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ABSTRACT

Objective: To review the terminologies and applications of Open Science taxonomy to build a more comprehensive
version that represents the knowledge surrounding the subject in accordance with the current scenario of scientific
communication and the recommendations of the United Nations Educational, Scientific and Cultural Organization
(UNESCO).

Method: This is a qualitative investigation with an exploratory focus. The first step taken was the revision of existing
taxonomies by 12 researchers', who met weekly for conceptual and epistemological discussions related to Open
Science and methodological and procedural definitions for the realization of the study.

Results: As a result of these discussions, a proposed taxonomy was developed for revision by experts. Evaluation of
this taxonomy was carried out using a questionnaire with open questions about each main axis of the taxonomy, which
was sent to 68 specialists. A total of 21 responses that analyzed the modeling and exposition of terms in the proposed
taxonomy were received. The final taxonomy has 10 main-level facets and a total of 96 labels.

Conclusions: the responses of the experts brought to light a panorama consistent with UNESCO recommendations and
the current scenario of Open Science.

KEY WORDS: Open Science-Taxonomy, scientific communication, knowledge representation,
UNESCO.

RESUMO

Objetivo: revisar as terminologias e aplicagées da taxonomia de Ciéncia Aberta para a construgdo de uma versdo mais
abrangente, que represente o conhecimento em volta do tema, em conformidade com o cenario atual da comunicagao
cientifica e com as recomendagdes da Organizagcdo das Nagbes Unidas para a Educagéo, a Ciéncia e a Cultura
(Unesco).

Método: trata-se de uma pesquisa do tipo exploratéria com abordagem dedutiva. A primeira etapa foi a revisdo das
taxonomias, com 12 pesquisadores que se reuniram, semanalmente, para discussdes conceituais e epistemolégicas
relacionadas a Ciéncia Aberta, e definicbes metodoldgicas e procedimentais para a realizagéo do estudo.

Resultados: como resultado das analises, foi desenvolvida uma taxonomia para ser avaliada pelos especialistas. Para
isso, foi enviado um questionario com perguntas abertas, sobre cada eixo principal da taxonomia, para 68 especialistas.
Foram obtidas 21 respostas que cooperaram com a modelagem e exposigdo dos termos para a nova taxonomia. A
taxonomia oriunda desse processo de revisdo tem 10 facetas de nivel principal e o total de 96 rétulos.

Conclusoes: a percepgdo dos especialistas trouxe a tona um panorama congruente com as recomendagdes da Unesco
e do atual cenario da Ciéncia Aberta.

PALAVRAS-CHAVE: Ciéncia Aberta - Taxonomia. Comunicacgao Cientifica. Representagdo do Conhecimento. Unesco.

RESUMEN

Objetivo: revisar las terminologias y aplicaciones de la taxonomia de la Ciencia Abierta, para construir una version mas
completa, que represente el conocimiento en torno al tema, de acuerdo con el escenario actual de la comunicacion
cientifica y las recomendaciones de la Organizacion de las Naciones Unidas para la Educacion, la Ciencia y la Cultura
(Unesco).

Método: se trata de una investigacion exploratoria con un enfoque deductivo. El primer paso fue la revisién de las
taxonomias, con 12 personas dedicadas a la investigacidon, que se reunieron semanalmente, para las discusiones
conceptuales y epistemolégicas relacionadas con la Ciencia Abierta y las definiciones metodoldgicas y de procedimiento
para la realizacién del estudio.

Resultados: como resultado de los analisis, se elabord una taxonomia para ser evaluada por las personas expertas.
Para ello, se envi6 a 68 personas expertas un cuestionario con preguntas abiertas sobre cada eje principal de la
taxonomia. Se obtuvieron 21 respuestas que cooperaron con la modelizacion y exposicion de los términos de la nueva
propuesta de taxonomia. La nueva taxonomia tiene 10 facetas de nivel principal y un total de 96 etiquetas.
Conclusiones: la percepcion de los expertos puso de manifiesto un panorama congruente con las recomendaciones de
la Unesco y el escenario actual de la Ciencia Abierta.

PALABRAS CLAVE: Ciencia Abierta - Taxonomia. Comunicacion Cientifica. Representacion del Conocimiento. Unesco.

" This investigation has involved the members of two groups: The first group of investigators consisted of the
authors of this article, who analyzed previous taxonomies and proposed a new one to be evaluated by independent
experts (also investigators, but not authors of this article). In this document, the term “investigators” will be used to
identify the group of authors, and the term “Expert” will pertain to the group of outside experts who evaluated the
proposed taxonomy.
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1 INTRODUGAO

On the occasion of the 40th edition of the UNESCO General Conference, held in
2021, in a joint decision of 193 Member States, the responsibility for preparing an
international standardization document on Open Science was delegated, in the form of
recommendations bearing the organization’s seal. This action was intended to stimulate
the creation of a guide for the advancement of science, innovation and technology at an
international level. At this event, UNESCO published a report entitled “Recommendations
for Open Science” (UNESCO, 2021), which presents a set of guidelines for the promotion
of Open Science worldwide, including open access to scientific data and the opening of
the research process itself, from planning to the dissemination of results.

A significant point mentioned in the UNESCO recommendations (2021) for Open
Science is the need for a common taxonomy to facilitate communication and knowledge
sharing among different actors, from different regions and speaking different languages,
who participate in scientific research through the use of documentary language (for
example, controlled vocabularies and ontologies). Values such as quality and integrity,
collective benefit, equity and justice, and also diversity and inclusion are emphasized in
the recommendations. In addition, these recommendations cite guiding principles that
point to the possibility of conditions and practices for Open Science to become a reality:
transparency, scrutiny, criticism and reproducibility, equal opportunities, responsibility,
respect and accountability, collaboration, participation and inclusion, flexibility and
sustainability (UNESCO, 2021).

Beyond these recommendations, the UNESCO document addresses Open Science
as an inclusive construct that combines various movements and practices with the aim of
making multilingual scientific knowledge openly available, accessible, and reusable by all,
in such a way that scientific collaborations and the exchange of information for the benefit
of science and society are increased, opening the processes of creation, evaluation and
communication of scientific knowledge to social actors beyond the traditional scientific
community. Likewise, for UNESCO (2021), the movement encompasses all scientific
disciplines and all aspects of academic practices, including basic and applied sciences,

natural sciences, social sciences and humanities, building on the following key pillars:

Encontros Bibli, Floriandpolis, v. 28, 2023: e91712 3 de 23
E] Universidade Federal de Santa Catarina. ISSN 1518-2924.

DOI: https://doi.org/10.5007/1518-2924.2023.e91712/53421


https://doi.org/10.5007/1518-2924.2023.e91712/53421

open scientific knowledge, open scientific infrastructure, scientific communication, open
engagement of social actors, and open dialogue with other knowledge systems.

Various scientists and researchers have attempted to characterize the level of
knowledge about the conceptual ramifications of Open Science and understand its
variations: Pontika et al. (2015), Baumgartner (2019), and Silveira et al. (2021), among
others, have sought to explain the variations in this modus operandi for doing science.

In the light of the previous discussion, a question arises: what other components
and labels can contribute to a new and broader proposal for a taxonomy of Open Science
that is in accordance with the current scenario of scientific communication and the
recommendations of UNESCO (2021)? This is the guiding question for the current
investigation, which considers dynamic knowledge, which in turn requires amplification and
representation, and can contribute to new reflections on policies and strategies for
developing more transparent and efficient research through Open Science. The proposed
taxonomy must therefore reflect these changes and consider emerging practices and
technologies that are helping to transform scientific communication.

This investigation is intended to propose a broader taxonomy of Open Science in
accordance with the current scenario of scientific communication and the UNESCO
recommendations (2021). It seeks to systematize the operational bases of Open Science
to enable the expansion of indicators and demonstrate its impact on scientific
communication, represented in a taxonomy that describes the main axes of its operation.
Its specific objectives are as follows a) compare the three taxonomies of Pontika et al.
(2015), Baumgartner (2019) and Silveira et al. (2021); b) identify components and labels
that can be added to the taxonomy, based on UNESCO recommendations and the
conceptual ramifications of Open Science presented in the research cited, and c) validate
the revised and expanded proposal with experts.

By achieving these objectives, the Open Science Taxonomy update can provide
researchers, teachers, librarians, publishers, policy makers, managers of funding agencies
and others involved in science communication with an overview of their practices and
contribute theoretical support for the development of public, institutional and editorial

policies, among other benefits.
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Following the UNESCO recommendations (2021), it is necessary to propose a
broader taxonomy in line with the current scenario of scientific communication that is
impacted by the elements of Open Science, to improve aspects such as access,
transparency, accountability, collaboration and sharing of resources (data, services,
infrastructure and persons).

By analyzing the different components and approaches that characterize Open
Science, the proposed taxonomy will contribute to new thinking about policies and
strategies that will make research more transparent and efficient. It can be understood as
a representation of the domain of knowledge that surrounds it, and can be used as a guide
in the dynamic construction of a common vision of its structure.

The sections of this article were organized to present the process of knowledge
construction in this investigation: some of the steps that ensured the application of
scientific methods and principles are discussed in the introductory section, which is
followed by a review of the methodology used, a presentation of results, a discussion and
presentation of final considerations, complemented by appendices that help to structure
the results. The answers received for the validation questionnaire on the proposed

taxonomy are included.

2 METHODOLOGICAL PROCEDURES

This is a qualitative investigation with an exploratory focus, which involved both an
analysis of three Open Science taxonomies (Pontika et al., 2015; Baumgartner, 2019;
Silveira et al., 2021) and recommendations by UNESCO (2021) on the same subject, and
the creation of a questionnaire as a data collection instrument, all of whose results were to
be used to validate a proposal for a revised and expanded taxonomy of Open Science.

Equipped with the results of analyzing these earlier taxonomies and
recommendations, and aided by expert opinions gathered in the questionnaire, general
and specific knowledge was gained which made it possible to create a new taxonomic
proposal, detailed in two stages that are described below.

The objective of the first stage of the investigation was to compare the three
taxonomies mentioned previously and the elements recommended by the UNESCO (2021)
in conceptual, epistemological and methodological discussions, which led to the proposal

of a new taxonomy. The results of these comparisons can be found in Section 3 and
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Appendix A? of this document. The designs of the models of Pontika et al. (2015) and
Silveira et al. (2021) were taken into account when creating the extended proposal for the
taxonomy (presented in Appendix D3); however, although Baumgartner’s (2019) model
was initially consulted, the structure of subcomponents/subframeworks used by this author
were not presented in sufficient detail to be useful for this purpose.

A first version of the Open Science taxonomy was elaborated, with the participation
of 12 Investigators, the authors of this article, with specific knowledge of the subject,
representing five countries: Brazil (6), Colombia (2), Costa Rica (2), Peru (1) and Spain (1).
Thirty (30) meetings were held using the Google Meet* and BigBlueButton® platforms. An
Excel spreadsheet was used to insert components and labels, including the taxonomy of
Silveira et al. (2021) and UNESCO elements (2021). Using this method, the Investigators
inserted their opinions in writing — that is, if the term and the order/organization were
considered in to their area of specialization. Points of disagreement were discussed in

virtual meetings.

2 Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53445
3 Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53449
4 Learn more at https://meet.google.com/.
5 Learn more at https://bigbluebutton.org/.
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Table 1 - Participants in the evaluation of the Open Science 2022 taxonomy and their responses

Institutional affiliation Specialty Formation and origin Authors* In the text
. Systems and Computing
o . Open access, databases, altmetrics, .
1. Specialist Colombia bibliometrics, open infrastructures Englneer - Google Yes No |Expert 1
Academic
2. Thalgne . Universidade Federal Open Sc]enge, alt_metrlcs, smephﬁc . Ph.D. in Communication oo
Moreira de Brazil . communication, disputes over information and . Yes Yes |Oliveira
- Fluminense s N Plan de estudios Lattes
Oliveira scientific communication
El Computer and Systems
3. Specialist Open Science tools and repositories Engineer - Google Yes No |Expert2
Salvador .
Academic
Open access, Open Science tools, Master’'s degree in
4. Specialist Uruguay repositories and digital archives and Open Information and No No |Expert3
Science. Communication - Linkedin
5. Specialist USA Open data, reproducible Open Science .2 'n.Stat'St'Cs <Gl Yes No |Expert4
Academic
Bachelor’s degree in Library
6. Saray Cordoba C_osta Honorary Member of Latindex |Open Science, Open Access and Information Sciences - Yes Yes |Gonzalez
Gonzalez Rica Orcid
Master’'s degree in
o Guatemal . . - Knowledge Management
7. Specialist a Open Science and Open Science policies and Research on Public Yes No |Expert5
Policies - Orcid
. Brazilian Institute of Qpen data, open access, Opep SC|enqe tools: Ph.D. and Master’s degrees .
8. Washington . . . interoperability between open information . ) Washington
Brazil Information on Science and = s L in Computer Science - Yes Yes
Segundo systems, open digital repositories, scientific ; Segundo
Technology S - Curriculum Lattes
data repositories, data science
9. Robinson NHIOfiE] Secretgriat of Open access, Open Science policies, Open . .
: . Panama | Technology, Science and . ’ ’ Master’s degree - Orcid Yes Yes |Zapata-Pino
Zapata-Pino . Science tools
Innovation
10. Specialist Brazil Scientific communication Ph.D. in _Physms - Google Yes No |Expert 6
Academic
11. Specialist Mexico SRS SUMALIIEEIo, BaETe Ph.D. in Physics - Linkedin Yes No |Expert7
dissemination, open access, Open Science
7 de 23
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Institutional affiliation Specialty Formation and origin Authors* In the text
12. Danny Murillo Panama Unlvers'ldad Tecnologica de Open data, bibliometrics, data analysis Mas_ders degres in IT . Yes Yes |Murillo
Panama Project Management - Orcid
13. Fernanda Argentina Conicet, Universidad Nacional So_clology of science, evaluation of Open Ph..D. in Polmcgl and Social Yes Yes |Beigel
Beigel de Cuyo Science, open access Sciences - Orcid
14. Andrea Marin Cpsta Universidad de Costa Rica Open Science Evaluation, research Master's degree - Linkedin Yes Yes Marin
Campos Rica management Campos
15. Diego Alejandro Colombia Internet and Society Center Open data, citizen science, participatory Bachelor’'s degree in Yes Yes Gomez
Gomez Hoyos ISUR - Universidad del Rosario |science Philosophy - Orcid Hoyos
16. Specialist Argentina Open access, Open Science policies, Open Liibrary Sme_nce ar)d . Yes No |Expert8
Science tools Documentation - Linkedin
NEITEEY CELIEL o Master's degree in Public
17. Specialist Peru Science, Technology and Open access, Open Science policies gree ; Yes No |Expert9
) : Management -Linkedin
Technological Innovation
Open access, Open Science policies,
18. Maria Soledad Chile National Research and scientific information, bibliometric and Diploma in Communication Yes Yes Bravo
Bravo-Marchant Development Agency scientometric indicators, repositories and and Education - Orcid Marchant
editorial management
. . . . N Ph.D. in Documentation:
19. Paola Carolina Argentina Universidad Nacional de Open access, scholarly communication, open digital archives and library - Yes Yes |Bongiovani
Bongiovani 9 Rosario data, institutional repositories Ligkedin Y 9
. . I Scientific communication, copyright, open . . R
20.Bianca Amaro*** | Brazil Brazilian lnSt'tL.jte of SC|ent!ﬁc access repositories of information and Ph'D'.'n Applied Linguistics Yes Yes |Amaro
and Technological Information A . - Curriculum Lattes
scientific data and Open Science
. Scientific communication, evaluation of Ph.D. in Sciences — Major in
21. Viviane S. de . . )

L . . science, Open Science, open access, Health Information and .
Oliveira Brazil Oswaldo Cruz Foundation . .. Yes Yes |Veiga
Veiga** research data, data management plan; FAIR | Communication -

eiga o o b S :
principles; digital repositories Curriculum Lattes
Source: Authors’ elaboration based on survey data (2022). Avalilabble in: https://zenodo.org/record/7837274.
* Do you want your name and surname to appear in the list of collaborators in the acknowledgments section of the published article?
** Do you want your contributions to be identified using only your last name?
*** Experts who requested a meeting to present their contributions.
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In the second phase, 68 experts from different countries were selected, and a table
was created with information about these possible participants, carefully chosen based on
whether or not their professional activities and the content of their publications indicated
that they publish or guide research on Open Science or any of its components. In this
document, we have chosen to share only information about the 21 experts who agreed to
participate in this investigation (Table 1) and authorized or refused the publication of their
names. The network of relationships of the authors of this investigation was used to create
the initial list, which was then refined by consultation of sources such as the Lattes
curriculum, profiles in Google Scholar, LinkedIn, and Orcid, and direct consultation with
experts. As a result, 19 experts initially responded to our questionnaire, and a further two
experts requested a meeting to present their contributions verbally, bringing the total to of
respondents to 21 persons. The experts received a questionnaire with 10 open questions
to evaluate the proposed taxonomy, prepared using the Google Forms® platform. The
suggested terms or expressions were then reviewed by the Investigators, and were
grouped into a single file.

It should be noted that all of the experts who agreed to collaborate with this
investigation were asked about their interest in being mentioned in the list of collaborators
in the acknowledgments section of the published article, and if their contributions should
be identified with their last name. The options were accepted by the survey participants
and their collaboration was acknowledged, when requested, using their last name. For
those who preferred anonymity, the mention of their statements was identified using the
term “Expert”, and each Expert was assigned a code in ascending order.

Data were analyzed in meetings in which comments and suggestions were
discussed, and decisions to accept or reject participant evaluations were made in a
reasonable fashion. Subsequently, the results were incorporated into the taxonomy using
the lllustrator program (Software licensed from Adobe). In keeping with the principles of
Open Science, the data related to the development of this investigation are available for

consultation in the Zenodo repository, Silveira et al. (2023)".

6 More information at https://www.google.com/intl/pt-BR/forms/about/.
” More information at Avalilabble in: https://zenodo.org/record/7837274.
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3 COMPARISON OF OPEN SCIENCE TAXONOMIES

A taxonomy is a systematic and hierarchical classification of concepts, objects or
events based on their common characteristics or properties. According to Pontika et al.
(2015), a taxonomy can be used to help better understand Open Science and its different
components, as well as to guide the development of Open Science training and education
policies and programs. Baumgartner (2019) emphasizes that a taxonomy is important to
provide a clear conceptual framework for Open Science, facilitating its understanding and
promoting its adoption.

Due to the complexity of delimiting and understanding its variations and boundaries,
various efforts have been made to represent the domain of Open Science. An example of
this is the first version of the taxonomy by Pontika et al. (2015), presented in Figure 1,
developed by the consortium of the European project Facilitate Open Science Training for
European Research (FOSTER), which was created with the objective of providing a
framework for the organization and classification of Open Science practices and resources.
This taxonomy has nine main components: Open Access, Open Data, Reproducible Open
Research, Open Science Definition, Open Science Evaluation, Open Science Policies,
Open Science Guidelines, Open Science Projects and Open Science Tools. Most of the
components are divided into subcomponents, which help to better understand the diversity

of practices and resources related to Open Science (Pontika et al. 2015).
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Figure 1 - Pontika et al.” Taxonomy of Open Science
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Open Seience Policies Institutional policies
subisct nalic o Open Access policies
& Open Science Projects LR & Open Data Policies
, Dpen Repositaries
FOSTE R Open Science Tools. 5 . o Open Services

o Open Workflow Tools

Source: Pontika et al. (2015).

Another example of such a taxonomy is the framework proposed by the Australian
Baumgartner (2019) in his Open Science Education blog, which is made up of nine
components, with a didactic framework for teaching Open Science, ranging from
motivation for Open Science to challenges and barriers to its implementation. The nine
components are Open Access/Open Publication, Open Citation, Open Content, Open Data
(research), Open Educational Resources, Open Evaluation/Open Review (peer), Open
Licensing, Open Research (Methodology, Workflow, Tools) and Open Source, as shown in

Figure 2.

Encontros Bibli, Florianopolis, v. 28, 2023: 91712
E] Universidade Federal de Santa Catarina. ISSN 1518-2924.
DOI: https://doi.org/10.5007/1518-2924.2023.e91712/53421

11 de 23



https://doi.org/10.5007/1518-2924.2023.e91712/53421

Figure 2 - Baumgartner Taxonomy of Open Science
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Source: Baumgartner (2019).

Two years later, Silveira et al. (2021), working with a group of experts, proposed an

expanded version, with 11 category components. The purpose of this taxonomy is to

provide a broader framework that considers not only the practices and resources related to

Open Science, but also the structural and political aspects that allow its implementation

and dissemination (Figure 3).
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Figure 3 - Taxonomy from the perspective of Brazilian researchers
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Table 2 points out the similarities and differences between the three taxonomies,
and reveals that there are four similar elements: Open Access, Open Data, Open and
Reproducible Research, and Open Science Evaluation. Of the three proposals, those of
Pontika et al. (2015) and Silveira et al. (2021) are more similar to each other than either of
these proposals is with the version by Baumgartner (2019). Elements that were not

mentioned in the taxonomies are highlighted in gray in Table 2.
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Table 2 - Similarities and differences between the three taxonomies

Pontika et al. (2015) Baumgartner (2019) Silveira et al. (2021)

1 Open access 1 Open access/Open publication 1 Open access

2 Open data 4 Open data 2 Open data

3 Open and reproducible research | 8 Open search, 9 Open codes 3 Open and reproducible research
4 Open Science Definition Facet not mentioned Facet not mentioned

5 Open Science Evaluation 6 Open evaluation/open peer review | 4 Open Science Evaluation
6 Open Science Guidelines Facet not mentioned Facet not mentioned

7 Open Science Policies Facet not mentioned 5 Open Science Policies

8 Open Science projects Facet not mentioned Facet not mentioned

9 Open Science Tools Facet not mentioned 6 Open Science Tools
Facet not mentioned 3 Open contents 5 Open education 7 Open education

Facet not mentioned 7 Open licenses 8 Open licenses

Facet not mentioned Facet not mentioned 9 Citizen Science

Facet not mentioned Facet not mentioned 10 Digital preservation
Facet not mentioned Facet not mentioned 11 Open innovation

Facet not mentioned 2 Open budget Facet not mentioned

Source: Prepared by the authors based on survey data (2022), see Appendix A for details.

It should be noted that the UNESCO Recommendations (2021) for Open Science
document was prepared after a process of participatory discussion by experts which took
two years (UNESCO, 2020). Among other guidelines, it was established that the elements
of Open Science are essential for promoting collaboration, transparency, accountability
and accessibility in science. The following elements described in that document served as
the basis for developing the taxonomy proposal, present in Section 4. The original
descriptions of the UNESCO were preserved to avoid misunderstandings or

misinterpretations.

Scientific publications (open access): that include, among others, peer-reviewed
journal articles and books, research reports and conference papers. Scientific
publications may be disseminated by publishers on open access online publishing
platforms and/or deposited and made immediately accessible in open online
repositories upon publication. Open research data: that include, among others,
digital and analogue data, both raw and processed, and the accompanying
metadata, as well as numerical scores, textual records, images and sounds,
protocols, analysis code and workflows that can be openly used, reused, retained
and redistributed by anyone, subject to acknowledgement. Open educational
resources (OER): include teaching, learning and research materials in any medium
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— digital or otherwise — that reside in the public domain or have been released
under an open license that permits no-cost access, use, adaptation and
redistribution by others with no or limited restriction. Open source software and
source code: these generally include software whose source code is made publicly
available, in a timely and user-friendly manner, in human- and machine-readable
and modifiable format, under an open license that grants others the right to use,
access, modify, expand, study, create derivative works and share the software and
its source code, design or blueprint. Open hardware: this generally includes the
design specifications of a physical object which are licensed in such a way that said
object can be studied, modified, created and distributed by anyone, providing as
many people as possible with the ability to construct, remix and share their
knowledge of hardware design and function. Open science infrastructures: refers to
shared research infrastructures (virtual or physical, including major scientific
equipment or sets of instruments, knowledge-based resources that are needed to
support open science and serve the needs of different communities. Open
engagement of societal actors: refers to extended collaboration between scientists
and societal actors beyond the scientific community, by opening up practices and
tools that are part of the research cycle and by making the scientific process more
inclusive and accessible to the broader inquiring society based on new forms of
collaboration and work such as crowdfunding, crowdsourcing and scientific
volunteering. Open dialogue with other knowledge systems: refers to the dialogue
between different knowledge holders, that recognizes the richness of diverse
knowledge systems and epistemologies. It aims to promote the inclusion of
knowledge from traditionally marginalized scholars and enhance inter-relationships
and complementarities between diverse epistemologies (UNESCO, 2021, p. 9-12).

According to the UNESCO Recommendations (2021), Open Science consists of
four blocks: Open scientific knowledge (which includes open access to publications, data,
open access to educational resources, open codes and open hardware); 2) Open scientific
infrastructures; 3) Open engagement of social actors and 4) Open dialogue with other
knowledge systems.

At the end of the investigation, after validation provided by experts (see results in
the next section), a second comparison was made between the three taxonomies: Pontika
et al. (2015), Silveira et al. (2021) and the new taxonomy proposal, the object of this study,
available in Appendix A% and illustrated by means of an image in Appendix D° (a
comparison with the Brazilian version). Baumgartner’s proposal (2019) was not included in
this step, since the author does not use the same component structure; see Figure 2.

It is evident that the communication of science is a dynamic domain, which entails a
demand for innovation at all times, seeking to improve the practices of science guided by
more transparent investigations, and more inclusive and more responsible evaluations. It

is for this reason that we reflected on and developed a new version of a taxonomy to

8 Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53445
9 Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53449
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represent Open Science, which is described in detail in the next section and compared in

Appendices B '%and C'".

4 VALIDATION OF THE TAXONOMY PROPOSAL BY EXPERTS

In the second stage of this investigation, the validation of the proposal, 21 experts
participated in the research from the following countries: Argentina (3), Brazil (5), Colombia
(2), Costa Rica (2), Chile (1), El Salvador (1), Guatemala (1), Mexico (1), Panama (2),
Peru (1), United States (1) and Uruguay (1). They were asked to comment on the new
Open Science taxonomy. After considering their comments, a taxonomy with 10 first-level
components was proposed, subdivided into a total of 96 labels, 14 more than the version
proposed by the Brazilians, Silveira et al. (2021), and 51 more than the initial version by
Pontika et al. (2015), as shown in Figure 4.

'0 Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53447
" Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53449
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Figure 4 - Inclusion of terms in the Open Science taxonomy
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In general, the experts considered that the proposed taxonomy was representative
and consistent with Open Science, and that it was a useful reference on the perspectives
encompassed by Open Science which provides a structure that allows orderly thinking
about this domain of knowledge (Expert 2).

Furthermore, the taxonomy is seen as complete (Washington Segundo, Murillo,
Bravo-Marchant), while stimulating even more questions (Bravo-Marchant), and the
separation by colors helps to identify the main components of Open Science (Murillo).

Although some experts agreed with the proposal, mention was also made of the
need to include other terms and modify others that were considered to be transversal. For
Experts 6 and 7, the taxonomy seemed correct, although there seemed to be some
sections that were developed in more detail than others, namely open access, physical
infrastructure, computing, and preservation of publications. Zapata-Pino also
recommended the integration of dimensions such as gender equality and political
statements. Similarly, Marin Campos observed that there are major concepts that could be
considered as parts of others or to be transversal to them. In addition, although the form of
visualization used involves organization by large subgroups, it could not contemplate this
possibility. For example, Open Science infrastructure and tools could be transversal
throughout the process, and highly relevant to subsets such as education and research,
but it must be kept in mind that the topic of infrastructure is fundamental. He also
questioned the non-linear or hierarchical approach used in the presentation of the
taxonomy, even providing graphics that allowed a more comprehensive interpretation of
movement and chaining, which are characteristics of the terms presented. Along the same
lines, Gobmez Hoyos commented that it is a very well summarized taxonomic table, but that
some of the interactions between elements of Open Science are missing. For this Expert,
the image should be dynamic and interactive rather than static as it is now presented,
since each element can be further developed and better specified.

Beigel considers that the components reflect the definition of Open Science
included in the UNESCO recommendation, as well as some specifically Latin American
characteristics such as collaborative infrastructures and participatory science. However,
this Expert also indicates that a fundamental element is missing, which are incentives for
Open Science in research evaluation and funding policies.

Washington Segundo proposes adding more terms directly below the root term

“Open Science,” such as “Open Scientific Social Networks,” following the example of the
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Lattes Platform, available in Brazil, and similar networks those other Latin American
countries. Expert 3 agrees with the components of the first level, but believes that citizen
participation lacks concepts related to the formulation of policies and agendas in science
and technology. For Expert 4, the components seem adequate, but he recommends that
the last component, dialogue with other knowledge systems, be a transversal label, given
that each of the topics on the list/sub-topics in that category, together with gender equality,
should be reflected in all the components.

Experts 2 and 5 asked that the definition of the evaluation of science be explained
to them, because they could not understand it clearly. Expert 15 stated that the scientific
literature related to this topic has not reached a consensus about whether open evaluation
has surpassed blind evaluation. This topic clearly raised doubts, and it should be noted
that the main axis in question, open and responsible evaluation of science, concerns
evaluation as a whole and not just its application in particular cases, in this case,
evaluation of publication.

In the case of Citizen and Participatory Science, Expert 3 believes that scientific
dissemination is related to scientific education. However, the Experts Oliveira and Gémez

Hoyos disagreed, arguing as follows:

I don't know if scientific dissemination should be considered as a citizen and
participatory practice. Mainly, dissemination is not a citizen or participatory practice.
In this case, it should be considered much more as a science education practice
than as science dissemination, which presupposes an
editorial/institutional/individual decision on what to disseminate and how to
disseminate it (a gatekeeper). Oliveira.

This element is much more complex than what has been presented. There are
many elements and approaches from Latin America that should be addressed.
Presenting this element apart from open dialogue gives the impression that citizen
science is considered here as a contribution of “citizens” to conventional science
and not to other forms of knowledge, or approaches to knowledge production. In
my opinion, an integrated presentation is more convenient, and the message is
different. Gomez Hoyos.

The authors of this document decided to keep dissemination linked to Citizen
Science. Along the same lines, Expert 5 proposed a new facet, “Science Dissemination.”

Gonzalez, another responding Expert, also believes that a Latin American
taxonomy must include some specificities about approaches and practices in the region,
but that its concepts must be universal. In Gonzalez’s opinion, there are terms or
transversal axes that apply to the 10 major components, such as gender, cultural diversity,

equity, and initiatives that must be defined more precisely. He believes that they should not
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be included as subcomponents, but rather in a section in which principles and concepts
are presented.

The Brazilian Open Science taxonomy had 11 components (Silveira et al., 2021),
including the UNESCO (2021) recommendations; and the two components of Digital
Preservation and Open Licensing were redirected. Digital Preservation was added as a
label in the Infrastructure and Tools components, as was Open Data. Open Licensing was
added as a label in the Open Access facet, and the Open Dialogue with other knowledge
systems facet was also added. These modifications are in line with the UNESCO

recommendations.
5 Conclusions

Taxonomies are classification structures for the organization of knowledge domains,
which allow the aggregation of information and data, as well as enabling access through
navigation. The elaboration of taxonomies for interdisciplinary domains such as Open
Science, the domain discussed in this article, are conceptually complex. Our efforts
required the creation of a grouped and systematized theoretical foundation based on a
revision of the scientific literature and the contributions of outside experts and the authors
of this article. The efforts made resulted in a robust taxonomy with 10 components and 96
labels.

The proposed new taxonomy introduces innovative aspects, making it more
complete; it also has a more adequate organization of Open Science concepts, and is
more representative of a diversity of perspectives. The new taxonomy can help to
understand Open Science in a more complete, structured and orderly manner, which
allows researchers, publishers and institutions to better understand the political, theoretical
and practical dimensions of the Open Science movement and its implications for scientific
work. This will facilitate the development of more effective Open Science policies,
strategies and practices, and promote collaboration, information, and resource sharing
between researchers and institutions from different countries and regions.

The expanded and revised Open Science taxonomy seeks to overcome limitations
observed in the literature and confirmed by experts, and also combines and adds

perspectives from Latin America, which is especially important in a context where related
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debates and practices about Open Science are still influenced by predominantly European
and North American visions.

Despite the use of technologies enabling remote dialogues in weekly meetings
when carrying out this research, the number of participants and the complexity of the
subject represented a barrier which had to be overcome. Participation was voluntary,
divergent opinions frequently arose and consensus was not always reached as quickly as
expected. Language barriers constituted another problem, since not everyone was fluent
in Portuguese and Spanish. This difficulty was overcome by following up on the minutes of
each meeting and subsequent additional meetings between both the Brazilian and
Spanish-speaking teams, which were useful for solving doubts, and guided research
participants in the same direction towards our common goal.

Some expert contributions (Appendix C'?) were not used in this article because they
were not consistent with the taxonomies discussed previously, implying a need for new
research to build a disruptive taxonomy of Open Science and carrying out deeper analyses.
In future research, we intend to publish an extension of the present results, including
debates and proposals, together with theoretical arguments for including, changing or
removing components of the new taxonomy presented here. Furthermore, since many of
the components included in this taxonomy have transversal characteristics, it has been
proposed to analyze the possibility of developing an ontology intended to represent
knowledge through a set of concepts within the domain of Open Science, including its

entities, classes, attributes and the relationships between them.

REFERENCES

BAUMGARTNER, Peter. Toward a Taxonomy Of Open Science (TOS). Open Science
Education, 22 sept. 2019. Blog. Available in: https://notes.peter-
baumgartner.net/2019/06/24/toward-a-taxonomy-of-open-science. Accessed on: 15 sept.
2022.

PONTIKA, Nancy; KNOTH, Petr; CANCELLIERI, Matteo; SAMUEL, Pearce. Fostering
open science to research using taxonomy and an elearning portal. /n: INTERNATIONAL
CONFERENCE ON KNOWLEDGE TECHNOLOGIES AND DATA-DRIVEN BUSINESS,
15., 2015. Proceedings... Graz, Austria: Association for Computing Machinery, 2015.
Available in: http://oro.open.ac.uk/44719/. Accessed on: 15 sept. 2022.

12 Disponivel em: https://periodicos.ufsc.br/index.php/eb/article/view/91712/53448

Encontros Bibli, Florianopolis, v. 23, 2023: eXXXX 21 de 23
E] Universidade Federal de Santa Catarina. ISSN 1518-2924.
DOI: https://doi.org/10.5007/1518-2924.2019.e XXXX



https://notes.peter-baumgartner.net/2019/06/24/toward-a-taxonomy-of-open-science/
https://notes.peter-baumgartner.net/2019/06/24/toward-a-taxonomy-of-open-science/
http://oro.open.ac.uk/44719
http://oro.open.ac.uk/44719/
https://doi.org/10.5007/1518-2924.2019.eXXXX

SILVEIRA, Lucia da; RIBEIRO, Nivaldo Calixto; SANTOS, Sarah Rubia de Oliveira; SILVA,
Fernanda Meirelle de Almeida; SILVA, Fabiano Couto Corréa da; CAREGNATO, Sénia
Elisa; OLIVEIRA, Adriana Carla Silva de; OLIVEIRA, Dalgiza Oliveira; GARCIA , Joana
Coeli Ribeiro; ARAUJO, Ronaldo Ferreira. Ciéncia aberta na perspectiva de especialistas
brasileiros: proposta de taxonomia. Encontros Bibli: Revista eletrénica de
Biblioteconomia e Ciéncia da Informacao, Floriandpolis, v. 26, n. 1, p. 1-27, 2021. DOI
10.5007/1518-2924.2021.e79646. Available in:
https://periodicos.ufsc.br/index.php/eb/article/view/79646. Accessed on: 15 sept. 2022.

SILVEIRA, Lucia da, RIBEIRO, Nivaldo Calixto; MELERO, Remedios; CAMPQOS, Andrea
Mora, PIRAQUIVE-PIRAQUIVE, Daniel Fernando, URIBE -TIRADO, Alejandro; SENA,
Priscila Machado Borges; CORTES, Jorge Polanco; FACHIN, Juliana; SANTILLAN-
ALDANA, Julio; SILVA, Fabiano Couto Corréa da; ARAUJO, Ronaldo Ferreira;
BETANCOURT, Andrés Mauricio Enciso. Data from: Encontros Bibli: revista eletronica de
biblioteconomia e ciéncia da Informacéo, v. 28. Open Science taxonomy: revised and
expanded. Zenodo. Available in: https://doi.org/10.5281/zenodo.7837274. Accessed on:
15 sept. 2022.

UNESCO. Recommendation on Open Science. [S.I.: s.n.], 2021. Available in:
https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en. Accessed on: 15 sept.
2022.

UNESCO. Towards a Global Consensus on Open Science: reports on UNESCO'’s regional
consultations on open science. [S.I.: s.n.], 2020. Available in:
https://en.unesco.org/science-sustainable-future/open-science/consultation. Accessed on:
15 sept. 2022.

NOTAS

AGRADECIMENTOS

Agradecemos aos/as especialistas que solidariamente cederam seus conhecimentos para a construgdo desta pesquisa:
Ana Maria Cetto, Andrea Marin Campos, Bianca Amaro, Claudia Cordova, Danny Murillo, Diego Alejandro Gémez
Hoyos, Fernanda beigel, Guillermo de Ledn Sosa, Hermes Blanco, Juan Sebastian Gonzalez Sanabria, Marcela Alfaro
Cérdoba, Maria Soledad Bravo-Marchant, Paola Azrilevich, Paola Carolina Bongiovani, Robinson Zapata-Pino, Saray
Cérdoba Gonzalez, Thaiane Oliveira, Viviane Santos de Oliveira Veiga e Washington Segundo.

CONTRIBUI(;AO DE AUTORIA

Concepgao e desenho do estudo: Uribe-Tirado, A.; Silveira, L.; Ribeiro, N.C.; Melero, R.

Conceitualizagao: Silveira, L.; Ribeiro, N. C.; Melero, R.; Mora-Campos, A.; Piraquive-Piraquive, D. F.; Uribe-
Tirado, A.; Sena, P. M. B.; Polanco-Cortés, J.; Fachin, J.; Santillan-Aldana, J.; Silva, F. C. C.; Aradjo, R. F.
Metodologia: Uribe-Tirado, A.; Silveira, L.; Ribeiro, N. C.; Melero, R.; Mora-Campos, A.;

Coleta de dados / investigagao: Silveira, L.; Piraquive-Piraquive, D. F.; Mora-Campos, A.; Melero, R.

Curadoria de dados: Silveira, L.; Ribeiro, N. C.; Melero, R.; Mora-Campos, A.; Piraquive-Piraquive, D. F.; Uribe-
Tirado, A.; Sena, P. M. B.; Polanco-Cortés, J.; Fachin, J.; Santillan-Aldana, J.; Silva, F. C. C.; Araujo, R. F.
Analise e interpretacido dos dados: Silveira, L.; Ribeiro, N. C.; Melero, R.; Mora-Campos, A.; Piraquive-
Piraquive, D. F.; Uribe-Tirado, A.; Sena, P. M. B.; Polanco-Cortés, J.; Fachin, J.; Santillan-Aldana, J.; Silva, F. C.
C.; Arauljo, R. F.

Discussdo dos resultados: Silveira, L.; Ribeiro, N. C; Melero, R.; Mora-Campos, A.; Piraquive-Piraquive, D. F.;
Uribe-Tirado, A.; Sena, P. M. B.; Polanco-Cortés, J.; Fachin, J.; Santillan-Aldana, J.; Silva, F. C. C.; Araujo, R. F.
Visualizagao (graficos, tabelas e outros): Enciso-Betancourt, A. M.; Ribeiro, N. C.; Piraquive-Piraquive, D. F.
Referéncias bibliograficas - revisao: Silveira, L.; Ribeiro, N.C.; Sena, P. M. B.

Rascunho original: Ribeiro, N. C.; Silveira, L.; Sena, P. M. B.

Revisao e edigao final: Silveira, L.; Ribeiro, N. C.; Melero, R.; Mora-Campos, A.; Piraquive-Piraquive, D. F;
Uribe-Tirado, A.; Sena, P. M. B.; Polanco-Cortés, J.; Fachin, J.; Santillan-Aldana, J.; Silva, F. C. C.; Araljo, R. F;
Enciso-Betancourt, A. M.

Encontros Bibli, Florianopolis, v. 23, 2023: eXXXX 22 de 23
E] Universidade Federal de Santa Catarina. ISSN 1518-2924.
DOI: https://doi.org/10.5007/1518-2924.2019.e XXXX



https://periodicos.ufsc.br/index.php/eb/article/view/79646
https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en
https://en.unesco.org/science-sustainable-future/open-science/consultation
https://doi.org/10.5007/1518-2924.2019.eXXXX

Supervisao e administragao: Silveira, L.; Uribe-Tirado, A.; Piraquive-Piraquive, D. F.; Ribeiro, N. C.
Tradugao para lingua inglesa: Rodriguez, Xinia

CONJUNTO DE DADOS DE PESQUISA
A maioria dos dados estdo disponiveis como apéndice no proprio artigo. Disponivel em:
https://zenodo.org/record/7837274

FINANCIAMENTO
UFRGS, UFSC, UFMG, UFLA, IBICT, Consejo Superior de Investigaciones Cientificas, Universidad Nacional (Costa
Rica), Universidad de Costa Rica, Universidad Distrital Francisco José de Caldas (UDFJC), UdeA, UTP.

CONSENTIMENTO DE USO DE IMAGEM
N&o se aplica

APROVAGAO DE COMITE DE ETICA EM PESQUISA
N&o se aplica

CONFLITO DE INTERESSES
N&o se aplica

LICENCA DE USO

Os autores cedem a Encontros Bibli os direitos exclusivos de primeira publicagdo, com o trabalho simultaneamente
licenciado sob a Licenca Creative Commons Attribution (CC BY) 4.0 International. Estra licenga permite que terceiros
remixem, adaptem e criem a partir do trabalho publicado, atribuindo o devido crédito de autoria e publicagéo inicial neste
periédico. Os autores tém autorizagdo para assumir contratos adicionais separadamente, para distribuicdo nao
exclusiva da versdo do trabalho publicada neste periddico (ex.: publicar em repositério institucional, em site pessoal,
publicar uma tradugéo, ou como capitulo de livro), com reconhecimento de autoria e publicagao inicial neste periédico.

PUBLISHER

Universidade Federal de Santa Catarina. Programa de Pés-graduagdo em Ciéncia da Informagdo. Publicagdo no Portal
de Periodicos UFSC. As ideias expressadas neste artigo sao de responsabilidade de seus autores, ndo representando,
necessariamente, a opinido dos editores ou da universidade.

EDITORES
Edgar Bisset Alvarez, Ana Clara Candido, Patricia Neubert, Genilson Geraldo, Mayara Medeira Trevilsom, Jonatas
Edison da Silva, Camila Leticia Melo Furtado e Beatriz Tarré Alonso.

HISTORICO
Recebido em: 09-11-2022 — Aprovado em: 12-04-2023 — Publicado em: 28-06-2023.

Encontros Bibli, Florianopolis, v. 23, 2023: eXXXX 23 de 23
E] Universidade Federal de Santa Catarina. ISSN 1518-2924.
DOI: https://doi.org/10.5007/1518-2924.2019.e XXXX



https://creativecommons.org/licenses/by/4.0/
http://periodicos.bu.ufsc.br/
http://periodicos.bu.ufsc.br/
https://doi.org/10.5007/1518-2924.2019.eXXXX

	1INTRODUÇÃO
	2METHODOLOGICAL PROCEDURES

