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Abstract

Data visualization has grown rapidly in terms of popularity in recent years.
Communicating the findings from visualizing data to third parties is much more effective
and is called digital data storytelling. In the context of this thesis, an overview of these
disciplines was provided and great examples of data visualization were also presented. A
data storytelling scenario has been developed that utilized public data to analyse and
present the results of this analysis visually. The theme of the story is related to the sales of
passenger cars and their characteristics registered in the last 8 years in Europe. Charts have
been created with the help of Plotly Chart studio. This tool has the ability to create
dynamic, interactive data visualizations in web browsers. The Plotly Chart Studio has
proven to be a tool that offers many helpful capabilities to the user

Keywords: data visualization, data storytelling, Plotly Chart studio
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1 Introduction

1.1 Problem statement — Significance

In recent years there has been an explosion of digital data production. This massive
data growth is attributed to the fact that nowadays there are much more tools, devices and
means available to people that are able to create and share information than even before.
In fact, there is an exponential rise in ways to receive information by; social media,
websites, e-mail, data from mobiles, RSS feeds etc. An overview of this incredible data
growth rate has been presented in the IBM study 2017 which highlights that 90 % of the
world’s data have been generated only in the last two years [1]. This excessive amount of
information can actually make it difficult for people to retrieve the required information
from different sources and generally complicate data manipulation. However, in the
workplace the information revolution is seen as a key to success and a way to gain

competitive advantage to outperform the opponents.

GROWTH OF DATA IN THE WORLD
ALL TIME
PRIOR TO
2014

2014-2015

Figure 1 Growth of data in the world [1], [2]



Data contain valuable information that can be used to benefit businesses /
organizations etc. Simply by exploring data (data exploration), managers / bi analysts can
easily understand more about their businesses and to leverage this knowledge directly in
order to make better decisions, follow better strategies and therefore increase their
performance. This exploration involves visualizing the data.

Data visualization is a relatively new scientific field that has grown rapidly in terms
of popularity in recent years. The term "data visualization" includes every effort to help
people understand the importance of data by placing them in a visual context. Patterns,
trends, and correlations that matter and may not be easily found in spreadsheets can be
revealed and recognized through graphs. Moreover, visualizing the information allows the
focus only in the important parts. It is commonly accepted that the human brain processes
much better and easier visual data than language, words, numbers, tables etc [3].

However, visualizing data itself is not enough to convey a message. Simply
visualizing data only express what is happening but it does not tell why this is happening.
Communicating the findings from visualizing data to third parties (audiences, customers,
etc.) with a compelling narrative that encourages them to engage in the story is much more
effective and is called digital data storytelling. Data storytelling is considered to help
significantly marketers / speakers to achieve their communication goals in many different
ways.

Having said all the above, it is appropriate to examine these scientific areas more
closely and, by implementing a technical example (case-study), to highlight why they are

considered so important.

1.2 Scope

In the context of this thesis, a data storytelling dashboard has been created by
utilizing public data sources. The data has been analysed in order to reveal interesting
trends. The results of this analysis have been presented visually into a dashboard in a way
that composes a story. The ultimate goal of this story is to engage readers/audience, to
motivate them to interact with the graphs, and finally to understand and assimilate the main
messages that the story wants to stress out. Graphs were created using the Plotly library of

Javascript which has the ability to create interactive visualizations of data in web browsers.
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The theme of the story created has to do with the sales of passenger cars recorded
in the last 8 years in Europe. The dashboard has been designed in a manner to compose a
story and gather the most interesting points of the data and present it to the public. The
dashboard was based on the EEA's (European Environmental Agency) database which is
published every year and contains the main characteristics of the cars sold in the European

Member States (e.g. Engine displacement, Mass, CO2 emissions etc.).

1.3 Contribution

This study explores the scientific areas of data visualization and data storytelling.
Through the literature review, these areas are analyzed and the abilities offered by them
are presented. More specifically, the analysis includes definitions, explanation of the major
features of these scientific fields, and presentation of some noteworthy examples.

The technical part of the thesis that involves the construction of a story through
data is accompanied by a complete demonstration of the tool that was used to create the
story. The tool that was used was the Chart studio of Plotly which is a Javascript’s library.
The main features of this library are investigated in the study and also this library is
compared to other available tools for data visualization.

Initially the data was collected and gathered in a comprehensive database. The
database was cleaned in order to facilitate the data analysis. Errors in the data were
corrected as inaccurate or outlier values, some values stored as text were converted to
numbers, etc. Then, the appropriate queries were created to begin analysing the data and

finally the presentation of the data which tells a story about the passenger cars in Europe.

1.4 Structure of the study

In this section, the structure of the study is described. Specifically, chapter 2
provides information on the literature review conducted for collecting relevant material.
Chapter 3 is the backbone of work, containing thoroughly analysis of the fields of interest.
In this chapter, there are subchapters 3.1 and 3.2 where the fields of data visualization and
data storytelling are explored respectively. Section 3 contains a presentation of the tool

(Plotly chart studio) that was used to carry out the case study, which in turn is discussed in
3



Section 4. Chapter 5 includes the outline of the study, summarizing the conclusions of the
work and talking about the bounds and limitations of the work, as well as the future
extensions that can be studied. Finally, in chapter 6 there is the literature used in this study.



2 Methodology

2.1 Data visualization

2.1.1 Definitions

There are many ways to define data visualization. Some of the scientists in this
field have given the following definitions:

Scott Murrey professor at the University of San Francisco defines data visualization
as follows: “Data visualization is a process of mapping values or information to visual
content. The process of visualization can help us see the world in a new way, revealing
unexpected patterns and trends in the otherwise hidden information around us. "[4].

Cole Nussbaumer Knaflic, Founder & CEO of storytelling with data outlines that
“Data visualization is about turning numbers into pictures and stories which are relative
easily understood by humans.” [5]

According to Vitaly Friedman co-founder of the Smashing Magazine:

“The main goal of data visualization is its ability to visualize data, communicating
information clearly and effectively. It doesn’t mean that data visualization needs to look
boring to be functional or extremely sophisticated to look beautiful. To convey ideas
effectively, both aesthetic form and functionality need to go hand in hand, providing
insights into a rather sparse and complex data set by communicating its key-aspects in a
more intuitive way. Yet designers often tend to discard the balance between design and
function, creating gorgeous data visualizations which fail to serve its main purpose —

communicate information.” [6]

2.1.2 Why data visualisation is important?

It's often said that a picture is worth a thousand words and data visualization works
the same way. A visual representation or a chart may contain a lot more information than
text for a similar amount of space on a page/slide etc. Also, it has been proved that visuals
are more efficient and effective than words when processed by human brain. Pictures are
not just easier to perceive and process than words, but also easier to remember.

Danish Physicist Tor Norretranders created a visual to correlate human senses to

computer terms and named it “Bandwidth of our senses”.
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Figure 2 Bandwidth of our senses by Tor Norretranders.

Analytically, this visual compares the amount of information perceived by human
senses per second. As seen from the above picture, vision has the dominant role among the
senses, as the processing speed of vision is 10 times faster than the second stronger sense
which is touch. There follows hearing and smell that perceive information 100 times slower
than sight. Finally, it is worth noting that the small white spot on the right lower corner

represents that humans are only aware of 0.7% of the information they experience.

A few other facts showing that visuals are more powerful than words:

e Visuals are processed 60,000 x quicker than text by human brain. [7]

¢ 90 % of information that comes to the brain is visual. [8]

¢ Individuals can recall the content of 2500 pictures with more than 90 %
accuracy 72 hours later, looking at them for only 10 seconds. After a year,
participants had 63 % recall of those same pictures. With traditional lecture
format delivery, students only remember 10 % of the material 72 hours
later. [9]



Human eyes can enroll 36,000 visual messages per hour. [10]

The Power of
Visuals in elLbearning

Stick in long-term memory
Transmit messages faster

Improve comprehension

Trigger emotions

Motivate learners

Used incorrectly
can deter learners

SH!FT

DISRUPTIVE ELEARNING

Figure 3 The power of visuals [11]

Any kind of images and visualizations have the ability to affect more their audience
than written words and numbers. This is because, in general, visualizations are more
closely tied to human memory. In addition, graphs or visuals repeat the message in a unique
way, enhancing their impact on your audience.

However, in order to maximize the effectiveness, the correct chart or display for
the situation should be utilized. Selecting the wrong data visualization might overwhelm

or confuse the audience — which might lead to the opposite of the intended results.

2.1.3 Key figures in History of data visualization

It is commonly thought that data visualization is a recent development. However,
data visualization has its origins in the very long past. This chapter describes some of the
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most remarkable examples of data visualization of the past that shaped the current version

of data visualization as we know it.

William Playfair (1759-1823)

A Scottish engineer considered as the father of graphical methods of statistics. He
invented line, bar, area and pie charts that are commonly used today. One of his well-
known graphs is depicted below where there is a comparison between exports from
England with imports from Denmark and Norway into England for the time period 1700-
1780.

Exports and Imports to and from DENMARK & NORWAY from 100 101780
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1 INEDI— TEI——— S 20
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Lrublished ac the Act directs, 19° Mav 1996 by W™ Llayrair Neale werdpt IO, Strand, Londont .

Figure 4 Exports and imports to and from Denmark and Norway into England for the
time period 1700-1780 [12]

John Snow (1813-1858)

John Snow was a physician and is widely recognized as one of the founders of
modern epidemiology. His best-known work is about the London's cholera outbreak in
1854. 127 people on or near Broad Street died. John Snow documented deaths around the

community to determine what might be the cause of the epidemic. He created the following
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map by recording the location of each death by a bar. The height or the length of these bars
indicate that more deaths occurred in a particular location.

This map helped him to identify the source of the outbreak as the public water
pump on Broad Street. Firstly, he discovered a meaningful anomaly in the results. No one
of the workers employed in the close Broad Street brewery contracted cholera. As it turns
out, the brewery gave an unlimited beer allowance to its workers, and since the
fermentation process killed the cholera bacteria, none of the workers diseased.

Figure 5 Cholera cases in Soho (London) in 1854 [13]

Florence Nightingale (1820-1910)

During the Crimean War, Florence Nightingale was serving as a nurse. The terrible
hygiene conditions that prevailed on the hospital facilities prompted her to carefully track
the death rates in the hospitals and visualize the data. Nightingale is considered as a pioneer
in the graphical representation of statistics. Its best-known contribution is a form of the pie
chart presently known as the polar area chart. Her ‘rose’ graphs helped her battle for good

sanitation and better medical conditions and eventually save lives.
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Figure 6 Diagram of the causes of mortality in the army in the east.[14]
Luigi Perozzo (1856-1916)

The 3D graphical representations were introduced by an Italian mathematician and
statistician.
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Figure 7 Age group of the Swedish population between the 18th and 19th centuries. [14]
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2.1.4 Difference between static vs interactive data visualization

This section explores the difference that has a static visualization compared to a
corresponding interactive one.

Static visualization can be considered as the most simple and straightforward way
to present data. They combine images (accompanied with text) to present concepts in the
form of graphs, plots and maps etc. Since, these infographics don’t require user input, it
should be carefully considered what data is and what is not being displayed because the
viewer adjusts the view of final results. Interactive visualizations contain controls like
zooming and filtering that give a lot more options. However, increasing the level of
interactivity requires users to think and make their own decisions about what data to look
at rather than presenting them precomposed views of the data. In many cases this increase
level of interactivity and user autonomy is essential for the visualization to serve its
purpose and meet the user’s goals. Interactivity favors the presentation of the results from
large datasets that contain complex relationships. It is easier to see the big picture but also
to examine a lower level of detail. Ben Shneiderman, a data visualization pioneer has said
“Overview first, zoom and filter and then details on demand”.

Depending on the message or story the author has to say, he has to choose the
appropriate visualization of his data (static or interactive). Some stories are relatively
simple and straightforward and intended to present a single point. In this case, a static
infographic is able to communicate the story in a straightforward but at the same time,

compelling way.

2.1.5 Exploratory vs explanatory analysis

These terms can often seem very similar. Exploratory data analysis (EDA) is all
the things that the author should do to obtain deep knowledge of the data. It contains all
the questions that should be done that will help the author to determine all the interesting
parts of the data. First step is the creation of some basic plots, scatter plots, histograms and
other charts that will be very helpful in order to understand the data. In other words,

exploratory analysis is a conversation between author and the data.
11



Explanatory analysis contains specific highlights of the data that are presented to
the audience and is essentially the next step of the exploratory analysis. Correspondingly,
we could say that explanatory analysis is a conversation between data and the audience.

An example that presents how the exploratory and explanatory analysis could differ
in a specific visual. Suppose consumer-drivers provide feedback about how much they are
disturbed by various things that go wrong while driving. The initial visual could be the

following:

Satisfaction loss by things gone wrong
Lessthan "Very Satisfied"
Steeringwheel vibrates excessively while driving 73%

Steeringwheel has too much play. feels loose [ T
Pointis uneven: has sags. runs, overspray. thin spots, etc. 7%
Vehiclevibrates excessively when driving (not braking)
Abnormal squeaks|rattles/noises coming from front doors _m
Vehiclevibrates excessively atidle _m
Capet has gaps/poor fit
Fuel consumption is worse than expected
Hands-free phone/bluetooth system doesn't work
Abnormal noises coming from under vehicle
Lumbar support adjustment controls are dfficult
Engine looses power when air conditioner ison [T
Foot pedals poorly Located: too closeffar from other pedals [N 2
Shift between gearsis rough /harsh under normal driving [ 0
Brakes vibrate/shudder excessively when applied [INNNENEE 0
Brakes donothave enough staping power [ 0
Heater doesn't get hot enough/ffastenough [0
Snueaks/rattles/abnormal noises from rear cargo shelf L %
“CheckEngine"light indicated trouble [T
Moonroof contrals don'twork: [N

Figure 8 Initial visual “Satisfaction loss by things gone wrong” - Exploratory analysis

[15]

In the above diagram, the "less than very satisfied" responses (in deep blue) have
been grouped, and presented in descending order. This process is very useful part of the
exploratory analysis.

Once you've identified something or some things to focus on, in some cases it will
make sense to create a different visual for the purpose of focusing on that thing or those
things. Alternatively, the same visual and be modified for explanatory purposes by drawing
attention to the points of interest, while preserving the other data for context:

When, things of the data that have particular interest for the analysis are identified,

anew chart can be created. Alternatively, this chart can be modified or adjusted to highlight
12



those things. This is a typical example of explanatory analysis. In the following Figure 9,
it is highlighted that the top 2 issues with the highest percentage of non-complete
satisfaction are both steering wheel related.

The top 2 issues with the highgest percentageof non-complete satisfaction are both steering wheel related.

Satisfaction loss by things gone wrong
Lessthan "Very Satisfied"
Steering wheel vibrates excessively while driving
Steering wheel has too much play. feels loose - 7%
Pointis uneven: has sags. runs. overspray. thin spots, etc.
Vehiclevibra ccessively when driving (not braking)
Abnormal squeaks/rattles/noises coming from front doors
Vehicle vibrates excessively at idle
Capet has gaps/poor fit
Fuel consumption is worse than expected
Hands-free phone/bluetooth system doesn't work
Abnormal noises coming from under vehicle
Lumbar support adjustment controls are dfficult
Engine looses power when air conditioner is on
Foot pedals poorly located: too close/far from other pedals
Shift between gears is rough/harsh under normal driving
Brakes vibrate/shudder excessively when applied
Brakes do not have enough stoping power
Heater doesn't get hot enough/fast enough
Sgueaks/rattles/abnormal noises from rear cargo shelf
“CheckEngine” light indicated trouble
Moonroof controls don't work

Figure 9 Steering wheel are top reasons for non-complete satisfaction. Explanatory

analysis [15]

It should be noted that when focusing on specific data points, it is harder to see the
whole picture. That is one of the main reasons why it's critical to do exploratory analysis

before the explanatory phase.

2.1.6 Demonstration and comparison of data visualization tools

There are numerous tools for data visualizing, however, depending on the data to
be used, the most appropriate tool should be selected. There are plenty of parameters to be

considered when selecting the data visualization tool. The most important are listed below:

* The amount of data
* Format of the data
13



» What needs to be analyzed

* The data interconnections and interrelationships

JavaScript is the most simple and widespread technology for visualizing data on
the web. Below are some of the most important JS charting libraries that can be used for
complex or simple data visualization tasks. There are also many tools for visualizations
that work locallyin the computers. However, due to the increased number of these tools,
they are not analysed in this study.

D3.js

D3.js is the most known JavaScript library for data visualization. It is open-source
and through the very active community (20000 forks on Github) holds the dominant
position among the charting libraries. This library contains a very helpful documentation
and multiple examples which encourage users to utilize them by adjusting their data.
According to “Data Incubator”, d3.js ranked 1% among 110 data visualization packages
based on Github and Stack Overflow activity, as well as npmjs (javascript package
manager) downloads. The Table 1 Table 1-1 A ranking of the top 10 JavaScript data
visualization packages.displays normalized scores where a value of 1 means one standard

deviation above average (average = 0). [16]

Table 1-1 A ranking of the top 10 JavaScript data visualization packages.

Package Rank Overall Github Stack Overflow Downloads

d3 1 16.34 7.5 4.84 -0.36
chart.js 2 4.93 3.27 0.45 -0.14
highcharts 3 3.96 0.45 2.68 -0.54
plottable 4 3.74 -0.23 2.88 -0.31
plotly.js 5 3.18 0.16 3.16 1.57
leaflet 6 2.92 1.46 0.78 1.48
britecharts 7 241 -0.22 -0.23 1.18
echarts 8 231 2.16 -0.21 1.36
c3 9 0.91 0.29 0.51 0.77

14



graphael 10 0.7 -0.39 -0.2 -0.78

The main feature of d3.js that makes it stand out, is that it offers the user full control
of all aspects of their data visualizations. However, this powerful advantage results in a
trade-off: there are no build-in charts that make the process of creating a simple bar graph

quite time consuming.

3 Data-Driven Documents

Mﬂw m llllll llllll

\\\\\\\\\\\\\\\\\\\\\\\ rm |llltlhlllnlxl . :‘
i . n“u- /‘

Figure 10 Collection of D3.js examples [17]

VI 4.+
B 011t

Key features
e As it is fully customizable, supports plenty of type charts, much more than any
other Javascript charting library.
e There are many tutorials that help learning D3.

e A lot of examples.

Chart.js

15



Chart.js is a very customizable JavaScript library for data visualisation particularly

popular with web designers and developers. It offers an excellent basic solution for those

who don’t need lots of chart types and customization features but want their charts to look

simple, clear and informative at first sight.

‘Walue

-100

Chart.js Line Chart
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Figure 11 Sample chart from Chart.js [18]

Key features

e Eight chart types: line, area, bar, pie, radar, polar, bubble, and scatter.
e Customizable and responsive (when used on line)

e The use of plugins can extend functionality of Chart.js.

Highcharts
Highcharts is a popular JavaScript charting library based on SVG which supports

plenty of chart types and also providing extensive customization options that are easy to

use.
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Average fruit consumption during one week
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Figure 12 Sample chart from Highcharts.[19]

Key features
e Uses pure JavaScript, and data can be loaded externally.
e Robust documentation
e Can be used with React, Angular, Meteor, .NET, i0OS, etc.

Plottable.js

Plottable is Built on top of D3 and gives web designers or developers a set of

flexible, premade components that you can combine and rearrange to build charts.
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Figure 13 Sample chart from Plottable.js [20]

Key features
e Charts are easier to create and more reusable than charts built only with D3 because
Plottable handles layout, sizing, and positioning
e The flexibility of D3 is still available.

Plotly.js
Plotly.js is a free and open-source high-level JavaScript library which built on D3.js and
WebGL. It is used to create many different types of sophisticated and interactive charts.
This library was used in the case study developed for the purpose of this thesis and will be

further explored in a next chapter.
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Create sophisticated, interactive charts in JavaScript for
finance, engineering, and the sciences.

Plotly’s JavaScript library is free, open-source, and does not

require an online plot.ly account. Download today on GitHub.

GET STARTED

Figure 14 Sample chart from Plotly.js [21]

Key features
e A lot of chart types that can be embedded in websites or used to create dynamic
presentations.
e A lot of different samples that can be used for inspiration in the web.
e Allows using Excel spreadsheets, or connect to your database.
e Extensive APl documentation.

e Uses React.

2.1.7 Design techniques

The display of the data should be done as objectively as possible. In the past, there
have been many examples where this data visualization rule has not been respected. In this
section, through specific examples, the techniques that used to communicate messages that
did not correspond to reality will be explored and in general how subjective data

visualizations can mislead readers.

Bar charts subjective visualization example

A typical example of a strongly subjective visual is a chart depicted by Fox news
back in 2012. In particular, the chart presented below wants to present to the audience what
the change in the top tax rate will be if the Bush tax cuts expire, so they show the rate now
and what'd it be in 2013. A big gap difference between the two bars and the increase in
2013 looks huge because of the lengths of the bars. This was caused by the fact that y axis

doesn't start at zero, but at 34% which means the way this is plotted, the visual increase
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between the two is 460%, versus the actual increase if we plot this you know, with the bars

going all the way down to where they should be, the increase is something like 13%.

Brssrs0sssanen
Srrssssssnnnn
-

b4

Figure 15 How to lie with a bar chart.[22]

Pie charts subjective visualization example

Another example of a data visualization, that tells a subjective story, rather than an
objective one has been presented by Steve Jobs which show the US smartphone market
share in a 3D pie chart. This chart can become very confusing for the audience. The 19.5%
represented by the green part of the pie (Apple) looks to the eye larger than the 21.2%
represented by the blue part.
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Figure 16 How to lie with a pie chart.[23]

2.1.8 Great Examples of Data Visualization

This section investigates some of the most interesting data visualization
applications, which stand out for both their aesthetics but also for the direct and easy way

in which they transmit complex information to the reader.

Languages in the World

In this interactive visual, the languages spoken in the world are presented. The user
is encouraged to explore topics such as common languages families, discover which
languages are most spoken, and see what languages are spoken round the world. This is an
excellent visual narrative, where a complex subject is broken down into pieces which the

reader can easily understand [24]
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LANGUAGES IN THE WORLD

living languages in the world placed in their birthplace

- NOTE -

The dots are placed near the centre of the
reglon where the languages are spoken, We use
locations prior to European colonial expansion

Figure 17 Languages in the World

What's Really Warming the World?

Bloomberg Business created a visualization which tries to tell a story to the readers.
Its interactive part used to give life to the story and raise the attention on the readers [25].
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What’s Really Warming the World?
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Figure 18 What's Really Warming the World?

The meaning of imaging is to overturn the theories that claim that natural causes cause
global warming. The first thing you will see is that the temperature, although it exhibits
some fluctuations, has in general an upward trend since 1880 until today. The earth has
warmed 1.4 Fahrenheit since 1880. NASA made a research to see how much different
factors, both natural and industrial, contribute to global warming. As the user scrolls down,
the visualization progressively reveals how much different factors contribute to global
warming in comparison to what's been observed. The research highlights a strong
conclusion, that also is communicated directly to the user, that greenhouse gases play a
major role in climate change.

Why Buses Bunch?

This is an excellent example of a complex dataset which is significantly simplified and
feels like a game for the user. In this visualization, it is presented how "bus bunching"
happens, i.e. when a bus gets delayed and later causes multiple buses to arrive at a single
stop at the same time.

This story it would be extremely difficult to described with numbers but it is easier for the
human eye to see how a delay of a bus (user can interactively delay the bus by clicking and
holding a button) causes the buses to bunch together after a time [26]
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Figure 19 Why Buses Bunch?

How People Like You Spend Their Time?

There is an on-going research conducted by The American Time Use Survey that
asks people what they did during the previous day. The user can choose gender, age, if he
is employed or not and if he wants to see results for weekday or weekend. The results are
presented in a smart way based on the choices the user is asked to make. The grey lines
show the hours spent in one person’s day. The orange line shows the median hours for
each activity.

For household work and leisure, the number of hours spent significantly varies,
which is why there are a lot of crossing lines. Noteworthy is the fact that both sleeping and

work, have a median value of 8 hours which is rather expected [27].
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Figure 20 How People Like You Spend Their Time?

2.1.9 Data visualization sites

The Pudding

The Pudding is known as a blog that creates visual essays to enlighten ideas.
Complex topics are explored by investigating on wielding prototype datasets, primary
research and interactivity. Visual essays are an emerging form of journalism.

The theme of the blog covers various topics such as sports, culture, entertainment,
music and social issues. A very nice and fun approach explains issues and analyses

situations that have not been analysed so far by conventional forms of journalism.
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The journalist-engineers of The Pudding also document their own tools and
methods in a growing series of How To articles for everyone to learn from [28].
URL.: https://pudding.cool/

Information is Beautiful

Information is Beautiful is a blog created by David McCandless to present bespoke
projects with a bright and minimalistic way.

The visualizations include static and interactive graphics that analyzing data from
news and current events. Most of the visuals, like the site itself, are clean and minimalistic,
featuring simple shapes and colors that depict large data sets in digestible chunks. In
addition, this blog publishes its data sources [29].

URL.: https://informationisbeautiful.net/

Flowing Data

Flowing Data was created by the statistician Nathan Yau. It possesses a key role
among other data visualization site. FlowingData looks at how statisticians, designers, data
scientists, and others use analysis, visualization, and exploration to understand data. It is
updated almost daily with interesting graphics and visualizations for a wide range of topics.

Flowing Data also features tutorials and courses on how to make helpful visuals
and how to exploit the tools to do so [30].

URL.: https://flowingdata.com/

Tableau Blog

Tableau blog contains a wide variety of examples, ideas, tips & tricks, community
highlights, and stories about the social impact of data. In the visualization gallery there are
stunning examples from across the web created with Tableau Public [31].

URL: https://www.tableau.com/about/blog

FiveThirtyEight
FiveThirtyEight sometimes rendered as ‘538’, is a data journalism website that
makes visualizations, interactive visual models. It is worth noting that it contains

interactive political visualizations, which covers things like modeling the US election data
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and aggregating presidential approval ratings. The site also deals with economics, sports,
cultural, and science / health [32].
URL.: https:/fivethirtyeight.com/

2.2 Data storytelling

2.2.1 Definitions of Storytelling

Data storytelling is a term that is becoming more and more popular in the field of
analytics. From 2012, the interest in Data Storytelling has grown approximately 6 times as
measured by Google Trends [33].

Data storytelling can be defined as the methodology for communicating
information, tailored to a specific audience, with an exciting narrative. It is the last step of
the data analysis and undoubtedly the most important aspect.

According to Caine [34], storytelling is the primary way that people access,
express, and retain information and knowledge. They claim that brain research confirms
the theory that information is naturally organized in our minds according to story form.
Richter and Koppett [35] share a similar opinion stating that stories form the foundation of
how people communicate and that we remember and integrate new information by placing
them into a story format.

Data storytelling combines 3 key fields of knowledge: Data science, Visualizations
and Narrative.

Narrative uses language in a format tailored to our special needs, enhancing our
full understanding of new information. A narrative is the best way to convey insights, with
visualizations and data providing significant evidence.

Stories have been used throughout history to draw attention, convey ideas, trigger
the imagination. Data can be convincing, but stories are much more. Stories have strong
impact to the audience that is not feasible to achieve with data alone. They are memorable,
they are often passed on and repeated from person to person, they encourage personal
involvement, and they stimulate people to take action.

As we have seen above, simply collecting the data, and presenting it in dashboards
and spreadsheets only answers questions about what is happening, but it does not give the

reasons for why this is happening.
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Tables, dashboards, spreadsheets and Bl tools in general, have a number of
limitations:
e There is need for human intervention which slows the data analysis process and
communications within organisations.
e These tools only show data as numbers and charts. However, they lack the narrative
which should be used for effectively communicating information and insights.

2.2.2 The Biochemistry of Story

There is a bio-chemical reason that people like stories [36]. Storytelling has
actually a chemical effect on human brain that activates it to perceive, digest and store
information. By hearing a good story, people think themselves as the central character in
that story. The scientific term for this is “neural coupling”. There is also an emotional bond
build with the storyteller that scientists call mirroring. Compared to the raw data, stories
are much more interesting and wake up several parts of the brain, which is mentioned to
as cortex activity. Finally, all this activity leads to the release of dopamine, which in turn

causes euphoria.

2.2.3 History of data storytelling

Storytelling and its role(s) in society go before written human history as verbal
storytelling was the only tool existed to retain and share cultural customs, beliefs and
heritage. Story verified to be the oldest and the most substantiated means for people to
recall and story information [37]. Therefore, storytelling proved to be a very effective way
of coding knowledge in oral cultures because it made them more memorable and easily
passed on to others. Actually, Abrahamsen claims that storytelling helped the civilizations
to survive because they ensured the continuity of life experiences and practices to
following generations.

The first record of storytelling is placed back in 4000 B.C. as stated by Ruth Sawyer
in her book with title “Tales of the Magicians™ (as cited in Abrahamsen, 1998). Storytellers
were highly valued in early Egyptian and medieval times and were also used by nomadic

tribes such as the Gypsies. Stories are evident in the Roman culture as well. Even more,
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storytellers in ancient times were regularly highly esteemed among the community as they
facilitated people to understand complex cultural or religious issues, but also provided
simple entertainment (Parkin, 2004; "What use is Storytelling”, 2005). As expressed by
Abrahamsen, "it appears through a review of literature that the story is one of the most

important inventions of humankind™ (para. 3)

2.2.4 Trends in data storytelling

Even though storytelling is considered a very old art and discipline, continues
nowadays as a key means of communication and entertainment. Consequently, storytelling
continues to have a strong presence in today’s society (Abrahamson, 1998). It is found
within cultures, religions, families, businesses and in educational institutions. In current
day civilization, stories are existing in many forms; stories reach out from tv, radio, email,
magazines, newspapers and books to refer a few of them.

Stories are usually the way in which people communicate to each other to recap the
day's events to friends or family, as advice is offered to a colleague, or as children are
taught meaningful lessons for their own lives and interactions with society. Moreover,
educational researchers have strong signs of the renaissance of storytelling as a teaching
pedagogy and learning tool in modern educational organizations and business
organizations (Parkin, 2004; "What use is Storytelling”, 2005). There is as well a
movement toward oral storytelling in the entertainment industry as the popularity and

number of storytelling increases on both national and international levels.

2.2.5 Best practices of data storytelling

Above we have examined the importance of data storytelling, but in order to
achieve its goals, the storyteller should follow a few rules. Below are presented the best

practices to be used in storytelling [38].

e Focus on the story. The target of storytelling is to draw listeners’ attention with a
narrative that is reinforced by visualizations. Stories should have a beginning,

middle, and end. Even though the details will vary, a usual story flow is to define
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the current situation, provide estimates should it continue, describe the options,
make a recommendation, and explain the expected result from implementing the
proposal.

Engage the audience. Audience will ask themselves what the story means to them.
Storyteller should put himself in their place when making the story. Also, he should
include specific, personalized examples that people will easily recall. For instance,
politicians frequently name and describe an individual to prove a point.
Explanation of the story. Storyteller should analyse the situation in a manner that
is meaningful to the listener and also to support this description with data and let
listeners know its source, accuracy, and relevance. It is good to give the impression
that storyteller is confident and understands the business and issues.

Define the problem or conflict. Visualizations are critical because they can
identify a problem or issue or prove a point. Storyteller should be strategic with the
visualizations and keep them simple, organised, and tasteful. It is essential to
highlight the most important parts. The more interesting the visualization, the more
time and attention the audience will give it.

Solution suggestions and future perspectives. Presentations and storytelling
should do more than identify a problem. They should suggest a resolution or at least
lead to a conversation. Data can be used to make predictions, outline alternatives,

identify a solution, create a call to action, and show likely results.

2.2.6 Different types of story structures

It is commonly known that good stories have a predictable arc. They typically start

out with an introduction, followed by a rising action, a climax, and finish with a final

resolution (Figure 21). This is the way storytelling has been done for years and works well

in a variety of formats such as oral and written stories in TVs and movies. The explosion

of new mediums, namely computers and the Internet, have given rise to new narrative

structures that can often be much more nuanced and complex [39].

The most usual type of narratives are the Author-driven narratives, Viewer-driven

narratives and a mix of them called the martini glass narratives. These narratives are

described in the following paragraphs.
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Climax

Final
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Figure 21 Progression of a story

Author-driven narratives typically have a well-defined start and endpoint and

proceed in a linear flow that's directed by the author of the visualization.

Start End

Figure 22 Author-driven narratives

Viewer-driven narratives on the other hand, while still having a well-defined start
point, allow a freedom of choice for the viewer to choose the direction in which the
narrative progresses. In this way while each user starts in the same place there are various
endings that they could end up depending on how they look at the data or the choices they
made along the way. This type of narrative is very powerful because it allows the user to

choose their own narrative.
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Figure 23 Viewer-driven narratives

It is like the reader choose his own adventure book.

We often see stories fall within a spectrum, between author-driven and viewer-
driven. Visualizations that have few exploratory elements, are often called author-driven.
And are useful for narratives that have strong ordering, heavy messaging, or have a need
for clarity and speed in the narrative.

Viewer-driven narratives on the other hand, take a very different approach. Rather
than dictating a specific narrative, it allows the viewer to freely interact with the data.
Allowing you to ask questions, explore, and tell their own data story.

There's a third narrative structure, common in more complex data visualizations
called the martini glass. It's called the martini glass because of its unique shape. Think of
a martini glass set it on its side. It has a base, a long narrow stem, with a wide mouth.

Viewers start at the base and work through the neck of the martini glass.
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Figure 24 The martini glass narrative structure

Typically, through a single path that is author-driven. When they reach the mouth,
the visualization opens up and allows the viewer to freely explore different paths within
the data. And to tell their own narrative. This way, it combines with the author-driven and

viewer-driven narrative structures in a single cohesive whole.
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3 Plotly Chart studio demonstration

The company that develops Plotly (also known as Plot.ly) JavaScript language is
also named Plotly develops online data analytics and visualization tools [21]. This library
uses D3.js behind the scenes. One of the main products of this company is the Chart
Studio. Chart Studio is a graphical user interface (GUI) for importing and analyzing data
into a grid and utilizing various statistical tools. In other words, it is a sophisticated editor
for creating D3.js and WebGL charts faster and more efficient without coding experience
to be required. There is a “free” pricing plan for the Chart Studio named Community but
with this plan the user can not private save his charts and dashboards, instead the charts
remain public in the Chart studio gallery, in order to inspire other users. Annual pricing
starts from 99 USD if the user wants to enable private saving of his charts.

m plotly 1 Import

Chart Studio

~ Structure A B C

I Traces
Subplots -
Trace your data. P
Theme Traces of various types like bar and line are the 2

building blocks of your figure.
Style

You can add as many as you like, mixing and

Annotate matching types and arranging them into

subplots.
Analyze 4
Click on the + button above to add a trace.

Export
JSON
2
=X !
Share 0

Figure 25 Plotly Chart studio GUI

Below, there is a description of how Chart studio works and what it can offer to the

user who will use it.

3.1 Import Data
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Importing data to the grid is the first step in creating a Chart Studio graph. There
are several options for the user of how this could be done.
e Type the data directly into the grid, or copy it from a spreadsheet and paste
it in.
e Import a Data File (.xls, .xlsx, or .csv). Drag and drop can be used.
e Import data by entering the URL of an online dataset.

e Connect to an SQL database

3.2 Interactivity tools

There are several interactivity tools that allows user to bring graphing and data analysis to
the next level with zoom, pan, and hover. These tools are at the right upper side of the
graph.

The 4 first icons are for the drag mode that is selected.

If the plot's drag mode is set to 'Zoom’, the user can click and drag on the plot to zoom-in
and double-click to zoom-out completely, i.e., autoscale both the axes.

If the plot's drag mode is set to 'Pan’, click and drag on the plot to pan and double-click to
reset the pan.

Box select and Lasso select icons are used to filter the data by simply selecting an area of
the chart. If there are other charts that based on the same data, they will be filtered as well,
so the user will see only the data corresponds to the previous selection.

Hover Options: Only one of the following two buttons is selected each time. The first
button ‘Show closest data on hover’ will display the data for just the one point under the
cursor while the button ‘Compare data on hover’ will show you the data for all points with

the same x-value.

@ - = ik

@ - ..|I||.
2 | Show closest data on hover
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In addition, if the user enables the following button, when the cursor is over data point,

spike lines will be appear showing the intersection with the axes.

The chart studio offers a wide range of graphs to the user. These are categorized according
to their characteristics in Simple, Distributions, 3D, Maps, Finance and Specilized
charts.

Select Trace Type

Simple Distributions
. I il — E E Q aid
. 1 I il Bth
Scatter Bar Line Area Box Violin Histagram 2D
Histogram
N = © (¢ @
" =i . «f
Heatmap Table Contour Pie 2D Contour
Histogram
3D Maps Finance Specialized
- -
& 8 AN AN | o
L - "
3 3 ¢ T L8
3D Scatter 3D Line Choropleth Satellite Candlestick OHLC Polar Polar Bar
Map Scatter
| 6 | Bl |_I _— . c.‘
I = t..:.t -
3D Surface 3D Mesh Atlas Map Waterfall Funnel Ternary Sunburst

Scatter

& v N

Cone Streamtube Funnel Area Sankey

Figure 26 Chart studio chart types

Below, some of the above diagrams are described to illustrate how Chart studio
works.

3.3 Scatter plots
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Scatter plots allow the comparison of two variables for a set of data. Here we have
an example scatterplot where one variable is on the y axis and another variable is on the x
axis and where those two variables end up meeting there is a little point. The data for this
chart came from random numbers. Depending on the trend that the scatter points may have,
we can actually interpret some sort of correlation. In our particular case here for the
following image, it doesn't seem like these two variables have any sort of correlation (as
we said the data are random numbers) but if the points happen to go up on the y axis as the
value of x got larger, then there will be a kind of correlation. A positive correlation would

take place if as one variable goes up the other variable also tends to increase.

Random Data Scatterplot

80
60

40

Some random y-values

20

Some random x-values

Figure 27 A scatterplot of random data with Plotly
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import plotly.offline as pvo
import plotly.graph_objs as go
import numpy as np

Wooa =

18 np.random.seed{42)
11 random_x = np.random.randint{l,181,188)
12 random_y = np.random.randint{l,181,188)

]
14 ¥ data = [go.Scatter(
15 ¥ = random_x,
16 y = random_y,
17 mode = 'markers',
18 )]

8 ¥ layout = go.Layout(
20 title = 'Random Data Scatterﬂlnt',|
21 ¥axis = dict(title = '"Some ramndom x-valu
22 yaxis = dict(title = '"Some random y-valu
23 hovermode ='closest’
25 fig = go.Figure{data=data, layout=layout)
26 pyo.plot(fig, filename='scatter2.html")

Figure 28 Code for the scatterplot with random data

In Chart studio, the user has to add a trace by clicking the blue button (Figure 29) and

select the “Type” to be “Scatter”. Also, the user has to define the data that will be used by

each variable (e.g. x variable data will come from column A of the grid and y variable data

will come from column B of the grid)

Collapse All

» " trace 0

v " trace 1

Type ' Scatter
X A X
Y BE X

Figure 29 Add a trace in Plotly
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3.4 Bubble charts

Bubble charts are actually very similar to scatterplot except there is a 3rd variable's
information through the size of the actual markers. In the typical scatterplot as we have
already seen, all the markers have the same size. In order to create a bubble chart, the user
should change the size of the markers from the Style menu (The side menu will be further
analyzed in a separate section). There are two modes: 'Constant' or "Variable'. To set a
varying size for the markers based on a dimension of data, the user should click on
'Variable' and select the desired column name from the dropdown menu.

Vehicle mpg vs. horsepower

40
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(=1
E .
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L
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10d P @ L
50 100 150 200
horsepower
Figure 30 An example of a bubble chart with Plotly
17 ¥ data = [go.Scatter(
18 x=df["horsepower'],
19 y=df['mpg'],
20 text=df['text2'],
21 mode="markers",
22 marker=dict(size=1.5+xdf['cylinders'])

24 ¥ layout = go.lLavout(
25 title="'Vehicle mpg vs. horsepower',
26 hovermode="closest

28 fig = go.Figure(data=data, layout=layout)
28 pyo.plot(fig, filemame='"bubbleZ.html')

Figure 31 Code for the bubble chart
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On top of these, user can also continue to add a variable information by coloring
points based off a category. In the following example, the previous bubble chart contain

another one variable information (the GDP per capita)

2007 Life Expectancy In American Countries Sized By Population

Life Expectancy
1
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Figure 32 The previous bubble chart with a colorscale

3.5 Line chart

Line charts display a series of data points called markers connected by line
segments. So, this actually means that a line chart is essentially the same thing as a
scatterplot except this time there are line segments that connect each of the points. One of
the main differences however between a typical line chart versus just taking a scatterplot
and connecting all those points together is that the x value on the x axis is going to be
sorted or ordered in some way. Therefore, it is really useful to use a line chart to visualize
a trend over an interval of time which is known as a time series. Below there is an example
of a simple line chart showing the flow of the river Nile across the years. Actually, there
are some sorted points that have all been connected with lines.

Again, the process to create a line chart in Chart studio does not differ a lot from
the scatterplot. In the above Figure 29, instead of selecting “Scatter” in the “Type” field,

the user has to select “Line”.
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Line chart showing three different modes
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Figure 33 Line chart showing three different modes

8 np.random.seed({56)

10 x_values np. linspace(®, 1, 108)

11 y_values np.random. randn{18a) £ 188 random values
12

13 # create traces

14 ¥ traced = go.Scatter(

15 ¥ = ¥_values,

16 y = y_wvalues+s,

17 mode = 'markers',

18 name = 'markers’

19 )

28 ¥ tracel = go.S5catter(

21 ¥ = ¥_values,

22 ¥y = y_values,

23 mode = 'lines+markers',
24 name = 'lines+markers’
25 )

26 ¥ trace2 = go.S5catter(

27 ¥ = ¥_values,

28 y = y_values-5,

29 mode = 'lines’',

30 name = 'lines'

31 )

32 data = [trace@, tracel, tracel]

33 layout = go.lLayout(

34 title = 'Line chart showing three different modes’'
35 )

36 fig = go.Figure(data=data,layout=layout)

37T pyo.plot(fig, filename="linel.html")

Figure 34 Code for the line chart
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3.6 Bar chart

A bar chart presents categorical data with rectangular bars with heights or lengths
proportional to the values that they represent. At this point we have to explain what is
categorical data and what is continuous data.

In general variables and data either represent measurements on some continuous
scale or they represent information about some categorical or discrete characteristics. For
example, the weights, heights and age of respondents in a survey would represent
continuous variables because each of those features is on a continuous scale. However,
things like a person's gender, occupation or marital status are going to be categorical or
discrete variables because they're categories and they're not really on a continuous scale.

By using bar charts, categorical data can be visualized. Typically, the x axis is the
categories and the y axis represents count that is the number of occurrences in each

category.
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Figure 35 An example of bar chart with Plotly
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9 df = pd.read_csv('../data/201EWinter0lympics.csv")

1@

11 ¥ data = [go.Bar(

12 x=df['NOC'], |

13 y=df['Total']

14 )]

15 layout = go.Layout(

16 title="2818 Winter Olympic Medals by Country
17T )

18 fig = go.Figure(data=data, layout=layout)

19 pyo.plot(fig, filename="barl.html")

Figure 36 Code for the bar chart

In the above Figure 35 there is a basic bar chart of number of animals in a specific
area. Notice that there's actually spaces in between these bars. The reason they're spaces in
between them is because each of these bars is going to represent a different category and

in this case each category is a different animal.

3.7 Stacked bar chart

2011 US Agriculture Exports by State
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Figure 37 An example of stacked bar chart with Plotly

The above chart was created by adding more than one traces in a single bar chart. Chart
studio provides the option to simple switch to a stacked bar chart. To make this bar chart
a stacked bar chart, user has to go to the property 'Barmode’ under '‘Bar Size and Spacing'

and select ‘Strict Sum Stacked’ as the bar mode from the dropdown list.
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Figure 38 Option to switch from a single bar chart to a stacked bar chart

Box plots
Box plots visualize the variation of a feature by depicting the continuous numerical

data through core tiles. Then the data can be separated based on a categorical feature to
compare the continuous feature based off the category. Boxplots are a standardized way of
displaying the distribution of data based on a five-number summary (“minimum”, first
quartile (Q1), median, third quartile (Q3), and “maximum”). Median is the middle value
of the data, first quartile (Q1) is the middle number between the smallest number (not to
be confused with “minimum”) and the median of the dataset, third quartile (Q3) is the
middle value between the median and the highest value (not to be confused with
“maximum”) of the dataset., interquartile range (IQR) is 25th to the 75th percentile.,
“maximum”: Q3 + 1.5*IQR, “minimum”: Q1 -1.5*IQR. A small IQR indicates that most
values fall near the median value.

It is easy to create a boxplot in Plotly’s Chart studio. The user has to add the
distribution data in the grid and to create a trace base on this data by simply selecting

‘Boxplot’ in the Type menu.
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Figure 39 The anatomy of a boxplot

Interquartile Range

Histogram
Histogram plots are used to better understand how frequently or infrequently

certain values occur in a given set of data. In order to construct a histogram, the user should
divide that entire range of values of a continuous feature into a series of intervals and these
series of intervals are known as bins. Each bin contains the number of occurrences. Notice
that unlike a bar chart, there are no "gaps" between the bars. This is because a histogram
represents a continuous dataset.

The same procedure with the above charts can be followed to create a histogram in
the Chart studio. It is very easy to modify the properties of the traces such as histogram

normalization, binning, and bar size and spacing.
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Figure 40 Set the properties of a histogram with Plotly

3.8 Heatmaps

A graphical representation of data where the individual values contained in a matrix

are represented as colours.
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Figure 41 An example of heatmap chart with Plotly
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In order to create a heatmap in Chart studio, user has to select X" and "Y", and fill out the

'Z' values from their respective dropdown menus.

df = pd.read_csv( ),
data = [go.Heatmap(
x=df[ 1.
y=df[ 1,
z=df[ 1,
colorscale=
1]
layout = go.lLayout(
title=

fig = go.Figure(data=data, layout=layout)
pyo.plot{fig, filename= | )

Figure 42 Code for the heatmap

3.9 Style the plots

Once the user created the plots, there are a lot of features in the Chart studio to make the

plot look just the way he wants.

3.9.1.1 Themes
There are 6 built-in themes available for the user to select in the free version. The user can
only create its theme only in the Pro version, which is also contain a lot of other themes in

the Pro version.
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Figure 43 Available themes

3.9.1.2 Style

Under the Style tab, there are some options for the user which depend on the chart type

that is created as each chart type is unique.
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Figure 44 Style tab

The ‘General tab’ is a section where the user can edit general attributes such as the
background colour of the plot and other characteristic of the charts such as margins and
sizes etc.

In the "Traces' tab, the user can modify style attributes of the chart's values or data. For
simple charts such as line and scatter, user can alter the color, thickness and type of the
lines, play with the color, diameter and symbol of the points.

In case of bar charts or histograms, here the user can alter the size and spacing between
each bar, in addition to the bin size (the width of each bin on the number line) of the
histogram.

Also the user can edit here the color scale that some chart types contains (e.g. scatter plots,
heatmaps, choropleth maps, and 3D charts). The heatmap has a 'smoothing' choice, which
will create a continuous heatmap instead of color blocks.

The 'Axes' section has options that relate to the values and labels of the axes on the plot.

Here the user can modify the range of the axes by setting minimum and maximum values,
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set the label format of the axis, change the status of showing tick marks, and show the
spike lines when hovering on data points.

The 'Legend’ section has option related to the text, font color and font size of the labels of
the legend. User can also make a border around your legend, fine-tune the border width,
play around with the color of its boundaries and its background. The positioning of the
legend can be changed as well, along with the orientation. Finally, there are two options
for the trace order in the legend; showing your traces as is (automatic), or reversing the
order.

3.9.1.3 Annotate
As we have already seen, Chart Studio has many features to improve the graphs, including
addition of a logo, text and images to the plot.

The section ‘Annotate’ contains the sub-tabs ‘Text’, ‘Shapes’ and ‘Images’. The user

should select blue button “+Annotation” and simply put the text in the “Note text” section.

m plotly Collapse All + Annotation

Chart 5tudio
> $\omega_f=0.035\lambda_{m... .,
structure =
v nevs;Imsfvnsw text v X
Theme Mote Text
Rich Text LaTex
Style
B I Xz x? &
v Annotate
nevs: imsfvnsw text
I Text
Shapes

Figure 45 Annotation menu

Similarly, user can add a line, a rectangle or an ellipse, and to upload an image (e.g. a logo,

or watermark).
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3.9.1.4 Other features

There are also some statistical tools in the Chart studio, such as the ‘Curve fitting’. A trend
line or linear regression, is a straight line on a graph that best represents the data on a plot.
This line passes through some of the points, all of the points, or none of the points. It can
be used to make forecasts or to reveal trends in data.
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Figure 46 An example of a curve fitting in a scatterplot with Plotly
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4 Case study

4.1 Description

In the context of this thesis, a case study of data storytelling was developed in which
open data has been analysed and the results of this analysis are presented visually. Charts
have been created with Plotly's Chart studio, a web application that has the potential to
create dynamic, interactive visualizations of data.

The theme of the story is related to the sales of passenger cars and their
characteristics registered in the last 8 years in Europe. The data came from the EEA's
(European Environmental Agency) database, which is published every year and includes
the main characteristics of cars sold in the European Member States (e.g. Engine
displacement, Mass, CO2 emissions etc.).

The Regulation (EC) No 443/2009 requires Member States to record information
for each new passenger car registered in its territory. Every year, each Member State shall
submit to the Commission all the information related to their new registrations. In
particular, the following details are required for each new passenger car registered:
manufacturer name, type approval number, type, variant, version, make and commercial
name, specific emissions of CO2 (NEDC and WLTP protocols), masses of the vehicle,
wheel base, track width, engine capacity and power, fuel type and mode, eco-innovations
and electricity consumption. Data for EU-28 are reported in the main database. All the
parameters that are reported by the Member States are show in the Table 2 [40].

This database has been created for the first time in 2010. Each year the following
process is taking place:

Member States shall record and transmit this information to the Commission by 28
February of each year for each new passenger car and van registered in their territory. Data
shall be submitted to the Central Data Repository managed by the EEA

Many reliability checks were carried out by the EEA in order to assess the
consistency and performance of the dataset. On the basis of the checks and feedback from
the Member States, the EEA finalizes and publishes a preliminary database. At the same
time, notification letters are sent to manufacturers informing them of their provisional CO2

performance.
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Manufacturers may inform the Commission of any errors in the data within three
months of confirmation of the provisional estimate.

The EEA and the European Commission shall assess the manufacturer's corrections
and, where appropriate, take them into account in the calculation of the manufacturer's
final average CO2 emissions and specific emission goals. The final data and targets are to
be released by 31 October of each year.

The data are required for the Commission to calculate the average specific
emissions of CO2 from new passenger cars and to set the specific emission targets to be
met by car manufacturers.

The database contains detailed data without taking into account certain
considerations needed for the estimation of defined emission targets, such as phase-in
rates, low-emission vehicle credits and E85 fuelled vehicles, and eco-innovation credits.
To order to calculate the total annual emissions and the general emission targets, the

Commission considers only those vehicles for which the emissions are calculated.
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Table 2 EEA CO2 monitoring database [40]

Ve

ldentification number integar
M5 Member stats varchan(2} Mo
Mp Manufacturer pooling varchan{50) Mo
VN Vehicle family identfication number varchan{25) Mo
Mh Manufacturer name varchan(50) Mo

EU standard denomination

Man Manufacturer name OEM declaration varchan{30) Mo
MMS Manufacturer name varchan125) Mo

M5 registry denomination

TAM Type approval number varchan{50) Mo
T Type varchan{25) Mo
Va Yariant varchan{25) Mo
Ve Version varchan{35) M
Mk MMake varchan{25] Mo
Cn Commercial name varchan{50) Mo
Ct Category of the vehicle type approved varchan(s) Mo
Cr Category of the vehicle registered varchan(s) Mo
m (kgl Masz in running order integer Mo

Completed/complete vehicle

Mt WLTP test mass integer Mo
Enedc ig/km) Specific CO2 Emissions (MEDC) integer Mo
Ewltp (gfkm) Specific COZ Emissions (WLTF) integer Mo
W {rmimn) Whesl Baze integer Mo
At1 {mm) Aotle width steering axle integer Mo
At2 (mm) Aotle width other axle integer Mo
Ft Fuel type varchan{25) Mo
Frm Fugzl mode varchan{1} Mo
ec [cm3) Engine capacity integer Mo
ep (KW Engine power integer Mo
z (WhJkm} Electric energy consumption integar Mo
IT Inmiovative technology or group of innovative technologies varchan(2s) Mo

At the same time, with a view to create a story as much complete as possible, data
from different open sources such as air pollutants (e.g. NOx) were searched for and

combined. Afterwards, the pre-processing of the data took place where the data was
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"cleared"” from any wrong / extreme values (outliers). Data was then transformed
appropriately in order to easily manage it for further processing in Chart studio, while a
statistical processing of the data was carried out, to find some initial interesting information
and trends in an initial phase. At this point, the right visual to convey well our messages
was selected. This choice was made by comparing different types of graphs. The final story
(narration) was created on a dashboard.

4.2 How the passenger car market evolved?

Each year, Member states record all data related to the newly registered passenger
cars and submit it to the EEA (European Environmental Agency) which is responsible for
collecting the data and for publishing the final EU-28 database. Most of the following
graphs are based on this dataset. The data visualization through the following dashboard
provides a way to interpret meaningful stories from data, as well as easily recognize trends
and patterns.

Few countries are dominating the passenger car market. Germany, United
Kingdom, France, Italy and Spain are in descending order, the largest new-car markets in
Europe.

HOW THE PASSENGER CAR MARKET EVOLVED?

[¥]

i

0}
=
5]
-~
o
o]
o
o
[}
-~
o
o}
o,
x
[
=
Z 4

Figure 47 How the passenger car market evolved?

The economic crisis that Europe has suffered in recent years has affected the

automotive market. The most affected countries were Greece, Portugal, Cyprus, Italy and
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Spain. On the contrary, there were countries where there were increases in sales of new
passenger cars such as Hungary, Denmark, Latvia, Lithuania, Poland and Germany.

The comparison of similar population countries such as Greece, Portugal, Sweden
and Hungary can reveal a lot of interesting conclusions. It is obvious that the financial

situation of the countries also affects the sales of cars.
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Figure 48 How the passenger car market evolved? The cases of Greece, Portugal, Hungary

and Sweden

The Greek passenger car market has been suffered by the financial crisis as sales
in 2012 have fallen by almost three times compared to 2010. The crisis has affected
Portugal in a similar way, though in absolute terms car sales are well above Greece.
Hungary did not appear to be affected by the economic crisis, with upward trend in car
sales. Finally, it seems that Sweden has been slightly affected by the crisis and has multiple

passenger car sales than all other countries.

4.3 Average CO2 emissions in 2017

The highest emitting cars were sold in Estonia. This high emission rate is probably
due to the Estonians' love for large cars [41].

Norway is the frontrunner among European countries as it has the lowest average
CO2 emissions from new passenger cars. This is due to the explosion of electric vehicles’

sales. Financial and other incentives provided by the Norwegian government have led to
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this performance as the cost of purchasing electric vehicle models is similar to
conventional ones.

Greece holds the 5th best performance (108.8 g / km). The lifting of the diesel
vehicles ban in Athens and Thessaloniki (2012) and the poor economic situation of the
country are the main reasons for this good CO2 performance. Low-priced and therefore

small models were preferred by consumers, which generally lead to lower emissions.

AVERAGE CO2 EMISSTIONS 2017
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Figure 49 Average CO2 emissions in 2017 from passenger cars in Europe

4.4 Historical CO2 emissions and adopted targets

Average official CO2 emissions (NEDC driving cycle) showed a significant drop
of approximately 22 g/km in the period 2010-2017 (average annual reduction 3.1 g/km).
Indeed, the target set for 2015 (130 g / km) was achieved two years earlier than it was
expected. For the 2021 target (95 g / km), the rate of emission reduction should be
increased to around 5.9 g / km per year.

However, the official test procedure that was used for monitoring and reporting of
CO2 emissions of light duty vehicles in Europe (NEDC) has been recognised non-
representative of real-world vehicle usage, fuel consumption and CO2 emissions leading
to a gap between officially reported emissions and the ones experienced during real world

operation. To address this gap, a new test protocol was designed (WLTP: Worldwide
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Harmonized Light duty vehicle Test) that is expected to provide more realistic fuel
consumption and emissions results.

Real-world CO2 emissions are significantly higher and dropped just 4.5% over the
period 2010-2017. Indeed, the gap between real-world emissions and official emissions is
rising over the years. This is attributable to the progressively greater exploiting of technical
tolerances and loopholes in the official testing procedure, by manufacturers.

From 2021, the EU fleet-wide average emission target for new cars will be 95 g
CO2/km. In addition, new EU fleet-wide CO2 emission targets are set for the years 2025
and 2030, for newly registered passenger cars. These targets are defined as a percentage
reduction from the 2021 starting points: -15% reduction from 2025 on and 37.5% reduction
from 2030.
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Figure 50 Historical CO2 emissions and adopted targets

4.5 Average parameters 2017

There is a correlation of engine power, mass, engine capacity and CO2 emissions.
Countries where small vehicles are sold (in terms of mass, power and capacity) have
generally lower CO2 emissions (coloured with pink), while those in which powerful cars
are sold (e.g. Luxembourg), these vehicles are heavier, with larger capacity and they

consume much more energy.
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Figure 51 Average mass, engine power and capacity in 2017

The exception is the case of Norway as it has the highest average weight but it is
coloured white (i.e. it has the smallest emissions). In general, electric vehicles are heavier
than their conventional competitors, mainly because of the batteries weight. Electric cars

also require a charger, inverter, and motor which all add to the weight of an electric car.

4.6 Heatmaps — Average parameters

The average mass values of the new vehicles followed a slight increasing trend.
Vehicle mass is a critical parameter in vehicle design as it is linked closely to the fuel
consumption. Increasing the mass of the vehicle leads to a rise in the energy needed to
accelerate the vehicle and an increase in the rolling resistance resulting in increased
consumption (and thus CO2 emissions). In order to examine the quantitative effect of
weight, several studies have been carried out which demonstrate that for additional mass
of 50 — 200 kg over various cycles and operating conditions, the increase of fuel
consumption ranges from 5 to 9% ['Fuel consumption and CO2 emissions from passenger
cars in Europe — Laboratory versus real-world emissions]
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Engine displacement has generally declined over the years. Turbocharging and
advances in engine technology denote that some of today's smaller engines are able to
generate more power than certain larger, more old-fashioned engines. Manufacturers can
therefore reduce the number of cylinders of an engine and generally reduce engine capacity
and that happened in the previous years.

High competition among manufacturers has led to a constant increase in engine

power of passenger cars over the years.

Average parameters Heatmaps
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Figure 52 Average parameters through a heatmap

4.7 Market share of new car sold in the EU per fuel

Diesel vehicles were the predominant choice of consumers for the time period 2010
- 2016. In September 2015, the Volkswagen emissions scandal or "Dieselgate™ breaks out,
making consumers more cautious towards diesel. The United States Environmental
Protection Agency (EPA) found that Volkswagen had intentionally programmed
turbocharged direct injection (TDI) diesel engines to activate their emissions controls only
during laboratory emissions testing which caused the vehicles' NOx output to meet US
standards during regulatory testing, but emit up to 40 times more NOX in real-world
driving. This software has been applied in about eleven million cars worldwide, from 2009
through 2015.
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Following the Dieselgate scandal, some European countries (UK, France, Ireland,
Spain) proposed that the sale of diesel cars and petrol cars will be banned in the near future
(2030-2040) [42]-[44]

Dieselgate speeded the drop in the share sharply, reaching about 44.5% in 2017. In
2017 the dominant choice of consumers was petrol vehicles.

Dieselgate affected market shares:

Diesel vehicles decreased by more than 7 percentage points and Petrol increased of
about 6 percentage points since 2015

MARKET SHARE OF NEW CAR SOLD IN THE EU PER FUEL TYPE
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Figure 53 Market share of new car sold in the EU per fuel

4.8 Market share evolution for top manufacturers

How badly has the VW diesel scandal hurt VW?
The Diesel Gate scandal had a clear negative impact on Volkswagen's market share.

Manufacturers who seem to been favoured from the scandal were Daimler and Renault.
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Market share evolution for top manufacturers
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Figure 54 Market share evolution for top manufacturers

4.9 CO2 emissions per powertrain

Are diesel cars really more polluting than petrol cars?

As part of the EU's reaction to the 1997 Kyoto Protocol to decrease greenhouse gas
pollution, Diesel was introduced as a more eco-friendly fuel. A diesel car's overall CO2
emissions tend to be smaller.

CO2 emissions per powertrain
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Figure 55 CO2 emissions per powertrain
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However, other toxic emissions, particularly nitrogen oxides (NOx) and
particulates (PM), are emitted in considerably higher levels by diesel vehicles. In built-up
urban areas, these emissions mean that diesel engines are usually the major source of
roadside air pollution.

Long-term exposure to NOx can considerably boost the risk of harming respiratory

system and particulate matter (PM) have also been accused of causing cancer.

4.10 Real world vs Euro standards limits NOx emissions per fuel type
Diesel vehicles have generally higher NOx emissions limits per Euro standard

technology compared to Petrol vehicles. However, real-world NOx emissions are 7.5 times

more than the legal limit. Petrol emissions, on the other hand, are within the limits of Euro

5 and Euro 6 vehicles.

Real-world vs Euro standards 1imits NOx emissions per fuel type

Real world
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Figure 56 Real world vs Euro standards limits NOx emissions per fuel type

In order to accomplish the goals of emission reduction, new powertrain technologies like

BEV and PHEV need to be deployed progressively.

4.11 New registrations of PHEVs
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A plug-in hybrid electric vehicle (PHEV) is a hybrid electric vehicle that combines
an internal combustion engine with an electric motor and a large battery that can be
recharged by plugging it into an outlet. It has two operational modes 1) all-electric mode
in which electric motor and battery provides the energy for the propulsion and 2) hybrid
mode in which both electricity and fossil fuel are employed. PHEVs combine the fuel and
cost efficiency of hybrid models along with the all electric potentials of BEV or FCEV
vehicles. On top of that, PHEVs address one of the big concerns about electric vehicles,
which is the limited range. Although plug-in hybrids typically emit less emissions than
conventional vehicles, the total amount produced depends partly on how the electricity is
produced. For example, nuclear and hydroelectric plants are cleaner than coal-fired power
plants.

Many of the well-known car manufacturers already brought PHEV models into the
market and the number of the PHEV models is expected to upsurge in the coming years.
Available PHEV models have risen to a total of about 30. Those that stand out in sales are
Mitsubishi Outlander and Golf / Passat.

New registrations of PHEVs
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Figure 57 New registrations of PHEVs

4.12 New registrations of BEVs

Battery electric vehicles (BEV) use a battery-powered electric motor drive system
to drive the vehicle. BEVs don’t produce exhaust emissions at all, contributing in

significant decrease in local air pollution, and thus they considered as an environmentally
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friendly technology. However, the electricity they use may produce GHG and other
pollution at the source of its generation.

Recharging an EV lasts considerably longer than refuelling a conventional vehicle.
BEVs have a similar number of sales to PHEVs. The major BEV models in terms of sales
are ZOE, LEAF, MODEL-S, i3 and e-GOLF.

New registrations of BEVs

Z0E
LEAF
MODEL S

e—GOLF

SOUL

e-TP

MODEL X
SMART FORTWO

C-ZERO
IONIQ
i-MIEV
BLUECAR
e-NV200

Figure 58 New registrations of BEVs

4.13 Technology shares

Despite the promotion of the electrified vehicles in some Member states the sales
figures are disappointing. Aside from a few outliers (e.g. Norway), the electrified vehicles
(BEV / PHEV / FCEV) sold in European Union are below 2% of the total sales in 2017.
The main reasons for the slow introduction of EVs are high purchase cost, limited driving
range and longer charging time compared to conventional cars, along with lack of
sufficient infrastructure.

However, most of the manufacturers have already announced investments in the

electrified vehicles in order to achieve their specific emissions targets.
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Technology shares
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Figure 59 Technology of passenger car shares in 2017

Electric vehicles are identified as the most prominent solution from the car makers
as offer a quick solution to two significant problems: reducing GHG from transport, and

addressing air pollution in city centres.

5 Conclusions

The present thesis focused on data visualization and data storytelling with modern
tools. In the literature part of the thesis, a review was made exploring key aspects of the
scientific areas, trends emerging in recent years and interesting examples explaining the
best practices to be applied.

Complementary, a case study was developed where open data is exploited,

visualized and a story is drawn from which interesting conclusions can be drawn.

5.1 Research overview and findings
It's often said that a picture is worth a thousand words and data visualization works
the same way. A visual representation or a chart may contain a lot more information than
text for a similar amount of space on a page/slide etc and at the same time to be much more

engaging to the audience. In this thesis, an in-depth analysis was made for the data
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visualisation. In particular, there are some significant conclusions arising from this
analysis:

e Static visualisation technique should be preferred for relatively simple and
straightforward stories that intended to present a single point, whereas, interactive
visualisations should be chosen for the presentation of the results from large
datasets that contain complex relationships.

e Exploratory analysis includes everything that need to be done by the author to find
interesting points of data and then should be presented to the audience in a smart
way (explanatory analysis).

e The author should be very careful and the display of the data should be done as
objectively as possible, to avoid conveying wrong messages to the audience.

e Hearing a story leads to the release of dopamine, which in turn causes euphoria.
This is a bio-chemical reason that makes people prefer stories than raw data.

e There different types of story structures, author-driven, viewer-driven and a mix of

them called martini glass.

In the case study part, Plotly's Chart studio was used. This tool seems to offer very
good visualization capabilities since it covers a very large number of charts while
combining many desired interactivity features that help the user to analyze and explore the
charts and draw important conclusions. Even, in the case study it became obvious that it is
a tool that provides the user with a very user friendly interface. The advantages of Plotly
also includes the fact that its basic version is free while in this basic version the user may
find almost everything that is necessary. Finally, it is worth noting that there is also the
Plotly Community forum which can provide many answers from experts to various issues
that may arise during the creation of a chart.

As disadvantages of Plotly chart studio can be stated that the user cannot extract
the code behind the chart that he created. Another drawback is that it does not provide the

user with the opportunity to create "animation™ charts.

5.2 Limitations

As for the case study, it would be nice if we could implement an “animation”
diagram that was not possible. Previously this feature was available to users but has now

been removed.
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5.3 Future research

Further research can be done to evaluate alternative data visualization tools. It
would be nice to make a comparison of the most important data visualization tools

available so that the users can make the best decision according to their needs.
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