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Abstract:

The growing number of data collected in the public sector should contribute to the analysis
and detection of situations and anomalies and provide appropriate measures to deal with
them. This data analysis process generally requires a lot of time and resources because
usually the data being analyzed is of the big data type. According to the new trends, it is
necessary to analyze it according to the methods of big data analysis, to prepare the data in
advance depending on the intentions of those responsible for decision making and to
visualize it to achieve the greatest eloquence of the data for analysts and decision-makers.
Due to all these findings, this paper creates an application solution for the analysis of data for
the public sector to facilitate the process of loading data sources, using them, preparing them
for visualization and performing visual data analysis of the data of interest with the purposeof
providing decision-makers withthe information they need. For this aim, a user-friendly
application form for analysis was created and used for the visualization of data from the
public sector in the EU. The obtained results are analyzed to highlight the pros and cons of
the software solutions.
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1. Introduction

Data in the public sector for each country and especially for the EU are collected in many ways,
placed in different databases and those needed for statistics are placed in the Eurostat database and are
publicly available. All collected data in the public databases of the countries and EU contain data on
many entities, with the necessary attributes and values for the period for which they are collected,
analytically or synthetically. Because of this, they have characteristics of big data and their analysis is
therefore quite demanding and requires the use of methods and techniques for big data visualization
[1]. However, the process of visual data analysis itself is not simple and requires the use of various
big data analysis tools[2], data access tools, their preparation for visualization, sometimes
normalization and some kind of categorization and then visualization tools [3, 4]. Therefore,
knowledge of all these parts of the analysis process is required.

The visual analysis of big data from the public sector with the support of algorithms and advanced
analytics helps decision-makers perceive the situation, identify solutions, create forecasts for future
events and improve the lives of citizens in general[5]. One way to explore this is to use large data
from the statistics of the EU members (Eurostat) on a certain social topic, which are usually entered
by all institutions of a public nature on the territory of Europe.

Firstly, the project task should be set in order to know what data to look for and what to analyze,
which is the job of decision makers and analysts. It starts from the existence of a problem or need of a
community. After that, it is necessary to make assumptions, to ask questions that provide information
about what knowledge the data carries and what can be learned from it, what problem occurred, why
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that problem occurred, and predict what is to be expected in the future if (no) changes are performed
[6].

The next stage is data processing. Inthe beginning, the processing consists of the analysis of the
data placed in tables that are usually organized in a spreadsheet. However, sometimes the data comes
in chaotic and messy and is hard to understand [7]. Such data structures are mostly in .csv (Comma
Separated Values) and JSON format. They can easily become readable with today's software tools at
our disposal. They are compared with the data we need for one of the set goals.

After the analysis of the data sources, the next step is the use of various data analysis technigques
and methodologies (application of visualization techniques and methods, various graphs), frameworks
and libraries that are specially designed for visual data analysis or data visualization [8].

It is considered that the support of big data visual data analysis is great today, especially with the
development of many interactive tools for big data visual data analysis [2]. By using the Python
programming language as a specialized language for data analysis, software for data processing and
visual data analysis can be developed [9]. Therefore, in this paper, Python was used to create a custom
tool for visual data analysis (VDA).

The paper is structured as follows. The first section after the introduction is devoted to the
preparation of data for VDA, while the next section describes the objectives of VDA for the public
sector. Next, the created software solution MyDataApp is describedalong with its advantages and
disadvantages. Subsequently, the process of visualization of big data from the data for the public
sector is shown with the proposed application, followed by an analysis of the eloquence of the given
visualizations. Finally, a conclusion with insights for further research is given.

2. Big data and its preparation for visual data analysis

Because big data has 6V characteristics (Volume, Variability, Velocity, Veracity, Value,
Volatility), its analysis is complex. Usually, the data can be stored in different formats, such as tables,
databases or streaming data [1]. In all known situations, the preparation of data for visualization may
be different. Usually, the metadata is read from the table headers or displayed accordingly. In the
preparation, it is essentialto detect the necessary columns - metadata and discard the others, if needed
create new tables with parts of the data or tailor them according to the needs of the analysis [7].It is
also important to provide the missing data, usually employing machine learning methods [10].
Sometimes shorteningof field lengths or transposing rows and columns should be applied. The
cardinality of some data should usually also be reduced or normalized and some additional actions
such as filtering, sampling or binned aggregation have to be provided [7]. Because the research is part
of the bigger project for VDA of public data, for now we do not focus on the metadata description in
this paper.

The methods used for big data analysis include data mining, Prediction analysis, Text analysis,
Voice analysis, Statistical analysis and others. Generally, big data is stored in data warehouses or
cloud storages [10]. The process of visual data analysis itself can be done in many ways. The best way
is to have a big picture of big dataand then provide visual data analysis of the data on demand[11].
For analysis of the intended data and obtainingvital statistics [12, 13] from EU data,the MyDataApp
application was created using Python and its Pandas and Plotly libraries, i.e. Plotly express [9]. For
this purpose, both libraries are installed and called by the application in the big data VDA process.
Pandas is a library that allows viewing the data in the application itself, from the prepared table,
without the need of using another visualization program. With this feature, the user will be able to
view the data from the tables more easily.Plotly express in collaboration with Pandas displays the data
in readable and understandable graphs of different characters with automatically generated selection
options for each selected graph [9]. Charts are fully interactive and provide many options including
zooming, full-screen display, selecting specific data for easier viewing and downloading the chart as
animage in different formats. In such a way, those charts can be used for presentations, meeting
reports, etc.

The intention of creating MyDataApp tool was to provide a desktop VDA for selected data from
public EU databases. But the usage of this tool is not limited only for this — in fact, it also provides
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usage for VDA on data on some URL location (for example, online VDA can be provided as in the
given link: https://raw.qgithubusercontent.com/Lexie88rus/bank-marketing-analysis/master/bank.csv).

3. VDA Objectives for Public Sector

The public sector is becoming aware of the value of big data and its role in society. Governments
collect large amounts of data with their daily activities, such as wages, contributions, taxes, data on
the performance of state and health systems, traffic data and many others. Of course, it takes into
account the overall socio-economic situation, technological trends and the increase in the need for
medical and social services, especially in this time of a pandemic. The potential benefits that
governments can get from big data are trend detection, data transparency, citizen sentiment analysis,
citizen segmentation and personalization, financial and tax analysis, smart cities, information security
data, and others [3, 5].

In order to collect all this data and achieve the benefits, the collected data "goes" through a cycle
called "The government data value cycle"which consists of data generation and collection,
preservation, security and processing, sharing, selecting and publishing and their reuse as shown
inFigure 1, [14]. The purpose of these analyzes is broad and certainly necessary to obtain valid
information for taking future actions and adopting development strategies.
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Figure 1: — Cycle of government data valorization [14].

4. Creating VDA of public sector data with the MyDataApp tool

For VDA purposes, the MyDataApp application was created with the Python programming
language for EU public sector data. It is a web application designed for the review, analysis and
visualization of data for all kinds of data from different topics. This application allows an easy way,
with a few clicks, to display the data from the source visually with different graphs, as shown in
Figure 2.

On the left side, the user can select a data source in .csv or .xlIsx format by clicking on "Browse
files". The maximum document size limit that the application can display is 200MB which means that
larger files need to be adjusted to accommodate the VDA data in this memory frame.Once the data
source is selected, the data is loaded and other options automatically appear that allow the user to
view the data as a table, easily see which columns to use and input into the VDA, and choose which
type of chart to use. By selecting the data range and the visual display type, the application reads all
the columns and displays them with checkbox and dropdown options.
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MyDataApp is a web application entirely programmed in the Python programming language. It is
built with Streamlit which is a Python framework installed and called a library in the code.The
application, in order to enable the analysis and overview in the form of a table of data from different
formats such as.csv, JSON, SQL databases of tables or queries and Microsoft Excel, uses the Pandas
library which is a package written in Python, which is installed and called as a library in the code. The
visualization of data using graphs is made possible by the Plotly library for Python and Plotly
Express, which is a high-level module built into the library. Plotly allows visualization of data and
graphical objects. Plotly and Plotly Express are installed separately and only Plotly Express is called
in the code as px. In the application with Plotly Expressseveral types of graphical displays such as
Scatter plots, Histogram, Box plots, Sunburst, Tree maps, Pie Charts, Density contour, Density
heatmaps and Violin plots can be used, Figure 2 and Figure 3.
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Figure 3: Selection of the type of graphicaldisplaysfor data visualization.

MyDataApp is a simple, easy-to-use web application with a very intuitive user interface that does
not require the user to have advanced computer skills. The main advantage is that when the data
source is selected, it is not necessary to consider in which format it is given, but with the selection, the
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formats that the application supports are automatically displayed. By selecting, the data is displayed in
a table and you can select the number of shown rows.

The advantages of MyDataApp can be listed asan easy and simple user interface, available user
manual for the web application, easy data search procedure, fast reading of data and their display in a
table for easier orientation, easy selection of graph type, ability to manipulate charts, ability to ignore
empty columns or columns with NULL values, listing all options for each specific chart, automatic
display of all columns from the selected chart, enabling communication with individuals and
companies via email directly from the application. Also, MyDataAppis ofopen-source nature, allows
possibilities for online work, provides desktop support and is also available as a mobile application.

The disadvantages of MyDataApp can be listed as the need forconnection to the Internet to use
the application and the graphs, limited memory capacity for displaying a larger amount of data when
MyDataApp is used for desktop VDA, inability to display multiple data structures, inability to
download large data via the Internet due to a lack of memory in local computer and API, lack of
manipulating and transforming data in tables and ability to display only one chart at a time. All these
shortcomings are for this version of the application and some of them are planned to be overcome in
newer versions.

Figure 4shows a visualization with a scatterplot matrix graph created with MyDataApp with a
color representation of demographic balance and growth rate in Europe based on data obtained from
Eurostat. The x-axis represents the years, while the y-axis the values. The legend shows the states and
types of civil national level. If the cursor is placed on any of the points, a tooltip with additional
information will be displayed.

GED, CITIZEN

710 nir reporing couniry

¥ 2120} excent reponng courlry
e (20132000 o repering counby

Figure 4: Visualization with a scatterplot matrix graph created with MyDataApp

Analysis of data for daily cigarette consumption by gender, country and education was performed.
In Figure 5, the states are shown on a legend in purple, orange and green. The size of each bubble
depends on the size of the value. The legend is interactive and therefore allows selecting a country
and filtering the data only for that country. It has a tooltip property that is displayed by placing the
cursor (crosshair) on the point in order to obtain additional information.

The available methods and techniques can help to visualize very complex data in an inventive
way [8]. Figure 6shows a visualization with a density heatmap made with MyDataApp based on data
by Eurostat. Data visualization of the frequency of smoking is in regard to the country, gender, age,
years and level of education of the citizens. The values are displayed on a heat scale where each value
has a specific color according to the magnitude of the value. The highest value is shown in light
yellow and the lowest value is shown in blue. In order to get additional information, it has the tooltip
property, which displays all the data for certain metadata that were previously selected when creating
the graph.
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Figure 5: Data visualization with scatterplot graph and bubble property created with MyDataApp.
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Figure 6: Data visualization of frequency of smoking with density heatmap technique.

Figure 7shows a visualization with a matrix of the density contour technique made in
MyDataApp, where the four states are shown in columns.For each state, values are represented in a
column expressed in percentages (%) on the x-axis, while the y-axis corresponds to the degrees of
education. States are shown in a legend with a specific color for each state in blue, orange, red, green
and purple. This chart is not interactive and therefore the data is displayed by hovering over the
tooltip property, while the legend is interactive.
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Figure 7: Data visualization of frequency of smoking with a matrix of the density contour technique

5. Conclusions

This paper presents one way of VDA intended for the analysis and processing of large amounts of
data for the needs of the public sector. It can be mentioned that the processing of this data is the
general responsibility of the government’s analysts and decision-makers and in this way, the analysis
of the data for the benefits ofthe citizens should be consistently analyzed and observed. It can be
concluded that the existence of a huge amount of data requires a very extensive and large analysis that
needs to process large amounts of data from which many things can be learned about the situation in
society. With these analyzes and decisions about future strategies and policies, the life of the
population can be greatly improved inall aspects of living, such as income, health system, social and
pension insurance, employment, the standard of living, product prices, etc. Many activities are known
through the analysis of large amounts of data that are aggregated and processed every day by
institutions and sent to statistical institutions, such as Eurostat. Data analysis with data visualization is
the most preferred and popular method of data analysis that helps decision makers and analysts to
perceive situations realistically and take measures to solve emerging problems and improve situations.
Since VDA itself is a complex process that allows one to see the big picture and then do on-demand
analytics, the MyDataApp Python web application was created for the purpose of VDA on public
sector data and demonstrated innovative methods for analysis of big data.Desktop usage of the
application is with limited data processing possibilities but the usage for VDA from some URL do not
limit the data amount for analysis. The MyDataApp offers many advantages, among which: easy and
simple user interface, available user manual for the web application, easy data search procedure, fast
reading of data and their display in a table for easier orientation, easy selection of graph type, ability
to manipulate charts, ability to ignore empty columns or columns with NULL values, listing all
options for each specific chart, automatic display of all columns from the selected chart, enabling
communication with individuals and companies via email directly from the application. Using this
application, data visualizations with several different techniques have been made. This research is not
limited only to these techniques and methods and provides wide possibilities, especially with usage of
big data analysis from some URL location. In this paper, we focused on the VDA for desktop usage of
MyDataApp.

As future directions, we can state that we will work on improving the solution by increasing its
computational power and expanding the amount of data that can be visualized using URL location, as
well as obtaining new types of visualizations that are more expressive compared to the standard
known visualizations. Knowing the metadata for data deeply will provide better data representation
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and understanding of visualization results. Many different data types have to be extracted,
transformed and loaded in order to prepare for visualization aiming to gain better VDA and data
representation, especially when big data has to be taken into consideration. This task will be also one
of our future works.
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