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Introduction

Digital agriculture comprises the modeling of agricultural phenomena and processes in the
environmental, economic and social dimensions through computational artifacts and Information and
Communication Technologies (ICT) to bring to the agricultural sector organization, access, use, sharing,
and dissemination facilities, as well as the application of scientific knowledge.

There are multiple challenges in a globalized world, and it is complicated to even reach a consensus on what

the priorities should be. However, one of them stands out as the most important due to its structuring effects —
making knowledge accessible to everyone. At no other time in history has the production of knowledge been
asintense as it is today, and at no other time has its application assumed such a preeminent role. Hence the
importance of knowledge management, because between its production and its use there is a chain of complex
procedures that may or may not determine its operational success. For some experts like Manuel Castells, the
application of knowledge is at the center of the conceptual and operational revolution driven by science and
technology advances which are operating in contemporary societies, and that reach all sectors of human life at
unprecedented speed. It is therefore important to think about the use of knowledge, pave the way for its various
uses and ensure its social and ethical dimension. (Defourny, 2006, p. 7).

The term Information Engineering, as presented by Martin and Finkelstein (1989), is expressed in three
different definitions, but converges conceptually. In two of them, the word “automated” stands out:

1) The application of an interconnected set of formal techniques for planning, analyzing,
designing and building information systems about an organization as a whole or in one of its
main sectors.
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2) Aninterconnected set of automated techniques in which organization models, data models
and process models are built into a comprehensive knowledge base used to create and
maintain data processing systems.

3) Aset of automated disciplines at the organization level used to provide the right information,
to the right people, at the right time.

It is based on this perspective and this context that Information Engineering is presented in this chapter,
according to how this subject is understood, as a means of mapping, organizing and representing
agricultural knowledge and in the context of digital agriculture.

From the perspective of Knowledge Management (KM), the delivery itinerary of scientific knowledge

and the guarantee of its effectiveness and efficiency in response to society’s demands, including those
affecting agriculture (mainly food, energy and fibers) are made possible by Information Engineering.
Embrapa has already addressed the relationship between data, information and knowledge (Pierozzi

et al,, 2017) to enable the use of theoretical and conceptual concepts that align these three levels of
organization of human perception about the real world and its consequent technological transformation.

The application of knowledge, that is, to apprehend and use it as a solution to problems and challenges,
goes through the decision-making process. There is no best decision to make. There is a possible
decision regarding the ability to identify, gather, process and combine the greatest possible amount of
information on a given subject. Thus, as a research, development and innovation discipline, Information
Engineering is positioned at the central point to combine data, originated from the practice of
agricultural research, knowledge, which represents the offer and use of Embrapa’s performance results,
modeled on ICT. In addition to the aforementioned challenges, the dynamic and massive pace of
knowledge production and supply, accelerated by the advancement and support of ICTs.

Therefore, another challenge emerges, simultaneously, in which the quality of the knowledge offered
is also configured as a social demand: the knowledge that is sought begins to be demanded as
environmentally sustainable, economically viable and socially fair. It is no different in the context of the
pragmatics of scientific knowledge and, in particular, in the context of agricultural knowledge.

Embrapa has expressed, in its constant strategic planning efforts, in which it periodically reviews its mission,
vision, objectives and goals (Embrapa, 2018), a constant concern with the delivery of technological knowledge
to society, using premises of quality and effectiveness. Its recent incursion into the implementation of
innovation-oriented research management models corroborates the convergence and coherence of this
intention, especially as it is a company that generates knowledge and competences and, therefore, a company
that learns and evolves scientifically, technologically, and organizationally (Garcia; Salles Filho, 2009).

In light of this reality, Embrapa Digital Agriculture inserts its contribution, given the efforts it has
invested to develop and innovate methodologies and technologies and produce knowledge within its
competences in Computing and ICT.

It is in this context that the paths of digital agriculture are aligned and explored, a concept and term that
in the scope of Research, Development & Innovation (RD&I) and Science and Technology (S&T) is not only
as a trend but, in particular, a new socioeconomic paradigm of the agricultural sector, since it uses ICT

to move research data and transform it into information, knowledge and technology for the producer,
through the Internet of Things (loT), Big Data, Cloud Computing, Machine Learning, etc. This paradigm,
inherent to digital agriculture, is combined with other contemporary paradigms, such as the Information
Economy or Knowledge Economy, Data Science and Open Science (Porat; Rubin, 1977; Powell; Snellman,
2004; Pordes et al., 2007; Aalst, 2016).
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The word “engineering” has been associated with computing (software, data, knowledge engineering,
etc.), as a way to express the processes of “construction” of computational artifacts that represent things
(entities, phenomena, processes) from the real world to machine language. A possible explanation for
this linguistic phenomenon of interdisciplinary conceptual and terminological recombinations is the
understanding that the practical use of knowledge is an endless, continuous and dynamic process of
conceptual recombination, analysis, synthesis and re-signification in permanently emerging contexts.
Hence the metaphorical meaning of the word “engineering”

At the same time, in the same itinerary of knowledge construction and development, another conceptual
reflection has associated the words “data’; “information” and “knowledge” (D-1-K), creating several
representation models of this relationship and thus giving new meaning to the term “engineering”. Recently,
in the proposition of a Knowledge Data and Information Governance model at Embrapa, a conception of

a model related to this relationship, different from the conventional ones, was presented to facilitate its
organizational and operational implementation in order to provide support to corporate processes of data,
information and knowledge management (Pierozzi Junior et al., 2017). The model has as theoretical and
conceptual references, in addition to the notion of the D-I-K relationship, the life cycles of data, information
and knowledge, conceived in a conjugated and aligned way and represented as a mandala.

This model also supports an ontological approach (Mol, 2008), which serves as an itinerary for

the construction of the ontic, that is, the entity itself. The term “entity”is used as a reference to the
computational objects or artifacts to be engineered (software, applications, information systems, etc.), since
these are the objects that operationally implement scientific and multidisciplinary knowledge, enabling its
application in the solution of problems or in response to demands from the agricultural sector.

Based on this general conception, Information Engineering, as an area of knowledge, discipline or
proposal for a productive process of technologies and innovation, was configured as an attractive
conceptual and terminological option to bring together competences, technologies and solutions
executed and produced by Embrapa Digital Agriculture throughout its history and, mainly, as an
appropriate option to systematize the process of transforming scientific data into pragmatic knowledge.

Therefore, a conceptual metamodel is being elaborated to organize worldviews in the environmental,
agricultural, social and economic spheres (Figure 1), for the development of computational products in
response to challenges and opportunities in digital agriculture. Another metamodel (Figure 2) brings
together conceptual, methodological and technological approaches that are aligned, based on the
concept of Information Engineering, as an integrative construct of knowledge pragmatics that are
inherent to various sciences such as Cognition, Information and Computing.

In the following sections, research actions and results will be presented, discussed and contextualized,
which in the context of Information Engineering, are being developed at Embrapa Digital Agriculture.

Knowledge organization and
representation systems

To make knowledge accessible and usable, whether by human agents or technological agents, it has to
be organized (Soergel, 2009). Thus, including technological perception, Information Engineering can be
understood as an area or discipline of knowledge that allows the construction of an operational itinerary,
supported by computing and ICT, so that knowledge becomes accessible and usable.



148 Digital agriculture: research, development and innovation in production chains

Figure 1. Multi, inter and transdisciplinary conceptual representation of agriculture.
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Figure 2. Agricultural Information Engineering Metamodel.



Chapter 8 — Information engineering: contributions to digital agriculture 149

The Knowledge Organization Encyclopedia defines Knowledge Organization Systems (KOS) as:

[...] a generic term used to refer to a wide range of items (e.g., subject titles, thesauruses, classification
schemes, and ontologies) that were conceived with regard to different purposes at different historical
times. They are characterized by different structures and specific functions, different ways of relating to
technology, and used in a plurality of contexts by various communities. However, what they all have in
common is that they are designed to support the organization of knowledge and information to facilitate
management and retrieval (Mazzocchi, 2019, p. 1).

They can also be defined as “[...] semantically structured conceptual systems that include terms,
definitions, relationships and properties of the concepts” (Carlan; Medeiros, 2011, p. 54, own translation).
The term Knowledge Organization System (KOS), was proposed by the Networked Knowledge
Organization Systems Working Group, at the 1t Conference of the ACM Digital Libraries, in 1998, in
Pittsburgh, Pennsylvania (Carlan; Medeiros, 2011 p. 54).

Figures 3 and 4 illustrate how KOS can be understood and indicate how they can be learned and used in
the context of Information Engineering.
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Figure 3. Types of Knowledge Organization System.
Source: Zeng (2008).

The process of organizing and representing knowledge has always been part of human history (Martins;
Moraes, 2015). This process is configured as a multi and interdisciplinary action inherent to all sciences
and cultures. Thus, when Aristotle' defined the ten categories of ‘being’ as metaphysical categories,
which classify words in relation to our knowledge of ‘being; and today in the plural modernity in which

' 1The ten categories of knowledge are used in the classification and representation of human thought, that is, thoughts became the starting
point for representations.
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Figure 4. (lassification of Knowledge Organization System.
Source: Souza et al. (2012).

we are in, we need methods of organization and representation of knowledge to understand the world
around us (Mendonga, 2005). It so happens that to represent knowledge, before taking any action, it has
to be classified, in other words, we need to organize it in a system so that we can understand it (Martins;
Moraes, 2015).

The process of organizing objects is a classificatory and relational process, which requires our cognitive
ability to associate ideas, create order and meaning in our experiences, using the interpretation of the
world, the attribution of meanings and the structuring of ideas. The representation of knowledge is,
therefore, part of a totality that, through perception and reason, looks to formulate abstract concepts
about the reality to which it belongs (Martins; Moraes, 2015).

It can be argued that the world as an object of human knowledge exists as an interpreted world that
is completely infused with meaning. Human cognition cannot see simple facts without these being
part of its structure of meaning (Tuomi, 1999). Hence the importance of knowledge organization and
representation systems, especially when they fall within the scope of the developing Information and
Communication Technologies (ICT) solutions for digital agriculture.

In the context of the Information Engineering Research Group of Embrapa Digital Agriculture, these
systems are understood as “performed” objects, that is, constructed and executed in line with their
contexts, as objects that insert multiple realities, responding directly to the peculiarities of modeling
complex systems. In the context of Brazilian agricultural knowledge, the KOS are presented as
organizational and representative systems of knowledge in this domain, describing associations between
the multiple interdependent elements that act in the production of knowledge. (Latour, 2012).
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They must be perceived as spaces that integrate the social, cultural, environmental and economic
contexts of Brazilian agriculture in interdependent relations that, in addition to action, consider the
process of knowledge production within the scope of an articulated and hybrid reality, with complex
capillarity involving human and non-human agents.

In this sense, the system of representation and organization of knowledge at Embrapa is an open system,
which is configured more as a constitutive map of a network of actors that influence themselves by being
in permanent interaction - redesigning new routes — than as a closed, limited and static territory.

As open systems that have agents (human and non-human) that articulate and transform each other, the
KOS at Embrapa have been constructed and employed in different dimensions of knowledge domains,
resulting in fragmented and dispersed ontologies in time and in space, whose representation potential

is impaired due to the absence of higher-level perceptions. Thus, the use of these conceptual artifacts

as they have been conceived and used, to support computational modeling of agricultural knowledge,
still faces difficulties of coherence and convergence, as KOS should represent multiple ontologies
resulting from various methods and practices used by researchers, who move the knowledge of Brazilian
agriculture at Embrapa (Baum et al., 2020). Therefore, KOS conceived from the perspective of ontological
policies (Mol, 2008) are understood as performative objects with greater adherence to the paradigm of
complexity related to Brazilian agriculture.

Thus, agriculture as an object of knowledge is not a passive subject waiting to be perceived from the point
of view of an endless series of perspectives. On the contrary, it is a living and open object constituted
through scientific practices, through which it is manipulated to be better understood (Baum et al., 2020).

This rationality justified the need to engineer a system of knowledge organization and representation
for Embrapa that had a pluralist ontological conception, which implies that it is an oriented system and
“[...] favorable to the coexistence of a variety of explanations, assumptions, methods, methodologies,
approaches, theories” (Baum et al., 2020, p. 14), which together perform agriculture as an open object,
exposed to its multiple relationships, interactions, capillaries and, consequently, to its own entirety.

Agroterms: controlled vocabulary at Embrapa

Knowledge is a personal intellectual experience and, thus, the term “transfer of knowledge” may have a
conceptual meaning, but in practice it has no operational meaning. Such transfer, in fact, happens through
a process of encoding brain energy in natural language, and is manifested via communication between a
“sending” agent and a “receiving” agent. Humanity has performed this process so naturally that at times it is
not even considered that there are other possible means of encoding knowledge, such as symbols, sounds,
smells, textures, etc. The truth is that, fundamentally, almost all human knowledge has been encoded in
spoken or written natural language, and more recently, digitally, which still retains its original nature.

This human naturalness of representation is indeed based on the preponderance of visual perception
over other senses.

Thus, a good part of KOS is conceived, built and executed in this manner: based on the lexicon, which
technologically, can be modeled through Natural Language Processing (NLP) methods and tools, and
therefore, graphically encoded.

Controlled vocabularies are KOS that collect and organize words or terms, in the field of scientific
specialties. Based on Concept Theory, terms denote concepts, but they are only one of the vertices of the
triangle that represents a given concept. Another vertex is the referent, that is, what the human mind
perceives in the real world. Finally, the third vertex refers to the properties that can be attributed to the
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referent and that, finally, guide the choice of a lexical element in natural language that best synthesizes
the perception of the referent (Dahlberg, 1978). According to the same author, concepts are considered
units of knowledge. Thus, the role of controlled vocabularies is contextualized as facilitating resources

in the management of institutions, which are confronted with the production, access and sharing of
D-I-K, including volume scales and Big Data flow. And in the same logic, currently controlled vocabularies
greatly benefit from Information Engineering to be conceived, managed and maintained as open and
dynamic systems, in accordance with the premises of best practices of knowledge representation and
their pragmatic applications.

Until recently, Embrapa used externally controlled vocabularies in its corporate processes for managing
D-I-K, conceived and managed in contexts not perfectly aligned with its own range of contents

related to tropical agriculture, which greatly hindered the alignment of this collection of knowledge at
various stages of the D-I-K lifecycles, and even more so when deployed on global scales. At the level of
cataloging, indexing, retrieving, accessing and disseminating D-I-K processes, problems of consistency,
ambiguity and lack of interoperability between information systems accumulated in the same proportion
this collection grew exponentially.

The Agroterms was then built, through a combination of Portuguese language terminologies found in
national and international agricultural thesauruses, with a methodological and technological basis in the
Global Agricultural Concept Space (GACS) initiative (Research Data Alliance, 2020). As a result, Embrapa was
recognized as content curator in Portuguese, for the Brazilian variant, by the editor group of Agrovoc (FAO,
2020) - the controlled vocabulary of the Food and Agriculture Organization (FAO) of the United Nations (UN).

Currently, Agroterms is composed of approximately 245,000 terms. Through Information Engineering,
using NLP methodologies and tools, Corpus Linguistics and semantic modeling, it is being prepared

to expand its technological functionality as a terminological resource to a level of conceptual space

for Brazilian agricultural knowledge. In order to achieve this potential, Agroterms is being addressed
organizationally by a permanent working group from Embrapa, the Gtermos, responsible for its
conception, curation and management, within the context of Data Governance and Information for
Knowledge Policy, already implemented at Embrapa and which contributes to the intention and efforts in
order to bring digital agriculture to the reality of the Brazilian agricultural sector.

Research data management

The first decades of the 21 century have been characterized by an explosive growth in human
capacity to acquire, store and communicate digital data. From a scientific perspective, the concept of
“data-intensive science” or “e-Science” (Borgman, 2007; Gray, 2009), has been consolidated as a reality in
numerous fields of knowledge, many of them relevant to agricultural research.

Technological advances have allowed for greater accuracy and coverage in data acquisition. Some
examples are Internet of Things (loT) applications, which are making the use of sensors a reality in
the field; the growing possibilities of imaging rural areas using drones (also known as Unmanned
Aerial Vehicles - UAVs); other geotechnology applications; and the evolution of bioinformatics and
nanotechnology areas.

The current situation has also been called the “Big Data” Era, characterized by the 5 Vs: Volume, Velocity,
Variety, Veracity and Value (Mcafee; Brynjolfsson, 2012). For this large amount of data to be useful, it
must be well managed, retrievable, and accessible, understandable, and integrated. This scenario has led
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to transformations in how data, information and knowledge are created and used: to intelligently and
quickly deal with the data “flood’, new skills are required to ensure the preservation, integration and reuse
of the data.

Research data management (RDM) is a discipline that brings together a set of activities that are essential
to the planning, implementation and execution of strategies, procedures and practices aimed at effective
data management. There are several approaches to understanding RDM; one of them refers to different
conceptions of data life cycle management (DLM) models, which provide a view of the dynamics of data,
from its generation to its reuse.

Data lifecycle is defined by DataONE (2020b) as a high-level representation of the stages involved in
management and preservation of data for use and reuse (Figure 5). In this chapter, this definition of
DataONE is taken as a reference, due to the suitability for adaptation and the versatility of interpretation
of its definitions and concepts. This life cycle is composed of eight stages: planning, collecting, ensuring
quality, describing, preserving, discovering, integrating and

analyzing, which are briefly described, based on Sayao and m
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of data from different sources, which after combined,
generate new sets of data that can be used; h) data analysis provided by the new datasets created in the
integration, in order to provide relevant information for future research.

The RDM based on the data life cycle refers to adopting best practices, which are defined as “[...] methods
or approaches that are recognized by a community as being correct or more appropriate for acquisition,
management, analysis and data sharing” (Saydo; Sales, 2015, p. 81, our translation). Such practices guide
people on how to effectively work with their data at each stage of its life cycle, thus helping to map

the processes involved in DML (DataONE, 2020a). Examples of best practices in the planning stage, as
those recommended by DataONE it recommends: creation, management and documentation of data;
definition of the types and format of data to be produced, etc. For the step to describe, for example, it
recommends: to name the files so they describe and reflect their content; describe format for geospatial
and temporal location of the data; adopt standard taxonomies for describing any datasets; adopt
specialized controlled vocabulary; define set of metadata elements, etc.

However, only the recommendation of best practices does not guarantee efficiency and effectiveness in
data management and, according to Veiga (2019, p. 15, own translation), “it is not enough to share data, they
need to be FAIR" It is therefore necessary to associate such best practices with the FAIR principles (Findable,
Accessible, Interoperable, Reusable), so that research data, in addition to being well managed, can also
become findable, accessible, interoperable and reusable (Wilkinson et al., 2016). The four FAIR principles are
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made up of 15 elements that contribute to complement and enrich the information essential to the eight
stages of data lifecycle, expanding the possibilities of location, access, interoperability and reuse.

The FAIR principles apply to any research objects, so that they become available and understandable to
humans and machines, ensuring transparency, reproducibility and reuse, in addition to providing the
proper and adequate citation of information generated by data-intensive science (Wilkinson et al., 2016).
The FAIR principles also guided the design of Embrapa’s Data, Information and Knowledge Governance
Policy (Embrapa, 2019) to bring researchers and other research subjects closer to the datasets available in
data repositories and platforms.

Metadata and data cataloging

The objective of cataloging and metadata in this subject is largely data. Data is a word with several
meanings, including generic and specialized ones, depending on the context in which it is used.
According to Semeler and Pinto (2019, p. 113, own translation), “[...] data means a single piece of
information, "while” research data are the result of any systematic investigation that involves research
processes of observation, experimentation or simulation of scientific research procedures.”

Metadata and data cataloging are necessary so that research data can be “[...] identifiable, citable, visible,
retrievable, interpretable, contextualizable, interoperable and reusable when considering consistency and
origin” (Semeler; Pinto, 2019, p. 116). Also noteworthy is the need to consider the context of research data
management and the data life cycle in which metadata and data cataloging are inserted, which, in addition
to being two important sub-steps of the description stage, should be aligned with the FAIR principles.

Given the need to expand data and information representation mechanisms to better manage them,
and the consequent complexity involved in defining their attributes, metadata can no longer be defined
as only “data about data”. Currently, this definition is considered an expression that does not help to
understand what exactly metadata means (Sayao; Sales, 2015). What expands this understanding and
expands its application domain is the definition given by Riley (2017, p. 1), who considers metadata as
the information we create, store and share to describe things, and which allows us to interact with these
things to obtain the necessary knowledge.

Metadata allow exploring other dimensions and facets of the data, which, when revealed by cataloging,
contribute to improving management and quality, favoring the discovery of data collections for the
scientific community. Such dimensions bring to light the need to create new metadata elements that are
capable of expanding and enriching the adopted metadata scheme. Metadata are essential so that in the
future digital content can be accessed and interpreted. Without metadata, according to Gray (2009 cited
by Sayao and Sales 2016, slide 83), the users

[...] will not know the details of how the data was obtained and prepared: 1) how the instruments were
designed and built; 2) when, where and how data were collected; and 3) will not have a description of the
processes that led to the derived data, which are typically used for scientific analyses.

Metadata are also essential for technical and semantic interoperability, so that without them, data
repositories and platforms will not be able to exchange data and information. Metadata consists of well-
defined descriptive elements, for example: author, title, description, subject, keyword, identifier, producer,
types of data, access conditions, terms of use of collections, etc., and based on the data cataloging,
formulating a body of information capable of contextualizing the data in terms of provenance, history,
nature, purpose and other aspects.



ot
Ot

Chapter 8 — Information engineering: contributions to digital agriculture 1

The implementation of enriched metadata brings direct benefits to data management, positively
impacting archiving and preservation, as well as interoperability and retrieval of research datasets. Data
will only be useful for analysis if it has been described by quality metadata, and for that to happen, the
best recommendation is to use FAIR principles when cataloging it.

Also with regard to metadata, and according to Veiga (2019, p. 18-22), it is necessary to briefly highlight
the key elements that should guide the implementation of FAIR principles, especially regarding the
descriptive aspect of metadata: a) metadata elements for single and persistent identifiers for both the
data and the dataset; b) dataset using metadata enriched with a wide range of precise and relevant
attributes; c) metadata element that clearly and explicitly indicates persistent identifiers, both from

the dataset and from the metadata itself in the data repositories and platforms; d) metadata registered
or indexed in identification resources that offer search capability; €) metadata using standardized
communication protocols to facilitate data retrieval via metadata, including; f) availability of access to
metadata, even if the data is not accessible and available; g) metadata element for the representation of
knowledge through formal language and the use of taxonomies and controlled vocabularies according
to FAIR principles, specialized and standardized by specific area of the domain; h) metadata element for
qualified dataset references and other derived research objects, which interconnect, ensuring semantic
interconnections between them, and which are linkable to other datasets; i) metadata with a wealth of
attributes and high level of detail to allow researcher to evaluate the possibility of reuse and relevance to
their needs; j) metadata element with unambiguous information, clearly defining who can have access to
the data, for what purpose and under what conditions; k) metadata element that specifies the origin of
the data, supporting the researcher when deciding on the usefulness of the data or metadata and when
attributing credit to the data producer; m) implementation of metadata must be aligned with relevant
and specific standards of the community and the research area.

In the context of digital agriculture, metadata described in accordance with FAIR principles will directly
contribute to the discovery and reuse of data by other researchers and research institutions.

Dataverse platform

The report entitled Open access to research data in Brazil: technological solutions — 2018 report (Rocha,
2018) presents the results of the Brazilian Research Data Network (RDP Brazil) research project, which
identifies, explores and analyzes in depth three technological solutions (Dataverse, DSpace and CKAN) for
building an Open Access to Research Data repository.

Based on the Open Access and Scholarly Information System (OASIS) model - composed of 56 criteria,
classified in Repository Environment Representation, Data Set Representation, Data Set Description

and Documentation, Data Set Production, Long Storage Deadline and Planning for Preservation, Access
and Use of Data Sets and Use, Development and Maintenance of the Software —, it is concluded that

the Dataverse and DSpace technologies have resources for configuring various types of data repository,
including organizational, thematic and hierarchies distinct data policies for research groups or units, with
metadata schemas and support for usage licenses. However, CKAN software is a good alternative when
used as a publishing and access service, with submission and digital preservation performed by other
repository environments.

The Dataverse Platform is an open-source software application for storing, publishing and sharing data
(Dataverse, 2020b). It provides facilities to represent scenarios composed of several hierarchical entities,
such as universities, institutions, laboratories, research groups and departments, so as to autonomously
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implement the details of data management, such as defining who can create, authorize the publication or
access data sets, establish licenses, as well as define that the data can only be used upon request.

The platform uses metadata schemas (compatible with DDI Lite, DDI Codebook, Dublin Core, DataCite,
VORResource, ISA-Tab), manages dataset versions, uniquely identifies datasets (considering versions)

in a universal and persistent way (DOI or Handle System), provides citation metadata and a citation
structure that involves checking the immutability of the cited material. It also enables the storage of
complementary documents together with a dataset, adds visualization and data exploration tools, allows
the customization of its interface, and provides the collection of metadata from the Open Archives
Initiative Protocol for Metadata protocol Harvesting (OAI-PMH).

Additional functionality can be incorporated, such as support for storing large volumes of data; support
for data visualization and exploration; improvement in the indexing and search engine and in user
authentication systems.

Metadata on the Dataverse platform: the
experience of Embrapa Digital Agriculture

As mentioned before, the Dataverse Platform is a web application dedicated to the sharing, preservation,
citation, exploration and analysis of research data, which hosts several dataverses composed of datasets,
which are processed through metadata (Dataverse, 2020b). The Dataverse Platform was chosen by
Embrapa Digital Agriculture to support the management of research datasets, with the Embrapa
Bioinformatic Multi-user Laboratory (LMB) as a pilot project (Embrapa Digital Agriculture, 2020).
Therefore, it is in this environment of the Dataverse Platform dedicated to the LMB that the experience
reported for metadata takes place. (Dataverse, 2020a).

As in several platforms and data repositories, the datasets in the Dataverse Platform are inserted using a
registration form, which contains numerous fields, corresponding to metadata elements. Some of these
fields are mandatory, but most are optional. In addition, there are additional metadata sets that can be
added for specific data domains. Metadata sets follow established standards, ensuring interoperability
with other platforms.

Based on the FAIR principles, studies and tests were conducted that involved users and producers of the
LMB pilot project data, searching to define metadata elements (terms) to meet the specificities of the
pilot project users. Based on this work, definitions were obtained regarding: a) basic metadata, some
mandatory, as well as complementary, non-mandatory metadata; b) tools for metadata description:
description norms, taxonomy, thesaurus and controlled vocabularies. These definitions are important
for generating enriched metadata, which are those that use domain-specific description tools, such

as taxonomy, thesaurus and controlled vocabulary, associated with provenance information, bringing
semantic clarity when compared to basic (original) metadata. According to Lira (2014, p. 43):

A set of enriched metadata must present features such as: (i) greater number of semantic attributes...;
(i) ease of interpretation and processing of dataset content; (iii) associated standard vocabulary
terms [...].

Metadata on the Dataverse Platform, based on experience with the creation of dataverses and datasets
for managing research data in the LMB, are mirrored in the FAIR principles, especially to make them rich in
highlights and with numerous precise and relevant attributes.
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Data cataloging on the Dataverse platform

The process of cataloging the datasets of the LMB pilot project begins with the self-deposit activity,
which is carried out by the researcher, the dataset owner or another designated person. The time of self-
deposit of the dataverse or dataset on the Dataverse Platform corresponds to the pre-cataloging phase,
filling in the fields corresponding to the basic metadata elements and mandatory information: title,
author, contact, description and subject.

The cataloging takes place in the next phase, which begins by reviewing the previous filling in of the
contents related to the basic metadata elements. The catalog description of the dataverse and dataset
essentially fills in the complementary metadata elements, which will be done by the domain specialist,
preferably by the dataset owner. However, this activity requires knowing librarianship norms and
standards, giving greater meaning and quality to datasets.

The use of cataloging techniques to describe and represent data or any research objects, based on a
structured set of FAIR metadata elements, is essential to ensure technical and semantic interoperability,
sharing, use and reuse research data, with the technical responsibility of the librarian and/or the
information scientist.

Data quality

The high standard of quality in data archiving and maintenance is widely recognized by different
segments of society. In digital agriculture, data quality is particularly important for a high level of
assertiveness in the decision-making process, planning activities, and others. Based on this finding, and
on the impact on different types of business, the data quality (DQ) theme is seen as a strong pillar in the
data management process. This has increasingly called the attention of researchers from different areas of
knowledge to investigate and expand studies on the subject.

As shown in the literature, there are different definitions for DQ. These variations are related to the
context that discusses DQ and the degree of demand the user addresses quality.

It is important to highlight the definition of Data Management Body Knowledge (DMBOK) for DQ:

“[...] the planning, implementation and control of activities that apply data quality management
techniques, in order to ensure they are suitable for the consumer and meet the needs of data
consumers” (Knight, 2017, p. 1).

For an organization, whether public or private, focused on business or research, the archiving,
maintenance and recovery of high quality data bring opportunities to formulate better business
strategies, decision-making facilities for high level of success, and for achieving better competitive
advantage conditions. The lack of this quality level, in addition to making it difficult to achieve the
aforementioned advantages, contributes to added data processing costs. In addition, the customer’s
level of satisfaction decreases when he/she receives the result of a service or a required information as a
response to a research action. (Jaya et al., 2017).

The DQ theme should not be treated independently, as poor-quality data leads to misleading and
costly conclusions, which can lead to the data team’s distrust or loss of credibility. Problems found in the
organizational culture of an institution also affect the data collection and quality process.
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DQ can be developed under qualitative and quantitative approaches (Vancauwenbergh, 2019); in the
qualitative approach, categories (for example, measurement, contextualization, representation and
access) are determined, and dimensions/characteristics are associated with each one of them. In turn, in
the quantitative approach, DQ is guided by the adequacy of data to serve a purpose in a given context,
that is, in decision-making and/or planning operations.

Measures for evaluating data quality

Data quality assessment is a crucial process within data quality management, as it comprises different stages
that involve several groups of people in an organization. The purpose of this type of assessment is to identify
data containing some type of error and measure the impact of various data-driven business processes.

The process can be started in the data collection phase, including minimum guidelines for quality
assurance, helping to reduce the amount of work performed in the data qualification/preparation phase
(Pyle, 1999) and thus providing better conditions for carrying out data analysis.

DQ can be evaluated using subjective measures and/or determined by computational calculations.

In practice, when a data quality assessment process is initiated, basic measures are used, such as the
number of missing data, amount of data with typographical error, amount of non-standard data, basic
statistical measures and visual analyses. Adopting these measures provides a preliminary notion of how
good the level of data quality is. In some situations, the use of a single measure is not enough to achieve
the desired result, hence using other measures together.

In addition to the measures mentioned for evaluating data quality, others are described by Cichy and Rass
(2019). They are related to frameworks available for establishing this type of evaluation. These measures
are used when there is an interest in expanding the assessment level. The higher the quality level, the
greater the accuracy of the results generated, which brings greater possibilities for more assertive
decision-making. Another important contribution of having quality data is contributing to the discovery
of knowledge in a database, knowledge that is inserted in the data and not visualized, at first, by the user
(Fayyad et al., 1996).

Data quality management

DQ is one of the crucial problems to correctly measure and analyze science, technology and innovation,
which allows the adequate monitoring of research efficiency, productivity and also strategic decision-
making. (Fan; Geerts, 2017).

Typically, data has some kind of inconsistency — some are duplicated, incomplete, inaccurate and
obsolete. To enable them to produce quality results, after being processed and analyzed, the Data Quality
Management (DQM) process is used.

The main objective of DQM is to remove any and all problems found, raising the quality of the data and
enabling them to contribute to the addition of value to the business processes and/or produce qualified
answers to the questions addressed (Vancauwenbergh, 2019).

DQM involves performing various tasks, defining parameters and assigning values to them, and establishing a
workflow. All this must be easily recorded, updated and retrieved. To support all this work, different frameworks
are available, with emphasis on: DAMA DMBOK s Data Governance Model (Barbieri, 2013); EWSolutions'EIM
Maturity Model (Smith, 2009); and Oracle’s Data Quality Management Process (Oracle, 2009).
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These models are centered on three basic elements, which are the metadata associated with the data, the
processes for recording, organizing and (re)using data, and the organizational context in relation to the
data. The quality of each element and the interaction between them, will ultimately determine the quality
and therefore the true value of an organization’s data assets.

Permission to describe metadata that is understandable by the entire organization and aligned with the
processes, strategies and business objectives of that organization is a resource available in these models.
In addition, these models provide the means to report critical success factors, which are useful elements
for developing effective DQ management strategies.

Critical success factors for implementing
Data quality management

According to Milosevic and Patanakul (2005, p. 183), critical success factors (CFS) are “[...] characteristics,
conditions or variables that can have a significant impact on the success of an organization or a

project when appropriately sustained, maintained or managed.” Santos (2015) presents 20 CFS
applicable to the DQM which, according to Milosevic and Patanakul (2005), form four large groups: a)
operational; b) management; ¢) governance; and d) qualification. The operating group focuses on the
operational processes involved in data collection, storage, analysis and security, all of which are highly
interdependent. The management group brings together the management processes, which originate
from the operational group, mainly aligning data quality with the organization’s goals in relation to
data and the results of data analysis. The third group, governance, involves the governance processes
associated with DQM. These processes can be presented by the organization’s senior management as

a priority commitment for the implementation of DQM, stimulating a culture change throughout the
organization focused on this subject. Finally, the qualification group is deemed essential to invest in

a DQM program, even if the company has employee training structure for operational, management
and governance actions. The main objective of this group is to inform people about the importance of
qualitative data for the organization. In addition to training for the systematic implementation of DQ,
throughout the organization, it must institute a continuous monitoring action of the qualifications. This
will allow quick adjustments, if errors and adjustments in the business rules are identified.

Final considerations

The chapter presented an account of the research actions and the results that were carried out and being
developed at Embrapa Digital Agriculture, in the context of Information Engineering. Thus, the objective
is to align this work with the actions of digital agriculture and also to add value to the pragmatics of
scientific knowledge, offering technologies more easily perceived and assimilated by its potential users.

These actions, in progress in the Information Engineering Research Group, take place in the domain of
three natures of information (cognitive, documentary and communicative) and through computational
artifacts that operationalize the processes that constitute the data life cycles of information and
knowledge (D-I-K). Computer Science is the main source generating these actions, able to combine and
complement methodological and technological contributions originating in other fields of knowledge,
producing inter, multi and transdisciplinary developments with Agronomy, Ecology, Mathematics,
Economics, Sociology and the full range of imaginable intersections. Inserted and articulated in this
universe of interactions between different areas of knowledge, Information Engineering is an alternative
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for the operationalization of strategies, aiming at greater alignment between the actions developed in
the areas of Research and Development (R&D) and Embrapa’s innovation process.

Embrapa Digital Agriculture, by inaugurating the Information Engineering research line, reorganizes,
guides and rescues its competences towards a repositioning of its RD&I actions, considering the
perspective of the innovation process implemented in the company. In particular, with regard to facing
the current research challenges to consolidate the digital transformation in agriculture, Information
Engineering is capable of effectively contributing to conceptual, methodological, procedural
contributions and, especially, to support the development of quality artifacts, objects and computational
tools, according to an engineering process designed within a pluralistic ontological conception. In

other words, Information Engineering expands the possibilities of the various actors that circumscribe
the phenomenon of “Brazilian agriculture” to perceive it as an object that admits multiple explanations,
assumptions, methods, methodologies, approaches, theories, etc. Furthermore, the efforts and initiatives
in Information Engineering, thus far, are aligned with the trends and contemporary opportunities for
development and computational applications and ICT in digital agriculture.

Based on the heuristics made possible by Information Engineering, the computational artifacts of

D-I-K representation can be used beyond their immediate functionalities (Pierozzi Junior et al., 2018).
However, the contributions of Information Engineering can be translated and materialized under different
perspectives and exemplified in the form of repositories and databases that enable collaborative work; in
the cataloging, indexing and intelligent retrieval of information; use, reuse and data management; in the
redefinition of information and interoperability with other systems; in discovering knowledge; in facilitated
and controlled access, communication, sharing, learning and collective intelligence. Since digital agriculture
is fundamentally based on digital content, from data obtained through the Internet of Things, it is envisaged
that Information Engineering will promote facilities and improvements in the construction of computational
artifacts that meet the interests of users in different segments of Brazilian agriculture.

Another reading is possible: a) when the data is addressed based on the perspectives of classification,
meaning and access, it is said that what is being worked on are its cognitive properties; b) when
information is worked on based on the perspectives of cataloging, indexing and retrieval, it is said

that what is being worked on are its documentary properties; c) when knowledge is worked on based

on visualization perspectives or machine languages, it is said that what is being worked on are its
communication properties (dissemination). In addition to these properties, those that are worked on and
inherited from the preceding levels of data and information, respectively, must be considered. Thus, the
result is a continuous, cyclic feedback movement, which occurs when the communicated knowledge
returns as insight for a new round of data and information cycles.
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