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Abstract. Research data management is required to enable data shar-
ing and reuse. In this context, data description plays a central role, by
providing researchers with sufficient information to interpret their data,
yet it is a time consuming task. Therefore, it is important to provide
them with appropriate tools that can facilitate the description process.
Preliminary work with researchers shows that flexible metadata models
help them to create detailed descriptions, making data easier to interpret.
Given a metadata model, using controlled vocabularies can facilitate the
introduction of descriptor values and improve metadata quality. However,
few repositories offer support for flexible, domain-specific metadata and
the corresponding controlled vocabularies. Thus, this proposal addresses
the creation of metadata models, combining descriptors in multiple do-
mains, and their articulation with controlled vocabularies. The expected
results are methods for the development, implementation, and support of
metadata models and the corresponding vocabularies, with application
in research data repositories.
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1 Introduction

Nowadays, the value of the open research data is increasing day by day. Ac-
cording to the Committee on Data for Science and Technology (CODATA)1, the
International Council for Science (ISCU)2 and the Open Data Institute3, the
potential of open science is clear and contributes to social and economic growth,
promoting auditability of results, reuse and transparency [7]. Moreover, the de-
posit of research data is also required in the grant applications to most funding
agencies [7]. In this context, and according to the FAIR principles4, researchers

1 http://www.codata.org/
2 https://www.icsu.org/
3 https://theodi.org/
4 https://www.nature.com/articles/sdata201618
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should manage their data and make them findable, accessible, interoperable and
reusable.

However, research data management (RDM) activities, such as the creation
of a Data Management Plan (DMP), the description and the deposit of research
data, are time consuming tasks, requiring some knowledge of metadata stan-
dards, plus data publication experience and appropriate tools for data descrip-
tion and deposit [6, 16, 1]. These demanding activities may deter researchers
from describing and sharing their data, therefore having a negative impact on
metadata quality and data reuse. In this context, many institutions are devel-
oping tools to facilitate RDM activities, improve metadata quality and motivate
researchers to publish their data [17, 22, 9].

In Library and Information Science, controlled vocabularies (CV) have proved
useful. They are used for many purposes, for example to ensure coherence and
reduce errors in the description of the content of digital objects, in manual and
automatic translation, or as language tools in information retrieval [19]. They
also help solve problems with synonyms and homonyms in natural language [19,
11] and control the diversity of conceptual and social variations of the terms in
the description process [10]. Furthermore, CV can be used to improve informa-
tion storage and web navigation systems. Thesauri, authority lists and subject
heading lists are well-known examples of CV. They typically include preferred
or authorized concepts to refer to ideas, people, places, events, and subjects [4].

The introduction of CV in RDM is expected to improve the quality of data
description and, as a consequence, the findability and accessibility of data. Also,
they can help to establish browsing strategies, serve as a basis for the person-
alization of resources and be used in the preparation of projects in knowledge
and data management [19]. According to the ANSI/NISO z39.19 guidelines5,
CV can be used as the source for allowed terms for a specific metadata element
and provide researchers with a list of selected values, based on concepts in use in
their domains [5]. In general, well-designed and up-to-date CV can be regarded
as part of a “conceptual map”.

According Zhang et al. the data repository users are interested in using CV
to select, annotate and generate subject terms, but few specific domains and
few digital repositories have implemented them [23]. Therefore, more work is
required to identify a suitable approach for the development, implementation,
and support of metadata models and CV in data repositories, making the case
for more efficient RDM.

2 Preliminary work

There are many initiatives aimed at improving the RDM processes [12]. The
Metadata Standards Catalog Working Group of the Research Data Alliance6, for
example, developed the Metadata Standards Catalog7, that includes metadata

5 https://www.niso.org/publications/ansiniso-z3919-2005-r2010
6 https://www.rd-alliance.org/
7 http://rd-alliance.github.io/metadata-directory/standards/
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standards for several specific domains, such as Social and Behavioral Sciences,
and generic ones such as Dublin Core and CERIF. However, the complexity of
standards and the lack of specific descriptors for many domains in the long tail
of science complicates their use and makes researchers less willing to share their
data [21, 14].

Recognizing these challenges for RDM, the TAIL project at the University
of Porto, on which this doctoral proposal originates, is collaborating with re-
searchers from different domains to analyze their needs and the challenges they
face in data publication. It is essential to motivate researchers to publish their
data and to develop tools to help them organize the data from the beginning of
a project [15]. The Dendro platform 8 is one of these tools, that can be used to
help researchers prepare and describe their data [18].

In order to help researchers create comprehensive metadata records and make
their data easier to interpret, metadata models were created and added to Dendro
platform for several scientific domains, such as Hydrogen Production and Bio-
diversity. Descriptors from widely adopted metadata standards such as Dublin
Core were also added [2, 3]. This approach gives researchers flexibility in choos-
ing descriptors and addresses the needs of different domains, making data more
visible and reusable in the scientific community [13]. Moreover, during the de-
scription experiments they identified the convenience of controlled vocabularies,
which help to improve the metadata quality and facilitate the description process
in general [3, 8].

As a first experiment with controlled vocabularies, they were elaborated for
the Hydrogen Production domain. Operationally, they were implemented on the
Dendro platform, embedded as annotation properties in the corresponding on-
tology. This approach required no structural changes in Dendro, as CV appear
in the interface as drop-down lists, allowing researchers to display the options
and select one. To analyze the quality of metadata created with and without the
use of CV, a series of data description experiments with researchers was carried
out. The results showed that the CV can improve the quality of the descrip-
tions and make the description task more appealing to researchers. Moreover, it
has facilitated the description process and decreased the syntactic and semantic
errors [8].

Despite the small scale of the experiments, there was a visible interest of
researchers in using CV for data description. Therefore, more work is required to
identify suitable approaches for the development, implementation, and support
of CV in digital repositories.

3 Thesis proposal

My proposal is to integrate the design of CV in the development of metadata
models. The following research questions provide the framework for the approach
and the expected results:

8 https://github.com/feup-infolab/dendro
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1. Is it possible to design metadata models that can be used in multiple
domains, and get a balance between descriptors from well-accepted standards
and the needs of researchers from specific communities? If so, how can we design
them?

2. Given a metadata model in some domain, and examples of its use, how
can we identify the descriptors where a CV can be effective?

3. For a given descriptor, how can we define a CV, combining values obtained
from existing vocabularies with values generated by researchers?

4. For a given data repository, how can a CV be incorporated, providing
support for user interfaces and documentation for datasets?

While exploring these questions, the work is directed to promote the use of
flexible metadata models and CV in multiple domains. Working with researchers,
I expect to identify their RDM requirements and needs, encourage them to
contribute to the development of metadata models with the corresponding CV,
and support the publication of their data.

4 Research methodology

Designing the metadata models for a data repository and designing CV are
integrated processes. To respond to the research questions and objectives we
will use a participatory-design research method [20] that will involve researchers
from different scientific domains in the process of creation of metadata models
with CV. Figure 1 depicts the proposed research process. It include seven main
steps: Collaboration with researchers (1), Requirements (2), Metadata model
and CV (3), Method (4), Limitations (5), Evaluation (6), and Refinement (7).

Following an approach focused on the collaboration with researchers (step
1) [3], we will first get acquainted with their scientific domains. To achieve this,
we will interview researchers and analyze their publications, any published data
if available, the data repositories and metadata standards used, and any other
relevant information related with their domain and research work. As a result
of this preparation stage, we collect necessary information to identify the RDM
requirements of specific groups (step 2), to design domain-specific metadata
models (step 3), when needed, and to incorporate them on data repositories for
data description experiments.

We can reuse or adapt existing models or develop new ones in case there
are no models for a given domain or for some of the researcher requirements.
This stage also provides the opportunity to help researchers in the creation of
the data management plans that are required in the grant applications to most
funding agencies. We expect this to motivate them to collaborate with us and
encourage them to publish their data. The systematic process of accompanying
the plans will help us detect new difficulties, propose new solutions, and improve
the development of tools, according to their needs.

After the metadata models are implemented in the repository, we will carry
out the series of data deposit and description experiments. These activities give
us real metadata records with actual values assigned to the descriptors, which
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Fig. 1. Research process

are the base material for the development of the CV (step 3). They allow us
to identify the descriptors that are candidates to CV. Values for these can be
assessed and compared to vocabularies in the corresponding scientific domains
to see if the concepts can be reused. The creation of a CV also includes a design
strategy, the implementation on a digital repository and evaluation sessions.

To assess the extent to which the controlled vocabularies fit researchers expec-
tations, they will be invited to participate in another round of data description,
after the implementation of the metadata models with the corresponding CV.
This requires a separate set of participants from those in the first experiments,
within the same scientific domain. At this point, the methods to design metadata
models with CV in multiple domains can be systematized (step 4), identifying
the limitations in their development (step 5).

Finally, the effectiveness of both the metadata models and the CV can be
evaluated using two approaches (step 6): the observations of data reuse in repos-
itories, using indicators such as data statistics, and consultation with domains
experts to evaluate if the data are fit for reuse. During the stages of this work,
interaction and evaluation templates are created to gather feedback from the
researchers, contributing to define the common needs of their domains. This will
also allow us to refine the approach used with researchers (step 7).
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5 Expected contribution

In Library and Information Science there is significant work in methods for
creating CV, using them and assessing their value in several databases and
systems [19]. Likewise, they can be used in RDM to improve description ac-
curacy and to ease metadata entry, making the data more easily interpretable
and reusable.

Following this line, one of the objectives of this work is the definition of a
method for constructing metadata models with CV for data repositories. This
also includes the application of the models with CV in multiple domains and
the definition of an approach for their reuse. Reusing metadata models and CV
increases interoperability between repositories, reduces the development cost and
facilitates RDM. The devised methods are expected to contribute to efficient
RDM workflows, and to make them compliant with the FAIR principles, which
in turn can motivate researchers to share their data and promote good RDM
practices.
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