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Abstract: In the 4th Plan of the Open Government Partnership (OGP), specifically in Commitment 3 (Establish governance
mechanisms for scientific data for the advancement of Open Science in Brazil), proposed by the Brazilian Agricultural
Research Corporation (Embrapa) and coordinated by the Comptroller General of the Union (CGU), comes the landmark
8, “Proposal of interoperability standards for research data repositories’, this coordinated by the Brazilian Institute of
Information in Science and Technology (IBICT), which resulted in the document Interoperability standards for data repo-
sitories of research search. The document aims to develop a minimum set of metadata descriptions for research data,
making extensions to specific domains of knowledge. The methodology comprises two stages: the first characterized by
the establishment of a general multi-thematic metadata scheme standard from the OpenAIRE Guidelines v4 and the
metadata requirements of the Fair Data Point specification, and the second through the development of extensions by
area of knowledge, from the Metadata Directory maintained by the Research Data Alliance (RDA), and also through the
records of thematic research data repositories in the Registry of Research Data Repositories (re3data). The final results
showed a core of 13 mandatory metadata and 3 extensions for specific areas: Biology, Agriculture and Social Sciences.
An analysis of the document in question will be carried out and the application cases of the Aleia and LattesData repo-
sitories, under development, will be presented. It is noteworthy then that this is not a job that is exhausted in the final

application, on the contrary it needs constant development.
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11.1 INTRODUCTION

Open Science (OS) is an umbrella term that covers several aspects such as Citizen Science and notebook science
sharing. It emerges as the development of Open Access Movement (OA), dealing with the opening of scientific
processes to the population in general, thus following collaboration and transparency principles. In OS context,
it is emphasized the increasing demand for scientific data sharing, using several tools for this purpose, among

which scientific data repositories stand out.

These repositories are tools for treating, organizing, dissemination and preserving digital objects, in this case the
scientific data. However, due to the needs of the several areas of knowledge and different institutional realities

that implement the repositories, a lot of standards for describing datasets stored emerge.

The importance of a research on these different existing patterns and models is highlighted, aiming at developing a
central descriptive scheme that also allows meeting the specific needs of different areas of knowledge, through exten-

sions of this central pattern, thus enabling the interoperability among repositories from different thematic domains.

This study was then developed within the scope of the Open Government Partnership (OGP), an international
initiative initiated in 2011 with the purpose of encouraging transparency as a government practice, in particular,

the access to publicinformation and the active cooperation with society. Such purpose is very much in line with OS.

OGP acts through National Actions Plans committed to Open Govern practices. As a result of the execution of

these plans, reports expressing the progress in meeting the proposed goals are elaborated.

In 2018, Brazil developed its 4th National Action Plan, with 11 commitments, among which the Commitment 3,
which aimed at “Stablishing mechanisms for research data governance for the development of Open Science
in Brazil” (RNP, 2018). This commitment, known as Commitment for OS, was under Embrapa’s coordination, but

with the participation of several institutions, most of them governmental.

The commitment was organized in nine landmarks, with Landmark 8 described as a “Proposition of interoperability
standards for scientific data repository” (RNP, 2018), coordinated by Ibict, but with the collaboration of the National
Education and Research Network, Twente University, National Nuclear Energy Commission and National Council
for Scientific and Technological Development (CNPg). One of the results from the Landmark was a Guide with
the proposal of “Interoperability Standards for research data repositories” which are applicable to any research
data repository that wants to promote the interoperability and opening stored scientific data. Interoperability

criteria are defined in the document, guiding the building or improvement of scientific data.
Considering this scenario, it is worth it to deeply explore the product of the landmark in question, in special When

considering its purpose of “develop and apply a minimal set of descriptions for scientific data, making appendices

for specific knowledge domains, based on existing international standards and guidelines” (Paganine et al., 2020).
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Therefore, the methodology used herein will begin with the description of the development of the result in ques-
tion as well as the presentation of results, and at the end, a description of the stages and application process of

this document in Ibict and CNPq scientific data repositories is provided.

The document in Paganine et al. (2020) is divided in 2 parts, one with a general metadata set, and the other with
appendices for specific areas of knowledge. Documents from well-established international guidelines for scien-
tific data repositories are used as main references. They were: the OpenAlRE Guidelines for Data Repositories,
concomitantly with the OpenAIRE Guidelines for Repository of Scientific Publications; and the metadata set des-
cribed by Fair Data Point (FDP) framework. OpenAlRE guidelines are extensively adopted internationally, however,
research dealing with semantic interoperability indicates the importance of extensions to meet FAIR principles
FAIR (Wilkinson et al., 2016). This extension also cited by Santos et al. (2016) is explored in the FDP framework.

For the classification on the extensions to specific areas of knowledge, for organizational reasons internal to
Brazil, the CNPq tables of knowledge areas from Frascati (OECD, 2015) research manual and the area division
one used by Data Curation Centre (DCC) and RDA, the Deutsche Forschungsgemeinschaf (DFG, 2020). The complete

comparative table is found in the original document resulting from the landmark.

Regarding the survey of standards for the extensions for specific knowledge areas, it started with Metadata di-
rectory', a tool maintained by RDA, followed by subsequent analysis of metadata standards used in thematic
repositories (they cover only a certain knowledge area) and institutional and/or multi-thematic data found in the

Registry of Research Data Repositories (re3data).

At the end, the standards found in the surveyed repositories were checked, in search of which appendices can
complement OpenAIRE added to the FDP standard for the 4 areas initially selected: Biology (due to its behavior
in the knowledge trees surveyed), Agriculture (due to the importance of the area nationally), Health (due to the
importance and pioneering action in Open Access Movement and other aspects related to the research) and
Social Sciences (due to the general object of study of the institute where the research was developed, the Ibict).
It is noteworthy that during the development of the proposal, specialists in the area were consulted, especially

Fiocruz (Health) and Embrapa (Agriculture).

11.2 DEVELOPMENT

The guidelines presented in Paganine et al. (2020), also have as references the old DRIVER guidelines that were
published in 2007 by the Digital Repository Infrastructure Vision for European Research (DRIVER) project and the
Guidelines for content providers: Exposing textual resources with OAI-PMH, containing initial recommendations for
interoperability. These recommendations were complemented by OpenAIRE Guidelines for Literature Repositories,

which, at the moment this text was being written, were found in version 4 (OpenAIRE, 2018).

143  rd-alliance.github.io/metadata-directory/
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OpenAIRE guidelines are organized in three sections: The first one is introductory; the second describes the
use of OA-PMH (Open Archives Initiative Protocol for Metadata Harvesting), with orientations about it and; finally a
general view of a profile for application. This guideline is composed by 4 metadata standards: Dublin Core, and its
qualified version; Datacite and; Oaire (standard elaborated by OpenAIRE itself). Some vocabularies controlled for

use are also specified, as for example the Confederation of Open Access Repositories (COAR).

Regarding OAI-PMH protocol, it is a tool for exposing metadata through Hypertext Transport Protocol (HTTP) and
Extensible Markup Language (XML) languages that allow the communication and interoperability among databa-
ses. It is noteworthy that regardless its use in the interoperability among systems, and its recommendation in
OpenAIRE guidelines, it is noted a certain limitation of this tool, in its metadata set (15 elements of Dublin Core),
which has been used since the beginning of 2000 (Garcia; Sunye, 2003). Other initiatives are increasingly more
prominent, especially on Semantic Interoperability, such as W3C: PROV-O (model of generic data of World Wide
Web Consortium) and the Data Catalog Vocabulary (DCAT) 2.0 (a vocabulary in Resource Description Framework-

RDF), which adds classes for describing data services and putting them in line with FAIR principles.

OpenAIRE V4 guidelines establish 4 levels of mandatory fields to be filled out: Mandatory (M), when filling out is
mandatory (Applied to 6 fields); Mandatory if applicable (MA), if filling out is mandatory only if the information in
the field is part of registry (for instance, the name of the funding body is mandatory, in the case of the dataset
results from financing) that is applied to 8 fields; Recommended (R), that is relevant and important but not essential
(applied to 15 fields) and; Optional (O), which would only add value to the description, even if it is not necessary
(applied to 3 fields). The guideline application profile is, in short, represented by the table that relates the thirty-two

Fields of the guideline, with the instructions for filling in and the controlled vocabularies selected to specific fields

The second tool in analysis is the FDP, an independent and open-code web application, developed as implemen-
tation of specification reference of FDP itself'#. These specifications guide softwares for repositories, dealing with
metadata management, in particular about semantic Technologies such as RDF, thus being a complementary tool
to a data repaository software. A repository based on FDP delas with interoperability issues, enabling findability,

accessibility, interoperability and reuse (FAIR principles).

The implementation of FDP reference uses an API REST with several functions: creation, storage, release of me-
tadata thus allowing these metadata to be exposed, provided and available in accordance with FAIR principles.
It also allows finding metadata of sets available and access them when they have an open-use license. Any data

repository can adopt FDP metadata, thus also working as an FDP instance.

One of the main specifications of FDP is the specification of levels of metadata'*, which guides the application of a
profile in RDF, reusing standardized semantic models. Therefore, the specification of levels of FDP metadata introduces

an organization in four levels of metadata: first, the metadata repository itself; second, the catalog; third, the dataset

144 github.com/FAIRDataTeam/FAIRDataPoint-Spec
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and; fourth, data distribution (the archives belonging to the set). A metadata repository can have one or more catalogs,

each catalog can have one or more datasets, and each dataset contains one or more distributions.

FDP metadata standard is based on re3data schema'#® and DCAT vocabulary'’. As previously noted, the metadata
standard is organized in four levels and each property has two possibilities to be filled out: Mandatory, applied to
ten fields, and Optional, applied to twelve fields. The levels describe, each one, a type of complex digital object that
is possibly described, they are: the level of metadata repository, containing information on the data repository and
the FDP itself; the level of metadata in the catalog, containing information on the collection, where each catalog
represents a category (generally defined by domain); the level of dataset metadata, containing information on

possible serializations of datasets, for instance, the individual archives that compose the datasets.

For example, the data repository B2Share (https://b2share.eudat.eu/) approaches catalogs through communities.
Kinder Corona Studies (KiCoS) is one of the communities (catalogs) of B2Share and contains a series of datasets
(in the tool represented as records); and a dataset can contain a series of distribution (files). The implementation
of FDP metadata specification as a “semantic proxy (wrapper)' can add the aforementioned functionalities to the

data repository software (Moreira et al., 2019).

Also noteworthy in the European scenario actions and programs of the European Commission (EC) that deal with
scientific data sharing and opening, such as: the European Open Science Cloud (EOSC), which dates from 2015;
the Evolution of FAIR principles, which started in 2014. In 2016, the document Open Innovation, open Science and
Open to the World was published; in 2018, the report turning FAIR into reality is released: Final Report and Action
Plan on FAIR Data, and an increasing participation of EC in RDA is noticed; in 2019 there is the transformation of
the guidelines of the Public Section Information (PSI), which had been edited in 2003, in the Guidelines for open

data and reuse of public sector information (see Figure 1 below).

Figure 1 - Timeline of Other EC initiatives

2003 2014 2015 2016 2018 2019
»( O O—e »O—») >
PsSl FAIR EOSC . % R

Open Innovation, Open Science and Open to the World -'* .
Turning FAIR into reality

Directive on open data and the re-use of public sector information

Source: Designed by author.
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The elaboration of general guidelines for scientific data repositories begins with a comparative analysis between
OpenAlIRE and FDP sets in Search of differences and similarities among the requirements. The full comparison

can be found in the original document resulting from the landmark.

It was noted the possibility of equivalence among most of the fields compared, only the differences in definitions
of mandatory levels in the standards on equivalent fields were highlighted. Based on the clarification of these

mandatory differences, the search for definitions of minimum mandatory metadata began.

Difficulties were encountered in defining equivalences especially in OpenAIRE Fields related to Type subtypes (such
as dateType), in addition to the adoption of different controlled vocabularies. In particular, OpenAIRE recommends
a controlled vocabulary for resourceType, named Controlled Vocabulary for Resource Type Genres (Version 2.0), which

is a taxonomy for classifying resource genre typologies.

It was decided not to adopt this taxonomy because it was identified that it presents a series of semantic pro-
blems in its hierarchical relation, once it is not possible to identify which type of relation is used, for instance, if
itis a relation of specialization, such as | rdf.Type (or “is a”), or if it is another type of relation. Another example is
the case When the taxonomy describing an interview is a dataset, which does not seem to make sense once the
interview is an intentional action (an event, or perdurant), while a dataset is a substance (an endurant) that can
have different identity principles. This taxonomy also presents reasoning problems in relation to the principles of
identity, rigidity and logical disjunction of the categories. For example, the taxonomy presents, in the same level,

the learning object and text elements, which can be (or not) disjoined, and not share the same identity principles.

Itis important to point out that adopting a taxonomy of this type can cause a series of difficulties in interopera-
bility, since the machines need a precise description of the types of resources available in data repositories. An
incompatibility was also found in the dcat:distribution field of the FDP, this field asks for a description of information

about the individual archive that composes the dataset (dcat:Dataset).

The minimum mandatory central standard developed covers 13 fields with examples of completion and application

that can be found in the original document resulting from the landmark in Paganine et al. (2020).

Starting from the definition of the core, the design of thematic metadata is approached. A difficulty was the issue
of frequent multidisciplinary even in monothematic repositories. For that purpose, the table comparing knowledge

areas was used as a guide when choosing and organizing these areas.

It started with the Search for thematic metadata schemes. A page published by DCCin 2020 was used as an initial
tool, with different metadata schemes, divided by fields of knowledge. This list was analyzed and deduplicated for
the standards of the chosen areas (Social science, Biology and Agronomy). However, the result did not present

satisfactory specificity and coverage. Therefore, a list of standards maintained by a group interested in RDA'#

148 rd-alliance.github.io/metadata-directory/
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metadata was used (RDA, 2020). Finally, the result obtained was refined by checking the metadata obtained with
the list displayed in re3data’* record, measuring which of the selected standards are efficiently used in thematic

data repositories related to the selected areas.

Following the level of complexity from the simplest to the most difficult to be treated, the analysis was followed in
the tables in the Biology area. Three metadata schemes were analyzed: MIBBI, Darwin Core and ABCD. MIBBI has
40 categories or modules, as they are named, with 23 main fields, but only 17 of them are completely developed,
and the remaining were still being designed when the table was collected. Darwin Core has 12 description packets
with semantic upload or categories, while ABCD has 38 categories of expandable metadata. While browsing in
re3data it is noted that, excluding generic schemes and schemes from different or general knowledge areas, from

the 42 results, 2 used MIBBI and only one used Darwin Core.

After the comparative analysis, the metadata of apparent importance in the area were selected, according to their
frequency in the standards, eliminating redundancies and generalizing similar terms. The result is also found in
the original document, containing 8 fields using Darwin Core, which was chose for the ease of translation and

comparison with the traditional Dublin Core:

When focusing on the Social Sciences, which is an area of greater coverage in the chosen standards, a range of
standards is also observed. They are: METS, MODS, MARC, CERIF and Dublin Core (DC). METS has 7 classes, MODS,
has 20, DC, has 15, MARC, has 9 and CERIF has 22. These classifications and respective Fields or elements of the
standards were compared following the same process applied in the Biology standards. The selected result was
then adapted to Datacite language, due to its development towards scientific data and the extensive application

and compatibility.

Finally, in regard to Agriculture, the same process applied in Biology is used. The schemes AGRIS and AgMES were
selected. AgMES has 21 fields based on DC and covers semantic standardizations in agriculture on description,
finding resources, interoperability and data exchange in several informational resources. AGRIS has 16 fields
and is aimed at the international system of information on agricultural sciences and technologies guidelines, on
good practices for information. In re3data record it was not identified the intended use of any of the 2 schemes
in thematic repositories of the agriculture area. In order to describe the fields herein, AGMES scheme was chosen

due to its proximity with the DC.

Also noteworthy are the negative results obtained in Health, the area presented an unforeseen high complexity
of sets description standards. There was a lack of documentation on these, thus, metadata schemes specific to
the area were not identified. In the attempt to capture some of the fields frequently used in the area, queries
were carried out with thematic data repositories and with some experts from Fiocruz, but the results obtained

were still not satisfactory and sufficient for the elaboration of a proposal that encompass the entire Health area.

149  https://www.re3data.org/
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The general multi-thematic metadata standard developed herein has already been applied in the development

of Ibict scientific data repositories (named Aleia) and CNPq (named LattesData).

Aleia and LattesData creations were also motivated by Commitment 3, of the 4th National Action Plan of OGP
Brazil, through a technical cooperation agreement (TCA) between CNPg and Ibict, in December 2019. Aleia aims
at providing a tool with the functionality of recording, gathering, organizing, disseminating, sharing and preserving
scientific data from research carried out by Ibict collaborators and scientific datasets external to the body, but from
specific scientific communities. LattesData aims at working as official tool that enables its funded researchers to
make inputs in datasets that emerged as a result of projects developed with CNPq resources, being part of the
accountability procedures, as well as non-client and partner institutions of CNPq that sign agreements for the

collaborative use of the space created.

Both repositories are multi-thematic and intend to cover datasets from researchers from different institutions,
from several areas and realities. With this in mind, it was decided to start by just the application of the minimum

central description standard with just a few minor changes and additions to better fit its supporting institution.

Aleia additional metadata are presented as follow:

Table 1 - Aleia additional metadata

Field Description

Author's curriculum in the Lattes platform Address to access c'urrifulum. i.n tr’1e Lattes Plfatform (this field was just
adapted from the field “Identifier” of the original standard)

Author’s institute of origin Full name of the institution to which the researcher is linked

Description General description of dataset and its content

Alternative title Title of dataset in another alternative language

Contact Email of the responsible for the dataset.

Dataset language Language in which the dataset was developed

Reading software and data manipulation Program used to access and manipulate the dataset archives

Source: Designed by the authors
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The additional metadata of LattesData are presented in the following table.

Table 2 - LattesData additional metadata

Description

Contact Email, preferably institutional, of the responsible for the data

Definition: Identifier number of the curriculum in the Lattes platform (this field

Author's Internal Identifier (IDLat- was just adapted from the field “Identifier” of the original standard)
tes)

Author's external identifier ORCID identifier number

Author’s institution Name of the institution to which the author is affiliated

Another persistent identifier of dataset obtained differently from the main one

Dataset alternative identifier ) .
used in LattesData repository

Free text that can be used to list/describe archives (related each archive, its
Notes type, description and it also informs if it needs a specific software), comments
or guidelines for access among other details

An explanatory text describing the project and the dataset in a general way,

Project summa ) . .
) Y encompassing conclusions, methodology, collection, etc.

Value received Value, in reais (Brazilian currency) received by the Project from the funding

body
Project validity Start and end date of the project
Materials and other related Any product or material related to the dataset Other than scientific publication
products in formal standard

Source: Designed by authors

Once the additional fields were defined in both repositories, great difficulties were encountered to change them
and the form in the chosen software (Harvard Dataverse). As an attempt at a solution, a communication form is
being developed with API REST of the Dataverse, for retrieving and filling in metadata externally to the software.
Another difficulty encountered is the change of Fields prefixes that comes with the Data Documentation Initiative
(DDI) standard instead of the DCAT and Datacite scheme recommended. In the future, it is planned to integrate
the filling in of metadata with the development of a Data Management Plan (DMP), so that it also have a machi-

ne-readable format.
When analyzing the objectives and results obtained up to now, it is noted that the general core of minimum me-

tadata presents information enough for the interoperability of the chosen guidelines. However, it is interesting

to highlight the importance of adding other relevant institutional information to contribute with a more qualified

O

description of the sets deposited, and its association to financed projects, in the case of the CNPg.
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Finally, it is also highlighted the magnitude of the complexity of treatment and description of different knowledge
areas, in multi-thematic repositories and in special, When considering the possibility of also covering institutions

with very diversified realities and contexts.
11.3 FINAL CONSIDERATIONS

The main difficulty faced in the execution of this work was the fact that the repositories do not adopt well-known
metadata standards, and the fact that the standards adopted in different areas are not compatible with each
other. The content presented as a result from the work carried out in OGP is adequate when dealing with areas
that have efforts towards the representation of scientific products, but the description of datasets, which poten-
tially covers any area of knowledge, shows itself to be a work that is constantly changing and updating. Thus, it is
noteworthy that this is not a study that ends in its application, on the contrary, it needs constant development
in Search of extensions and adaptations to Other areas of knowledge. It is also intended to develop a corpus
composed of a set of metadata that describes research data for each specific areas of knowledge. This informa-
tion will be collected in data repositories of unique themes registered in re3data which allow communication.
The collection will be automated and will cover: title, keywords, abstract and subject. The Corpus will then be
organized and its visualization generated with the VosViewer program for identification of key issues and specific

areas highly populated by datasets.

Itis noteworthy that the work presented here was prepared in collaboration with IBICT, CNPg and the University
of Twente. For future developments, itis intended to continue studies in other areas of knowledge, in special exact
sciences and health, as well as in the ontological analysis of genre types of resources to address the problems
identified in the classification recommended by OpenAIRE. Future activities also include widespread adoption
of FAIR principles and, particularly, the evolution of semantic interoperability among data repositories through

application of well-founded ontologies in developing repositories.
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