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ABSTRACT 

 

Large data is typically organized into table format, and is difficult to understand and 

unenticing to engage with. With many fascinating public datasets freely available for 

download, there is an opportunity to represent this information in new and exciting 

ways. The aim of this project is to use data from a public dataset to create an interactive 

visualization application. The chosen dataset is deaths on Irish roads organized by year, 

road user type, age and gender. It is both a striking and interestingly multivariate dataset, 

which has great potential as a visualization. As the data is currently only available in 

table format, it is not enticing to look at or particularly easy to engage with. Designing 

and developing a web application to better visualize this information and make it 

interactive will greatly help to overcome these issues. The final prototype takes the form 

of a live web application, created with up-to-date web technologies HTML5, CSS3, 

JavaScript and a JS library called D3 (Data-Driven Documents).  
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1. INTRODUCTION 

 

1.1 General Introduction 

 

This project sets out to explore the possibilities of interactive visualization in helping 

audiences understand and engage with structured datasets. Structured data, by nature is 

typically organized into tables, which is visually unappealing and difficult to understand 

without spending a large amount of time analysing it. This project will design and 

develop an interactive application, which takes raw data from tables and represents it in 

a more visually appealing manner, with interactive functionalities.  

The chosen dataset is a public dataset from the Irish Central Statistics Office website. It 

is related to casualties on Irish roads and is a richly multidimensional dataset presented 

in table format. The idea behind this project is to download this raw data, analyse and re-

structure it, then design and develop a web application that takes this raw data as an 

input and delivers an aesthetically pleasing interactive visualization as an output.  

This thesis details the process behind this project and is structured into the following 

chapters. Chapter 2 discusses the research undertaken as part of the dissertation. This 

includes a review of literature that has been studied to learn more about the field of 

interactive visualization and to inspire the design of this project, inspiring projects that 

have been critically analysed in order to better-inform the design and outlining primary 

research techniques. Chapter 3 details these primary research methods associated with 

the project, namely user interviews, brainstorming and prototyping user testing.  Chapter 

4 outlines the design and development of a high-fidelity prototype, testing it and the 

final resulting design of the application. Finally, chapter 5 is a conclusion, which reflects 

on the project and looks ahead to possible future research and design.  
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1.2 Aims and Objectives 

 

The aims and objectives for this project are outlined as follows: 

● Use primary and secondary research techniques to discover what makes an 

effectively engaging interactive visualization.  

● Involve the users in the design process to develop a product that will meet their 

requirements.  

● Organize and present the data in a way that it shows the most important and 

relevant information to the user. 

● Design an aesthetically pleasing application that helps users understand and 

engage with the data in a way they could not if it were just presented in tables.  

● Develop a working, robust prototype of a web application that utilizes HTML, 

CSS, JavaScript and SVG elements to the best of their potential.  

● Carry out user tests on the finished prototype to satisfy the research question of 

whether or not the dataset has become more understandable and engaging to its 

audiences.  

 

1.3 Motivation 

 

There are a number of reasons why a project of this nature would produce a useful 

product and be worthwhile research. As will be discussed in greater detail in Chapter 2, 

data visualization can help significantly improve understanding of data, improve 

decision-making and maintain focus for businesses. Interaction in itself adds another 

important dimension in terms of helping audiences engage and understand data, 

allowing them to paint multiple pictures of the same data set to cater specifically for 

their own questions.  
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There is a massive amount of public data available on the Internet, but the key issue with 

this data is how it is presented. The possibilities for these datasets are great. It could 

prove to be a resource in academic or scientific research, for news articles, or just for 

knowledge for the general public. The problem remains that most of these datasets are 

available only in tables, and this issue becomes larger with more data. Readability and 

the ability to understand the information presented in tables is poor, and requires an 

investment of time and attention that most people are not willing to commit to. There is 

an opportunity here to make better usage of this public data and present it in such a way 

that audiences will actually want to engage with it and can understand it without having 

to critically analyse it.  

There are several reasons for using the Irish road casualties’ data as the dataset for this 

project. One is the multidimensional structure of the data. There are many variables at 

play in the data (including different road users, year, age), which make it much richer 

and complex enough to warrant a visualization. The nature of the data is something that 

should be of interest to Irish people, and has the potential to be quite striking and 

memorable for audiences. The hope for the final product is that, in theory the same type 

of visualization and interaction could be applied to other datasets of a similar structure. 

So in that sense, the actual context of the chosen dataset is far from the most important 

aspect of the project. The focus is more so on how interactive visualization techniques 

can be utilized to improve audience understanding of large datasets in general. The 

chosen dataset will be used as a proof of concept.  

Personal motivation for undertaking this project includes the desire to learn about 

something completely new and develop skills - particularly web application skills - to 

help improve professional skill set and employability.  
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2. RESEARCH 

 

2.1 Literature Review  

 

A variety of literature has been read and reviewed in order to better come to terms with 

the project area and inspire good design practices. These readings will be referenced in 

the following sub-chapters.  

 

2.1.1 Introduction to Interactive Visualization  

 

As an introduction to the field of Interactive Visualization, Bill Ferster’s ‘Interactive 

Visualization: Insight Through Inquiry’ (2012) is a solid starting point. It is a process-

driven book that avoids being just a how-to guide and instead focuses on the entire 

process of approaching the design and development of an interactive visualization.  

The book is organized into chapters, which align with Ferster’s ‘ASSERT’ model for 

interactive visualizations. The model is a great approach to designing a visualization 

application, as it makes the designer question exactly why they are doing everything in 

their process. 

 

 ‘A’ is for Ask a Question. The book details various brainstorming, mind 

mapping and creative problem-solving techniques to first decide what 

information you are interested in.  

 ‘S’ is Search for Information. Various resources for datasets are provided which 

seem reputable, but not particularly relevant to the nature of this project.  

 ‘S’ is Structure the Information. This details analytic methods and tools to 

properly structure the data before working with it.  
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 ‘E’ is Envision the Answer. This is more analytic work, and forces you to think 

what data is most important and how it should be presented.  

 ‘R’ is Represent the Visualization. This is the most visually rich and interesting 

part of the book, which demonstrates a variety of ways to visually represent the 

data.  

 ‘T’ is Tell a Meaningful Story. This is a vital part of the visualization process, as 

people engage most when a narrative is involved and so this aspect discusses 

ways to frame the data to tell particular stories. It also discusses the very real 

issue of design tensions, which are difficult choices to be made during the design 

process.  

 

“Interactive Visualization” is an excellent, for the most part, unbiased book to introduce 

the core of interactive visualizations. The main criticism with the book is Ferster’s 

references to his own system “Visual Eyes”, in an attempt to advertise his creation. The 

program itself seems to be a dated and restrictive piece of software.  

There are many issues that arise when designing data visualization with a large amount 

of data. The main ones are clutter (too many points in a small space), performance (slow 

interaction), information loss (biased data) and limited cognition (humans can only 

understand so much) (Bertini 2011). In order to combat these many issues, a tried-and-

tested approach is the Visual Analytics Mantra, which is an updated version of the 

Visual Information Seeking Mantra (Shneiderman 1996). The mantra reads as follows: 

 

Analyse First,  

Show the Important, 

Zoom, Filter and Analyse Further, 

Details on Demand. 

(Keim et al. 2008) 
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The mantra is vital to keep in mind for this dissertation project and the work of both Ben 

Shneiderman and Keim are very invaluable resources for the research behind it.  

 

 

2.1.2 Identifying Categories of Interaction  
 

When researching specifically into the interaction-side of visualization applications, 

interesting categories of interaction were identified. Most forms of interaction were 

described as methods used to achieve a particular user task. Evaluating interaction 

models is a difficult task but there have been dimensions proposed to do so by 

Beaudouin-Lafon (2004):  

 

1. Descriptive power, which is “the ability to describe a significant range of existing 

interface”.  

2. Evaluative power, which is “the ability to help assess multiple design alternatives”.  

3. Generative power, which is “the ability to help designers create new designs”.  

These are interesting notions, and based on those and the notions of user intent, 

categories of interaction in interactive visualizations have been described as follows: (Yi 

et al. 2007) 

 

 Select is when a user marks something of interest to them.  

 Explore is showing the user something different then the default view. 

 Reconfigure is showing the user a different arrangement of the same data. 

 Encode is showing a different representation of the same data.  

 Abstract or elaborate are respectively showing the user less or more detail on 

demand.  

 Filter is showing the user something with conditions.  

 Connect is showing the user elements that are related to each other.  
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These categories of interaction make sense, as they address every type of question that 

the user might have when interacting with a visualization, and they will certainly be 

utilized in the development of this dissertation project.  

 

 

2.1.3 Audience Engagement  
 

There is a large amount of literature, which proves the positive effect that data 

visualizations and interaction have on audience engagement and understanding.  

The main reasons to use data visualization are that it improves understanding, maintains 

focus, tackles the growing volume of data and improves decision-making (Wright 2012). 

These are mostly business-related concepts, and particularly the “growing level of data” 

notion is not applicable to this project domain. However, the most interesting and 

relevant concept from this is the improvement of audience understanding.  

The key to data visualization is to represent it in the most appropriate way to maximise 

user understanding. The data is put into perspective with contextual information 

allowing it to be understood (Blewitt 2011).  

There is a lot to be said about the power of the human visual system. The capacity of the 

brain that is devoted to processing visual information exceeds that of all other senses and 

so it is the most obvious pipeline for comprehending data (Keahey 2013). An interesting 

paper titled ‘High-Speed Visual Estimation Using Preattentive Processing’ (Healey et al. 

1996) discusses a study, which proved the effectiveness of visual cues in comprehending 

data. Specifically the research looks at the concept of pre-attentive processing, which 

refers to cognitive operations that can be performed prior to focusing attention on any 

particular region of an image. The study proposes that by using visual elements, namely 

hue and orientation to display multidimensional data, the subjects could make accurate 

estimations in less than 200 milliseconds.  
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The results proved this hypothesis to be the case and concluded that accurate numerical 

estimations could be made pre-attentively using hue and orientation, even when they are 

mixed together.  

The possibilities of visual displays compared to textual displays are massive, as there are 

much more opportunities to show relationships through proximity, lines and colour 

codes. Highlighting can be utilized to draw attention to particular element/s as well. 

Interaction itself adds a whole new dimension to attracting users. As Ben Shneiderman 

(1996) puts it in his paper ‘The Eyes Have It: A Task by Data Type Taxonomy for 

Information Visualizations’;   

 

‘The eye, the hand, and the mind seem to work smoothly and rapidly as users 

perform actions on visual displays.’ 

 

It has been said that even with static images, a user will perform several interactions in 

their own head and through this passive interaction; the data set is changed or enhanced 

in the user’s head (Spence, 1998). Interaction itself then allows for limits of static 

representation to be overcome and user cognition can be amplified (Norman, 1993). 

 

2.1.4 Beyond Traditional Data Visualization 
 

It is important to look at alternatives to screen-based data visualizations, so as not to 

limit the research associated with this dissertation.  

Research has been conducted in the use of different sense modalities to represent data in 

engaging ways. Trevor Hogan & Eva Hornecker (2012) looked at testing data-driven 

artefacts, one titled ‘SonicData’ which uses sonic tones at certain frequencies to 

represent the data. The other titled ’DataBox’, which is a cube, that expresses the data 

with haptic and auditory feedback. It was concluded that the participants were much 
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more emotive when discussing their experiences with these artefacts versus traditional 

visualizations such as bar charts.  

These are interesting findings, but steer away from a rich form of digital interaction that 

this dissertation project is hoping to explore. Still, alternatives to traditional visualization 

will be kept in mind to potentially add useful elements to the design.   

       

2.2. Inspiring Projects 
 

A number of projects have been inspiring to the research, some of which contain 

elements that could fit well into the final product. The following sub-chapters critically 

analyse two interesting projects, both of which are interactive visualization web 

applications. The first deals with data about drone strikes on Pakistan and the second 

with the world’s biggest security breaches on companies.  

 

2.2.1 Out of Sight, Out of Mind.  
 

This visualization, titled ‘Out of Sight, Out of Mind’ presents data on drone strikes on 

Pakistan from 2004 to 2013. The data was sourced from the Bureau of Investigative 

Journalism, which is a non-profit organization who seemed to have the most unbiased 

collection of data in this domain. This project was developed with HTML5 and 

JavaScript.  

What is immediately evident when opening up the application is that it sets out to tell a 

story. This is the final point of Ferster’s (2012) ASSERT model for designing interactive 

visualizations and this application does a great job of creative a narrative. The opening 

pages are a slideshow of text introducing the story and providing some context for the 

application that follows. This is an effective way to introduce an audience to the 

visualization, but from a critical standpoint, this form of context introduction could be 
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improved. After returning to the site for a second time, the user is forced to sit through 

the opening text again, when in reality all they want to do is likely to interact with the 

visualization. This is a frustrating part of what is otherwise an excellent design.  

 

 

FIGURE 1: THE OPENING TEXT-BASED SCREENS OF “OUT OF SIGHT, OUT OF MIND” 

 

Once the textual introductory slides have finished, the visualization opens up with no 

data yet on screen, only an axis and space for where the data will be displayed. Within 

seconds, the application animates, drawing lines to the screen. These lines have been 

designed to look like bomb strikes. Each line that drops have been is an individual 

recorded drone strike, and its location on the X-axis is the date of the attack. The years 

2004-2013 are clearly evident on this X-axis. As each strike is drawn to screen, the three 

coloured tally bars at the top of the screen are adjusted in size. Respectively, they 

represent the total amount of victims from the strikes, categorized respectively as red for 

‘Children,’ brown for ‘Civilian’ and grey for ‘Other’. Underneath each line are also bar 

charts, which count up the total number of victims for each respective strike, with the 

colours red, brown and grey clearly showing the breakdown of casualty groups.  
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This is a striking visualization and makes excellent use of animation to tell a story 

chronologically by year. To see the victims’ count for each attack and to see the totals 

grow higher and higher in the coloured bars on top is incredibly hard-hitting. When the 

animation has completed, the final picture is painted and it is very clear to see what it all 

means. This is a good example of a visualization first “showing the important”, which is 

a key element in the Visual Analytics Mantra.  

 

FIGURE 2: THE OVERVIEW STAGE OF THE DRONE STRIKE VISUALIZATION 

 

Another important characteristic for an interactive visualization to posses is the ability to 

show the users specific details on demand. In this case, the details can be seen when 

hovering over any of the bars under the strike lines. Hovering over a particular strike 

will highlight that and grey out the rest of the strikes. It then opens a popup dialogue 

box, which is simple, elegant and easy to read. It provides the total number of deaths by 

group, specifies the exact date and location of that particular attack and also displays a 

sentence that reads like a news headline to summarize the attack. Of course, critically 

speaking there could be more detailed information that some users might seek from this 
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data but it does a good job of delivering important details in an easy-to-understand 

manner.  

 

 

FIGURE 3: DETAILS ON DEMAND WHEN MOUSE HOVERS OVER ATTACK 

 

An interesting aspect of the visualization is the ability to show a different representation 

of the same data. Instead of looking at the amount of attacks visualized, when clicking 

on the “Victims” tab, the focus shifts to seeing an infograph-like visualization based on 

the number of victims. The date has now moved to the Y-axis, with the most recent 

attacks on the top, and the X-axis simply counts the bodies from each attack using 

people-shaped icons for extra impacts. The same colour coding applies to this view of 

the application but it is even easier to see the death toll, especially divided up by victim 

type in this view. This form of simple interaction to drastically shift the focus of the 

information view is an inspiring characteristic of the application. Visually, it looks 

appealing and it is very simple; two things that will prove to be invaluable in inspiring 

the work of this dissertation project.  
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FIGURE 4: THE ‘VICTIMS’ TAB VIEW OF THE VISUALIZATION PAINTS THE PICTURE FROM A 

DIFFERENT PERSPECTIVE. 

 

 

2.2.2 World’s Biggest Security Breaches  
 

This visualization, titled ‘World’s Biggest Data Breaches’, is an interactive application 

that presents data breaches with more than 30,000 records lost in organizations across 

the globe. This application was designed by David McCandless and coded by Tom 

Evans for the website Information Is Beautiful (2015). The dataset claims to be 

aggregated from DataBreaches.net, IdTheftCentre, and press reports.  

What is immediately interesting about this visualization is how the largest data breaches 

stand out. Each particular organization breach has its own bubble, and the size of the 

bubble indicates either the number of records stolen or the sensitivity of the data, 

depending on which filter is chosen. This is a nice touch to be able to paint a different 

view of the same data. It lets the user ask a new question and answer it with the click of 

a button.  
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FIGURE 5: LEFT: BUBBLE SIZE SORTED BY NUMBER OF RECORDS STOLEN. RIGHT: BUBBLE 

SIZE BY DATA SENSITIVITY. 

 

Another interesting element of filtering is the ability to select particular organization 

types only to view in the visualization. For example, the user can select to see just data 

breaches from technical organizations, which will show only the bubbles from technical 

companies and make every other bubble shrink to shift the focus. The colour of the 

bubbles can also be changed to reflect the method of leak for each breach. For example, 

the user can then clearly see which organizations had what sort of data leak by looking 

at the colour keys in the right-hand bar.  
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FIGURE 6: SHOWING BUBBLE COLOUR BY METHOD OF LEAK, AND FILTERING ONLY 

TECHNICAL ORGANIZATIONS. 

 

This application also does a good job of delivering the details on demand rule of 

visualizations. When hovering over any of the bubbles, the option is there to ‘read 

more’, and when clicking on that, textual information on the data leak is provided in the 

bubble. This is a simple-to-use interaction that delivers the right amount of details.  
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FIGURE 7: THE ‘DETAILS ON DEMAND’ FUNCTION SHOWS DETAILS OF THE BREACH INSIDE 

THE BUBBLE UPON CLICK. 

 

2.3 The Dataset 
 

The original data is freely available to view and download on the Central Statistics 

Office website. When looking into this particular dataset, titled ‘ROA16: Number of 

Casualties by Age Group, Sex, Road User Type, Year and Statistic’, the user is given the 

option to select the specific results they wish to see presented in table form.  
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FIGURE 8: SELECTING THE DESIRED OPTIONS FOR THE CSV FILES 

The data notes recorded deaths and injured persons on Irish roads between the years of 

2006 and 2012. It shows the totals in these categories for each respective year, but it also 

allows the casualties to be broken down into various categories. It breaks down the 

deaths into twelve unique age brackets, 0-5 all the way up to 65+. It groups the 

casualties by gender; male and female respectively. It also groups the casualties by road 

user type; pedestrians, pedal cyclists, motorcyclists, car drivers, car passengers, all car 

users and other car users.  

Once the user selects the options they want to see, they can then see it in a very basic 

table format. The table has the specific user type (e.g.: Motor cyclists > Male > 0-9 

years) in the left-hand column and the total number of casualties applicable to each user 

type in the right-hand column. It is not particularly pleasant to look at, especially as 

more options are chosen in the filtering, the tables become lengthy eyesores.  
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FIGURE 9: DATA IN BASIC TABLE FORMAT ON CSO WEBSITE 

 

These tables can be downloaded for free in CSV (Comma-Separated Values) format, 

which can be opened in Excel spread sheets.  
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2.4 User Centred Design Methods 
 

User Centred Design (UCD) can be described as a “general term for a philosophy and 

methods which focus on designing for and involving users in the design of computerized 

systems” (Abras et al. 2004). The purpose of this methodology is to involve the users in 

the design process of an interactive product so that it meets their needs and wants.  

There are many methods in the UCD playbook that can be utilized to better inform the 

design of a system. For this particular prototype, the chosen methods are user interviews 

and usability testing with prototypes of various degrees of fidelity. The entire process of 

the design is iterative.  

 

2.4.1 Exploratory User Interviews  
 

One of the primary research methods chosen to inform the design was interviews. The 

type of interview designed for the research was a semi-structured informal interview. 

The purpose of these interviews was to elicit user opinions on the chosen dataset. The 

envisioned ideas for these interviews was as follows; the dataset will be discussed and 

presented to interviewees and they will be encouraged to voice their opinions on what 

they deem to be the most important aspects of the data. The sessions were semi-

structured, and with only a few questions to be addressed. The main themes to be 

touched on are as follows: 

● What information would you like to see from this particular dataset (RSA road 

casualties) in a visualization application?  

● How would you envision making this data simpler to understand?  

● What sorts of interactive visualizations engage/entice you the most, and why? 

 

Before beginning to structure the data, and design prototypes, it is essential to be well 

informed by user opinions. Ultimately, they are the one who will use the product and 
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deem whether or not it is of any use. It is of great benefit to this project to discover what 

information and what questions people would ask about this dataset so that it can be 

presented in the prototypes in an appropriate way to better facilitate the answering of 

these questions. 

It is of equal benefit not just to ask about the context of the data but about the medium 

itself; i.e.: the interactive application. There are a massive number of ways to present 

data visually and interact with it, so it makes sense to find out if there are any user 

preferences for different types of visualizations and if so, why.  

 

2.4.2 Prototyping Methods  

 
 

As with any good user-centred-design project, the prototyping for this application was 

an iterative approach, which saw the development of low to medium to high fidelity 

prototypes, each stage tested with users.  

The purpose of designing like this is to ensure that the right product gets developed and 

that precious time isn’t wasted on coding an application that would ultimately be not 

what the users want.  

First, sketches were drawn up of potential design ideas for the application, and tested 

with potential end-users to get some first impressions and generate design ideas. Based 

on the results of these tests, a slightly higher level of fidelity prototype was designed in 

Photoshop, which incorporates user suggestions, improvements and some new features 

to be tested. Finally, based on results from this testing process, the coding began and 

several iterations of interactive prototype were developed and tested among users to 

generate the final design; a well-informed user-centred-design approach application.  
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3. PROTOTYPING 

 

3.1 Interview Results  

 

In total, two separate interviews were arranged, one with a total of three participants, and 

the other with two. The reason for having multiple participants in each session was a 

creative choice in order to get discussion flowing among the users. Since the interviews 

were not formal and the nature was not personal, this group situation worked well. The 

interviews took place in the Design Studio CSG201 over the space of two days, and 

lasted approximately forty minutes each. Each participant signed consent forms for the 

sessions and agreed for the session to be audio recorded.  

As mentioned in the previous chapter, there were certain themes that needed to be 

discussed among the participants in the interviews, and appropriate questions were asked 

to the group in order to gain insight into their thoughts. An excerpt of the data itself (A 

printout of the tables that show the casualties from 2009) was presented to the groups 

during these sessions. What emerged from the five participants were definite patterns for 

certain questions. This became clear once the audio recordings from the sessions were 

played back and the data was coded. ‘Coded’, in this sense, meaning the user opinions 

were structured based on patterns and similarities in their answers.  

The following were the main themes touched upon in the interview sessions, and the 

answers from the participants: 

● Q: What information would you like to see from this particular dataset in a 

visualization application?  

 

When asked about whether or not the users would be interested in seeing data relevant to 

persons killed on Irish roads, persons injured or both, the general consensus was that 

learning about the death toll was far more interesting than the injured total. Although 

one participant expressed interest in seeing the comparisons between these figures, the 



 

 

22 

other four all said that they would be happier to just have the focus on deaths. Three of 

the participants said their reasons for this was simply that the death toll is a much more 

“powerful” and “striking” piece of information. If the visualization included persons 

injured as well, it wouldn’t carry as much weight for its audience.  

 

All five of the participants said they would be interested to see the data shown in a way 

that clearly distinguishes between the male and female victims. Participants were 

interested to see the breakdown in gender. User suggestions of ways to do this included 

using simple colour coding to label the data and also using gender symbols with the 

data.  

 

Although four out of five participants said that seeing the breakdown of deaths by 

gender would be their preferred view of the data, all five also said that they would also 

like to see a breakdown of deaths categorized by road user type.  

 

When asked about the importance of the year the data was from, four of the participants 

expressed the opinion that they would like to have the option of “jumping” between the 

various different years to be able to see the difference in the death tolls. One user 

expressed an interest in seeing all of the figures from all the years together in one 

visualization, but this led to disagreement from the other two participants in this session. 

They deemed this idea to be messy and not as interesting as seeing a different 

visualisation for each year. 

 

● How would you envision making this data simpler to understand?  

 

When prompted about making the data simpler to understand, the concept of aggregation 

was suggested by one of the participants in the first session. This then became one of the 

questions asked in the second session. There was interesting discussion about how the 

dataset might be aggregated to make it simpler and give it more “punch” for its 

audience.  
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One idea that was unanimously agreed on was aggregating the breakdown of deaths by 

ages. The current dataset breaks down into twelve age brackets, which the participants 

agreed was simply too many. If the user had the choice to filter results with this many 

options, the participants agreed it would be annoying. Some of the death numbers are so 

small or even non-existent within certain age brackets and so it would provide 

uninteresting results.  A few of the participants suggested the idea of grouping the data 

into half as many age brackets, meaning that those numbers that fall within the 0-5 and 

6-9 would now get added together and become one bracket of 0-9. This is tidier and still 

makes for a perfectly useful age filter.  

 

In the dataset, there is also the category of “age unknown” and when asked about this, 

the participants expressed interest in omitting this data, as it does not provide as much 

useful information. As it turns out, the vast majority of death totals that fall within this 

category are 0 anyway, so omitting it makes sense.  

 

The categories of road user type in the dataset were generally simple enough to 

understand according to the participants, although certain categories showed overlap. 

For example, there is the category of “car drivers”, “car passengers” and “all car users”. 

Two of the participants were unsure of whether this “all car users” included the numbers 

from the former two categories, which indeed it does. It is in fact a total of both those 

categories. When asked about distinguishing between car drivers and car passengers, 

three of the participants claimed that they would be happier to just see data from the “all 

car users” category, as it keeps the data simpler and avoids confusion.  

 

● What sorts of interactive visualizations engage/entice you the most, and why? 

 

The participants were encouraged to speak freely about visualizations that they have 

seen and have liked. A laptop was available in the interviews for each user to show some 

examples of visualizations they have been engaged by, and some were presented to the 
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participants to prompt their opinions. Naturally enough, the results from this show a 

variety of opinions from person to person, depending on personal tastes. The 

visualization that sparked the most discussion and positive feedback was ‘Out of Sight, 

Out of Mind’ (see: chapter 2.2.1) which was actually pointed out by one of the 

participants. It was universally agreed among all five that this application was an 

excellent example of how to present sensitive information in a striking way. Participants 

marvelled at its use of “bomb metaphors” for the drone strikes, the use of ‘people icons’ 

to show the death count, and the interactivity and animation in the application. The users 

said that being able to switch views is a great way to see the data from another point of 

view.  

 

When asked about more traditional forms of data visualization, participants had varied 

opinions. Bar charts were said to be very easy to understand large data, and four out of 

five participants said that with an added element of interactivity and animation, bar 

charts are a very effective ways to understand the data. Three of the participants liked 

the use of pie charts and arcs, but succumbed to the opinion that although they are 

aesthetically pleasing, they are ultimately more difficult to make sense of at a glance.  

 

When asked about having the option to paint the same data with a different form of 

visualization, all of the participants expressed the opinion that this would indeed make 

the visualization more engaging and said that they would spend more time interacting 

with it if they could change to alterative views. For example, switch from stacked bar 

charts to pie charts with the simple click of a button.  

 

The chart below summarizes the main discussions from the interviews.  
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FIGURE 10: SPREAD SHEET OF GENERAL INTERVIEW RESULTS 

 

Overall, these exploratory interview sessions went well, and important information was 

gathered. Although not everybody can ultimately be pleased, it helped to get consensus 
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opinions from the end users, and the design ideas generated from these interviews were 

invaluable.   

 

 

3.2 Low Fidelity Prototype: Sketches 

 

The first prototyping stage was merely to brainstorm potential designs for the 

application by drawing them on paper. These designs were driven by the results of the 

user research, the literature review, inspiring applications and capabilities of the 

technology.  

The purpose of sketching these paper prototypes was to get some initial feedback from 

users on what sort of visualization method might work best, and how the application 

should be interacted with. Numerous sketches were made, including interactive stacked 

bar charts, grouped charts, pie charts, chord diagrams and bubbles, some of which can 

seen in the photos below.  
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FIGURE 11: VARIOUS PRELIMINARY SKETCHES OF PROTOTYPE 

These sketches were presented to the five same users who were interviewed, this time in 

one-on-one sessions, in order to gain feedback. The users were each encouraged to study 

the sketches and to discuss what they like or don’t like about each design. They were 

also encouraged to demonstrate how they would interact with the application based on 

what they see in the sketch, all while using the “think aloud” methodology (Nielson 

2012) to explain their train of thought. If certain tasks could not be achieved in what 

they see in front of them, or might be achieved differently, they were encouraged to 

discuss these ideas too.  

 

3.2.1 Low Fidelity Prototyping Results  
 

Based on these first prototyping sessions, some valuable first impression data was 

gathered from the participants. What became clear was that the chord diagram concept 

for the application was much too complicated for users to understand. Because there are 

two chords attached to each road user type (i.e.: male and female), the diagram becomes 

far too messy and users were not able to describe what information they were seeing 

without taking considerable time to study the diagram. One of the most important 

aspects of this application is that it should be easy to understand information on a mere 

quick glance. This particular type of visualization method doesn’t meet the criteria for 

the chosen dataset.  

Users were most drawn to the bar chart sketches, and found them to be the easiest to 

understand in the shortest amount of time. When presented with tasks such as “show 
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how many 0-9 year olds pedestrians died in 2011”, all of the participants understood that 

they had to deselect the checkboxes of the other age categories in order to filter out the 

desired results. A couple of the participants were confused about how to change the year 

of the view (i.e.: the slider bar at the top).  

Some users expressed a desire to abolish the text for the X-axis labels, and instead 

employ visual icons (i.e.: car, pedestrian etc.), as they felt it would add to the aesthetics 

of the visualization. When asked to adjust the view from “stack by gender” to “stack by 

road user type”, some users were confused about what this meant, and furthermore did 

not find the button obviously clickable.  

 

3.3 Medium Fidelity Prototype: Graphical Mock-up 

 

Based on feedback from the user interviews and sketches, a new prototype was 

developed in Photoshop. This prototype incorporates ideas presented by the users, as 

well as some new design ideas in order to test out some slight alternatives with the users.  

This prototype contains icons for the road user types on the X-axis, instead of text-based 

labels (car, bicycle, motorbike, pedestrian and other, respectively). The slider to change 

the year of the data is now centred at the bottom and has a start and end point to make it 

clearer as to where the user stands. The current year is centred at the top of the screen. 

The filter-by-age checkboxes are still in place, at the top-left of the screen, but no longer 

have a label. There are links for the application to arrange by gender or road user. 

Whichever is currently selected is marked as such with an underline. There are also 

tooltips when a user hovers over either the year or the bars, which pops up a box with 

details on the number of deaths. The bars are now separate bars for each individual 

death, and instead of being stacked, the male and female totals are aligned next to one 

another; a concept employed to see if users respond better to this type of visualization.  
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FIGURE 12: GRAPHICAL MOCKUP 

 

For testing this prototype, three our of five of the original users were asked back, plus 

two new users, who one by one looked at the design and discussed how they would 

envision interacting with it and what they like or don’t like about the functionalities and 

aesthetics.  

 

3.3.1 Medium Fidelity Prototyping Results 
 

Based on testing this prototype with users individually, there were some unanimous 

opinions among them.  

One of the most glaring occlusions from the design is that it doesn’t have any sort of 

header. Users explained that as it is, there is no real way of knowing what this data 

actually is just by looking at the application. Suggestions were made to display a textual-
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based header at the top of the screen, which explains that the data is relevant to deaths 

on Irish roads. Once this was pointed out, users were asked whether or not they’d be 

interested in seeing details about the original dataset (i.e.: source, link etc.) and four out 

of five said they thought this would be a good idea to make the application seem more 

legitimate. Suggestions were made to have this as a separate “info” or “source” link in a 

menu bar.  

The users who had been previously tested with understood exactly what the age bracket 

checkboxes were for, but the two new users weren’t as clear on this, and so it makes 

sense to bring back in a label to say that the boxes are for “filter by age”. It doesn’t take 

up too much space and ultimately it is better to be safe and ensure that users know 

exactly what each interactive element is used for.  

Users appreciated the slider with the minimum and maximum values at either end, but 

there were expressions of confusion as to why the bar was at the bottom of the page and 

the current year on the top. Users suggested that these be kept closer to together, to make 

it more obvious as to how to change the current year.  

Users also appreciated the use of simple colours to differentiate between the male and 

female totals. However, the colours were not clear to all users, and a couple expressed a 

desire to have some sort of “legend”, where the colours are labelled to make it easier to 

understand. As for the bars themselves, one user pointed out that, with larger totals, 

having individual rectangles for each death would stack very large and ultimately blur 

together like one bar. Other users were also confused as to why the bars were stacked 

separately, rather than just having one large bar. When asked about the layout of the bars 

(i.e.: male and female aligned next to each other for each individual road user type), the 

opinion was expressed that it is too many bars in too small a space, and not particularly 

easy to understand or look at from a glance.  

When asked about the tooltips, users expressed that the tooltip for the “year” at the top 

of the screen is unclear. They would not have even thought to hover over the year, and a 

couple of users explained that they would rather have a permanent overview of the 
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year’s data on the screen, rather than have to hover. The tooltips for the bar charts were 

better received, and users said it made more sense to be able to hover over the bars and 

see the specific numbers of deaths. However, a few of the participants said they would 

rather a simpler tooltip with less text. One suggestion was to have an icon to represent 

deaths (like a simple person icon) and then have the number next to it. Users expressed 

an interest in having an actual Y-axis with numbers to make it easier to see the death 

totals.  

All of this data is very important to the process, and was taken into account when 

beginning to develop coded prototypes. It meant that time was saved, knowing that 

wrong designs would not be coded.  
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4. Application Design and Development 

 

4.1 Technologies Used  

 

This was a particularly technical project and there were many challenges. Most of the 

technologies used for this project were completely new and so a great deal of time and 

energy was put into developing skills to be able to produce a quality product. The main 

technologies employed were as follows:  

 

● HTML5/CSS3 

The application is web application, for several reasons. One being that the interaction is 

well suited to web capabilities and also the desire for a larger screen rules out native 

mobile-applications. HTML and CSS are the bare bones of the front-end of any web 

application. They were used for the basic web content and overall look of the 

application.  

● JavaScript  

JavaScript is the programming language of the web. It was used for programming 

interactivity and animation in the application.  

● D3  

D3 is a particularly capable JavaScript library. It is open-source nature well documented 

online. The main use of D3 is for visualization applications. It can be utilized for 

implementing various visualization algorithms and easily creating shapes on screen as 

scalable vector graphics (SVG) elements. There are a great many examples of how 

dynamic and varied the capabilities of D3 are online, and visualizations can be 

programmed which range from bar charts to pie charts to more modern and complex 

forms of visualization such as chord diagrams and sunbursts. The library also allows for 

animation, which is a huge draw to any interactive visualization.   
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● Adobe Creative Suite 

Adobe Illustrator and Photoshop were well equipped to design graphical elements of the 

prototype.  

 

FIGURE 13: THE VISUALIZATION PROCESS. 

 

4.2 Structuring the Data  
 

From the user-centred research, the choice was made to omit and aggregate certain 

information in the dataset. The users claimed to be mostly interested in seeing killed 

casualties only, and so this option was selected, omitting those who were injured 

casualties. The choice was also made to aggregate car drivers and car passengers into the 

category of “all car users”, so this was selected and the former two were not.  

Once these options were selected, the CSV files were downloaded. To make it easier to 

separate the data, a separate file was downloaded for each year (between 2012 and 

2009).  

Once the CSV files were downloaded, the next step was to aggregate certain data 

manually. The age groups had to be aggregated so that there would be half as many 

filtering options. As most of the figures by user type per year are generally small, this 
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task was done by hand, using a calculator. An example of the resulting data can be seen 

in the screenshot below.  

 

FIGURE 14: LEFT: ORIGINAL AGE GROUPS DATA. RIGHT: AGGREGATED DATA. 

Originally, the intention for the application was to parse the data directly from the CSV 

files into the HTML file using the D3 library. This proved to be an incredibly difficult 

task, seen as the data was multivariate. As this project is primarily a design project as 

opposed to a development project, the choice was made to instead enter the data into 

JavaScript arrays in the HTML file itself and from there, the numbers could drive the 

visuals by using array accessors. The process for doing this was on the tedious side, but 

it proved to function just as well as ncessary.  
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4.3 Coding Process 

 

4.3.1 Libraries Used, File Structure and Server 

There are a number of open-source libraries used in the code for this application, which 

are referenced in the header of the HTML files. These libraries are referenced via both 

local files and CDN. jQuery is version 2.1.4 and jQuery UI is version 1.11.4. These are 

both referenced through the CDN. The D3 library is version 3.5.5 and is in the root 

folder named as “d3.v3.js”.  

In total there are three HTML files, named “gender.html”, “roaduser.html” and 

“info.html”, all in the root folder. There is one main style sheet named “styles.css” in the 

root folder also. The fonts and images are located in their own unique folders.  

The files were uploaded to a remote server used in UL called the “Richie” server. The 

application was uploaded via Dreamweaver to a portfolio website, so the URLs come 

after the home address “obrien.j.richie.idc.ul.ie”.  

 

4.3.2 Storing Data in Arrays 

 

The data was originally planned to be pulled in directly from the CSV files, but this 

turned out to be a much more difficult task than first envisioned. Using the “d3.csv” 

function seems to work well only for data with one set of key/value variables, and so did 

not work out for the multivariate data in the road deaths dataset.  

An alternative to this method was to fill the data into arrays in the HTML files 

themselves, as JavaScript arrays. That way, the values could be accessed easily enough 

by D3 by referencing the array name and variable position. This can be seen in the 

screenshot below, where a new array is created called “dataset”. The set of the first five 

variables are the male deaths for each of the road user types; pedestrian, bicycle, 

motorbike, car and other, respectively. The second set is the same, but with the female 
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figures instead. Each value is given the key of “y” to make it easier to reference the 

values later on with D3.  

 

FIGURE 15: ARRAY "DATASET" OF THE 2012 FIGURES 

 

The arrays in the “road user” page are arranged slightly differently to reflect the way the 

data stacking is done. This instead has 5 sets of 2 values, as seen in the screenshot 

below.  
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FIGURE 16: ARRAY "DATASET2" FOR 2012 ROAD USER VALUES 

 

4.3.3 Drawing with SVG 

 

The D3 library makes use of SVG elements to draw shapes to screen based on variable 

values. First, an SVG element is created, to make space on the screen for the shapes. 

This is done by selecting the “body” element of the HTML page, appending “SVG” and 

assigning it the attributes of width and height (which were defined earlier in the file).  
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FIGURE 17: CREATING THE SVG ELEMENT 

 

A variable is created called “stack”, which uses the inherent D3 function 

‘layout.stack()’. This is used to stack the rectangles on top of each other. The array 

‘dataset’ is filled in as the parameter for this stack function.  

Next, the x Scale and y Scale need to be set up. The x Scale uses the inherent D3 

function ‘scale.ordinal()” and assigns it to a new variable named “xScale”. The “yScale” 

uses “scale.linear()” and assigns to “yScale”. The xScale sets up with a domain of the 

length of dataset[0]. Which means the number of elements in dataset[0], which is 5. This 

essentially creates space for 5 stacks, one for each road user type. It has a range of 30 to 

“w”, which is the width of the SVG element defined earlier. This means it starts 30 

pixels form the left of the screen and ends at the width of the SVG element, evenly 

spaced, with 0.05 spacing between each stack.  

The yScale does something similar with the domain, but instead starts at 0 and goes up 

to whatever the maximum value is in the dataset. This means that whichever stack has 

the most deaths will always be at the very top of the SVG element. It has a range of 0 to 

variable “h”, which is height defined earlier.  
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FIGURE 18: SETTING UP STACK AND SCALES 

 

The way D3 works to create SVG elements is by first selecting the element that it wants 

to create, even if it doesn’t exist yet. So what happens is that a new variable called 

‘groups’ is created which selects all ‘g’ elements (which don’t actually exist yet), and 

fills in our ‘dataset’ as the data parameter. It appends ‘g’, which creates a group element, 

and then it styles the elements by filling them in with a function that returns values from 

an array we created earlier called ‘color’, which has the colour values in the correct 

order.  
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FIGURE 19: CREATING GROUP ELEMENTS AND COLOUR THEM 

Next, the same thing is done to create the rectangle shapes. ‘rect’ is appended, using the 

values from the dataset. ‘d’ is a shorthand in D3 which can be used in place of “data” or 

the actual name of the array (“dataset”). The “x” attribute is assigned the value of the 

xScale with a second parameter ‘i’, which spaces the rectangles equally across the X-

axis. The width of the rectangles is given the value of the rangeBand in the “xScale” 

variable. The “y” attribute has the value of a function which does a calculation of height 

minus yScale(d.y0) minus yScale(d.y) minus 20. What this does is position each of the 

rectangles on the Y-axis so that they start at the bottom of the axis and there is no space 

between the two rectangles in each stack. The height attribute is then given the value of 

a function, which returns the yScale with a parameter of “d.y” which is the male 

rectangles. This does the trick to make everything line up nicely.  



 

 

41 

 

FIGURE 20: DRAWING THE RECTANGLES TO SCREEN 

The donut is drawn to screen in much the same way as the rectangles. It uses the D3 

functions “arc” and “pie”. The values of the donut are defined, as well as the colours 

using an array with the correct values. A new SVG element is created called “svg2” and 

space is made for it so it can be placed within a HTML DIV with the ID of “donut”. The 

SVG is appended and the width, height and position attributes are all assigned.  
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FIGURE 21: CREATING THE DONUT 

The arc and pie variables are created and the radius of the arc is filled into with 

previously defined variables. The “pie” variable uses the d3 “layout.pie()” function and 

uses the dataset values. A new variable called “path” is created and the data is filled into 

using an array created called “maleVsFemaleArray”, which is an array that has the 

percentage values of the total deaths for each particular year. This is so that the donut 

will have an accurate representation of the overall breakdown of deaths by gender for 

each year, and can colour in the two segments accordingly. The pie is animated using 

inherent transitions to D3. This particular one has the duration of 1000 milliseconds and 

uses the ease method named “linear”, to make the colour seemingly fade in when the 

page is loaded. It fills in the arc with the colours from the array created earlier 

“pieColor”.  
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FIGURE 22: DRAWING THE DONUT TO SCREEN 

 

4.3.4 Update Events: Year Slider 

 

The slider is created using the jQuery UI library. It selects the DIV with the ID of 

‘slider’ and creates a new slider with a default value of ‘2012’ (ie: the year 2012), with a 

minimum value of 2009 and maximum of 2012. It steps through each value by 1. When 

the slider is moved, an event is triggered which fills in the current value of the slider (ie: 

the year) into another DIV with the ID of “amount”. A new variable is created called 

“myYear” which has the value of the current slider value. If the value is 2012, a function 

called “data2012()” is triggered, and so on for each respective year. Regardless of what 
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value the slider has, once it is changed, two other functions are also triggered; 

“updateData()” and “updateDonut()”. 

 

 

FIGURE 23: JQUERY UI SLIDER IS CREATED WITH IF STATEMENTS 

When the year is changed, the dataset array is updated to reflect the new figures. For 

example, when the slider is at year 2009, the “data2009()” function is triggered. In this 
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function, all that happens is that the array “dataset” is overwritten with new values, as 

seen below.  

 

 

FIGURE 24: DATA2009 FUNCTION UPDATES THE DATASET VALUES 

 

In addition to updating the dataset values, the actual SVGs need to be redrawn with 

these new values also. This is the purpose of the “updateData()” and “updateDonut()” 

functions. In the “updateData() function, much of the code is the same as originally 

setting up the rectangles to draw to screen.  The new values from dataset are used 

instead. This all begins with stacking the “dataset” array to update it to whichever 

iteration of dataset is currently active on the slider. The rest of the code updates the 

rectangles and the scales.  
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FIGURE 25: UPDATING THE RECTANGLE AND SCALES 
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The Y-axis also needs to be re-drawn so that the number labels reflect in the updated 

data. 

 

 

FIGURE 26: REDRAWING THE Y AXIS LABELS 

Also in this function is the updating of the total death count, which is drawn in the DIV 

box next to the donut. This variable adds together all of the values in the dataset for that 

particular year and overwrites the previous value. It then appends this number in text 

format to the DIV with an ID of ‘deathNum’.  

 

 

FIGURE 27: UPDATING TOTAL DEATHS COUNT 
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Updating the donut is almost identical to how the rectangles are updated. It uses most of 

the existing code to setup the donut, but uses the new values of the “dataset” array. As 

well as that, it updates several of the other variables which are used for the donut; 

“totalMaleDeaths”, “totalFemaleDeaths”, “maleDeathPercentage”, 

“femaleDeathPercentage” and the “maleVsFemaleArray”.  

 

 

FIGURE 28: UPDATING THE VARIABLES TO REFLECT THE CURRENT DATASET FOR THE YEAR 

 

 

4.3.5 Update Events: Age Filter Checkboxes 

 

The boxes used to filter the six different age categories were created using checkbox 

buttons in HTML and styled with CSS. Each button has the type “checkbox” and is 

assigned a unique ID from “a_button” to “f_button” respectively.  
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FIGURE 29: SETTING UP THE FILTER CHECKBOXES IN HTML 

 

A separate function is defined for each unique checkbox button (a-f), for each unique 

year (2009-2012), making a total of  24 functions. For example, if the current year value 

is “2012”, and the “a_button” (ages 0-9) is toggled, then it will trigger a particular  

function that performs calculations to adjust the data for 0-9 year olds in 2009. As seen 

below, using jQuery, if the “a_button” is clicked, it triggers a function. Inside that 

function asks if the current year is 2012. Inside that if statement is another, which asks if 

the button is currently checked or not. If it is checked, the ‘if’ statement is triggered and 

subtracts numbers from the various different values in the array. In this particular 

example, two female pedestrians aged 0-9 died in 2012, so two is subtracted from this 

particular value in the dataset array. If the button was not checked, then the “else” 

statement is triggered, which performs exact opposite calculations (i.e.: adds two to 

female pedestrians.).Finally, the “updateData()” and “updateDonut()” functions are 

called to reflect these changes in the figures.  
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FIGURE 30: UPDATING THE DATASET VALUES WHEN THE A_BUTTON CHECKBOX IS CLICKED 

 

This exact type of if/else statements is performed many times on each of the checkboxes 

for each of the respective years. It is a tedious enough process, but it functions very 

fluidly.  

 

4.3.6 Tooltips 

 

There are two tooltips in this application, both of which are DIV elements in the HTML. 

One is a tooltip displayed when hovering over the rectangles, which has the ID of 

“tooltip” and the other is displayed when hovering over the donut, which has the ID of 

“tooltipPie”. By default, these DIVs are hidden. Only when the rectangle or donut is 

hovered over, will the content inside the DIV be revealed.  
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FIGURE 31: HTML CODE FOR TOOLTIP DIVS 

 

For the donut tooltip, on “mouseover”, an anonymous function is triggered which selects 

“this” (which is the current element behind hovered over), and applies the attributes of a 

white stroke with 3px. This forms a shiny white border around the donut upon hover. 

The “tooltipPie” DIV is selected and it is positioned on the top-right of the donut via 

“style” attributes. The DIV with the class of “percentTotalsDiv” is selected and 

appended with HTML to print the current values of the “maleDeathPercentage” and 

“femaleDeathPercentage” in the tooltip DIV. Finally, the DIV is displayed on screen by 

changing the “hidden” value to “false”.  

 

FIGURE 32: UPON MOUSEOVER, TOOLTIP DIV IS DISPLAYED AND DONUT GLOWS WHITE 
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Upon “mouseout”, the tooltip is once again “hidden” by setting this to false, and the 

white stroke is removed.  

 

FIGURE 33: UPON MOUSEOUT, TOOLTIP IS HIDDEN AND STROKE IS REMOVED 

 

The tooltip for the rectangles is almost identical to the donut tooltip, but instead of 

having a static value for the position of the DIV, calculations must be performed as there 

are many rectangles on screen. The text inside of the DIV this time is the value of the 

selected rectangle (i.e.: the death count). This is appended to the DIV with a class of 

“deathcount”.  

 

FIGURE 34: TOOLTIP FOR RECTANGLES UPON MOUSEOVER 
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4.4 Interactive Prototype Design 
 

The high fidelity, coded prototype design incorporates much of the feedback and 

suggestions based on the earlier research and prototype testing in the process.  

The first screen of the application displays the data in stacked bar charts, with the data 

stacked by gender. The bars are coloured pink and blue to differentiate between genders. 

On the left-hand side of the bar chart is the Y-axis bar, which totals the number of deaths 

in intervals. On the X-axis are labels for each of the five road user types; these are 

graphical icons. From left to right; ‘pedestrian’, ‘pedal cyclist’, ‘motorcyclist’, ‘car user’ 

and ‘other’, respectively.  

 

FIGURE 35: THE DEFAULT "GENDER" VIEW OF THE APPLICATION 

On the top left-hand of the screen, there are a number of visual and interactive elements. 

The bar on the top is a slider, which controls the year of the particular dataset. The 

current year in the screenshot is 2012, and when the user drags the slider to the left, the 

year changes to 2011, 2010 and so on, while the data charts animates to update the data 

to the chosen year. 
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To the left of the the year is a simple “donut” chart. This is a small ring made up of the 

same blue and pink colours, which shows the overall breakdown of deaths by gender in 

the particular year. In the screenshot below, the donut chart is hovered over to reveal a 

tooltip on the right, which is indicated by the glowing white ring around the donut. The 

tooltip is a white DIV element, which shows the breakdown of male and female deaths 

in percentage format. To the right of this, is a small box, which displays the total number 

of deaths next to a person SVG icon.  

 

FIGURE 36: DONUT CHART, YEAR SLIDER AND TOTAL DEATH COUNTER 

 

Moving right of these visual elements, the user will see a series of six checkboxes, 

which allow for the data to be filtered by age groups. These are simple, but aesthetically 

pleasing boxes that are checked by default, and uncheck upon user click, causing the 

data in the bar charts, donut and death counter to update accordingly. The interaction is 

simple and fluid.  
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FIGURE 37: FILTER BY AGE CHECKBOXES 

 

On the right of the screen is a ‘legend’, which has simple icons and labels to help uses 

understand what the colours and visual icons represent. For this particular page, there are 

blue and pink circles, labelled as male and female, respectively and the person icon 

labelled as ‘deaths’.  

 

 

FIGURE 38: LEGEND ICONS AND LABELS FOR GENDER PAGE 

 

At the very top of the application is a header bar, which displays title to explain what the 

application is (i.e.: ‘Deaths on Irish Roads Visualized’). Underneath this there are three 

links; “Info”, “Stack by Gender” and “Stack by Road User”. The current page that the 

user finds oneself on is underlined to help them know which state of the application they 

are in, while an animated line also forms upon hovering over the other links.  
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The “Information” page is merely a page to find information relevant to the dataset; 

what it is, where it comes from, and a link for users to download it themselves if they so 

wish.  

 

FIGURE 39: HEADER BAR WITH LINKS 

 

The “Stack by User Type” link brings the user to a page where the same dataset is 

represent in a slightly different view. Instead of stacking the data into two segments, it is 

now separated into five (each of the road user types) and the X-axis now displays the 

male and female icons instead of the user type icons.  
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FIGURE 40: THE "STACK BY ROAD USER" VIEW 

 

The colour scheme chosen for this view is made up of complimentary colours. All other 

visual elements on this page function identically to the gender page, but instead are 

broken down by road user type, rather than by gender.  

 

4.5 Interactive Prototype Testing  
 

To test this interactive prototype, five new users were invited to sit down and use the 

application. A set of questions was developed and the questions were asked to the users 

while they interacted with the prototype. Users were all encouraged to use the ‘think 

aloud’ method to describe the thought process behind each of their interactions, as well 

as to be vocal about any general feedback they have on the aesthetics and functionality 

of the prototype.  
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FIGURE 41: ONE OF THE PARTICIPANTS TESTING THE INTERACTIVE PROTOTYPE 

 

Four tasks were also given to each user to see how they fared with interacting with the 

application with goals in mind. The same four tasks were assigned to each user, and they 

were timed with a stopwatch. The users were encouraged to discuss the thought process 

behind searching for the answers. Particularly if they were slow at a task, their opinions 

would be invaluable in helping to make the application easier and quicker to interact 

with.  

After the tasks, each user was asked to fill out answers to a set of questions. This was to 

give them an opportunity to write down what they might have forgotten during the 

testing or might have neglected to vocalize for one reason or another. It also made it 

easier to find all of the user opinions and test results in one place.  

Below is a list of the questions in the survey and the user tasks:  
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Questions: 

 What are your first impressions of the application?  

 Do you like the colours used? What would you change about them, if anything?  

 Do you understand what all of the icons represent? 

 If no, which icons are not clear to you? 

 When interacting with this application, did anything happen that you didn't 

expect to happen? 

 When interacting with this application, did anything NOT happen when you 

thought it would? 

 Is it obvious that the stacks and donut chart can be hovered over to reveal 

tooltips? 

 If no, how would you make it more obvious that these are to be hovered over? 

 Is it clear which figure is the total deaths for the selected results? 

 If No, how would you make this figure clearer? 

 Is there any other general feedback/suggestions you have for this design? 

 

Tasks: 

 TASK 1: Find out how many deaths there were in 2011 in total. 

 TASK 2: Find out how many 0-17 year old males died in 2010? 

 TASK 3: In 2009, in the 65+ age category, are there more male or female 

casualties? 

 TASK 4: In 2012, what PERCENTAGE of users aged between 10 and 24 were 

car users? 
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4.5.1 Interactive Prototype Results 
 

The results from the prototype testing take the form of notes and the survey results 

written by the users after the testing. This testing provided much useful feedback on the 

design including suggestions from the users and identified design and development 

bugs. General feedback from each of the questions and tasks is described below: 

 

 What are your first impressions of this application? 

In general, the users described liking the overall look and feel of the application, with a 

couple of users pointing out that they liked the font. A few users expressed that they 

were not clear on the nature of the data, as they were immediately drawn in by the charts 

and colours, and ignored the header at the top.  

 

 Do you like the colours used? Would you add more/less colour or change the 

colours used? 

Three out of five of the users were pleased with the colours used in the application. One 

user suggested that they ought to be brighter and more striking; while another user 

thought they the colours (particularly the pink and blue used for gender) were too bright 

and cheery, considering the nature of the dataset. Ultimately, it seemed that the colours 

used in the application could never possibly cater to everybody's tastes, but as long as 

they effectively represented the different groups, they could be considered well-

received. 

 

 Do you know what all of the icons represent?  

Three out of five of the users knew what all of the icons represented, as seen below in 

the pie chart of results.  
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FIGURE 42: 60% OF USERS KNEW WHAT ALL OF THE ICONS REPRESENTED 

 

 If no, which icons are not clear to you? 

Those two participants who answered “no” to the previous question said that the deaths 

icon was not particularly clear. Both users suggested something more obvious and 

striking like a skull and crossbones icon to better represent the death count. One of the 

users also expressed confusion at the gender icons and suggested that they be coloured 

blue and pink to eliminate any possible confusion about what they represent.  

 

FIGURE 43: USERS EXPRESSED CONFUSION OVER THIS "DEATHS" ICON 

 

 When interacting with this application, did anything happen that you didn't 

expect to happen? 

Three out of five users experienced interactions in which an unexpected event occurred. 

Two of these said they expected the “info” page to be another alternative view of the 

data, rather than what they actually found, which was meta data for the application and 

the data itself. To make this clearer, one of the users suggested moving the “info” tab to 
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the end of the menu bar and also perhaps use the well-recognised "i" information symbol 

in place of the text. 

 When interacting with this application, did anything NOT happen when you 

thought it would? 

 

Four out of five participants experienced this particular problem. All four thought that 

the rectangles in the stacks were clickable because of the cursor changing to a hand 

when hovering over. One of these users also thought that the X-axis icons were clickable 

because the boxes around them made them look like buttons. 

 

FIGURE 44: ROAD USER ICON MISUNDERSTOOD TO BE CLICKABLE 
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FIGURE 45: HAND CURSOR MADE USERS BELIEVE BAR WAS CLICKABLE 

 

 Is it obvious that the stacks and donut chart can be hovered over to reveal 

tooltips? 

All five users answered “no” to this question. 

 

 If no, how would you make it more obvious that these are to be hovered over? 

One user believed that the donut's hover-ability was more obvious than the rectangles, 

and another used said the opposite. Three out of four users expressed an interest in 

having the donut and the bars pulsate to draw users in and entice them to hover. Another 

suggested researching various tricks in similar applications that draw the user in and 

make it obvious that they can be hovered over.  
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 Is it clear which figure is the total deaths for the selected results? 

 

Only one out of five said that the total deaths figure is clear to them, as seen below in the 

results pie chart.  

 

 

FIGURE 46: 80% OF USERS WERE UNCLEAR ABOUT THE TOTAL DEATH COUNT FIGURE 

 

 If No, how would you make this figure clearer? 

 

Three of the users expressed that they would like to see the figure much closer to the 

donut, or inside of the centre of the donut if possible. The donut and the deaths figure 

should stand out more, and two users said it should be centred in the screen and larger.  

 

 Is there any other general feedback/suggestions you have for this design? 

 

One user expressed confusion over the Y-axis labels and thought it to be percentages 

rather than exact number of deaths.  
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FIGURE 47: Y-AXIS MISUNDERSTOOD TO BE PERCENTAGE RATHER THAN COUNT 

 

Another user would like to see alternatives to the checkbox filters and would prefer to 

click rather than hover to see the details. Another expressed an interest in using Road 

Safety Authority colours or design a logo to make the dataset seem more obvious. A few 

expressed that the slider didn’t look very much like a slider and would want to have 

labels on it, as well as change its colour.  

 

FIGURE 48: SLIDER COLOUR CHANGE AND LABELS REQUESTED 

 

One user pointed out a maths error on one of the checkboxes filters. Continuously 

clicking it on and off led to an incorrect number of total deaths. Several users expressed 

an interest in seeing the total number of deaths by number as well as percentage upon 

hovering over the donut.  
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One user noticed that the road user icons don’t line up properly on smaller screen sizes 

and suggested making these icons smaller, as they are far too large compared to other 

elements on screen. 

 

 

FIGURE 49: TOOLTIP SHOWS ONLY PERCENTAGE, NOT TOTAL COUNT 

 

One user expressed that the text for “legend” should be larger. Two said that the circular 

tooltips should align better with their corresponding rectangle in the stack.  

 

FIGURE 50: CIRCLE TOOLTIP DOESN'T ALWAYS ALIGN WITH CORRESPONDING SEGMENT IN THE 

STACK 
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 User Tasks 

 

All of the users managed to answer correctly for each of the tasks, although some took 

far more time to figure out than others. The average times to complete each task with the 

correct answer can be seen below:  

 

Task 1: 7.6 seconds (Fastest: 2 seconds. Slowest: 17 seconds) 

Task 2: 23 seconds (Fastest: 15 seconds. Slowest: 36 seconds) 

Task 4: 17 seconds (Fastest: 6 seconds. Slowest: 31 seconds) 

Task 5: 60 seconds (Fastest: 30 seconds. Slowest: 80 seconds) 

Most of the tasks were figured out in decent time, but the last one took users far longer 

to figure out. This was because most of the users forgot that the data could be viewed at 

stacked by road user type, so this likely needs to be more obvious.  

 

4.6 Final Design  

 

Based on the results of the interactive prototype testing, several iterations were made to 

the final design to improve it.  

Certain visual elements were moved around on screen. In particular, the donut, death 

totals and year slider were moved closer to the centre of the top of the screen to give 

them more focus and importance. The slider itself now has a coloured handle and it has a 

maximum and minimum value either side to make it look more like a slider. A skull and 

crossbones icon has been used in place of the person icon to make the deaths icon more 

obvious. The donut and the rectangles in the stack now have white borders around them 

to make them look more interactive and entice users to hover over them. Upon hover, 

this white stroke gets thicker.  
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FIGURE 51: DONUT NOW HAS A WHITE BORDER, SKULL& CROSSBONES ICON IS THE NEW DEATHS 

ICON. SLIDER IS MORE PROMINENT & W / LABELS 

 

The icons no longer have boxes around them, and the gender icons have been coloured 

blue and pink to remove any uncertainty about their meaning.  

 

FIGURE 52: ROAD USER ICONS DON'T HAVE BOXES. GENDER ICONS ARE COLOURED 

 

The donut tooltip now displays the total number of deaths by category as well as the 

percentage. It is shown in the format “x% [y]” as seen below.  
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FIGURE 53: DONUT TOOLTIP SHOWS PERCENTAGE & FIGURE TOTALS 

The “information” link has been replaced with an information symbol instead.  

 

FIGURE 54: INFORMATION SYMBOL REPLACES TEXT LINK 

 

One of the most important changes to the design was the implementation of an 

introduction page to the application. This is largely inspired by ‘Out of Sight, Out of 

Mind’s’ opening animated pages, which tell a story. That, plus the user suggestions of 

something similar and the need for the nature of the data to be clearer. This opening 

page uses large text header to print sentences to screen to introduce the data. They are 

printed to screen one by one with a delay, using jQuery. Once all of the text has been 

displayed on screen, the user is given the choice to begin their view of the application 

with the ‘gender’ stacked view or the ‘road user’ stacked view.  
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FIGURE 55: INTRODUCTION PAGE FOR APPLICATON 
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5. CONCLUSION 

5.1 DAWN Demo  

 

 

FIGURE 56: DAWN DEMO 

 

A demonstration of the application took place at Digital Arts Week Now (DAWN) 

between September 1st and 3rd 2015. The final product took the shape of the application 

presented on a Macintosh machine in the lobby of the CSIS building. The exhibition was 

accompanied by an original poster design. The application was open to members of the 

public to use and ask questions about. 

The response from the users at DAWN was very positive. Many people came over to ask 

about the application and said they were drawn in by the colours in the poster and on 



 

 

72 

screen. Users were impressed by the visualization, citing it to be “smooth”, “elegant” 

and “informative”.  

Some suggestions were also made to potentially improve the project, both from external 

examiners, lecturers and the general public. These notions will be discussed in the 

following chapter. 

 

5.2 Future Work 

 

From both the various user testing stages in the design process and the final 

demonstration at DAWN, several notions were put forth by users which could 

potentially improve the application. In theory, if this project would be undertaken 

further, these are some of the ideas that could be incorporated: 

 Code the application so that live data can be pulled into the application and 

visualized in real-time.  

 Create a system whereby users can input information about themselves; ie: age, 

gender, and subsequently the application will show the user where they fit into 

the scheme of the data.  

 Create a responsive version of the application so that perhaps a different style of 

visualization can be displayed to suit the smaller screen sizes. 

 

5.3 Reflection 

Overall, the entire dissertation is considered a success. The process by which the end 

product was formed was a user-centred design approach which saw a great involvement 

in both primary and secondary research and involved the users in the design. This has 

proved to be a great way to design, and the fact that the final prototype was so well 

received proves so.  
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There are certain things that could’ve been done differently or more efficiently for the 

project, including coding the application in such a way that the data does not have to be 

hard coded. Ultimately that is more of a programming challenge and considering the fact 

that this dissertation is design rather than development in nature, it is not such a big 

issue.  

This dissertation had many challenges, and required a great devotion of time and effort 

to learn new skills, problem-solve and research thoroughly. It also required a heavy 

focus on aesthetics and presentation of work; something which is sure to be of great 

merit in the professional world.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

74 

6. REFERENCES 

 

Bertini, E. Fell In Love With Data (2011) 

How Do You Visualize Too Much Data? [online], available: 

http://fellinlovewithdata.com/guides/how-do-you-visualize-too-much-data. [accessed 15 March 

2015.] 

Blewett, R. (2011) 

The Importance of Data Visualization to Business Decision Making [online], Available: 

http://www.multipeers.itpeers.com/fotos/gca/the_importance_of_data_visualization_to_business

_decision_mak ing_83713439550bf20f8eaddf.pdf.  [accessed 

15 Feb 2015] 

Ferster, B. (2012) 

Interactive Visualization: Insight through Inquiry, Cambridge: The MIT Press. 

Greco, T. Sitepoint (2014) 

12 JavaScript Libraries for Data Visualization. available: http://www.sitepoint.com/twelve-

javascript-libraries-data-visualization/. [accessed 30 Jan 2015] 

Healey, CG., Booth, KS. and Enns, JT. (1996)  

High-Speed Visual Estimation Using Preattentive Processing, Vancouver: The University of 

British Columbia 

 Hogan, T. and Hornecker, E. (2012) Beyond Data Visualisations. Beyond Data (pp. 

131–136). Baltan Laboratories & Kitchen Budapest. 

Keahey, T. IBM (2013) 

Using visualization to understand big data, IBM [online], available: http://www-

01.ibm.com/common/ssi/cgibin/ssialias?infotype=SA&subtype=WH&htmlfid=YTW03349USE

N [accessed 20 Feb 2015] 

 

 Keim, DA., Mansmann, F., Schneidewind, J., Thomas, J. and Ziegler, H. (2008)  

‘Visual Analytics: Scope And Challenges’, Lecture Notes in Computer Science, 4402(2008), 76-

90  

Kirk, A. (2012) 

Data Visualization: A Successful Design Process. Birmingham: Packt Publisher. 

Murray, S. (2013)  

Interactive Data Visualization For The Web: An Introduction to Designing With D3. California: 

O’Reilly Media 

 

http://www-01.ibm.com/common/ssi/cgibin/ssialias?infotype=SA&subtype=WH&htmlfid=YTW03349USEN
http://www-01.ibm.com/common/ssi/cgibin/ssialias?infotype=SA&subtype=WH&htmlfid=YTW03349USEN
http://www-01.ibm.com/common/ssi/cgibin/ssialias?infotype=SA&subtype=WH&htmlfid=YTW03349USEN


 

 

75 

Nielson, J. Nielson Norman Group (2000)  

Why You Only Need To Test With 5 Users. [online] available:  

http://www.nngroup.com/articles/why-you-only-need-to-test-with-5-users/. [accessed 

20 April 2015] 

Nielson, J. Nielson Norman Group (2012) 

Thinking Aloud: The #1 Usability Tool, available: http://www.nngroup.com/articles/thinking-

aloud-the-1-usability-tool/ [accessed 25 May 2015] 

Shneiderman, B. (1996) 

‘The Eyes Have It: A Task by Data Type Taxonomy for Information Visualizations.’, Visual 

Languages (1996), 336-343  

Spence, R. (2007) 

Information Visualization: Design for Interaction, 2nd ed., New Jersey: Prentice-Hall  

Wright, D.  DMG Federal (2012).  

Top 4 Reasons to Use Data Visualization. [online],  available: http://www.dmgfederal.com/top-

data visualization-uses/ [accessed 

10 March 2015] 

Yi, JS., Kang, Y., Stasko, JT. And Jacko, JA. (2007).  

‘Toward a Deeper Understand of the Role of Interaction in Information Visualization’, IEEE 

Transactions on Visualization And Computer Graphics, 13 (6), 1224-1231 

Abras, C., Maloney-Krichmar, D. and Preece, J. (2004)  

‘User-Centered Design’, Encyclopedia of Human-Computer Interaction, 1 (2004)  

 Zoss, A. Duke University Libraries (2012) 

Introduction to Data Visualization [online], available: http://guides.library.duke.edu/vis_types. 

[accessed 20 Jan 2015] 

 

 

 

 

 


