have produced reports to
draw up recommendations such as the following:

Funders, research institutions and other evaluators of researchers should actively de-
velop/adjust evaluation practices and routines to give extra credit to individuals, groups
and projects who integrate Open Science within their research practice. [. . . ]
Public research performing and funding organisations (RPOs/RFOs) should provide
public and easily accessible information about the approaches and measures being used to
evaluate researchers, research and research proposals. ([22])

or recognizing that the evaluation of research is the keystone to boost the evolution of
the Open Science policies and practices in one of its most important pillars, the scholar
publication system, as follows:

The report views research evaluation as a keystone for scholarly communication, affecting
all actors. Researchers, communities and all organisations, in particular funders, have
the possibility of improving the current scholarly communication and publishing system:
they should start by bringing changes to the research evaluation system. ([7])

Therefore the evolution of the research evaluation system is an important enabler in
order to improve the adoption of Open Science best practices, and it is currently a big issue
and subject of debate at many levels and by different stakeholders, as shown in the vast
number of references that, just considering the references in the present work, somehow
address this question: [1,2,4–7,9–13,15,16,20,22,23,28], and this is only to mention a few of
the large number of those addressing a topic that is becoming increasingly popular in the
scientific literature. . .

Concerning the subject of RS and RD, we remark that, as analyzed in our previous
work [20,23], it is in the interest of the research communities and institutions to adopt clear
and transparent protocols for the evaluation of RD and RS as such stand-alone objects, such

https://igm.univ-mlv.fr/~teresa/presoft/
https://igm.univ-mlv.fr/~teresa/presoft/
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as sharing and disseminating high-quality RS and RD outputs requests for time, work and
hands willing to verify the quality of these artifacts, writing documentation, etc. Incentives
are needed to motivate the RTs.

Moreover, as we have seen in the How? question of Section 4, one of the similarities
between RS and RD is that they have not a widely accepted publication procedure, which
hinders, among other effects, the fact of being correctly identified as research outputs with a
citation form. Note that, in the case of research articles, this citation form is usually provided
by the scientific journals in the publication stage of their dissemination, and note as well
that the citation form is a step that has been included in our RD and RS dissemination
procedures. To deposit RS and/or RD in a repository like Zenodo provides with a citation
form for the output, but this is still a practice that should be more widely implemented and
adopted. This is why we think that the formulation of such evaluation protocols should
include, as well, as a first step, the establishment of best RD and RS citation practices.

In [20,23], we have proposed the CDUR protocol for RS and RD evaluation, a protocol
which is flexible enough to be applied in different evaluation contexts as it is to be adapted
by the evaluation committees to each particular evaluation situation. We include here a
resumed version, but its detailed presentation and extended discussion can be found in [23].
There are four steps in the CDUR protocol, namely (C) Citation, (D) Dissemination, (U)
Use, (R) Research, that are to be applied in the following chronological order:

(C) Citation. This step measures if the RS or RD are well identified as a research output,
i.e., if there is a good citation form (including title, authors and/or producers, dates. . . ),
which could be extended up to require a good metadata set. We can look here for best
citation practices applied to RS or RD coming from other teams. This is a legal related
point where we ask for authors (if any) to be well identified, whats their affiliations
are, and, for example, the associated % of their participation in software writing.

(D) Dissemination. In this step, we look to evaluate best dissemination practices in
agreement with the scientific policy of the evaluation context. The dissemination of
RS and RD needs a license to set the sharing conditions. For RD, there are maybe
further legal issues to look at (personal data, sui generis database rights. . . ). This is a
policy point in which we look at Open Science requirements.

(U) Use. This point examines “software” or “data” aspects, in particular, the correct
results that have been obtained, and we can also look if their reuse has been facilitated,
the output quality, best software/data practices such as documentation, testing, instal-
lation or reuse protocols, up to read the code, launch the RS, use examples. . . This is
the reproducibility point that looks at the validation of the scientific results obtained
with the RS and/or the RD.

(R) Research. This point examines the research aspects associated with the RS and/or
RD production: the quality of the scientific work, the proposed and coded algorithms
and data structures, which are the related publications, the collaborations, the funded
projects. . . This point measures the impact of the RD and/or RS related research.

Consequently, the RS and RD that are to be positively evaluated by the CDUR protocols
are to be correctly identified as research outputs, as well as correctly disseminated; they are
disseminated in such a way that their reuse is facilitated, as well as the reproducibility of
the obtained research results, which are, in turn, to be evaluated positively.

Thus, the advocacy to adopt new evaluation methods is clear, but any change in the
evaluation system requires researchers to adapt to these new rules and practices, that is,
to adopt new ways to share and disseminate their RD and RS outputs. Figure 1 shows
the interconnections that link both stages, as the RS and RD sharing and dissemination
practices would need to adjust to the new evaluation rules that are in place and only
suitable practices for RS and RD sharing and dissemination (maybe in a restricted context
if necessary) would successfully and positively be evaluated.

More precisely, when evaluation rules evolve, the evaluated researchers do change
their sharing and dissemination practices in order to adapt to the new rules. But the
evaluation of research is not a system to be changed in a short period of time; this a
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progressively and nonhomogeneous process that will still take time in order to adapt to
new Open Science policies. For example, evaluation rules can increasingly evolve in order
to enhance the reusability of research outputs like RS and RD, which is the object of the (U)
Use step of the CDUR protocols [20,23], thus the loop.

Evaluation
rules

Material
to be evaluated

Evaluation
of research outputs

Sharing and dissemination
of research outputs

Figure 1. The research outputs dissemination/evaluation loop.

Yet, to change the research evaluation system requires a clear vision of what “good
research is” and that is to be evaluated positively, which will be reflected in the (for example)
Open Science policies. And the new evaluation system will provide the control tool that
will be applied to verify that the policies are adequately uptaken, as remarked in [6]:

Funder and institution evaluations and research community evaluations are therefore a
powerful tool to enhance effective Open Science evolutions [. . . ] But, as the cat biting
its own tail, the evaluation wave can only play fully its role if policies and laws are well
into place.

Indeed, another loop. . .
We can conclude as follows: to provide correct and clear answers to the conundrum

questions will have, as a consequence, the improvement of RS and RD sharing and dis-
semination practices, which, in turn, will enhance trustworthiness, correctness, rigour,
reproducibility, reusability and transparency in the research endeavor. But control mecha-
nisms, maybe new in this dynamic Open Science context, are necessary in order to boost
and improve these best practices. That is, in order to stimulate the adoption of new, best
practices, it is necessary to put into place suitable evaluation mechanisms, which require
for clear and precise answers to the corresponding conundrum questions.

6. Conclusions

To share and disseminate RS and/or RD, and maybe other research outputs, is a conun-
drum. It may require to understand a complex context, as has been studied, for example, in
the Computer Science Gaspard-Monge Lab [28,40,41]. RS and RD sharing involves tasks
of different nature and several levels of decision. It asks for time and resources (funding,
persons). It is also necessary to decide if these resources would be maybe better allocated
in new research projects or if they should be reserved for maintenance and bug corrections,
or user support related to already disseminated RS and/or RD.

The aim of this work is to provide answers to the conundrum questions that appear in
RS (and RD) sharing and dissemination practices, with the intention of helping researchers
and RTs to better understand the issues that arise at this stage and how to deal with them.

In order to enunciate these RS conundrum answers, we have taken advantage of the
comparison methodology that we have already applied successfully in previous works,
that is, to compare the different issues that arise in the RS and RD production, sharing and
dissemination, which helps us to identify and to decide whether we can propose similar or
different answers to the conundrum challenges in both cases.
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One of the identified differences is associated with the possibly expected final status
of RD, rather different to the potential sharing of RS in the early stages of the software
development, or related to the issues involved in deciding which development branches,
which versions are to be shared.

In both cases, that is, in RS and RD, the role of the producer RT is major, but the roles
and activities of the RT members may be very different, and that can be associated with the
different activities (code writing, data collection and analysis. . . ), but also related to the
different legal contexts that may appear in RS and in RD. For example, to write software
yields copyright issues, and software licenses should be used in order to ensure the use,
copy, modification and redistribution of the RS, while RD may have a rather different
legal (and ethical) context and its dissemination could ask for other kind of licenses or to
undertake other kind of legal considerations. Other detected differences between RS and
RD are connected to management plans, for example.

On the other hand, we have exposed similarities corresponding to the missing pub-
lication procedure, and the similar protocols that we can use for their dissemination and
evaluation, which takes into account that they are objects of different nature, as highlighted,
for example, in the (U) Use step of the CDUR protocols.

The evaluation step is an important enabler in order to improve the adoption of
Open Science best practices and to increasingly render RS and RD visible, accessible and
reusable. Providing correct and clear answers to the questions that the conundrum poses,
as a consequence, enhances RS and RD sharing and dissemination best practices, which, in
turn, requires adapted evaluation practices; finally, it fosters integrity, correctness, rigour,
reproducibility, reusability and transparency in the research endeavor.

All these issues should be considered by researchers as well as by their Research
Performing Institutions and Research Funders in order to adopt policies and practices
that correspond to the researchers and science’s best interests. As an example of currently
ongoing work, we would like to mention the UNESCO Open Science Monitoring Initia-
tive [57] and the recent Science Europe report [31], where we can observe consequences of
our propositions.

We hope the present work will be of further help to this end.
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