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Abstract. As result of the progressive technological trend, huge amounts of da-
ta from different subjects and areas are continuously generated and classified on
a daily basis. In the past, the main problems were the preservation and publish-
ing of data sets, but today, one of the main challenges is the presentation for
better understanding of the data. The appropriate visual representation of a giv-
en data set is the basis for a precise and consistent interpretation, analysis and
adoption of empirical conclusions related to the semantic meaning of infor-
mation. In this paper, we present an overview of data visualization techniques
and their practical application, starting from the acquisition of an unstructured
set of publicly available data, their proper preprocessing and organization, and
the visual representation for the end user. The nature of the data is related to
the emergence, potential and development of various types of cancer diseases
officially registered in different geographical regions. We present an interactive
system that implements several visualization techniques.
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1 Introduction

Visual communication and interpretation of data are scientific disciplines that can be
applied in almost every sphere of our everyday life. Graphic expression and
representation of information becomes an industry standard and methodology through
which it is possible to emphasize the domain of values for the attributes that describe
the information [1]. The result of intensive technological growth and development is
the continuous generation and processing of data sets of various domains.
Accordingly, the main challenge is identified in the way the information is made more
familiar and comprehensible to the end user [2].

Basically, there are a number of techniques and approaches for visualizing data
whose application depends on several factors and parameters, such as: the nature of
the problem, the type of end-user, the purpose of visualization, the further
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applicability and scientific research goals, the structure and domain of data values, the
size of the data and their specific semantic meaning [3].

There are different categories of visual representation techniques [4] [5].
According to application analysis, the most commonly used categories of
visualization techniques are: 2D area, temporal, multidimensional, hierarchical, and
network representation [6]. Within each category there are different graphical
interpretations whose application depends on the nature of the data, the main scheme
and structure, as well as the aim of visualization. Each representation has its own
advantages, and limitations as well, especially in the part of the information represen-
tation and the context associated with it. For example, to present statistically pro-
cessed data, one could chose techniques from the multidimensional and hierachical
categories, such as pie charts, histograms, scatter plots, ring charts, dendrograms, tree
diagrams. The hierarchical category techniques are commonly used for data groups
and subgroups with a relationships among them. For representation of linear time data
within specified time intervals, which may or may not overlap, the most commonly
used are temporal techniques, such as polar area diagrams, time series diagrams and
connected scatter plots. When it comes to representing data related to geographic
locations, then the techniques from the 2D area group represented by cartogram, map,
dot distribution map, and choropleth are undoubtedly applicable. Graphical
representation of data that is interconnected and correlated considers network visuali-
zation techniques, and as such, node-link diagram, matrix, Alluvial Diagram etc. [7]
[8]. Some of these techniques are subject to our processing and analysis.

Our work is aimed at processing a large data set consisting of real data and its
graphical presentation [9]. Our aim is to develop an application tool that can serve as
supporting tool in a system for analysis and knowledge discovery of medical data.
Given the fact that data consists of sensitive data related to the development of cancer
diseases, of the utmost importance is the selection of the most appropriate techniques
that will bring the critical parameters closer to the end user. Also, emphasizing the
advantages and limitations of techniques, we obtain a valuable basis for further
analysis and structuring of the database by adding/deleting new/old data in the
database or visualization techniques [10] [11].

The paper is structured in three main sections describing the entire process of
selection and implementation of the graphic representations related to the domain of
interest.In the first section we present the process of collecting, structuring and pro-
cessing the data of interest to obtain a format suitable for creating a data scheme and
relational dependencies. In the second section we identify the main entities, their links
and the domain of values. Within the content, the ER diagram is presented as a base
for the main relational database. The third section presents the implementation of the
proposed visualization techniques. The end of the paper is dedicated to the conclu-
sions and identification of the further work.



2 Data Collection and Processing

For the purposes of selection and application of data visualization techniques, we
decided to download a publicly available data set with information on the current state
and potential development of cancer diseases (publicly available data related to the
development of cancer diseases on five continents divided in different geographical
regions in a period of 5 years).

The data set have been downloaded from the official portal of the CI5 - Cancer In-
cidence in five continents project, which stems from the long collaboration between
the International Agency for Research on Cancer and the International Association of
Cancer Registries [12]. Data is collected and processed by a network of over 5800
members of the National Cancer Registrar Association (NCRA). The processed data
is reviewed and published by 30 official editors who represent the CI5 project. The
main register of cancer data is divided into three segments: CI5 IX - Cancer Incidence
in the Five Continents Volumes | to X, which presents the data published in the first
ten volumes of CI5, Cl5plus - Cancer Incidence in the Five Continents Time Trends
which contains annual incidence for selected cancer registries published in CI5 for the
longest possible period and CI5 XI - Cancer Incidence in the Five Continents Volume
X1 which contains data from volume XI.

For the purposes of our work, we have used the following segments and periods:
CI5 - VIId (1987 - 1992), CI5 - VIIId (1992 - 1997), CI5 - 1Xd (1997 - 2002), CI5 -
Xd (2002 - 2007). Each segment contains cancer diseases parameters for specific
regions, where each row is characterized and described by the following attributes
(presented in Figure 1): gender, identification number for cancer, age, registered
number of cancer cases grouped by age and number of risky cases also segmented by
age.

1 (0a-97 All sites 1,Algeria - Setif 1,1,1,1,21,430764
7 (89-97 but C44 All sites but skim 2,France - La Reuniom 1,1,1,2,38,3604596
3 (@a-14 Oral cavity and pharymx 3,Mali - Bamako 1,1,1,3,27,2%0060
4 (8o Lip 4,Uganda - Kyadondo County 1,1,1,4,30,227276
5 C81-82 Tengue 5,Zlimbabwe - Harare 1,1,1,5,21,201600
& (81 Tengue, base of 6,Z1ababwe - Harare: African 1,1,1,6,28, 168448
7 8z Tongue, other and unspecified parts 7,Zimbabwe - Harare: Eurcpeanl,1,1,7,3%, 142544
8 C83-06 Mouth 8,Argentina - Concordia 1,1,1,8,40, 106744
9 @3 Mouth, gum 9,Brazil - Belem 1,1,1,9,43,55392
10 (84 Mouth, floor of 18,Brazil - Golania 1,1,1,10,57,52252
11 @5 Mouth, palate 11,Brazil - Porto Alegre 1,1,1,11,87,52748
12 (o6 Mouth, other and unspecified parts 12,Colombia - Cali 1,1,1,12,104, 47412
13 Ce7-03 Salivary glands 13,Costa Rica 1,1,1,13,141, 70000
14 Co7 Parotid gland 14,Ecuador - Quito 1,1,1,14,123,0

15 (88 Salivary glands, other and unspecified 15,Peru - Lima 1,1,1,15,103,0

16 €89 Tonsil 16,Peru - Trujille 1

17 (1@ Oropharynx 17, Uruguay - Montevideo

18 11 Nasopharynx 18,Canada

19 (12 Pyriform sinus 19,Canada - Alberta 1,1,1,15,0,0

20 13 Hypopharynx 28,Canada - British Columbia 1,1,2,1,15, 430764
21 (14 Pharynx unspecified 21,Canada - Manitoba 1,1,2,2,37,3604596
22 (15-26 Digestive argans 22 ,Canada - New Brunswick 1,1,2,3,27, 290060
23 €15 Oesophagus 23,Canada - Newfoundland 1,1,2,4,29,227276

Fig. 1. Initial publicized data format



According to the figure, it can be determined that the data structure is not very de-
scriptive, i.e. it does not allow a simple review and analysis. In this context, such
representation and format do not constitute an adequate basis for data organization
and visualization. In order to execute our idea, we decided to process the available
data to better representation as well as grouping and simplifying the data attributes
and their value domain. The process of data grouping was done by segmenting and
structuring the base depending on the key parameters. In addition to the structure, the
main point is the ability to filter and correlate data depending on the changes in the
parameters’ values that bear the value of the information and the potential research
result or expert conclusion.

The data processing procedure has been successfully implemented within four sep-
arate stages of processing and data systematization:

e Creating an appropriate .csv file for each region separately - Information on
cancer diseases for all regions is initially downloaded as one .csv file, so we de-
cided that it is necessary to create separate .csv files which contain specific pa-
rameters for the one region. So, each entry from the original file is entered into a
new file, whose name represents the identification number of the region.

e Changing the domain of attributes - In order to clearly identify the attributes, we
modified the description and values that the data attributes can obtain.

e Refactoring the identification number of the regions and the type of cancer dis-
ease for all data - The different partial data segments taken from the official
source contained information for different regions, i.e. we noticed that for the
same region there is a different identification number registered in a different
segment. The same problem arose in the data for different types of cancer. Ac-
cordingly, we have established that it is necessary to perform additional indexing
of data regarding regions and types of cancer in order to obtain consistency with-
in all segments, so that the final effect would mean that the same region and same
type of cancer will have identical identification number in each segment separate-

ly.

e  Generation of the final data set - The result of the previous steps of data pro-
cessing is imported as a new .csv file that contains all data for all regions system-
atized within a framework of all years that define the time interval of interest.
The final file contains the entire data set that consists of a total of 10 802 184 en-
tries.

The format and content of a part of the final file is illustrated in Figure 2.



RegionID, Sex,CancerID, Age,Cases,Risk, Year
1,male,1,0-4,21,430764,1987 - 1992

1, male, 1,5-9,38,360496,1987 - 18
1,male,1,10-14,27,290060,1
1l,male,1,15-1%,30,227276,1
1,male,1,20-24,21,201600,1
1l,male,l,25-29, 4;,16;444,1
1,male,1,30-34,39,142544,1
1l,male,1,35-359,40,106744,1
1, male, 1,40- 44,43,55334,13j7
1l,male,1,45-45%,57,52252, 1987
1,male,1,50-54,87,52748,1987
1l,male,1,55-55,104,47412,15987
1, male,l,60-64,141,70000,1987
1l,male,l,&65-65%,123,0,1987 - 1
1, male, 1,70-74,103,0,1987 - 1
1,male,1,75-79,55,0,1987 -
1, male, 1,80-84,30,0,1987 -
1,male,1,85+,13,0,1987 - 1
1, male,l,unknown age,0,0,1 -
1,male,2,0-4,19,430764,1987 - 1
1, male,2,5-59,37,36045%6,1987 - 1
1,male,c,10 14,27,290060,1987 -

TR T R T BTl
] LLI ] LLI Lll Lu
kt"

-1
[N S N X R V]

1
o
|
[
D 00 b e b e e e
[Ta R T S B VA BT I VA BT IR TR LT« B4 i % ]
Wy BB P 0o 0

[ XY

[ XY

W
RS R E TV T I

[

w
(]

oo
)

[l 4}
[T SC R A TS ]

X
%]

Fig. 2. Processed and structured data format

3 Data Organization
After the completion of the data processing, it was necessary to organize the data set
in a format on which different visualization techniques can be applied. We choose a

relational database to represent the main data set. The initially created ER diagram is
shown in Figure 3.
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Fig. 3. Initial data set ER diagram



Data organization is an indispensable component because the resulting structure
should be input for graphic representation techniques. The overall appearance and
value of the graphic display is closely related to the schema and in general, the way
the data is stored. The choice is proportional to the quality of the graphic representa-
tion as well as the decision which visualization techniques will be selected as the most
appropriate. We structured the data in a way that we identified the key parameters and
the appropriate grouping in the domain of values. We have also formed associative
structures through which the sets that define the condition of diseases for a particular
region or geographical area correlate. Basically, the organization of the database is of
key interest both for the way of filtering and spatial implementation of visualization
techniques. The ultimate goal is to extract key data parameters and visualize them in a
way to enable a simple process of statistical and comparative analysis.

In the case of a poorly designed organization, there may be a potential possibility
of inadequate selection of a visualization technique, and thus inappropriate display of
critical parameters. This approach in the worst-case scenario can lead to wrong or
incomplete conclusions that do not take into account the connection and the essential
meaning of the information.

From the structure of the enclosed ER model it can be noticed that the database
will store data for:

e  Cancer - a type of cancer that contains parameters for its code, name and infor-
mation about disease type. According to the scheme, each cancer is of different
type, while one type is a subtype of only one cancer family.

e State - information about the state (the name of the state) with the only restriction

that each country has at least one geographic region.

e Region - information about the region. The name and the country to which it
belongs are kept. In this case, one region belongs to only one state.

e Diseases - a relationship in which for each region information about the type of
cancer is kept. In addition, for each type of cancer, information about the number
of cases and the number of potential cases segmented by gender, age and year are
stored.

After defining the schema and constraints, we designed a major relational MS SQL
database created with the usage of Microsoft SQL Server Management Studio 17.

4 Web - oriented Data Visualization

This section describes selected visualization techniques for previously processed data.
Processing and organizing the data is an indispensable process when it comes to ap-
plication of visual representation techniques. Basically, the visual display is directly
dependent on the format, structure, and constraints defined by the data attributes and
their values. An inadequate data scheme can lead to difficulties in the process of de-
fining key semantic elements that are the subject of display. It is therefore of particu-



lar importance that the processing is carried out in the context of a specific definition
of the possible values domains, as well as emphasizing the semantic meaning that
enables simple, fast and efficient data analysis.

Rapid technological development results in a steadily progressive trend in the de-
velopment of methodologies and techniques for the data visualization. For the aim of
our research, we applied only techniques that enable to display valuable information
whose analysis can guarantee consistent and accurate conclusions related to our do-
main of interest.

There are different types of visualization libraries, but our focus was mainly on
front end technology that allows library implementation in an interactive web applica-
tion. Accordingly, we used the non-commercial and academically targeted version of
the amCharts library [13]. It is a modern JavaScript library, with a well-documented
API, which provides a number of different visualization techniques. In this paper, we
will present the most significant techniques for our research domain.

At the beginning, we provide an overview of the total number of registered diseas-
es from all types of cancer grouped by the respective regions. In accordance with the
nature of the data we have concluded that the presentation of the total registered cases
grouped according to the respective geographical regions can be of great importance.
Therefore, we selected and aggregated data to obtain the final form of the percentage
and value of registered cases of cancer types. Looking through the prism of visualiza-
tion techniques, the representation through the 2D pie chart with legend was shown as
the most appropriate display option. This concept enables a general overview of sub-
limated values whose conceptual character is defined in each region separately. The
visual representation is presented in Figure 4.

Total people in risk by each region in China Hong Kong 1,806,659
Risk statistics provided for specific region Qideng Couny 183,203
Shanghai 1,827,575
Haining County: 0.51% . Tianjin 359,393
a

Yanting County: 0.90% Jiaxing: 0.34% .
Wuhan: 6.65% “¥angcheng County: 0.56% Guangzhou City 113,734
Taiwan: 4.05% Macze: 0.33% | BEEEY £3,456
Claan: 0.93% \ . Nangang District - Harbin City 90,898
Changle: 0.10% | Heng Kong: 30.48% Thangshan 100,073

Bafing: 8.81% \ \
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Zhongshan: 1.65% Changle 6,018
Nangang District - Harbin City: — .
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Jizshzn: 1.07% — i
Guangehou City: 1,92% Shanghai: 30.84% (1,827,575) Qidong County: 3.09% B =iven 239,855
Tianjin: £.06% Wuhan 394,453
. Yanting County 53,392
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Shanghai: 30,845 [l Haining County 30,157
B sizsing 20,322
Yangcheng Caunty 33,045
Maczo 23,358

Fig. 4. Pie Chart with Legend



2D pie chart with legend as a visualization technique provides a clear overview of
the percentage distribution of the number of registered cancer diseases in a particular
region. The main advantage is the possibility for the end user to understand in which
region the highest number of cancer diseases is registered. The lack of this kind of
visualization is reflected in the fact that the percentage representation does not give an
impression or a sense of the total number of registered cases/samples, does not pro-
vide the possibility for a statistical overview of the type of the registered disease and
it is problematic to differentiate between regions with similar percentage of patients.
It becomes obvious that combined techniques are required to uniquely visualize and
consistently represent the significance of the data of interest.

In addition to the standard preview, this technique is implemented with the possi-
bility of additional interaction and improved user experience. This is achieved with
the implementation of an interactive legend where only regions that are subject of
interest for the analysis can be selected. This provides a comparative overview of a
group of specific regions whose display can be activated or deactivated in real time.
This feature is presented in Figure 5.

Total people in risk by each region in China Hong Keng 1,806,659

Risk statistics provided for specific region

Jiaxing: 0.57%

Haining County: 0.85% Vangcheng County: 0.33% Guangzhou City 113,734

Yanting County: 1.50% Maczo: 1.65% B sizshan 63,456
Wuhan: 11.13% I\I . Nangang District - Harbin City 90,858
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Figure 5. Pie Chart Legend selection feature

A complementary representation of a similar nature to the previous one is 3D Bar
Chart illustrated in Figure 6. In this case, data is structured and grouped by year, that
is, the time period in which the registered cases are sublimed. Graphic interpretation
refers to statistical parameters registered over the years within a country. On the hori-
zontal axis are displayed numerical values for the total number of registered diseases,
while the vertical axis shows the specific geographic regions for which there are sta-
tistical indicators of this type. This presentation enables detailed analysis of the quan-
tity proportions of a particular type of cancer in different regions. One of the benefits
can be an analysis of results for potential risk cases segmented by percentage portions



for specific region. For example, for a given country, it is very easy to make an inter-
section of the progressive progress of the disease development. Using the power of
this representation leads to the adoption of concrete conclusions and comparative
parameters between two or more regions that can, but do not have to be geographical-
ly close.

Cancar cases statistics for regions in China
Hong Kong |
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Shanghai | Cancer cases in Tianjin: 359,393
Tiangin

Guangzhau City |
Tiashan |

Nangang District - Harhin City |
Zhengshan |
Beijing |
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Cixian |

Taiwan |

Wuhan |

“¥anting County |
Haining County |
Yizxing
Vangcheng County |

o 200,000 400,000 £00,000 800,000 1,000,000 1,200,000 1,400,000 1,600,000 1,800,000

Fig. 6. 3D Bar Chart

One of the disadvantages of the initial performance was the statistical indicator for
the number of registered samples. The 3D Bar Chart technique addresses this defi-
ciency, but again, the main disadvantage identifies the inability to systematically re-
view the types of various cancer diseases in the region concerned. For this visualiza-
tion, additional filtering and grouping of data is necessary to provide an extended data
structure that includes a hierarchal distribution of the cancer types represented as a
percentage or number in relation to the total number of registered cases.

In the context of structuring the data and defining the domain of values for special
attributes, it is of particular importance that the segmentation by age represents the
main filter. This segregation can be presented in many different ways, but we have
chosen the graphic representation known as the 100% stacked column chart. Our aim
is to obtain a general overview of the status of interest, but in this case with the possi-
bility of segmented visual representation of the aggregation of statistical parameters
formatted in percentages. The final effect and meaning of the multidimensional statis-
tical representation of this technique is illustrated in Figure 7.
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Fig. 7. 100% stacked column chart

As in the previous technique, we added functionality for selecting or deselecting an
age limit in order to display a part of the data set. Additionally, in addition to the per-
centage preview, with a focus on the specific age limit, a window showing the num-

ber of cancer diseases as a summarized numerical value appears. This functionality is
represented in Figure 8.

Ags: 70-74
562,938 (26.70%)

21.26% 20.20%
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EN7c-74 EE75-79 EMB0-84 W25+ M unknown age

Gender separation by Age differences

Figure 8. 100% stacked column chart selection feature



This technique represents the process of specific specification and grouping of data
after a certain attribute, in this case the age limit. In the same context, processing of
any of the other data attributes may be performed, such as the type of cancer, poten-
tially infected cases, etc.

One of the most significant techniques for presenting the initial set of data is illus-
trated in Figure 9. This is a popular technique called trend lines. It allows comparative
visualization with the possibility of segmenting and grouping according to several
criteria or elements. In our case, this is the total number of registered, total number of
potentially recorded, as well as the time frame for registration of various diseases of
cancer. The technique allows comparing the number of diagnosed patients with the
number of patients that will be potentially diagnosed in a different period of time. The
time range in this case is configurable, so that the library enables monitoring and
comparison of the increasing or decreasing trend on a daily, monthly or annual basis.
The axes with the defined parameters can also be configurable from the aspect of
additional grouping, such as age.

One drawback associated with this kind of visualization is the need for more consecu-
tive user interactions in order to select the time interval of interest. This deficiency
can be identified as a major problem if the initial dataset contains different segments
of data in which a large variance is observed in a specific period of time. It would also
mean graphic visualization that would be difficult to track and analyze, especially if it
comes to drawing conclusions from a comparative nature.

22.000,000.000

20,000,000,000

18.000,000.000

16,000,000,000

14,000,000,000

12,000,000,000
1987 - 1952

9,856,812,933 5
value:9,735,059,124

8,000,000,000

6.000,000,000
4,000,000,000

2,000,000,000

[ . .
s567- 202 02207 AT 1562 - 197

Total cancer cases in comparison with total number of risks

Fig. 9. Trend Lines

Another drawback is the limited version of the library in terms of the ability to dis-
play results for more than one country. The current presentation involves displaying
the line depending on the number of registered cases (the values of the vertical axis)
and the time interval when the analysis was performed (the values of the horizontal
axis). In addition to the standard interactions for this type of graphic representation,
additional functionality for a specific display of the total number of registered cases



and the time interval is implemented. This data summary is available at each point on
the graphic line.

The visual representation of the data set was completed by applying a map as one
of the usual techniques when it comes to comparative visualization of data related to
different geographic regions. In order to interact in the existing web solution, we im-
plemented interactive modules that allow easy navigation, zoning components of the
regions and a function that enables generating a general statistical view of all catego-
ries of data grouped in the appropriate time periods. Considering the nature and sig-
nificance of the processed data, we have chosen and recognized the visualization
named Zooming to Countries Map as the most appropriate representation. The map
and part of the implemented interactions are illustrated in Figure 10.

e

Cases: 5,526,288
Risks: 11%,£68,346,204
Period: 2002 - 2007

oK

Fig. 10. Zooming to Countries Map

Visual representation through a 2D map represents a kind of generalization of vis-
ualization techniques. The implemented interactions enable the possibility of user
interaction in the context of instantaneous analysis of data related to one or more dif-
ferent regions. Also, this representation provides a generalized statistical analysis for
a group of different geographical regions. Observed from the user aspect, this tech-
nique represents the most common and most appropriate implementation of visualiza-
tion when it comes to data sets correlated for a particular region or larger area.

Map visualization can be enhanced through the implementation of different colors
depending on the number of registered cases of cancer. It involves the definition of a
legend and a set of different colors that will present the intensity of the data of inter-
est. In this way, the end user will have valuable information about the prevalence of
diseases as soon as the map is initialized. This approach can be further combined with
the technique of grouping countries depending on the number of diseases, with which
a certain group of countries will be marked with an identical or very similar color.
The current version of the library does not offer the ability to implement and combine
these techniques, so the present preview is enriched with a window where the
summed values of the diseases and time span are displayed.



In addition to the currently implemented filters for display of data attributes, there
is a possibility for further expansion of the displayed information. This would involve
additional processing of the data set and adaptation of the existing application busi-
ness logic for pre-processing and graphic representation. In this way, this representa-
tive form can be combined with some of the other visualization techniques, which
means that as a technique is the basis for a graphical interpretation of any data set of a
related or similar character.

The presented techniques for visualizing the data are implemented as part of a
web-based application that enables quick and simple user interaction. This approach
leads to a precise and thorough analysis from where concrete conclusions can be
made. Also, in this context, specific hypotheses that will be subject to analysis and
processing within related scientific research themes and methodologies can be set up.
The application solution was developed using the modern Microsoft web develop-
ment technologies, ASP.NET MVC 5 and the C # programming language.

5 CONCLUSION

The paper is a continuation of our previous theoretical research in the context of
the practical implementation of some of the techniques for visualization. The result of
the whole process is presented as a web-based application that provides interactive
user analysis and manipulation with the presented data on the development and poten-
tial of cancer development.

The software platform allows to emphasize the semantic value and significance of
the data that are graphically presented, which enables a detailed and systematic re-
view of the process of development of diseases of this type. In this way, additional
research can be made directly or indirectly related to other factors that may be key in
the progressive growth of registered cases of diseases of different cancer types. In this
context, it can be concluded that the proper implementation of data visualization tech-
niques can speed up and simplify the process of interpretation of data and their signif-
icance, especially when it comes to huge data sets with a number of parameters and
domains of values.

The content of this paper can serve as a basis for further related scientific research
where graphic interpretation and interdependence of larger data sets is of great im-
portance. The acquired relational database can be integrated within already existing
academic and scientific collections of data of a similar nature. Accordingly, the de-
veloped software platform can be used as an application module for integration with
already existing visualization tools, but also independently, as a software component
that can provide visual representation and interactive modules for review and system-
atic analysis to a predefined set of data structures.
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