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Abstract

This paper reviews some recent and classical, relevant
works on information visualization with a special focus on
those applied to big data. The central idea dealt in this
work relies on how to perform data mining tasks in a
visual fashion; that is, using graphical correlation and
interaction techniques. The scope of this review
encompasses visualization techniques, formal
visualization systems, and smart information visualization
models. As well, newest approaches consisting of
visualization and data mining integration process are
explained.

1. Introduction

The exponential growth of the amount of information
coming from all the fields of knowledge has naturally
caused a high demand for automatic data processing
systems. Typically, such systems extract meaningful
knowledge from Big Data through rules and models. In
this sense, data mining (DM) has shown to be a collection
of powerful techniques. Nonetheless, when dealing with
Big Data the resultant set of rules is usually represented in
a plain fashion, requiring then data analyst to have special
skills and expertise to understand such rules and patterns
to make the extracted knowledge more intelligible.
Because of this, data visualization and visual data
exploration play a relevant role in the knowledge
discovery in databases (KDD) [1], [2]. Data visualization
and smart information scanning tools offer a wide-spread
spectrum of possibilities enabling a better understanding
of data rules and models through multiple interactive
views of the information. Indeed, visualization stages
might be incorporated into the DM frameworks. For
instance, visual mapping techniques are currently used for
both making DM outcomes more intelligible and
facilitating users to understand how the methods work.
This wvisual interaction allows analysts to carry out
improved and more controlled KDD process, extracting
then knowledge more properly. Likewise, researchers have
found that visual information plays an important role
within the DM algorithms themselves. For instance, visual
mapping techniques have been used in two ways: To
export DM algorithm results in a more expressive way for
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the final user, and to help the understanding about the
algorithm performance [3]. Also, analysts can make an
improved control in the KDD process as well as a
knowledge extraction with better quality. In this paper, a
review about the relevant works in information
visualization (InfoVis) of Big Data is presented. Mainly,
discussed works are about the ways to do graphics
correlation- and interaction-based techniques by means of
visual DM. The present review is focused on visualization
techniques, formal visualization systems and models for
smart InfoVis.

This paper is organized as follows: In the first section,
basics and concepts on datasets, DM and visualization are
gathered. Section 2 explains different visualization
techniques and special considerations thereof. Next,
several visualization systems are described in Section 3.
Finally, Section 4 explores techniques for both improving
InfoVis using DM techniques, as well as generating
intelligible views of the DM results by importing some
InfoVis properties. Also, the newest approaches to
integrate visualization and KDD processes are studied,
which are aiming at improving the user interaction and
understanding.

2. Information representation

Information visualization, in short InfoVis, means the
use of interactive interfaces with the purpose of
representing datasets in a low-entropy way, being more
usable for the final user [4]-[7]. In other words, it makes
graphics models and visual representations supporting the
interaction with the user to explore and extract the
information that underlies the data [8]. Smart
visualization refers to graphical models built from the
representation of simulated objects (normally related to
concepts associated to phenomena of the physical world).
For instance, the data representation can be embedded into
a one- (1D), two- (2D) or three- (3D) dimensional model.
Additionally, in some cases, models includes a temporal
dimension. Then, time-space visual representation takes
place [8]. It is important to remark that data visualization
does not always represent physical variables from the real
world regarding the time effect. Mostly, visualization
represents abstract concepts, for instance the logging
information of an internet site, or the number of possible
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buyers regarding their preferences about a car brand
selection. Given this, each data unit or datum usually
describes many related features (four or more), which
have no a defined time-space nature. Raw data may be
represented in many formats, nonetheless a convenient
form to representing them is via structured arrays, so-
called tuples. The study presented in [9] defines the data
table modes as a format of data structure organized by
means of rows and columns that holds relationships,
moreover corresponding metadata establish  such
relationships and labels for rows and columns. Normally,
these arrays are organized so that the rows represent
variables, and the columns represent the cases (Then, a set
of values is arranged for each variable). The disposition
where the columns represent the variables and the rows
represent the cases is more common. The row and column
order in a data table should not be relevant in a general
rules definition out of data structure [10].

3. Clasification of Visualization Techniques

Keim and Kriegel in [11] group multivariate and
multidimensional visualization techniques in six classes:
geometric projection, icon based, oriented to pixels,
hierarchical, graphics based and hybrid. In both works, a
general description is given and the representative
techniques are compared. In Figure 1, the classification
provided by this author is graphically explained.

Data Visualization Techniques

Geometric +

Icon-based T

Distortion Techniques
Pixel-oriented

Hierarchical > Complex
~ Simple
Graph-based
Interaction Techniques
b |

; | ,
Mapping Projection Filtering Link & Brush Zooming

Figure 1. Data visualization techniques. Taken from Daniel A.
Keim[12]

3.1 Geometric projection

This technique gives support in works where users need
to find informative projections from multidimensional data
sets. It includes techniques of exploratory statistics
extensively used for processing data as principal
component analysis, factor analysis, multidimensional
scaling and classical scale graphics, where each couple of
features is projected into two dimensions (X and Y-axes).

3.2 Parallel Coordinates

The technique of parallel coordinates is widely known
[13]-[15]. It consists of mapping k-dimensional data on a
2D view, where each dimension is associated with a
parallel axis, so it should be drawn with k equidistant
parallel axes. Also, linear scaling linearly in a standardized
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way can be applied by associating the corresponding range
of attributes with the shaft size, if necessary. Each data
item is represented using a polygonal line that intersects
each axis corresponding to the items associated with the
attribute value of the data point. The technique is effective
to reveal a wide range of data characteristics, and their
different distributions and functional dependencies. The
major limitation of this technique is that it is not as
representative a small data set, so if this happens can lead
to error in the interpretation of the visualization. [10]
adopted a radial arrangement to coordinate axes called
Parallel circular Fua et al. [16] presents an extension
adapted to cope with huge data sets. His approach was to
deploy aggregation of information from the results of a
hierarchical clustering procedure. The cluster data can be
visualized at different levels of abstraction and using a
color code based on proximity cluster approach, as shown
in Figure 2. They also introduce an interactive mechanism
for dynamic navigation and hierarchical filters, it is
denoted as structure based on brushing [17].

Atr. 1 Attr. 2 Atir. 3 Atir. k

Figure 2. Parallel coordinates. Taken from Daniel A.
Keim[12]

3.3 Radial Coordinate Visualization
Other technique based on geometry for high dimension
treatment, Rad Viz [10]. The feature visualization is
associated to a radial line and its contour intersection, n
radial lines represent n dimensions, as seen in Figure 3.
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Figure 3. RadViz show a cancer lung dataset using gene
expression information.

Dots represent tissue samples, its color is about the
respective  diagnosis  (adenocarcionomas blue, cell
carcinomas Brown, carcinoid yellow, lung small cells
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carcinomas Green and normal lung samples red). Scaly is
shown as blue empty circles. Arrows show the
representative cases in the work. Taken from Minca
Mramor, et al.[18]

3.4 Visualization based on icons or iconographic

This visualization technique maps each
multidimensional item in an icon representation, the visual
features change as the date values. Chernoff faces is the
first approximation [19]. Features are mapped into faces
traits building an iconographic face, the shape of nose,
mouth and eyes represent the original data. The principal
issue of this technique is the subjective appreciation of
human faces; usually people focus on eyes expression
more than nose or ears disposition.

3.5 Pixel-based visualization

One pixel is used to represent values: different features
are shown in a set of sub windows, and the variations are
represented by a fixed color map [11], [20], [21]. The
technique, suitable for large multi-dimensional data sets, is
then categorized as "independent of query" or "query-
dependent". In the independent query technic’s, the pixels
arrays is fixed in the sub windows, independently of the
data values. In the query-dependent, the query items are
established in advance and distances from the values to the
given query values are computed using some metric. The
layout of the colors of the pixels is based on the
computation of distances for each attribute, and pixels in
each sub window are arranged according to their total
distances to the item of data from a query.

Figure 4 shows the visualization using two possible
pixels arrays, called, spiral and axes array (left and right,
respectively), produced from of set of dummy data with
normal distribution and five cluster. The set of data has
7000 records with eight attributes. Adopted color code
ranges from the range of colors from yellow to green,
blue, dark red, and a dark gray color, based on the distance
from the item of data to the correct answer to the query:
the items of data that best satisfy the query are colored
with light yellow and those who are further away are
colored with black. In Figure 4, the sub window upper-left
corner in each visualization represents the color code and
the array of data items in each case (spiral and axes). In
general are called result windows, in which the pixels that
represent each item are placed according to their overall
distance relative to the exact answer that satisfied the
query. The rest sub windows show the behavior of the
eight attributes regarding the query. The pixels for each
item are placed in the same relative position as general
appeared in the results window. The regions of different
colors allow identifying data clusters with a comparable
distance and correlation between different attributes.

Figure 4. Visualization based on spiral pixels (left) and axes
(right) using query dependent pixels array whit a 7000 records of
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dummy dataset and 8 attributes. Taken from [22]

3.6 Hierarchical

This technique subdivided the k-dimensions of the data
space and organizes subspaces in a hierarchical way. This
form of representation is known as "worlds within other
worlds" [23], [24] and dimensions stacking [25]. That two
techniques can be mapped the data table described in a
non-hierarchical k-dimensional space on a hierarchical
view in to 2D space. Treemaps [26] and Cone Trees [27]
also are examples of hierarchical visualization technique,
but they take on a hierarchical structure without the data
space and thus its objective are not directly the data.

3.7 Graphic-based approaches

This technique allows for visualizing large graphics
using specific algorithms of layers, query languages and
abstraction techniques [28]-[31] to convey their meaning
clearly and quickly. There are many other approaches and
systems with specific objectives in the domain field, that
appear on the category network, which are described in
Section 6.

3.8 Hybrid

This technique integrates multiple visualization
techniques, either in one or more windows to enhance the
expressiveness of the visualizations. This methodology is
a very useful resource and most techniques rely heavily on
the dynamics and interaction.

4. Classification of visualization systems

Card et al. [9] adopt an alternative approach to the
categorization of visualization of the information,
grouping the applications on 4 different levels. At the
highest level are visualization tools that allow users visual
access to external data collections with intermediate
development environments, such as the Internet or online
databases on a server. On the second level are the tools
which aims to provide support to users in the execution of
tasks, allowing quick access and highly interactive
visualizations of representation of information in the
workspace required by the task. They are the spatial work
tools that argue its use in give ability to interact within the
workspace information. On the third level are visual
knowledge tools that display visual representations of
some data and a set of controls to interact with these
representations where the users can determine and extract
the data relationships. This category covers most of the
tools that are used to represent knowledge from data
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tables. Finally, on the fourth level they are improved
visualization objects that focus on providing additional
information about an object from the intrinsic visually. A
good example is the medical visualization of a human
organ using direct visualization of the volume to represent
internal structures. The knowledge visualization tools are
also categorized based on the types of visual structures
that they adopt. The concept of Visual structures involves
how the space is used to encode the information, or in
other words, the use given to the dimensionality of the
represented data. Most common visual structures are:
Physical refers mainly to the representation of the data
that has a direct correspondence with the real world
objects, essentially this is scientific visualization. These
include techniques for construction and visualization of
3D information, of objects of the real world as the human
body, buildings, or molecules with the purpose of
extracting information.

1D, 2D, or 3D refers to visualization that encodes the
information into marks pointing out geometric coordinates
on orthogonal axes. 1D visualization structure is used
frequently to represent time-lines and documents, usually
as part of a large structure of visualization. They also have
the ability to allow control by themselves, using
navigation and scroll bars indicate the range of values for
a particular parameter. Examples of 2D visualization
structures are scatter plots and matrices of scatter plots. 3D
visualization structures are commonly for physical data,
but also often used for compositions of 2D and 3D
visualizations in abstract representations.

Multi —d are development that manage information
visualization of abstract objects that have many attributes
to be encoded directly in 1D, 2D or 3D; often, multiple
attributes are not of the nature of the primary space, and
do not have explicit structures or relationships. Scientific
visualization also offers the possibility of Multi-D
representations, but many of the scientific dataset have
spatial attributes which are decisive for creation of
visualizations. The most common tasks that can be
supported by this kind of development involves obtaining
knowledge of the data, how to find patterns, relationships,
clusters and outliers, or find specific items using
interaction as approaches actions, filters, and selection.
Trees and networks denote how visual structures used
connections and attachments to encode data relationships.
These correspond, with some exceptions, the groups of
hierarchical techniques based graphics and classification
of Keim. The hierarchy naturally occurs when described,
for example, taxonomies, organized structures, and
managing information on the disk. The purpose of
visualization techniques is the simultaneous control of
many nodes, not the whole tree, while providing
mechanisms for browsing and searching that allow users
to retain the overall structure of the tree and reduce
disorientation. Hierarchies are similar to Multi-d data in
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the sense that its nodes usually contain a number of
favorable attributes. Visualization of network structures
often describe data consisting of nodes that also show the
relationships  between different points, additional
information related to the items of data or connections.
Much of the work in this field has already developed,
however, the complexity of relationships and tasks the
user especially in large networks, still leaves much to be
done. Applications of this type of structures seen in areas
such as networking and traffic management, digital
libraries, and the visualization structure of World Wide
Web (WWW).

Interaction gives the user the possibility to be able to use
their perception of information when visually explore data
sets [32] and virtually all visualization techniques are used
in combination dynamics and interactivity. The ability to
interact with Visual representations can greatly reduce the
inconveniences of techniques, particularly those related to
the disorder and the overlapping objects, providing the
user with mechanisms to handle the complexity of large
data sets. [12] identified two categories for the interaction
techniques. The first group includes those operating on
visual representation to allow to visualize large data sets.
Mainly, many of these techniques have been designed as a
component integrated into the tool, whose objective is in
the specific domain and can currently be seen as
visualization technique on itself, as view of FishEye for
graphic visualization and hyperbolic trees for visualization
of hierarchies. The second category includes those
techniques that support more effective exploration of data
because it allows a dynamic and interactive mapping of
attributes to display parameters or direct interaction with
visualization models, the best known examples are
Linking-and-Brushing [33], dynamic queries [34], details
on request [35]. Note in [36] a brief description of these
and other interaction techniques and references.

Many of the visual exploration systems work on
interaction techniques, some of these are available in
academic tools (XmdvTool [37] and XGobi), other are
available in commercial distributions (IVEE [38], now
SpotFire). There are many web-based resources for
exploration and data visualization.

5. Formal visualization models

The creation of visualization so far has been considered
as a complementary process, without any formal method
design, engineering, or evaluation, however, some studies
have attempted to formalize the process of visualization.
The usefulness of these formal models is very relevant.
Firstly, because they offer a guide consistent to the user on
how to address the process of visualizations from the data.
Secondly, many of them can help to partially automate the
process of creating visualizations. Thirdly, these models
can provide an objective based on the comparison of the
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effectiveness of different views on the same data to select
an effective task and thus be able to give new insights into
the creation of new techniques. Much of the previous
work on visualization models have aimed to both graphic
presentation [39], [40], and scientific visualization [24],
[41]-[45]. Many research efforts have been carried out
with the purpose of automating the visualization process
influenced by the presentation tools that have been
developed [40]. Although it is important to mention that,
these do not offer much help in analyzing visualizations in
high-dimensional data tables such as scientific data, since
these differ from the natural data. A notable exception is
the reference model for state data proposed by Chi and
Riedl [46], using a framework for characterization
operations of the different techniques of visualization. Chi
[47] argues that, although the taxonomy of visualization
techniques help end users to dominate data, they do not
help to implement an understanding of the design options
and the potential applicability of these techniques. State of
data model (see Figure 5) is used as a basis for
visualization taxonomy.

VALUE
STAGE
OPERATOR

DATA
TRAMSFORMATION

ANALYTICAL
ABSTRACTION

VISUALIZATION
TRANSFORMATION

WISUALIZATION
ABSTRAGTION

ANALYTICAL
STAGE
QOPERATOR

VISUALIZATION
STAGE
OPERATOR

WVISUAL MAPPING
TRANSFORMATION

VIEW STAGE
OPERATOR

Figure 5. Reference model of States of data for visualization
of information. Taken from Chi [46].

This model breaks the source of information inside of
four data states and puts a Data Transformation operator.
The steps reflect the nature of the data while they are
transformed. In the initial stage -called value data-, the
operations are applied to the original data. Likewise, in the
Abstraction Analytical Stage, the operations are applied on
metadata or information extracted from the data,
meanwhile in the Abstraction Visualization Stage, the
operations are applied to the visual information displayed
on the screen. Finally, in the View Stage, the operations
are applied on the visualization as a whole. The data
processing operations are of three types, and transform
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data from one stage to another to produce manipulated
data abstraction at every stage along the information
visualization. The operators of the framework created by
Chis provide a conceptual model that extracts all critical
visualization operations (significant interactions of users)
throughout the process information visualization, enabling
the identification of important design artifacts. At the
same time, this allows to end users to get better results
while carrying out the visualization process, creating a
simple understanding of the operators that are being
applied, when it can be applied and what it can do. Final
users can predict the results of many of the actions of the
interactions and choose the appropriate operators to get a
desired result. Designers can classify and understand the
relationships between operators and the composition of the
interactions and identify similarities between the different
techniques, having the potential to strengthen the system
modularization and standardization.

6. New approaches to

information visualization

Much of the commercial software systems marketed as
Visual Data Mining (VDM) has a high component of
visual interaction for data exploration, with many levels of
support for the pre-processing data, external database
connections, and possibly, data mining algorithms. The
biggest challenge with this type of tool is that many have
not standardized the visual techniques that are scalable
respect to large data. Grunenwald and Goebel [47] [48]
conducted a survey of several data mining tools and
knowledge discovery both commercial and academic, and
the revised total of 42 products, 23 said include resources
to observe the analysis conveniently (Visualization
Models ) and 10 also included to facilities for explore the
data analysis. However, the visualization have not a
important role that supports data mining (DM), this is not
widely integrated into commercial software. Many data
analysis using visualization as part of a process of
integration strategy of data mining and visualization to
get a goal, an approach commonly found in many research
applications and Visual DM techniques. As noted by
Wong (Wong, 1999), usually analytical techniques
extraction does not rely on visualization. Many of the
works that describes the approaches and applications
Visual DM techniques are classified into two categories.
The use of visual exploration systems or techniques that
support a target of extracting knowledge or specific data
mining task, or the use of visualization to display the
results of a mining algorithm, as a cluster or classification
process, and this mode provides greater understanding of
the results to final users. Below are described some cases.

intelligent

6.1 Visual data exploration mining
The tasks of data mining usually require techniques
capable of handling large multidimensional data sets, often
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in the form of data tables or relational databases. Parallel
coordinates and scatter plots are most often used in this
context. Also, interaction mechanisms for filtering,
consultations and selection of data are usually required to
handle large data sets. This point is strongly emphasized
by Inselberg [49] in a paper that illustrating the strong
integration of parallel coordinates with effective and
interactive consultation mechanisms with visual signals in
the discovery process. Hoffman et al. [50] describes a case
study showing how the technique of visual exploration of
higher dimension as RadViz, parallel coordinates and
graphics Sammon [51], have used a combination with
classifiers based rules and neural networks to classify the
DNA sequences. Cvek [52] wused analytical and
visualization techniques to mine the data set of functional
genome of yeast. They compared exhaustively
classification and clustering techniques on the same data
set, showing the application of parallel coordinates, circle
segments and RadViz, helped to get the expected data, and
visually compared and contrasted analytical techniques.
These and other writings and websites describe the mining
and visualization tools applied to Bioinformatics [53]
clearly shows this domain as one of the possible
challenges of research in mining and visualization.

6.2 Viewing Mining Model

Another typical use of visualization on data mining
consists in to make converge the results of mining tasks,
such as clustering or classification, to facilitate the
interpretation of the user. As example, is presented the
tool BLOB and BLOB H-clustering algorithms [54][55]
tool, that using implicit interfaces for display data cluster.

6.3 Visual data mining

Wong [56] argues that, instead of using tools of visual
data exploration and data mining algorithms separately,
strong strategy of data mining would be to merge
processes of data mining and information visualization in
one data analysis tool. Many mining techniques involve
different phases of math that require the user intervention.
Some of these can be complex and visualization can
withstand processes involving decision making. From this
perspective, a technique of visual data mining is not just a
visualization technique being applied to exploit the data in
some phases of a data mining process, but data mining
algorithm with visualization can have better performance.
Although current data exploration systems will certainly
play an important role in the future and is likely to
visualization systems with data mining must change to
adapt to the new paradigm.

6. Final remarks
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This papers presents an overview of works on the
incursion of smart visualization techniques for
representing information as a key stage for designing Big

Data analysis systems. As discussed, visualization
techniques has enhanced the data mining tasks
performance by introducing visual tools into the

knowledge discovery process. One of the most important
benefits is that better understanding of the rules and
patterns is brought visually closer to the user.

Still, since the use of InfoVis within the Big Data and data
mining context is relatively new, there are many open
issues and challenges to deal with. Develops in this
emerging topic may significantly contribute to the field of
data exploratory analysis.
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