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Abstract — The multidisciplinary nature of information
visualization is today fairly consensual in both professional and
academic communities: data analysis, information design,
storytelling, among other subjects, are common drivers in this
field. The systematic study of this cross-fertilization, patent in
the way the concept’s definition varies according to the
perspective being adopted, represents an important and
needed addition to the critical mass of a relatively recent area
of knowledge. The proposal of a single unified definition of
information visualisation being beyond the scope of this paper,
it instead summons and discusses its multiple viewpoints to
help designing a postgraduate program on the topic, aiming to
simultaneously start an open debate as its implementation
phase goes on and new questions are subsequently raised.

Keywords — Information visualization; Data analysis and
visualization; Information design; Data journalism; Visual
analytics.

L INTRODUCTION

Information visualization (Infovis) has become a
privileged medium of mass visual communication [1]. As
data volume grows at an exponential rate, so does the need
for instruments that allow extracting meaning and value
from them. At the same time, the increasing number and
sophistication of edition and design tools and the scientific
acknowledgment of the cognitive potential of visual
perception are two of the many factors that contribute to the
contemporary presence of visualization in both academic
and professional fields. Nevertheless, research on
educational processes and methods for this specific area is
still lacking. This paper aims to contribute to a much needed
and current debate on Information Visualization, considering
four main areas: information design, data (analysis)
visualization, visual analytics and data journalism (Figure 1).

The first university program on graphical methods
occurred in 1913/14. Even though graphical representation
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of statistics was already disseminated by then [2], this
subject was specifically mentioned as one of the program
contents for the first time: "The subjects treated in this
program are averages, graphical representation of statistics,
frequency curves, correlation, smoothing of statistics; with
applications to statistical problems in economics, biology,
insurance, and physics." [3]
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Figure 1. Conceptual framework for Information Visualization.

Technologies were absent from this arena, but statistical
graphics, thematic cartography, communication design and
data journalism already played an important role.
Nowadays, it is impossible to look at Infovis without taking
technologies into account. The technological development is
a major booster for Infovis. The increasing scope of the



Internet, the broad access to online data analysis and
visualization software, the trend to release and use open data
and the potential of collaborative datasets are only a few of
the reasons that sustain a growing general interest in this
field. Infovis is increasingly becoming an independent
research field with a specific research agenda [4], seeking to
provide people with better and more effective ways to
understand and analyse datasets. By allowing novel
discoveries, Infovis empowers users, enabling them to
formulate opinions, make decisions and act upon their
findings.

Based on profuse discussions about the teaching
methods for Information Visualization a postgraduate
program was designed. The connections between the four
main areas above mentioned - information design, data
visualization, visual analytics and data journalism -, was
visually represented through a metaphor referring to the
children's game “the cootie catcher”. Each time a triangle is
opened, an area’s perspective is revealed, as it is also
revealed its interaction with the others (Figure 2).

Figure 2. The complexity of the conceptual framework hiddenin a
children’s game. Adapted from [5]

Section II of this paper presents each area’s perspective
on Infovis and points out links with other fields. This
multidisciplinary approach is the foundation of the proposed
postgraduate program, that brings together two universities
and three schools (in the areas of Social Studies, Design and
Technologies).

1L A MULTIDISCIPLINARY APPROACH

Distinction between data and information demonstrates
the different perspectives the four areas assume regarding
specific tasks involved in the practice of Infovis. It is
possible to identify some shared issues regarding these
perspectives, as highlighted in Table 1.

A. Information design

Design can be defined by the triangular relationship
between a user, a tool and the purposeful action through
which a task is performed, such as, for example, the need to
find a way using a map [6]. If one considers that
“information is the juxtaposition of data to create meaning”
[7:10] then information design describes “the art and
science of translating complex, unstructured data into useful
information that can be used with efficiency and

effectiveness” [8:111].

TABLE 1. DIFFERENT APPROACHES TO DATA AND INFORMATION

How to read this table:
“Data visualization explores data to discover information”

Areas Data Information

explore and

discover and reveal
analyse

Data (analysis and) visualization

Information design organize and display gnd
structure communicate

. . . publish and

Data journalism filter storytelling

explore and

decide and monitor
analyse

Visual analytics

Information design encompasses communication design
tools and techniques in which the main goal is to inform the
user, as opposed to the more persuasive approaches used in
domains such as advertising [9]. An information designer is
a ‘transformer’ who converts a quantitative dataset - a
sequence of actions or any complex situation or event - into
a visual model that reveals and communicates relevant
information in a manner the audience can understand [10].

A printed infographic or an interactive visualization are
just two of the possible outputs of an information design
process. In fact, these are the sort of visual tools that turns
visible and understandable phenomena or portions of reality
that are not accessible to the bare eye or not even of visual
nature [11]. Therefore, from a designers point of view,
‘information visualization’ is a visual representation of data
intended to enable exploration and analysis of information,
discovery and communication of knowledge [12].

As aforementioned, creating information visualizations
is a complex process that combines know-how from various
areas. Ultimately, for the reader or user to be able to
understand a static object or an interactive device, its visual
appearance should be coherent and appropriate, and
designed according to his/her conceptualisation of the way it
should work. Each person’s conceptual models are a result
of one’s experience, training and instruction [13]. As Kirk
[14:17] resumes, “exploiting our visual perception abilities
relates to the scientific understanding of how our eyes and
brains process information most effectively, (...). This is
about harnessing our abilities with spatial reasoning, pattern
recognition, and big-picture thinking.”

The main goal of information design is to maximize
efficiency and effectiveness in the way the user processes
data and uses information through vision. In this sense,
information design is a methodological process transverse to
the visualization of information regardless of the context in
which it develops — whether in the domains of data analysis
and business intelligence or in the fields of journalism or
statistics. The imperative need for effective visual
organization of the graphical elements in static
visualizations, and an efficient usability in the interactive
ones, discloses the intrinsic relationships between
information design and the other two sides of the proposed
framework: visual analytics and data (analysis) and
visualization.



B. Data analysis and visualization

For Tukey [15: 2], data analysis includes procedures for
exploring and analysing data, techniques for interpreting the
results of such procedures, ways of “gathering of data to
make its analysis easier, more precise, or more accurate and
all the machinery and results of statistics which apply to
analysing data”. Exploratory data analysis is considered as
the first step, the corner stone of data stories. Tukey [16]
advocates that graphical methods are useful not only to
reassure us of what we already know but also to makes us
notice what we have never expected to see. Few [17]
emphasises data visualization procedures and refers
practical analytical techniques and graphs as tools for
“thinking with our eyes”.

Statistical techniques play an important role in data
analysis, but in order to reveal information it is necessary to
have also visualization concerns, e.g. how should a table be
structured or which statistical graphic is more suitable for
which type of information, audience, objective among other
conditionality. There are countless examples of statistical
graphics where design played an important role, but a
special reference needs to be made to the XVIII century
Statistical Breviary that contains the first examples of line
charts, bar graphs and pie charts. William Playfair drew
these charts to overcome the difficulty of using tables to
convey information and presenting data easily [18].

The main branches of data visualization — statistical
graphics and thematic cartography — share common goals:
they are both concerned with the visual representation of
categorical and numerical data, accomplished by a powerful
“set of methods of mapping data into visual properties —
spatial and otherwise” [12:123], aiming to explore,
compare, portray and reveal evolution trends, relationships
or patterns.

The maps, as the expression of spatial communication
design, link various types of data visualization and provide
new means for interpretation. Today, fortunately, lots of
data with spatial connotation (geospatial big data) are
available to integrate large geodatabases and, subsequently,
attractive thematic maps. There are many trends in map
design that relate to a transdisciplinary approach.
Specifically, geo-knowledge teaching empowers graduates
to effectively engage with spatial data and this becomes a
key dimension to understand reality [19]. Traditional
concepts of cartography remain significant; however, it is
necessary to consider new technologies (web maps) and the
experience of interoperability that has brought change in the
way how maps are used [20].

The links between data visualization and technology are
obvious in a world in which volume, velocity, veracity and
variety of data seems to have no limits. The computational
development that has occurred in the last decades has
allowed more frequent application of more complex data
analysis (e.g. statistical, neural networks) and visualization
procedures. The accuracy and reliability of data is critical
when broad communicating is at stake, as in data
journalism. Using visual techniques is a key factor when
communicating academic results or data stories either to

peers or the general public.

C. Data journalism

Data journalism means obtaining, reporting on, curating
and publishing data in the public interest [21]. It is a
multidisciplinary field by definition. Specially, if we treat it
as a process or workflow, as described by some authors [21]
[22], [23]. For instance, Lorenz [22] suggests that in the data
journalism workflow, composed by four main stages —
obtain data, filter, visualizing, and transforming it into a
journalistic story (storytelling) — as we advance along the
process the information value rises to the public. So,
learning data journalism skills is important to report on data,
especially if one wants to broaden its audiences, as people
are in general more interested in stories than in simple data
being displayed. Data visualization is of extreme importance
for data journalism: “A well-designed data visualization can
give viewers an immediate and profound impression, and
cut through the clutter of a complex story to get right to the
point” [24:191]. Data journalism stresses the importance of
a multidisciplinary approach when visual information
communication is thought upon.

The geojournalism approach is based on the
development of maps and data visualization products that
simplifies cartographic rules and principles (maps
constructed by non-cartographers). Data journalism
emphasizes simple processes to carry out thematic maps and
other related visualizations [24].

D. Visual analytics

From a decision-making point of view, visual analytics
is the science of analytical reasoning facilitated by visual
representations of data (Figure 3). Being ‘“analytical”
implies the use of different types of analysis, data and a
systematic reasoning in order to make decisions [25].
Therefore, the area of visual analytics is highly linked with
performance management and business intelligence (BI). BI
systems are designed to gather, store, analyse, and provide
access to the different business users to the right information
in order to support their decision-making needs.

Typically, a BI system has four layers: (1) the source
systems where the initial data is stored; (2) an extract,
transformation, and loading (ETL) layer, in which data is
cleaned and transformed in order to be stored in the next
layer; (3) the data warehouse, which is an integrated
repository of clean, historical and reliable data for the
analytical process; and (4) the BI applications layer, in
which data is explored and visualized in different ways. The
fourth layer is also known as the “Getting data out” layer
[26], transforming data into information that will have a
direct impact in management of key areas of an
organization. Examples of BI applications include reports
(to detail what has happened), scorecards and dashboards (to
monitor the current status and provide alerts), OLAP (online
analytical processing to explore the data) and data mining
applications (to determine hidden patterns in data).
Detailing the area of visual analytics requires understanding
the different types of analysis that can be performed for
decision  support (e.g., simple reporting, alerts,
extrapolation, modelling, recommendations, predictions or



simulations). Depending on the type of analysis and the
final user, different Infovis techniques may be applied. Data
visualization in BI contexts needs to have a clear goal and
an awareness of the specificities of the business user or
decision-maker.

storyteling / )
Ihformation
oheoding

Figure 3. Bridges between visual analytics and other areas: exemplifying
bilateral synergies and curricular unit contents

The principles of information design and data analysis
and visualization should be used in the design of BI
applications. However, one finds several examples of BI
interfaces that do not comply with these principles [27].
Effective BI applications need to consider human-machine
interaction theories, including usability aspects, as well as
the entire user experience and the best practices of
information encoding (see Figure 3). Visual analytics also
uses storytelling, a basic technique in data journalism. BI
interfaces can be more effectively designed considering the
data stories of the business events that are being monitored.
Tableau Software® can be considered a self-service BI tool,
with an intuitive and user-friendly interface enabling the
exploration and visualization of data using data stories.

IIL CONCLUSIONS

This article proposes a conceptual model that explains
information visualization based on the interrelationship of
concepts such as data, technology, communication and
information. This model supports the curricular structure of
a new postgraduate program in this field, with 60 ECTS and
10 curricular units. This structure is organized around four
articulated areas — information design, data visualization,
visual analytics, and data journalism — constituting an
internationally innovative learning product in Infovis.
Definitions of each area were presented, as were the links
between them in the scope of information visualization. It is
concluded that, even if there are specificities in each area, a
common language may be adopted and synergies may be
generated. The debate on the matter will continue and new

challenges will certainly arise upon the implementation of
the postgraduate program, planned for the Fall of 2017.
Today, the use of technology in Infovis is unquestionable.
Designers, statisticians, data journalists and BI/visual
analytics developers use different technological tools to
provide interactive and digital visualizations. The program
promotes an integrated and coherent view of Infovis and
aims to train specialists in this relevant field; specially,
considering the challenges that lie ahead, relating to the
unprecedented generation of massive data.
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