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Abstract. AVenn diagram is used in mathematics to graphically symbolise prop-
erties, axioms, and problems concerning sets and their theories. Thus, this study
applied a Venn diagram to describe a theoretical background for data librarianship
as a field relating to information science, e-science, and data science. Data librar-
ianship is a new area of study that is located within the thematic core of the triad.
The first set on the proposed Venn diagram is information science. Information
technology concepts are fundamental to the comprehension of data librarianship in
the context of information science. The second set is e-science, an innovative field
that incorporates software and hardware that have been built by technology into
science. The third set is data science, a way of representing data-driven research in
the most diverse knowledge fields; it is a set of the skills, methods, techniques, and
technologies of statistics and computer science used to extract knowledge and to
create new products and services from data. To ensure greater comprehension of
data librarianship, a relatively new field, we suggest some reading materials. The
formal discipline of data librarianship is yet to be established in many countries
across the globe. Thus, there is the lack of adequate information and certification
on data librarianship.

Keywords: Data librarianship · Information science · E-science · Data science

1 Introduction

A Venn diagram is often used in mathematics to graphically symbolise properties,
axioms, and problems concerning sets and their theory. The intention of this study is to
apply a Venn diagram to describe a background for data librarianship as a practice field
in relation to others fields as information science, e-science, and data science.

We propose that data librarianship in nowadays is a practice field located within
the thematic core of the triad (information science, e-science, and data science). In
this sense, the data landscape manifests as an area of growing research and a new
practice that is being adopted by data librarians and other information scientists. Most
of the investigations on e-science and data science are oriented towards the practice,
usage, and consumption of data. In this sense, this paper proposes a Venn diagram
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to describe data librarianship, to provide a theoretical background for data librarians.
Data librarianship is a field that will incorporate information science, e-science, and
data science in libraries. Therefore, it is possible to say that the current tendencies
in data librarianship research points to subjects related to […] intensive use of data
leads to a technological data information environment that is ideal for studies aimed
at models, techniques, and technologies used for data management and curation. This
data environment must have competencies related to the creation, management, and
preservation of data [1].

Information science is seen as a field of knowledge that involves a series of dis-
ciplines, such as computer science and librarianship. In this sense, the object of study
of information science is information and the changes caused by the use and re-use of
digital technology. Data in digital form are a new form of information generated by all
human activities. We believe in a technological continuum that relates with the emer-
gence of digital data in information science and modifies this discipline so that it can
investigate the properties of information in all digital contexts in relation to all human
activities.

Data librarianship in contexts of data-intensive sciences is related with e-science and
data science process. E-science is the term adopted to refer to the use of computational
technology during the practice of scientific investigation, which includes preparation,
experimenting, data collection, results, storage, digital preservation, and accessibility
for all the materials generated during scientific research. It can be said that e-science
is preoccupied with the processes of representing information and scientific knowledge
through technology that provides data-intensive usage [2].

The prioritization of data technology by scientists is a transformation variable that
is common to almost all theories and scientific procedures. Currently, data science is
regarded as the theory and practice of extracting knowledge from data; it is concerned
with the creation of products and services based on data [3].

Thus, we propose these disciplines as the theoretical pillars for the investigation of
data librarianship as a new area of study for librarians. Ultimately, our proposition is a
Venn diagram for discussing the theoretical background of data librarianship.

2 Data Librarianship Venn Diagram

We believe that data librarianship is a central filed suitable for practical application to
information science, e-science and data science in libraries. Thefield of data librarianship
was made essential in the field of information by the influence of technologies and the
direct impact of data-intensive science on the activities of data librarians and researchers,
demanding that those professionals acquire skills for usage of all type of data. Thus,
there is the question of how to delimit the relationship between information science,
e-science, and data science and fashion a new practical and theoretical approach to
data librarianship. To answer this question, which depicts the general objective of this
paper, we propose a Venn diagram to present and summarise our proposal relating to the
theoretical background of data librarianship (see Fig. 1).



120 A. R. Semeler and A. L. Pinto

Fig. 1. Data librarianship Venn diagram [4].

The data librarianship Venn diagram (Fig. 1) describes the union and intersection
between information science, e-science and data science.With this diagram, it is possible
to conceptualise a background of data librarianship. Using three theoretical sets, it is
possible to visualise the nucleus of data librarianship as a field: first set (information
science) = {information, technology and all types of digital objects}; second set (e-
science) = {change sciences, digitally-enhanced, networked, data-intensive sciences};
third set (data Science) = {programming languages, statistics, data analysis, insights
into all types of data}.

Next, we present the core of the Venn diagram of data librarianship and the three
theoretical sets related to it.

3 The Core of Data Librarianship Venn Diagram

Data librarianship is a area of study that is located within the thematic core of the triad
fields, information science, e-science, and data science; its pillars are the new practical
and theoretical activities related to data management and curation in digital repositories
in the libraries context. The practical approach to data librarianship is geared toward
activities such as the collection, manipulation, analysis, and visualisation of data, which
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are fundamental for data librarians toward offering new data services and products in
libraries and other places of information.

Research into data librarianship has its origins in the mid 2000s. They are the result
of the effort of North-American, British, and Canadian librarians to create services and
products on advertising, consulting, management, preservation, and elaboration ofmeta-
data schemas for the effective incorporation of research data in document collections
(books, papers, reports, and others). This effort is not something new; it has been dis-
cussed since the first applications of data librarianship in the 1960s, particularly in the
creation of data services and data archives [1, 4–9].

Data-driven librarianship is not a new branch of librarianship; it is grounded in
a diversity of skills already practised by librarians. Thus, traditional practices are rein-
forcedwith the objective of being applied to digital datasets. For instance, cataloging and
organising all types of bibliographic materials, preservation and curation, user services
and reference services, and consultancy and training, are redesigned to be combined
with the new practices that encompass data management, data curation and data shar-
ing. However, data librarianship is not only suited as support for the discovery of new
skills in librarianship; it is involved with research data generation and preservation, and
is concerned with practically all the traditional functions of the librarian trade such as
acquisition and collection development, and collection and organisation of documents,
cataloging, and user reference services implementation. Currently, the focus of data
librarianship is a library services and new approaches for managing and curating digital
data from scientific research [1, 4–9].

One of the main characteristics of data librarianship is a core preoccupation with
upstreamduties [10]; therefore, it cannot only be concerned about published information,
but also with potential data sources, being that its objective is to comprehend how the
different data types may be capable of generating useful research information [6, 9].

We propose that academic research on data librarianship has focused on fields such
as information science, e-science, and data science. Thus, the next section presents the
origins of information science and its unfolding in relation to the concepts of information
and technology are presented the first set of Venn diagram.

4 Set 1: Information Science

The first set on the data librarianship Venn diagram is information science. Information
science is a field of studywhere interdisciplinary issues circulate. It considers all forms of
interaction betweenpeople and information [2].According to [11], information science is
amultidisciplinary field of study, involving several forms of knowledge, given coherence
by its focus on the central concept of human-recorded information [2].

The concept of information and technology are fundamental to the comprehension
of information science in digital context. Thus, [12] propose that information concept
be applied in conjunction with documentation fields such as librarianship, among oth-
ers aspects applied to technological information systems. The author further explained
that author’s information is a structured set of codified mental and emotional represen-
tations (signs and symbols), modeled with/by social interaction, and capable of being
recorded on any material medium, and therefore, communicated in an asynchronous and
multidirectional way [12].
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According to [13–15] investigations about information in information science sug-
gests that the implementation of critical investigations about the conceptual nature of the
basic principles of registered information, including the dynamic utilisation of informa-
tion in the sciences and the application of methodologies and theories to solve problems
generated by computer usage.

Information science looks into theoretical and practical issues related to the
behavioural characteristics and flows of information when we incorporate technology-
mediated hybrid media such as e-science. The ubiquitous technology driving the perva-
sive behaviour of digital information has changedour existence that has been increasingly
mediated by technology. This is not limited to the sciences but encompasses all domains
of knowledge. Under this premise, the concept of technology is introduced [2].

When we say technology is a significant part of the contemporary world, we may
be referring to our satisfaction by devices that make our lives more comfortable, our
enthusiasm in the face of the possibilities guaranteed by computers and internet, or
our fear of the increasingly more potent and sophisticated weapons it heralds. Thus,
technology presents itself as a multifaceted reality, not only as objects and sets of objects
but also as systems, processes, modus operandi, and mentality [16–18].

The most common way to think technology is to regard it as a technical device, a
computer or smartphone, hardware, which is amanner of seeing it as something concrete.
In thewords of [16], technologymanifests itself primarily as objects, asmaterial artefacts
made by man, whose function depends on a specific materiality. Under this bias, it is
necessary to reiterate that technical devices are, in part, user dependent and using and/or
handling them require special skills and training [16–18].

Nowadays, technology can be defined as hardware, as rules, and as systems. First,
technology is usually thought of as being comprised of machines or tools—hardware—
this is a way of looking at it as something concrete. However, a distinction between
these concepts should be made. While users directly manipulate tools, machines are
more independent of the user and require skills and training to be used or handled.
A second standpoint views technology as rules. Software can be seen as a metaphor
for this approach; it involves patterns of meaning and relationships, such as political
rules, laws, and scientific principles that are systematically developed. The third way of
viewing technology is as systems. This suggests that hardware artefacts and software
are technologies, but that they need to be considered in the context of their user [1, 2].

Technology can be a specific form of knowledge, comprising of specific ways of
knowing the material world, ways that incorporate scientific knowledge, but also equally
possess their owncharacteristics. In this sense, technologydefines itself as amultifaceted,
artifact manufacture and usage; a form of human knowledge addressed to create a reality
according to our own purposes; know-how; practical implementations of intelligence;
humanity at work; nature available toman as a resource; the field of knowledge related to
artifact design and the planning of its achievement, operation, adjustment, maintenance,
monitoring, under the light of scientific knowledge; Modernity own lifestyle; the totality
of methods that can be reached rationally; in all fields of human activity; the material
structure of Modernity, in four dimensions: as objects; way of knowledge; specific form
of activity or will (determinate human action when facing reality) [16–18].
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This examination aims to discuss information and technology to examine the impact
of technology on scientific knowledge and information concepts, i.e. research activities,
the discourse about scientific culture, and its influence on the processes of interaction
between information and technology. When information is mediated by technology, it
can reveal the complexity of new ways of scientific investigation [2]. Thus, the next
section is a presentation on e-science, the second set of data librarianship Venn diagram.

5 Set 2: E-science as a Contemporary Data and Information
Phenomenon

The investigationmethods based on the use of hardware infrastructure and scientific soft-
ware, have allowed the emergence of e-science. In the 1990s, John Taylor, the Director
General of the United Kingdom’s Office of Science and Technology, created this term
to refer to the use of technology to conduct scientific investigations. In United States
a 2007 lecture, Jim Gray described the e-science as a new way of doing science. He
believes that e-science is the fourth paradigm of science [2, 19–21].

E-science is one of many terms used to describe recent transformations in the scien-
tific enterprise. It is a way to translate methods and scientific disciplines to computers,
allowing scientific collaboration on a global scale, in addition to intensive data usage
[21].

Thus, it is perceived that, beyond the concern with immense data volume, generally,
e-science basic characteristics are being digitally-enhanced, networked, and data-driven.
The digitally-enhanced aspect of e-science embodies how e-scientists analyse, manage,
gain access to, and share data digitally. Without the technological advances of our time,
the amount of data we have access to and are able to create would significantly decrease.
Almost exclusively through online databases, networks, shared digital repositories, and
digital files, datasets are shared, and therefore, are digitally accessible. Networking is
a very important feature of e-science because this is what makes e-science particularly
fascinating, the networked and multidisciplinary nature of the field that creates initially
unintended links among datasets. E-scientists utilise networked data and materials to
formulate new information through cross-comparison and manipulation. This creates
another form of scholarly communication that is networked and constructed extempo-
raneously, depending on the current usage; such as how articles are connected through
citations and websites. Therefore, e-science thrives when datasets are shared and acces-
sible. The final characteristic of e-science is that it is data-driven. E-science exploration
is achieved through data manipulation; thus, datasets are used as the primary form of
experimentation. By manipulating and cross-comparing datasets, researchers are able to
find patterns and develop new inquiries across disciplines [22].

Current studies about data-driven sciences amplify themselves when mediated by
computers, mainly if networks like the web are included. This gives rise to different
methods applicable to data collection and/or usage; and thus, a new way to practise
science, based on technological instruments and technical devices created by contem-
porary computing that has as its basis the data-intensive usage of the world of science.
Data-driven sciences opened a new dimension to scientists, the data universe, causing a
revolution in the process of scientific thinking.
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The e-science phenomenon is responsible for the generation and use of data in large
quantities. In the BigData era, data, information and technology are pervasive. E-science
is a contemporary data/information phenomenon. E-scientists believe that data-driven
sciences will yield optimum results with the intensive use of technological instruments
and devices. The theoretical understanding of these studies is based on appreciating the
fact that the nature of scientific things depends on the materiality of technical devices.
Therefore, scientific instruments are the key to contemporary scientific practice. This
conclusion makes science less about knowledge than about a practice that involves using
machines and technical devices [2, 23].

The author [20] introduced the idea of a fourth paradigm in a lecture delivered in
California in 2007 for the National Research Council of the United States. He consid-
ers computational science as the third type of Science, aiding the various domains of
knowledge, for example, the hard sciences such as Astronomy, Physics, and Medicine,
amongst other categories of science. He amplifies the idea of e-science, thus, making
the term synonymous to the fourth paradigm of science. It is believed that digital tech-
nology revolutionised the scientific methods, as posited by computer sciences made new
scientific paradigms emerge which modified the way scientific research is.

Investigations in the fields of e-science were simulated against the backdrop of hard
science disciplines such as astrophysics, genetics, oceanography, climatology, nuclear
physics because the main concern of these fields is the immense volume of data gener-
ated during scientific research. E-science channels science transformation towards the
intensive usage of huge data volumes.

E-science methods were first used by Biology, Physics and Astronomy researchers
in projects such as the GenBank [24], the Large Hadron Collider (LHC), the Panoramic
Survey Telescope and Rapid Response System (Pan-STARRS) [25] and other projects
in the world of hard sciences. For example, the World Wide Web, invented by Tim
Berners-Lee at the EuropeanOrganization forNuclear Research (CERN),was createdfor
sharing document and data amongst researchers. For example, the Pan-STARRS project
will retain 2.5 petabytes of data each year, when it starts operation [31]. CERN’s Great
Hadrons Collider (GHC) will generate 50 to 100 PB of data each year, with circa 20 PB
stored and processed in a global federation of national arrays linking 100 thousandCPUs.
Therefore, scientists and institutions need a model and better set of practices to provide
balanced hardware architecture to the corresponding software capable of dealing with
those data volumes [21, 24, 25].

The large data volume generated by e-science gives rise to data science. Data sci-
ence is regarded as a field of study connected to data analysis and management. In the
next section, we present data science as a scientific theory and practice used for the
comprehension of the diverse dimensions of data-intensive sciences.

6 Set 3: Data Science

Data science is a field of knowledge that merges techniques of computer science and
statistics. It can be considered as a new area of study for librarians seeking to engagewith
issues related to data management and analysis. It is a field of knowledge that demands
specific expertise, usually related to mathematics and programming languages [1].
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The term data science has its origin in disciplines such as Econometrics, Physics,
Bio-statistics, computer science, and statistics and engineering. It can be a synonym or
related term for concepts such as business analytics, operational research, competitive
intelligence, data modelling and analysis, and the discovery of knowledge at databases.
The time-line (see Fig. 2) presents data science evolution.

Fig. 2. Data Science time-line [4].

Although data science is often viewed as a new term, it has been used in the field
of computer science since the 1960s. [27, 28] reveal that [29] proposed that computer
science be called “Datalogy”. In the 1990s, the Committee on Data of the International
Council for Science (CODATA) established as priority the realisation of studies about
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advances in data science, CODATA using the term data science as a way of representing
data-driven research in the most diverse knowledge fields. In the 2000s, the first journals
appeared, such as the Journal of Data Science from the Columbia University in the
USA. Finally, data science appears, in current usage, as a combination of data analysis
development and the elaboration of new intelligent algorithms in artificial intelligence,
on a par with statistics and computer science [26–29].

Data science possesses two basic functions: the analysis and invention of new tech-
niques that may generate insights during the usage of data, whichwas not possible before
the 2000s. In that sense, data science can be seen as the theory and practice of extracting
knowledge from data. Being a scientific discipline, which is preoccupied with creating
products and services from data, its aims are to use data-driven sciences for the benefit
of the environment, such as the use of Internet products as data repositories, climatic
sensors, GPS, and the most recent tendency to connect objects to network [27, 28].

However, one of the main investigation problems in data science is geared towards
establishing it as a science of data and not a mere extension of statistics and computer
science techniques. Data science aims to analyse and understand contemporary phe-
nomena using data. [30]. The data science is as a new area of study for information
professionals seeking to engage in data management and data analysis issues based on
statistics and computer science [27, 28].

In a recent paper, [31] presented a definition of data science and the crucial role of
librarians in its development.Advances in statistics and computer science, combinedwith
an abundance of data, have given rise to a new professional ecosystem. This ecosystem
is concerned with generating insight from data to inform decision-making. Data science
methods and products have transformed commerce, health care, and government, and
they will continue to transform other sectors [1].

Data science requires knowledge and techniques to data analysis, including statistics
and computer programming, requires systematic thinking combined with a creative app-
roach to solve general pragmatic problems. Data science combines datamining, machine
learning, system design, distributed computing, statistics, industrial engineering, domain
knowledge, visualisation, and Big Data [32, 33].

The scientific status of data science is connected to different objectives such as:
(a) the study of scientific data, which sees data science as a method and technology
used to conduct scientific researches through scientific data management; it refers to the
data used during scientific researches; (b) the study of business data, which sees data
science as a technique for creating data products or services, and as a methodology to
generate solutions for problems in a business environment (business intelligence); (c)
the integration of statistics, computational technology, and artificial intelligence; this
objective is preoccupied with the requisite skills for the data scientist; and (d) a method
for solution of scientific and/or business issues related to the extraction of knowledge
from data; that is, an objective which integrates all other objectives [1, 32, 33].

Therefore, following the identification of the combination of disciplines and the prac-
tical development process that compose data science, it becomes imperative to identify
the skills needed by data scientists. Data science can be regarded as a new area of study
for data librarians seeking to become involved in issues related to data management and
analysis. Thus, data librarians should understand the complexity and variation associated
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with data science praxis because it provides newmethods and practices for data librarian-
ship. A data librarian needs not become a programmer, statistician, or database manager,
but should possess foundational competencies in the languages and programming logic
of computers, databases, and information retrieval tools [1].

Finally, we will suggest some readings, courses and suggested themes for investiga-
tion, in relation to the triad, information science, e-science, and data science.

7 Final Remarks: Literature, Courses, and Future Work in Data
Librarianship

The final question is related to the difficult localisation of literature about data librar-
ianship. It reveals that data librarianship is still developing and needs attention from
the professionals of traditional librarianship. In that sense, in order to acquire minimum
theoretical knowledge in data librarianship, few essential works are recommended. The
work, organised by Lynda Kellam and Kristi Thompson in 2016, is the anthology of
articles, Databrarianship: the academic data librarian in theory and practice, which
presents diverse questions about data librarianship and research data usage based on the
most distinct scientific disciplines [8]. Furthermore, another significant work The book
Data Librarian’s Handbook, written in 2016 by Robin Rice and John Southall; it focuses
on the data librarian’s field of action [5, 34, 35].

Examining the questions of e-science, the book writings by Tony Hey; Stewart
Tansley and Kristin Tolle, Fourth Paradigm: Data-intensive Scientific Discovery (2009)
is another significant reading material. The importance of this text lies in the fact that it
sees e-science in all its aspects, in relation to scientific and technological advances, sci-
entific communication or the intensive use of data extracted from technological sensors
[35].

The questions related to data science and the requisite skills for the data scientist
appear in first-time in the text, Data Scientist: The Sexiest Job of the 21st Century
published by the Harvard Business Review, in 2012, written by Thomas Davenport and
D. J. Patil [36]. Another essential text on data science is The Data Science Venn diagram,
elaborated by Drew Conway in 2010 available free in the web. The report about data
science in libraries was published in 2018, Shifting to data savvy: The future of data
science in libraries; it presents the synthesis of the discussions on data science as applied
in North American libraries. The report represents data science projects in libraries in
the USA. The project explores the challenges associated with the implementation of data
science in different libraries environments. The report is oriented around four distinct
facets of a multi-faceted framework: structures, skills, services, and stakeholders. The
report discusses specific perspectives in relation to the lack of skills militating against the
practice of data librarianship, in other words, what is missing in librarians’ information
management skills; and also in relation to datamanagement, in otherwords, the capability
of library managers to understand and appreciate the benefits of the new skills brought
by data science to offer organizational and managerial support to libraries [37].

In this sense, to acquire skills, there are some courses and formation courses offered
by international universities, whether in the form of proximate or distance learning. For
example [38], we have the Research Data Management and Sharing course, offered
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online for free by the Curating Research Assets and Data Using Lifecycle Education
(CRADLE), of the North Carolina University, at Chapel Hill, in partnership with project
EDINA, of the Edinburgh University. An online course is the Research Data Manage-
ment Training MANTRA [39], offered by project EDINA, of the Edinburgh University,
focused on research data management. The course is useful for both data librarians and
other researchers. These courses offer an introduction to research data management and
sharing, life cycle, data management, and best practices in relation to working with
data (including organisation, documenting, storage, and security), and research data
repositories.

The courses offered by theLibraryCarpentry initiativewebsite ismadeupof software
and data skills training originally based on lessons developed by theCarpentries. The aim
of this website is help library professionals work more efficiently, and potentially teach
the skills they have learned to colleagues, students, and researchers. Another course is
offered by the Harvard-Smithsonian University, at the Center for Astrophysics, John G.
Wolbach, and by the Harvard Library focused on preparing data librarians for acquiring
knowledge about data science [40].

To learn statistic techniques and programming languages used in data science, data
librariansmight opt for courses offered byuniversities in thefield of statistics or computer
science. They might opt for completely different formation courses offered by online
training platforms such as Coursera, Udemy, Data Science Academy, and EDX.

For further studies, it is suggested that data librarians investigate themes related to
research data usage in diverse contexts such as Big Data, Internet of Things, artificial
intelligence, informational patterns, and scientific communication. It would be interest-
ing to accomplish a study about the possible analysis of the metadata of these fields
and the content stored at research data repositories. Thus, in conclusion, this paper rec-
ommends that data librarians should work with research data repositories, supporting
researchers, from the first steps of scientific investigations, assistingwith the documenta-
tion process and providing the assurance that the research data will be preserved, usable,
and reusable in the long term. A data librarian must use the fundamental values, ethical
principles, skills, and professional knowledge of data librarianship to work with research
data, especially at digital repositories.

Finally, data librarians should be able to combine the skills and knowledge related to
information science, e-science, and data science, to consolidate the Venn diagram of data
librarianship. This diagramwas proposed to enable for data librarians to consolidate their
practical activities supported based on consolidated theoretical fields such as information
science, in addition to new knowledge in fields such as e-science and data science.
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