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The purpose of this thesis is to provide insight into the importance of visualization of spend-
ing and budget data and to find the best techniques and methods that can be used to effec-
tively visualize financial data. The Kenyan government budget data has been used in the
study to illustrate the benefits of visualization of financial data in a way that makes it easy to
understand.

The data used in the study focuses only on five government ministries showing budget allo-
cation to the sectors in six financial budget years. Different methods have been used in the
study in order to demonstrate different perspectives of visualizing budget data. Also exam-
ples of applications and projects done by different organizations and people about spending
and budget data have been discussed.

The radial bubble tree, the tree map and combination charts have been used in the study to
illustrate the different ways in which budget and spending data can be visualized to bring
out differences, to show trends in spending over the years or to enable users to easily see
where too much or very little has been spent. This makes it interesting and easy for a/the
target audience to understand the meaning of financial budget reports.
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1 Introduction

Pictures were used as a tool of communication for a long time before the inception of
written language. A single picture can communicate a lot of information and can be more
easily understood than comparable text based data. Pictures are also independent of
any particular language since people with no common language may all understand what

a picture represents.

The world is full of data and everywhere that people go they are surrounded by it. This
information can be mined easily and shaped to provide different perspectives about the
data and new insights. It might take substantial time and effort in order to understand
patterns, trends and correlations that are usually related with text-based data. However,
it is easy to distinguish a change in shape, color or line length without significant pro-
cessing effort.

Effective visual communication of data helps people to understand large volumes of data
in an easy and effective way. This thesis aims to demonstrate the importance of visuali-
zation of financial data basing the study on the Kenyan government annual financial
budget for a five-year period between the years 2010/2011 and 2015/2016.
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2 What Is Data Visualization?

Data visualization is communicating information clearly and effectively to users by the
use of information graphics in order to help them easily understand and analyze data
which otherwise might be hard to comprehend. This is important since visualized data

helps to communicate complex information in an easy and effective way. [1, 1-3.]

It is often hard for professionals when met with large amount of data that is dull, abstract
and hard to understand. These data can be meaningless without a way to organize and
present important findings. In order to bring data live to people so that they can explore

it and use it, it has to be visualized so that it can be understood better. [2.]

Newspapers and magazines use visualization to enrich their stories, perhaps to show
the link between poverty and lack of education, where sales growing are and what the
driving growth is? Another thing to illustrate is the characteristics of customers using
different services. Bloggers also use it to start discussions with data all across the web.

[2.]

Visualization is very useful when trying to extract and communicate important information
from a big amount of data. The use of graphics instead of text to indicate trends and
patterns from a massive amount of data is very effective. It is a challenge for designers
when choosing a visualization tool to be used to represent data accurately. Often a num-
ber of factors have to be considered before choosing a particular tool to visualize data.
The cost of visualization, type of data to be visualized and effectiveness of the visualiza-

tion tool are among a few factors to be taken into consideration. [2.]

s
e —

Metropolia

University of Applied Sciences



3 Data Visualization Applications

Data presentation can be beautiful, elegant and descriptive and there are many conven-
tional tools used every day to visualize data. In order to get the best visual representation
of data, a person needs a tool that can capture the attention of the intended user, deliver

the message clearly and also be flexible enough to tell the story [2].

Visualization tools allow a person one to organize and display data in a way that is easy
for users to understand. A lot of tools exist today that can be used in visualizing data.
For some of these tools a people have to pay to use them while others are open source
and are free for use by everyone. Majority of the open source tools are developed using
JavaScript libraries and are easy to use in visualizing data for both skilled developers
and people with less coding skill. In this study five popular JavaScript based tools will be
discussed in brief.

D3.js

D3 refers to Data-Driven Documents. It is a JavaScript library used for visualization of
data. D3 was developed using functional style JavaScript and allows reuse of code
through a varied group of plugins and components. It uses HTML, CSS and SVG
graphics to visualize data and works well across all modern browsers with full capabili-
ties. It works fast, supports huge datasets and dynamic behaviors for animation and in-

teraction. [3.]

D3.js code is simple and it has a well-written APl and a very responsive community. It
supports large data sets and it has a fast performance [3]. There are other libraries that
allow the creation of graphic representation of data easily like charts. However, D3 gives
someone the flexibility of representing data from many different angles enabling visuali-
zation of different kinds of data and has a huge variety of responsive and interesting
chart types. [4, 1-7.]

To demonstrate well how to create graphs with D3.js, the following example gives a clear
picture. First include a D3 library in the document head of the file as shown by the fol-

lowing code example.

<script type="text/javascript" src="d3/d3.v3.]js"</script>
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Listing 1: Reference to D3 library. Copied from Data-Driven Documents 2014 [3].

D3 can be used to create a new DOM element and also SVG objects for representation

of data. The illustration below shows how this can be done.

<script type="text/Jjavascript">
d3.select ("body") .append("p") .text ("New paragraph!");
</script>

Listing 2: D3 DOM element creation. Copied from Data-Driven Documents 2014 [3].

In the above code, the select method selects a single DOM element (body) using a
CSS syntax selector. It then creates a new p element (paragraph) and appends it to the
selection. Finally it inserts the text “New paragraph” to the newly created paragraph.
The D3 chaining method allows several actions to be executed in a single line of code

as demonstrated below. [3, 5.]

d3.select ("body")

.append ("p")
.data (dataset)
.enter ()
.append ("p")

.text ("New paragraph!");
Listing 3: D3 chaining method. Copied from Data-Driven Documents 2014 [3].

The element (.data()) joins an array of data to the current selection. (.enter()) looks at
the DOM and then adds the data being handed over to it. If there is no more data than
corresponding DOM elements, D3 creates placeholder for missing elements. It also
hands off reference to this new placeholder to the next step in chain. (.append()) binds
element (“p”) to the place holder selection created by enter() in the DOM. Data can then

be loaded to the created element in the DOM and is then ready to be used. [3.]

D3 accepts data as an array of numbers, strings or objects. It can also take CVS and
JSON files, once data is loaded and bound to the created DOM elements; it is then vis-
ualized in various ways that bring out the important facts of the data to the intended

audience. [3.]
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3.1 JavaScript InfoVis Toolkit

JavaScript InfoVis Toolkit is an open source tool that allows developers to build rich in-
teractive visualization. One can visualize data in many advanced graphical forms such
as bar charts, RGraphs, ForceDirected visualization, TreeMaps, SpaceTree and Sun-
burst visualization. There is an example figure below of a Sunburst of a Directory Tree

visualization made using InfoVis ToolKit. [6.]

Figure 1. File system visualization. Copied from Belmonte (2015) [6].

An easy way to learn using the tool is to look at code of example visualization made
using this platform. It is easy to create visualization using this tool since a person has to
define the parameters of the graph and source of data to create a simple chart. In the
year 2010 it was however acquired by Sencha Labs foundations but it is still an open
source tool. [6.]
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3.2 JQuery Sparklines

JQuery Sparklines is a plug-in based on jQuery and it is used in generating Sparkline,
area charts and line charts. It is used mainly to display variation in measurement over
time visualization like a change of temperature over time or variation of stock prices and
has support for older browsers. To add Sparklines into a webpage, it is important to
define four elements: jQuery JavaScript library, JQuery Sparkline library, inline tag to

display Sparkline within the page and Sparkline function call to display the chart. [7.]

//jQuery JavaScript library

<script type="text/javascript" src="jquery-1.7.2.js"></script>
//JQuery.Sparkline.JS

<script type="text/javascript" src="jquery.sparkline.js">
//inline tag to display Sparkline within the page

Inline Sparkline: <span class="inlinesparkline">1,4,4,7,5,9,10
</span>.

//Sparkline function call to display the chart
S (function() {
$('.inlinesparkline') .sparkline();

}
Listing 4: JQuery Sparklines important elements. Copied from Garcia Belmonte (2015)

[71

Sparklines are designed in a way that they fits alongside a line of text to indicate a pat-
tern or trend and may lack an attribute associated with other kind of charts [7].

3.3 Google Chart Tools

Google Chart Tools can be used to generate different types of charts from simple line
charts to more complex shapes of data representation. It is an advanced version of im-
age chart API [6]. It has many types of chart types available to choose from and it uses
HTML5 and SVG to render charts in order to ensure cross browser compatibility and also
cross platform compatibility to iPhones and Android. Older versions of Internet Explorer

are supported using VML. [8.]
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In order to understand how visualization with google charts tools works, a study of ex-
ample pie chart shown below will be used to demonstrate how simple it is to visualize

using google chart tools.

How Much Pizza | Ate Last Night

-

& Mushrooms

@& COnions
Olives

@ Zucchini

@ Pepperoni

Figure 2: Example of a simple pie chat. Copied from Google Developers (2015) [8].

The first stage is to load Google JSAPI library loader and use it to load the visualization
library as shown below.

<!--Load the AJAX API-->

<script type="text/javascript” src="https://www.google.com/jsapi”>
</script>

<script type="text/javascript”>

// Load the Visualization API and the piechart package.
google.load(‘visualization’, ‘1.0’, {‘packages’:[‘corechart’]});

// Set a callback to run when the Google Visualization API is loaded.
google.setOnLoadCallback (drawChart) ;

Listing 5: Google JSAPI loader code. Copied from Google Developers 2015 [8].

Google JSAPI library is loaded using the first script and the second script loads google
visualization and chart libraries. It basically contains the chart code. In this line a person
also defines which version of Google charts to load by defining it as shown by the follow-

ing code example. [8.]

google.load(‘visualization’, ‘1.0, {'packages’:[‘corechart’]});

Listing 6: Google Chart version definition. Copied from Google Developers 2015 [8].
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Data is contained in a JavaScript class called google.visualization.DataTable, the follow-
ing example code illustrates how it can be done.

// Create the data table.
var data = new google.visualization.DataTable();
data.addColumn (‘string’, ‘Topping’);
data.addColumn ( ‘number’, ‘Slices’);
data.addRows ([

[ \Mushrooms’, 31,

‘Onions’, 117,
‘Olives’, 17,

‘Pepperoni’, 2]

[
[
[YZucchini’, 11,
[
1)

Listing 7: Google visualization data table. Copied from Google Developers (2015) [8].

The data source can be from a web page, database or any data source supporting the
chart tools data source protocol that includes SQL type of query language and can be
implemented by Google Spreadsheets or Google Fusion Tables. Google chart tool pro-
vides an easy way to switch between different chart types in order to find the ideal visu-
alization since data is loaded using the DataTable class that offers techniques of sorting
through the data. [8.] For instance in order to convert from a pie chart to a bar chart a
simple change of code shown below will make the changes.

// creates a pie chart.
google.visualization.PieChart

// creates a bar chart.
google.visualization.BarChart

Listing 8: Google Chart type definition. Copied from Google Developers (2015) [8].

The chart can be customized by defining the parameters like colors and background fill

as show by below code

// Set chart options

var options = {‘title’:’How Much Pizza I Ate Last Night’,
‘width’ : 400,
‘height’ :300};

Listing 9: Google Chart parameters definition. Copied from Google Developers (2015)
[8].

/ Mrgfkriopolia

University of Applied Sciences



The last step is to draw the chart by first instantiating an instance of the chart class that
a person wants to use and then define draw() at the end of the line [8]. A complete
code compiling all the above illustration is shown below.

<html>

<head>

<!--Load the AJAX API. Do this only once per web page! -->

<script type="text/javascript” src="https://www.google.com/jsapi”>
</script>

<script type="text/javascript”>

// Load the Visualization API and the piechart package.
google.load(‘'visualization’, ‘1’, {‘packages’:[‘corechart’]});

// Set a callback to run when the Google Visualization API is loaded.
google.setOnLoadCallback (drawChart) ;

// Callback that creates and populates a data table,
// instantiates the pie chart, passes in the data and
// draws it.

function drawChart () {

// create the data table.
var data = new google.visualization.DataTable();
data.addColumn (‘string’, ‘Topping’);
data.addColumn ( ‘number’, ‘Slices’);
data.addRows ([
[ \Mushrooms’, 3],
[‘Onions’, 17,
[‘Olives’, 17,
[YZucchini’, 11,
[ ‘Pepperoni’, 2]
1)
// Set chart options
var options = {‘title’:’How Much Pizza I Ate Last Night’,
‘width’ :400,
‘height’ :300};

// Instantiate and draw our chart, passing in some options.
var chart = new google.visualization.PieChart (document.getEle-
mentById(‘chart div’));
chart.draw(data, options);
}
</script>
</head>

<body>
<!--Div that will hold the pie chart-->
<div id="chart div” style="width:400; height:300”></div>
</body>
</html>

Listing 10: Google Chart Complete code for a simple pie chart. Copied from Google De-
velopers (2015) [8].
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3.4 Highcharts JS

Highcharts JS is a charting tool developed using JavaScript. It supports many chart types
and has its own available themes that can be used for design [6]. It uses an external
JavaScript framework for animation, DOM manipulation and event handling and has a

built-in support for jQuery [9].

Even though Highcharts is developed using a JavaScript framework library, its applica-
tion does not totally depend on one particular framework. It can be integrated into Proto-
type, MooTools and jQuery JavaScript frameworks. Highcharts requires two files to run,
highcharts.js and either jQuery, MooTools or Prototype. Below is illustration of how it can
be defined [9.]

/ Highcharts with jQuery

<script src="http://ajax.goog-
leapis.com/ajax/libs/jquery/1.8.2/jquery.min.js”></script>

<script src="http://code.highcharts.com/highcharts.js”></script>

// Highcharts Standalone Framework

<script src="http://code.highcharts.com/adapters/standalone-frame-
work.js”></script>

Listing 11: Highcharts JS file library definition. Copied from Highcharts developers
(2015) [9].
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Highcharts can be used in visualizing data in various different chart forms, below is an
example chart made using Highcharts JS tool

USD to EUR exchange rate over time

Click and drag in the plot area to zoom in

0.9

0.75

Sep'13 Jan"14 May ‘14 Sep "14 Jan'15 May '15

Figure 3: US Dollars to Euro exchange rate over time. Copied from Highcharts Devel-
opers (2015) [9].

Highcharts has been developed using native browser technologies and does not re-
quire server side plugins in order to run. It can also be run locally from a file system be-
cause rendering is done locally in a browser. The use of Highcharts for non-commercial

purposes is free. However, it cost money to use it for commercial visualization develop-
ment.
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4 Data Visualization Techniques

4.1 Tables

Data representation utilizing tables takes the form of columns and rows. Most commonly
it is used in accumulating and organizing raw data and also for data representation. It
enables users to check through the data and make comparison of the values. This
method of data representation is the most commonly utilized in data management and it
is also flexible in representing various types of data. [10.]

Microsoft Excel uses table as its primary way of representing data. This data can be
visualized in various charts tools available in the Excel program [10]. The example below
is a data table about the Kenya budget allocation to five sectors of the economy from the
year 2010/2011 to the year 2013/2014.

011/12 Total
Sectors 2010/11 Total Budget Estimates  Budget Estimates 2012/13 Total Budget Estimates  2013/14Total Budget Estimates
Infrastructure + Energy 135,520,923,694 183,987,366,088 268,100,000,000 220,800,000,000
Agriculture 23,230,199,372 19,565,914,807 22,09,000,000 38,100,000,000
Health 31,564,229,463 31,684,477,684 85,028,900,000 34,750,000,000
Security 113,278,607,371.00 119,056,679,790.00 83,500,000,000 74,420,000,000
Education 193,108,581,005 202,570,176, 743 233,100,000,000 273,700,000,000
Total 496,703,140,965 556,864,615,112 691,827,900,000 641,770,000,000

Figure 4: Kenyan budget estimates to 5 sectors of the economy between the years
2010/2011 and 2013/2014, amounts in Kenyan shilling. Data from the Institute of Eco-
nomic Affairs in Kenya [11].

When using a table for data representation care should be taken to limit data in the table
to only what is required for the study. Avoid having many rows or columns that might
confuse the reader, ensure that the table can be understood easily without much further

explanations and design it neatly for it to be appealing to the readers. [10.]
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4.2 Bar Chart

Bar Chart is a method of representing a set of definite data. Data is visualized in a num-
ber of arranged bars each representing a particular category. The height of every bar

represents a specific value indicated by the vertical length of the bar chart. [10]

Color-coding the bars makes it easy for users to distinguish between the various bars
and also enables them to understand the data representation with ease [10]. The simple
bar chart below is a representation of the Kenyan government financial budget estimates

indicating allocation to five sectors of the economy for the years 2015-2016.

Kenya budget estimates for the year 2015/2016
Budget Estimates
1 200 000 000 000

(7]
© 1 000 000 000 000
= 800 000 000 000
% 600 000 000 000
§ 400 000 000 000
5 200 000 000 oog :i d i
c
= N @ N Q 0 >
z R R <&
g XQ/ \\c’ %Q 6\)
S &
S @ v
< &
6\&\)
&
O

Figure 5: Kenyan budget estimates to 5 sectors of the economy for the years 2015-2016.

Data from the Institute of Economic Affairs in Kenya [11].

In the above simple bar chart, each individual bar represents a unique category. There
are also other types of bar charts namely horizontal bar chart, stacked bar chart and
grouped charts. A histogram is similar to a bar chart in look but differs by the fact that it

represents a continuous set of data rather than an independent data category. [10.]
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4.3 Line Chart

Line chart is a good visualization tool where the intention is to show trend over a time
period. A good example would be to show how the sales of a particular product change

over time or fluctuation of stock prices in the market over a specific period of time [10].

It is most commonly used to show more of rate of change of a value over a period of time
than the measure that has changed [10]. The line chart below is an example comparison
of expenditure in infrastructure and security by the Kenyan government for a six year

period.

KENYAN BUDGET EXPENDITURE ON SECURITY AND
INFRASTRUCTURE
450 000 000 000

400 000 000 000 /‘
350 000 000 000

300 000 000 000 /
250 000 000 000 ﬁ»ﬁv—;
=
200 000 000 000
150 000 000 000 ,/ // Infrastructure + Energy

100 000 000 000 =~ .
50 000 000 000 —Security

AMOUNT IN KENYAN SHILLINGS

Figure 6: Example line chart indicating change of price for two items. Data from the In-

stitute of Economic Affairs in Kenya [11].

Line charts and scatter plots are very similar in representation. However, a line chart has
the various points connected with a continuous line. Line charts are used in establishing
a connection between two sets of independent values. If a trend is established for an
item in a dataset, then prediction of future results can be made without having real data
at hand. [10.]
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4.4 Combination Chart

Combination Chart is a type of visualization where two types of charts have been com-
bined in a single visualization. An example of this would be combination of a bar chart
and a line chart. This kind of visualization is good when making a comparison of data

values in two different categories as illustrated by the below figure. [10.]

160 8000

140

120

Jan Feb March April May June

E==iUnitsSold ®™===Total Transactions

Figure 7: Combined chart showing the number of product units sold by a company and
the total revenue generated [12].

The above way of data representation makes it possible to visualize different kinds of
datasets at the same time without the need of having separate charts.
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45 Pie Chart

A pie chart is a type of graph that has a circle divided into sectors. Each sector represents
a certain percentage of the whole graph. The size of a particular sector is proportional to
the amount it represents of the whole amount on the pie chart. A pie chart is mostly used
to show comparison of values. [10.] One example area where it is used is to show finan-

cial budget allocation to different departments as indicated by the figure below.

Kenya 2010/2011 Total Budget
Estimates

® Infrastructure + Energy
H Agriculture

i Health

H Security

i Education

Figure 8: Kenyan financial budget allocation to a number of departments for the years
2010-2011. Data from the Institute of Economic Affairs in Kenya [11].

It is often easy to read information represented in the pie chart because of its simplicity
in design. Color-coding the various sectors makes the illustration clear, and it is easy to
distinguish the various sectors. However, when representing a large amount of data a
pie chart many not be the best suitable method because many small segments might
confuse the reader of the pie chart. [10.]
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4.6 Scatter Plot

Scatter Plot is a type of graph where a variable is plotted along two axes with the aim of
showing a relationship between two sets of data that share the same event. Data is
graphed as a number of points in the graph with each point representing a value. The
use of a scatter plot is demonstrated below. Figure 9 shows how the prices and quality

of a product compare and affect one another other. [10.]

Peanut Butter

35 -

.
. .
30—
) .
a5 _| .o .
L L ¢ ..
L 20— ., . .- ™
[
F 15 | * $+ ™% *
. e
.
10— . .
5 ]
D_ .

I I | | | | | I |
10 20 30 40 a0 B0 ¥ &l a0

Cluality

Figure 9: Peanut butter comparison study of price versus quality. Copied from Inter-
Math (2015) [13].

The points can be colour coded to increase contrast and make viewing and interpreta-
tion easy. The relationship between the two variables is known as their correlation. A
three-dimensional scatter plot can be used to visualize the relationship between three

variables. [10.]
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4.7 Tree map

Tree map is a method of visualizing hierarchical data in the form of rectangles. It enables
users to look at the whole picture of data representation as a whole and to make com-
parison of the nodes and sub-nodes at various levels. Tree Maps can be created in more
than one way but the interface of the Tree Map visualizations looks similar. However,

some are interactive while others are static. [10]. The figure below is an example tree

map showing gross domestic product distribution of the top 15 countries in the world.

Top 15 GDP Countries in 2011 (vs. 2009)

Figure 10: GDP (gross domestic product) distribution of the top 15 countries in 2011.
Copied from Dundas Data Visualization, Inc. (2015) [14].

Each rectangle represents a category that can also be divided into sub-categories. Col-
our can be used to emphasize intensity of the segment. Similarity in colour and size of
the rectangles can guide users into identifying a pattern in the data represented. [10.]
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5 Visualization of Financial Budget Data

Financial data is defined as a set of price and volume values for a certain quantity of
income [15]. There are my charting tools used in visualization of financial data. These
tools can be used to generate various types of charts in order to find trend and relation
in the data. Charting tools like pie charts and bar graphs use features such as size and

color to show trends and distinguish sets of data visually. [16, 8.]

Visualizing financial data puts the story in front of everyone’s eyes making it easy to
digest and understand. Development of new visualization tools has enabled dynamic

visualization to be achieved through dashboards and interactive charts. [17, 35.]

The financial budget for many countries is presented in printed format as a booklet or
PDF document in electronic format, but because of the complexity and huge financial
numbers involved it takes time for one to read and understand. Visualizing the same data
in the form of charts and perhaps with some interactivity makes it easy for an average
person to understand how the money has been budgeted. [17, page 35]

The web provides a platform for sharing data easily to many people. The purpose of
visualizing budget information is to generate interest of the reader making it easy to know
how the tax payer money has been spent, explain the work that the government performs
and enable the citizens to know functions that the government has prioritized in terms of

spending.

s
e —

/ Helsinki

/ Metropolia

University of Applied Sciences



20

6 lllustrations of Budget Visualization

6.1 OpenSpending

Open Spending is an open platform where people can upload financial data on spending
and visualize using built-in tools. The platform is a JavaScript framework and it is a com-
munity run project with open-source code and open data. Visualization done on this ap-
plication can be embedded to other websites using an available widget [18].

There are more than 28 million transactions from 1071 datasets over 75 nations on the
website. One application in Open Spending that shows visualization of financial data is
named where does my money go? It is a visualization of how the money of taxpayers
from the United Kingdom has been budgeted by the government. The visualization has
been done in two ways, namely country and regional analysis and the daily bread
[18].

Country and Regional Analysis
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Figure 11: Bubble Tree Map representation of the United Kingdom government spending
for the years 2004-2010. Copied from Where Does My Money Go (UK) (2015) [18].
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One can compare how various regions in the United Kingdom have done financial budg-
eting by clicking on various regions on the map. Its interactivity generates user interest
to understand how budgeting has been done by the regional government. [18.]

The Daily Bread

SALARY SELECT YOUR SALARY YOUR TAX
=
£22,000 2 £4,895
Running Defence Health Helping Others Culture Education Running The  Order & Safety  Our Streets The Environment
Government Country, Social
Systems
£1.82 £0.04 .27 £4.80 £0.21 £0.86 £0.44 £0.16 £0.13

Figure 12: The Daily Bread Visualization of the United Kingdom government spending of

tax to various ministries. Copied from Where Does My Money Go (UK) (2015) [18].

In the daily bread application, dragging the shown slider in figure nine adjusts the salary
scale which then displays how much tax is levied on that salary level annually. It also
show a breakdown of the amount of tax paid on a single day to various government
functions on the basis of that salary scale. Its simplicity and interactivity makes it easy
for a person to understand tax levied and expenditure by the British government func-

tions. [18.]
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6.2 Meie Raha

The term “Meie Raha” is an Estonian word for “Our Money”. Meie raha application vis-
ualizes the Estonian financial budget spending. It was created by a team of volunteers
at a local hackathon known as Garage48. The application has two sides of the equation,
the income group that mainly consists of taxes and the expenditure group. The financial
size of the budget item is directly proportional to the size of the bubble. The picture below

is an illustration of what the visualization looks like [19.]

o ECONOMIC AFFAIRS RERHIIEGARE

SOCIAL CARE

-460.4M

o o 1
NON-TAXES

SOCIAL TAX

VALUE ADDED TAX

OTHERT. o @ @ %

DEFENCE  ENVIRONMEN
INCOME T&X PUBLIC ORDER.
EXCISE DUTIES EDUCATION ~ GOVERNMENT SEC

.
HOUSL
CULTURE AN

Figure 13: Screen capture of Meie raha visualization of the Estonian government finan-
cial budget (2015) [19].

The application can be manipulated by dragging the bubble from one position to another
resulting in different balance of the budget. However, it is important to remember that a
budget has to be balanced and so a change in the expenditure side has to be balanced
on the income side. It is also possible to expand and see the content of a bubble by

clicking on it. [19.]
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6.3 Think Tank Fund - Open Society Foundations

Think tanks are organizations that are focused on data analysis in Central and Eastern
Europe using numbers and context to make a difference. Their aim is to make it easy for
users to understand valuable data by creating interactive visualization. This helps both
citizens and policy makers to better understand data and guide them in future decision-
making. [20.]

Think Tank Fund has supported projects since 2010 that are aimed at providing new
perspective of how facts are viewed in a certain policy field. The picture below is a screen
capture of projects that were supported by open society foundation between the years
2010 and 2013. [20.]

Home Projects Organizations About

il (] . .
Visualization of Hungarian Budget of the Republic of The Price of the State
Budget Data Macedonia
¥ Hungary ¥ Macedonia ¥ Slovskis
# Budget # Budget # Budget

Figure 14: Screen capture of financial visualizations supported by the Open Society
Foundation. Copied from Think Thank projects (2015) [20].

Think Tank Fund has 16 supported projects that are divided into three named categories:
accountability, crime and budget. The visualization makes the understanding of complex

data simple. [20.]
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6.4 Four Ways to Slice Obama’s 2013 Budget Proposal

Four Ways to Slice Obama’s 2013 Budget is a budget data visualization application cre-
ated by Shan Cater with the help of others for the New York Times. Its aim is to provide
an interactive way to explore the Obama budget proposal for the year 2013 and also to
compare how he changed it with respect to the previous years. It uses bubbles to repre-
sent data, and it has smooth transitions between each of the four distinct views making
it easy for users to explore it. The picture below shows how the visualization has been
made. [21.]

‘ All Spending Types of Spending Changes Department Tofals

- Largest |

How $3.7 Trillion Is Spent TR
Mr. Obama's budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the
proposed spending.
$100 billion
The proposal
forecasts a $901
billion deficit.

1 billion

Color shows amount of cut or

increase from 2012.

I .
—25% -5% 0 +5% +25%

Largest Cuts

Figure 15: Screen capture of New York Times visualization of Obama 2013 budget. Cop-
ied from the New York Times (2015) [21].

The size of the bubble is directly proportional to the amount of money allocation in US
dollars. The colour green means more money allocation and red means less money al-

location to the various governments departments. [21.]
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6.5 Infographics

Information graphics are a visual representation of data designed to convey information
clearly and quickly. They are used for many different kinds of information visualization.
However, their use for representation of financial budget data will be discussed in this
study. [22].

Infographics have been used to visualize financial and budget data with very good re-
sults. The demonocracy.info website offers a number of detailed economic infographics
for a wide area of financial topics. The Canadian financial budget for the years 2012-
2013 has also been visualized using infographics in a very interesting manner as shown

in the figure below. [22].

< BUDGET DEPARTMENTAL C, 'S Al ECONOMIC LOST AND THE YEARS HOW CANADA
OVERVIEW cuts CHALLENGE DEMOGRAPHICS DEVELOPMENT GAINED AHEAD RANKS
Canada’s projected deficit for 2012-2013 is Bldery benets .
L] L]

M Personal 21 l_b ll El benefits: I
income tax $ L 1 lon $18.7-B
$124.5-B

Children’'s B
B Corporate $25R58Vglﬂuf_ Expenditures benefits
income tax - 0on his $13.2B
$276.1-billion
Health and W
The budget balance social programs
The deficit represents the difference between the $40.8-8
government's revenue and expenditures.
Cities and B

communities

$324-B
W Other
income tax
$5.5-B
B GST.
$30.9-B = o/ $2-8
Other taxes Other transfers B
and duties to governments
$15-B / \ $15.5-B
'l ) %
@ -

El premiums | I Public debt
$20.1-B = charges:
@ $30.8-B

Other
revenues Direct program
$25.7-B expenses
$114.7-B

Source: March 2012 Canada Economic Plan/ Department of Finance

Figure 16: Screen capture of Canada 2012 budget visualization. Copied from the globe
and mail (2015) [22].

The slider at the top of the infographics provides a way to view the budget from different
perspectives. The blue and red colour indicates revenue and expenditure respectively
[22].
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6.6 Kenyan Budget Explorer

Kenyan budget explorer is a budget visualization developed by the Twaweza organiza-
tion. It has been designed in the form of a dashboard and it visualizes nine Kenyan
budget proposals between the years 2002-2003 and 2011-2013. Data can be visualized
in the form of bubbles and bar charts. It has filters to focus the view and also the option
of downloading the data. The figure below is how the visualization is a picture of the

application user interface [23].

Total Spending MDAs  Counties Actual

Kenyan Budget Explorer . - ) About ||Download data| Share |(save image|| print
Y 9 _p. Help d" ﬁ . Kiswahili —

{ AllMDAs | | Agriculture and Rural Development v

MDA Sector spending: Agriculture and Rural Development, split by Purpose, 2002-03

Ministry of Cooperative Development and
Marketing

Ministry of Agriculture

Agriculture and Rural Development

Total spending
10 billion KES
4.89%

Ministry of Lands and Housing

SO 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
(<

>

- " RIGHT CLICK ON THE GRAPH TO DOWNLOAD DATA % -

isualisation by 1 iganomical
T/ Twaweza

v1.0.1

Figure 17: Screen capture of the Kenya Budget Explorer application 2015. Copied from
the Twaweza organization (2015) [23].

The application visualizes budget estimates for nine consecutive years enabling one to
see how the budget allocation has been changing over the years and possibly how to
find trends in money allocation to various government ministries [23].
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7 Visualizing Kenyan Financial Budget Data from 2010/2011 to 2015/2016

The process of data visualization used in the study of Kenya financial budget has been

modelled as the below flow chat diagram shows.

C DATA VISUALIZATION PROCESS >

Raw data

P RATION l

Data sampling

Data sorting eBEERE

Create model

Evaluate model
Interpret model
Test model PRESENTATION

Present visualization

Figure 18: Data visualization model process of the Kenyan budget data.

The process of data visualization used in this study was structured in a number of
steps as indicated in the above flow chart. First, it was important to find a good source
of data to use in the study and then sorted it and finally prepares it for use in the visual-

ization.

A model was then created based on the collected data. The type of data determined
the type of model used. The visualized model was evaluated and tested to see if the
goal of the study had been achieved and also to make any correction if necessary.

When all had been done then design and presentation of the final model was then

done.
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7.1 Data Source

The motivation of any data visualization is to communicate the meaning of volumes of
data and make people understand the story behind the data in a simple way. Choosing
a good source of data is an important prerequisite of any visualization. The data source
of financial transactions and budget expenditures of many African governments is not
easy to be accessed. However, the Kenyan government has made good effort of trying

to make data of its budget expenditures more open to the general public [24].

The government of Kenya established a Kenyan open data portal in an effort to make
public datasets more easily accessible to the public and also to try to be accountable to
its citizens and to make them more proactively involved and informed. The portal holds
more than 680 datasets from various sectors such as education, energy, environment
and agriculture. Also many kinds of visualizations have been done on these datasets.
These datasets can also be downloaded in various standard file formats. [24.]

The Kenyan government budget estimates for the dataset of the years 2015-2016 was
downloaded from a website owned by the Institute of Economic Affairs (IEA - Kenya). It
is a think tank organization that provides a platform for informed discussions with the
intention of influencing public policy in Kenya [11]. | chose to use Kenyan government

data because of the following reasons:

e To show comparison of financial budget allocation to the five government minis-

tries over the chosen period of time.

e Toshow trends overtime if allocation to a particular ministry is progressively going
up or down and to show what fluctuation has been in the ministries over the year’'s

chosen.

e To demonstrate that a budget presentation can be made easy for people to un-
derstand by visualizing it in an interesting way. Normally Kenya budget presen-

tations are in paper print or PDF files.

e To empower citizens by presenting information about the government budget ex-

penditure.

£
e —

Metropolia

University of Applied Sciences



29

7.2 Data Preparation

It is a good practice to prepare data before the visualization process starts. This will help
the people doing the visualization to come up with effective results. Data preparation is
a time consuming process because mostly it has to be done manually but it is important

if a good visualization has to be achieved [26, 23-24].

The budget data used in creating the application for this study as shown in figure nine-
teen originally was in the PDF file format. Only what was required for the visualization
was identified and selected. A Microsoft Excel file was used to sort through and prepare
the data. Inconsistent entries, errors and any discrepancies were checked and corrected
at this point. The currency in the budget estimates is in Kenyan shillings and the entire
file document is in English.

7.3 Bubble Tree

The bubble tree chart type has been used in visualizing the Kenyan government budget
estimates. Gregor Aisch and David McCandless originally developed it for visualizing
spending data in the OpenSpending platform but now it is possible to create a visualiza-
tion using the application independently. Bubble tree has been developed on top of
JQuery and Raphael JS libraries. [27.]

Using this interactive platform creates interest in users to try to understand the budget
and also help them comprehend the important aspects of the budget spending estimates.
Reading and understanding the financial budget in the original PDF document takes

more time and does not attract the interest of its readers.

Different colours have been used to bring out the contrast in the bubble tree. The icons
in the bubbles help the user to easily identify the meaning of what the bubble represents.
The little dotted white line on the inside of the bubbles indicates that it has child bubble
and expands to other children by clicking on the icon. The picture below shows the bub-

ble tree structure general look. [27.]

£
e —

Metropolia

University of Applied Sciences



30

691.8b
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Figure 19: Kenyan financial budgets estimate for the years 2010-2016. Data from the

Institute of Economic Affairs in Kenya [11].

The bubble tree structure makes it easy for users to understand the general overview
of the budget proposal without the need of reading a lot of pages of financial state-
ments in print copies that is a custom of the traditional budget presentations.

Setup

Radial bubble tree chart visualization can be independently set up from the Open-
Spending platform. Data can be sourced from a local file or it can be fetched from the
OpenSpending platform using the platform API. In this study, each individual data entry
was inserted within the specific tag in the code file. The bubble chart constructor have
one argument, an object which defines the settings for the chart as shown by the below

example. [27]

new BubbleTree (

{

data: data,

container: '.bubbletree',
bubbleType: 'donut',

})

Listing 12: Bubble chart contractor [27].
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The position where the bubble tree is to be inserted in the HTML DOM structure is de-
fined by setting the container property as shown above. The data format is nested in a
tree structure format. Two elements in the nodes label and amount must be defined.

The format is shown by the following code example. [27].

var data={
label: 'Kenya Budget Estimates',
amount: 430448165055,
}

Listing 13: Bubble chart important variables [27].

The child nodes are nested within the children array as shown by the example below

var data={
label: 'Kenya Budget Estimates',
amount: 430448165055,
children: [{
label:"Agriculture",
amount:200000
},
{

label:"Education",
amount:200000

H
}

Listing 14: Bubble chart nesting [27].

Data on the child nodes can be read by clicking on the parent node in the tree structure

that then opens up as shown in the following figure.

|

Helsinki

Metropolia

University of Applied Sciences



404.7b

1 3 Infrastructure +
Energy

 Agriculture

1.1t :
201516 Budget Estimates -

335.8b

Education

32

Figure 20: Visualization of the Kenyan budgets estimate from 2010/2011 to 2015/2016.

Data from the Institute of Economic Affairs in Kenya [11].

A unigue identifier can be assigned to the node by setting the id property as demon-

strated in the example below.

var data={

id:"Ken-Bud",

label:'Kenya Budget Estimates',
amount:430448165055

}

Listing 15: Bubble tree unique identifier definition [27].

An alternative way of identifying the nodes is by assigning a taxonomy and name prop-

erty to the node as shown below.

var data={

taxonomy: "KB",

name:'2015/2016 Budget',
label: 'Kenya Budget Estimates',
amount: 430448165055

}
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Listing 16: Taxonomy and name identifiers of a bubble tree [27].

Defining the bubbletype property sets the display type. This determines the kind of
class used to display the bubble icons, three different types of values can be used as

shown by the below examples [27]

bubbleType: 'donut',
bubbleType: 'plain',
bubbleType: 'icon',

Listing 17: Display type definition of a bubble tree [27].

Defining the bubble style helps to customize the look of the icons. Styling can be done
for each taxonomy or for individual identifiers. This can be done by defining the colour
and icon property. By default bubble sorting is done by amount in alternating manner.
This can be changed by defining the sortby property to “label” as illustrated below. [27.]

sortBy = 'label';
Listing 18: Bubble sorting definition [27].

Tooltip is not yet integrated as part of the bubble chart implementation so far but it can
be added to the tree chart by the use of a simple API. Event handlers for the tooltip
show and hide event can be set with the tooltipCallback property in the configuration.
The code below is an illustration of how it can be done.

var getTooltip = function() {
return this.getAttribute('tooltip');};

var initTooltip = function (node, domnode) {

domnode.setAttribute ('tooltip',node.label+"'&nbsp;<b><br
/>KSH&nbsp'+node. famount+'</b><br /><b>"');

vis4d.log (domnode.getAttribute ('tooltip')); $ (domnode) .tooltip (
{delay: 20, bodyHandler: getTooltip});};

Listing 19: Tooltip and event handlers of bubble tree [27].

The tooltip is initiated by calling it as like below

initTooltip: initTooltip,

Listing 20: Initiating a tooltip [27].
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7.4 Tree Map

The entire budget can be looked at as a whole by visualizing it using a TreeMap. The
visualization was generated using the Open Spending budget visualization tool. Data is
prepared in the comma separated value file format and uploaded to the Open Spending
platform following a step process provided on the website. The tree map chart type is
easily generated using the site API. Users can explore the budget and compare alloca-
tions for various government ministries. The picture below is a TreeMap visualization of
the Kenyan Budget 2015-2016 estimates. [29]

KSh436,888 K5h69,112 — KSh26,833
Conzolidated Fund Services Adgricutture Rural and Urban otectio Min. of Energy and
Development g Petroleum

Ksh25,565
State
Department for
Agriculture

KSh60.462
State Department for
Infrastructure

Figure 21: Screen capture of the Kenyan budget 2015-2016 estimates. Copied from open
spending (2015) [29].

From the visualization above, one can observe that apart from consolidated fund ser-
vices, agriculture rural and urban development was allocated the highest spending and
East African affairs was allocated the least. Users can have a fast and easy view of the
entire budget estimate by hovering the mouse pointer on the various segmented rectan-

gular boxes that separate each spending category.
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Bar Charts

The Kenyan budget allocation to various functions of the government has varied in the
financial years from 2010/2011 to 2015/2016. For instance allocation to education and
infrastructure sectors has had an increasing trend in the five years’ budget allocations

as shown in the below bar chart.

o Kenyan Government Budget Estimate 2010/2011 - 2015/2016
E 1 200 000 000 000
@ 1 000 000 000 000 | ®2010/11 Total Budget
c ,
S 800 000 000 000 Estimates
c m2011/12
(]
x 600000000 000 Total Budget Estimates
c
= 400000000000 = 2012/13 Total Budget
§ 200 000 000 000 - Estimates
§: 0 - m 2013/14 Total Budget
N Estimates
S E
& & ¥ o & = 2014/15 Total Budget
@" ?9* Q,b Estimates
& = 2015/16 Total Budget
S Estimates
&
O

Figure 22: Kenya Budget Estimates for a 6 Year period focusing on 5 ministries. Data
from the Institute of Economic Affairs in Kenya [11].

It is easy to notice a trend in financial allocation when data is viewed as the above bar
chart. For instance it is noticeable that agriculture and health sectors have had the lowest
budget allocation in the financial years visualized while infrastructure and education have

had an increasingly higher allocation in the same period of time.

The interactive bar chart increases user interest in exploring the visualization. D3 plus
library which is an extension of d3.js provides a very easy way of creating an interactive
bar graph. The Kenyan budget estimates for the year 2010/11 to 2015/16 has also been

visualized using the library as shown in the following figure.
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jon Kenyan Shillings

Amountin Bill

Figure 23: D3 plus bar chart visualization. Data from the Institute of Economic Affairs in
Kenya [11].

D3 plus has a similar way of coding as D3.js. The chart is easily created by the chaining

method as illustrated below.

var visualization = d3plus.viz()
.container ("#viz")
.data (data)
.type ("bar")
Lid("name™)
X ("year™)
.y ("value™)
.draw ()

Listing 21: Chaining method of D3 plus [30].

The method .data() appends data values for the graph and .draw() creates the visuali-
zation. Reference to D3 and D3plus library has to be made in the head of the document

file.
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8 Analysis

The aim of this thesis has been to provide insight into the importance of visualization of
financial data and the benefits it has for ordinary citizens and also for organizations. This
study has explained the techniques used in visualization of data and various tools avail-
able for easy data visualization. Also different approaches and examples for visualizing

various kinds of data have been explained.

Visualizing financial data is a process with many steps in which every step plays an
important role towards the realization of a successful data representation. A reliable data
source is an important prerequisite in the visualization process, because an error in the
data source may mislead intended users to make critical decisions who may suffer huge
financial loss. Data preparation consumes much of the visualization time but it is worth

in the end because it makes the other following steps easy.

It is a challenge to find a perfect visualization tool. Usability of the technique is vital and
it should offer enough information to the users for it to be considered effective. The scala-
bility of the techniques used is a challenge since most visualizations are designed to be
viewed on standard screen devices like computers and not on mobile phone platforms.
Also a lack of standards to measure effectiveness of methods used makes it hard to

evaluate if the technique used is effective for a particular type of data representation.

The choice of tools and methods to use in representing data is also an important factor
because it is what determines how the target audience will perceive the data repre-
sented. Understanding of budget and spending information helps citizens to know how

their taxes are being spent by the government and guides them in future decision mak-

ing.
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9 Discussion and conclusion

Data visualization provides users an easy way to check through data and easily under-
stand information or a story that is behind the numbers. This is because it is not an easy
task to go through / understand data which is complex in nature or which is big in quantity.
Understanding of data is important to users because it helps them to have different per-

spectives on issues related to them and also guides them in decision making.

A lot of institutions publish monetary data on their budgets, spending data or procure-
ments using conventional methods such as PDF files. Users often find it hard to read
through and understand financial data that is presented using these methods. Visualizing
these data makes it interesting and easy for users to read through and understand re-
ports that otherwise might not have been easy for them.

There are many techniques that can be used to visualize data. The kind of method to be
used in visualization is determined by factors such as type of data, story that is supposed
to be communicated and time available to do the visualization. Also there are many
online applications that can be used to visualize data in an easy way. Some of these
tools might be free for everyone to use but others might involve a cost for using them.

The study gives examples of successful budget and financial data visualization that has
been done by various different people and organizations. Pictures of their visualization
have been shown in the discussion. It is important to know that different kinds of mone-
tary data might need different tools and approaches in visualization. In order to have a
successful visualization, the choice of tools and knowing the kind of story to tell is essen-

tial.

Information empowers people by increasing their knowledge and understanding of is-
sues. Financial data visualization simplifies and increases people’s understanding of

how budgeting and spending has been done by governments and other institutions.
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