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Abstract: The analytics of data holds an important function by the reduction of the size and complicated nature of
data in data mining. Data Visualization is a major method which aids big data to get an absolute data perspective
and as well the discovery of data values. Since the visualization techniques are so enormous, it can at times be
difficult to know what appropriate technique to be used to visualize data. The purpose of representing data
visually is to basically give an interpretation to what is insight without difficulties. At different point in time, the
visualization techniques are being used to carry out different task which as well communicates different level of
understanding. In this paper, we examined various data mining visualization techniques and how they can be well
understood and utilized and then we made discussed our contributions in making research about the adequacy and
inadequacy of data visualization technique in handling big data.
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I. INTRODUCTION

Data as a raw fact are gathered together through different fields of study. Therefore there calls for an immediate need for
the new generation of different tools and techniques which will help to derive useful and authentic knowledge from the
fast growing data volumes, hence these techniques forms the subject matter of the newly independent knowledge
discovery field in database (KDD). Hence, the need for Big data visualization; in section two of this study we discussed
about the concept of Data Mining (KDD), Big Data and data visualization and also in section four we talked about the
plot map of data visualization in data mining, in section four we discussed the various data visualization techniques in the
discovery of knowledge and how they can be applied. Section five contains our discussions and contributions in carrying
out a research about the adequacy of how the data visualization technigue can handle big data and this was represented in
a table and then in section six we concluded our study.

I1. CONCEPT OF KDD, BIG DATA AND DATA VISUALIZATION
A. Data Mining (Knowledge discovery in Database):

Knowledge discovery in database makes use of various fields which includes business, statistics, computer science and
also a structure of methodologies of which there are still more to the following: Artificial Intelligence (Al), machine
learning, acquisition of knowledge for expert systems, machine learning, etc. Knowledge discovery in database recurs
round examining and inventing or creating knowledge, the algorithms involved, processes to be used and as well the
necessary mechanism that will be used to tackle the recovery of potential knowledge. A particular part of this activity that
is very vital is identifying the direction and patterns from metadata through, which involves the semantic level that
indicates the relationship of an entity. The technique of knowledge discovery in database has turned out to be a success
with the huge scientific databases, which is notable in astronomy used to classify sky objects. Furthermore, business and
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industrial oriented databases in finance, internet agents, marketing and manufacturing are combined with some
applications [16].

Knowledge discovery in database is the removal of absolute, unknown information from data that has the great possibility
of being useful. Assuming we have some facts (raw data) F, and a language (L) and a measure of certainty (C), then we
can describe a pattern as being a statement (S) in language (L) in which relationships are being defined amongst a subset
(Fs) of fact (F), which has certainty (C), whereby statement (S) is easier than the list of facts in (Fs). Therefore, when a
pattern is interesting (according to a user-imposed interest measure) and it’s adequately certain (again according to the
user’s criteria), then that is known as Knowledge [6].

A good example of the type of knowledge that is being sought for is the relationship that occurs between data. For
instance, when a cosmetics seller get to know that a large number of his customers who buys perfumes also get to buy
roll-on deodorant about 85% of the time. This is likely to have a commercial benefit such that the seller can decided to
now change the location of the roll-on deodorant very close to the perfume, so as to increase the sales of both the perfume
and the deodorant. We can consider an example such that we identify the current trend of a sales in a specific area or
district which are either increasing or decreasing. Such information can help the decisions of the top level management
also called the strategic managers though it is a bit of a constraint to get useful information from huge amounts of data
that are stored.

B. Big Data:

The idea of big data is being confined to the field of computer science since the inception of computing. Initially big data
is defined as the volume of data is difficult to adequately process because of how “big” the data is by the traditional
database tools and techniques. Whenever a new medium of storing data was created, the amount of data that accesses it
blows up all because it is being accessed without difficulty. Initially, structured data was being focused on immensely, but
a lot of researchers and professionals later understood that a larger portion of information of the world is being vested in
very huge and unstructured information, enormously in image and text form. We can say big data is the amount of data
that is just too enormous beyond the ability to store, manage and process the data in an efficient and effective manner.
Hence, these imitations have been recognized with the help of a robust analysis of the big data, its definite processing
needs and how capable the tools are (software, hardware and methods) used to analyze it [14].

Big data also means making equivalent chances available for businesses to accomplish faster and greater perception that
makes decision making stronger, also increase the experiences of customers and speed up the innovation pace.
Unfortunately, nowadays majority of the big data does not yield value or meanings and businesses are over powered by
the huge and various amount of data flowing into the day to day operations, and by this, such businesses find it so difficult
to store up the data let alone interpret, present and examine the data in ways that are much significant [4].

C. Data Visualization:

When we talking about data visualization, then we mean act of data presentation in a graphical or pictorial layout. Data
visualizations helps top management who are the decision makers to view analytics being visually represented, so it
makes them to easily understand the complex ideas and identify the new structures or patterns. When visualization
becomes interactive, then we are able to push the concept a little further thereby using technological tools to grasp more
details from graphs and charts, therefore making changes to the data that is being seen and how such data is being
processed.

It also means putting data forward and representing them in a particular methodical layout which contains some variables
and attributes for bringing about information [8]. Visualization-based data discovery techniques gives room to business
owners to make up sources of completely different data so as to invent custom analytical views [4].

I11. APLOT MAP OF DATA VISUALIZATION IN DATA MINING

There are different ways in which data visualization can be accessed, it solely depends on the area of interest of the
researcher that is involved. The main thing here is data visualization being able to make knowledge known about the data
that is being visualized. A number of times, professionals in the area of graphics and animation are much bothered about
multi-dimensional data, all their work is focused new and different methods of presenting data in a graphical form and
also the issues that surrounds its implementation. Also professionals in the area of Human Computer Interaction (HCI) get
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bothered with the way multidimensional data is being visualized, but along the way, they may end up making use of a
visualization method that is already in existence and their focus is now based on the way the user relates with it.

In a quest to adequately understand the part that data visualization in discovery of knowledge and data mining plays, a
few techniques for the representation of multidimensional data is being discussed. Data visualization techniques is being
used to represent data regardless of any mathematical analysis or any other one. Hence if it is being used in this particular
way, then the method or technique could be considered as a data mining technique. Furthermore, there are visualization
techniques that are used to depict knowledge that were recognized by some data mining techniques [9].

When we want to begin with selecting some data in knowledge discovery process, the mathematical or probably some
more techniques are being used to obtain knowledge from that data, so therefore the point of origin for the process could
be a visual representation of the data. When the kind of scenario occurs, the representation then acts as an investigation
tool. More so, the knowledge that is now found can be represented by a data visualization technique which is being used
at the end of the process. Take for example, for us to monitor a progress or even to represent a chosen subset of data,
some data visualization tools can act either at intermediate steps or during knowledge discovery of data.

IV. DATA VISUALIZATION METHODS

Over the years, lots of visualization methods have been developed, so as to be able to represent large information and as
well as examine them, and these methods comprises of characteristics like usability, interactivity, interface features etc.,
and because of this, they are not difficult to use. These methods are being used to visualize data because they have an
evaluation mechanism. These methods are: histogram, line chart, table, pie chart, bar chart, scatter plot, bubble plot, area
chart, flow chart, Venn diagram, data flow diagram, time line, multiple data series, entity relationship diagram, cone tree,
semantic network, tree map and parallel coordinates. etc. [8]. In the section below, we are going to discuss some of these
data visualization techniques.

A. Line Chart:

A line chart displays the relationship between each variable on the chart. Line charts are frequently used to make
comparison between lots of items at the same time. The stacking lines are being used to also make comparison between
the trends for multiple variables. One might decide to make use of the line charts when a variable change needs to be
displayed. Take for example, there are 12 data points to plot or show, the best way to make those points understandable is
to just display them in an order using a table [10]. The fact that one has some data points to plot or display doesn’t mean
that line graph is the best to pick, but you should consider the number of data points that you want to display which will
tell the best visual method to pick. Data points are mostly being connected by a straight line, and line chart is actually an
extension of Scatter plot. Some specific symbols and icons are being used to represent data points in a line chart [3].
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Fig.1 Line charts displaying the relationship of one variable to another. Shown here, different category line charts makes
comparison of multiple items over the same time period [29].
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B. Bar Chart:

Bar chart is as well referred to as column chart and they are used to for comparison of items of different groups. The bars
are used to represent the various values of a group and the bar chart makes use of both horizontal bars and vertical bars
[10]. When the values to be represented are clearly different and such differences in the bar are been seen by human eye,
then one can decide to make use of a bar chart, but when there are very huge numbers of value to be displayed, then it
might be a bit more hard to make comparison between the bars. Most times, bar chart is used to represent discrete data
and it is as well used to present single data series while the data points that are related are often being grouped in a series.
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Fig.2. Displaying a simple Bar chart [21]
C. Pie Chart:

It is as well-known as a circle graph. A pie chart shows information statistics and data in a way that is not difficult to read
called “pie-slice” form and the various sizes of slice shows how much of an element is in existence. When the slice is big,
then it shows of the data was gathered. It is also used to compare values of data and the moment some values are
represented on pie chart, then you will be able to view which of the items is the least popular or which is more popular
[4]. The best and effective way to make use of a pie chart is when they contain a few components and when the
percentages and texts are also involved in order to define the content. . By providing additional information, report
consumers do not have to guess the meaning and value of each slice. If you choose to use a pie chart, the slices should be
a percentage of the whole [10].

A wedge is used to represent a data parts that has the same characteristics and the pie chart control usually decides the
data wedge size when it’s being compared with the other data wedges. Pie charts consist of two popular variations called
Doughnut chart and Exploding pie chart. The Doughnut chart are almost same as the standard pie chart just that it consist
of hollow center and the exploding charts, the wedges are being obtained from the other wedges [28][11].

Fig.3. A simple Standard Pie chart [30]
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Fig.4. A simple Doughnut Pie chart [25]
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Fig.5. A simple exploding Pie chart [22]
D. Table:

Table is simply the arrangement of data using rows and column. In conducting research and analysis of data, the role of
table is very important. Tables are simple to understand and analyze and it’s simple to interpret the method of data
representation. A row is a representation of variables and column is as well a representation of records that have set of
values. . At times, this order of arrangement can be changed, i.e. rows could represent records and columns represent
variables [9] [7].

Average annual expenditures for selected categories of consumer spending, by housing tenure, 1986

and 2010
Homeowners Renters
Sxpenditure 1986 2010 :ﬁ :‘:g“: 1986 2010 E:;‘:g":

Annual expenditures $56,050 $55,780 0 $33,524 $33,460 ]
Food 7,907 6,820 -14 5,169 4,802 -7
Food at home 4,580 4,000 -13 2,972 2,902 -2
Food away from home 3,327 2,820 -15 2,196 1,900 -13
Housing 16,637 18,503 11 11,038 12,843 16
Apparel and apparel services 3,030 1,781 -41 2,111 1,544 27
Transportation 11,609 9,056 -22 6,408 5,046 -21
Gasoline and motor oil 2,147 2458 15 1,285 1,511 18
Healthcare 2,837 4,016 42 1,313 1,518 16
Health insurance 943 2,314 145 406 209 124
Entertainment 2,775 3,088 11 1,486 1,390 -6
Personal insurance and pensions 5,368 6,665 24 2,374 2,907 22

MNOTE: For comparison, 1986 dollars were converted to 2010 dollars.
SOURCE: U.5. Bureau of Labor Statistics.

Fig.6. Shows a simple table [26]
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D. Scatter Plot:

A scatter plot is described as a 2-dimensional plot which displays the joint variation of two data items. A scatter plot is
also called a scatter chart, scatter diagram, scatter graph. For a scatter plot, observations are being represented by each
marker and the marker position usually indicate value for the observations. A scatter plot shows data in Cartesian
coordinate in a graphical display which displays the relationship that exist between two variables in which one is
represented as a vertical distance and the other as horizontal distance [15].

The moment you have all the data plotted on a scatter plot, you will now be capable of determining in a visual form if the
data points are related or not. Scatter plots can help you know how the data points are scattered or spread across the graph
and also you will know they are closely related [10]. A scatter plot will display the variables and how strong they are
related and you can also know how far the data are scattered [17].
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Fig.7. Basic scatter plot of two variables [27]

E. Bubble Chart:

A bubble plot is some degree of difference of a scatter plot and the markers in it are being substituted with bubbles and
this is possible only we have a set of data points which has three values contained in each data item [24]. It shows the
relationship that exists between the minimum of three variables. Two of them gets represented by the plot axes i.e. x-axis
and y-axis, while the third one by the bubble size and each bubble is a representation of an observation.

Bubble plot is used with a lot of value, say hundreds of them or also used if the values are somewhat different by
numerous structure of magnitude. Colors are being used to represent an additional measure and the bubbles could be
subjected to animation in order to show data changes over a period of time.

The bubble plot is also very useful in project management in comparing the rate of risk and success involved in executing
a project and where there are three values as net present values, then the probability of success and the total sum represent
the bubble size [5].
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Fig.8. Showing a simple bubble plot [19]
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F. Parallel Coordinates:

The parallel coordinate technique makes use of the concept of networking a multi-dimensional point to some axes and all
of these are parallel to each other. In these technique, single data elements are being plotted across many dimensions and
these dimensions are connected unto a y-axis and each object of the data is shown along the axes as a series of connected
points [18]. The parallel coordinate is important if you want to show a multidimensional data and a lot of these
dimensions are being organized and expanded by this technique.

When there is a line that forms a single polygonal line for all the occurrences represented, then it connects the individual
coordinate mappings. Therefore the number of dimensions that is being represented is not limited at all. This visualization
technique is applicable in areas such as: computer vision, air traffic control, computational geometry, robotics and data
mining [1].

A good advantage of this visualization technique is that it usually represents lots of dimensions without limits. Though,
you can encounter a case such as the polygonal lines being overlapped which causes difficulty in identifying
characteristics in the data and this caused when you have many points that are being represented when engaging the
parallel coordinate approach [2].
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Fig.9. Showing a parallel coordinate [20]
G. Tree Map:

A tree map is a visualizing technique that has the attribute of showing data in hierarchy in a nested or layered rectangle
form [12]. It is a very effective technique that is used to visualize structures of hierarchies. User are able to compare nodes
and sub nodes at different depth and also they are able to identify expected results and patterns. A lot of data set have the
hierarchy characteristics and the objects are thereby divided into different divisions, sub divisions, etc.
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Fig.10. Tree map display hierarchical data [23]
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These data visualization techniques that have been discussed are just a few of the several visualization techniques used for
data mining. There are some general key features of visualization-based data discovery techniques, they are as follows
[4]:

» Support online creation of dynamic, interactive presentations and reports.

» They allow end users to interact with data, often on mobile devices.

» They give room for real time data analysis.

» Gives room for users to share and collaborate securely.

» It holds data in-memory, where it is accessible to multiple users.

V. DISCUSSIONS

In this section, we will discuss our views and research contributions on the properties of the data visualization techniques,
i.e. showing how adequate or inadequate the data visualization techniques can handle big data, and this will be
represented by the table 1 below. Big data comprises of some characteristics that affects its operations, these
characteristics are also known as the 3Vs of big data. They are: Volume of data, Variety of data and Velocity of data. Data
volume is the quantity of data that is made available to a company or organization and they don’t have to own all of the
data as long as such data can be accessed. It majorly deals with the size of data and this can be measured in terabytes,
petabytes, Exabyte, etc. Variety gives a measure of how rich the representation of data is and this can be in audio, videos,
texts, images, etc. and they can be either semi structured, structured or unstructured. Velocity is the process by which the
speed of data creation is measured and also the speed of streaming it and as well the speed of aggregating the data is being
measured.

TABLE I: THE DATA VISUALIZATION TECHNIQUES PROPERTIES

TECHNIQUES LINE BAR PIE TABLE SCATTER | BUBBLE PARALLEL TREEMAP
CHART | CHART | CHART PLOT CHART | COORDINATE

VOLUME - - + + + + + +

VARIETY + + - + + + + -

VELOCITY + + + + + + +

VI. CONCLUSIONS

The main focus of this paper is to give a brief survey of some of the multi-dimensional visualization techniques that are
used in data mining, knowing fully well that the techniques are not limited to the ones that have been discussed in this
paper as there are much more to this. Data mining is a field of computer science that is fast emerging most especially in
the business sector of our economy and lots of research is being done every day as pertaining this aspect and it is so
unfortunate that are business sectors are still not getting the exact result they want when trying to visualize their data
using any of the data visualization techniques. One main reason why this challenge is still persistent is because these
techniques are being put to use wrongly, many of our business people still don’t know what technique is best to use when
they want to carry out a particular task and so they end up choosing the wrong visualization technique for the right data
and they eventually end up getting wrong results. The use of the data visualization techniques used in data mining could
be interesting and at times challenging as well, it all depends on how effective you put it to use but for you to be able to
choose the best underlying visualization technique to display your data effectively, you must first of all understand the
data want to visualize with its size and cardinality (the uniqueness of data value contained in a column), also you should
determine what you are trying to visualize and the type of information to be communicated, also you suppose to have a
good knowledge of your audience and understand how it processes the vital information and lastly, you should make use
of a visual that carried the information in the best and easiest way to your audience or end users.
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