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PART1
Introduction



Don’t believe
everything

you read.

Victoria Addino



This report initially was aimed to 
guide the reader through the 

development of my project, which 
was to create a piece of data 
visualisation. The report was 
intented to be a supporting 

document, which would explore 
and explain elements of my 

creation process, thus becoming 
a journal of my experience. 

However, a few weeks before the 
due date my boss called me in and 

expressed concerns. The project 
had become more substantial than 

she had initially thought and she 
asked if I would abstain from using 

the data and visualisation in my 
project. I was happy to oblige, as 

there were sensitive data and 
information contained in the 
document. I did not want to 

breach the company’s privacy. 

That being said, with the company 
opting out of the project, the 

infographic, most of the report’s 
content, and research that I 
had invested, unfortunately 

became irrelevant and 
unusable for this project. 

Thus I had to completely change 
my focus, research new areas and 
redo a majority of the contents of 

the report. This shifted in my focus 
meant a restructuring of the entire 

project and more work for me.    

I employed quick thinking and 
chose to redirected the focus of the 
report, to create a ‘Designers’ Guide 
to Visualising Information’, which 
would cover the following:

A brief History of data visualisation

The Visualisation Design Process

Digital Literacy & Communication 2.0

This document should act 
as a guide, highlighting some 
considerations that need to
be taken when developing a 
piece of visualisation. 

Whilst simultaneously providing 
a strategy for designers to better 
utilize neuroscience and learning 
breakthroughs to more effectively 
communicate information 
to their readers. 

Introduction: 
Project and Report Overview
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Visualization Definition:
1. A formal mental 
image of; imagine. 
2. Make (something) 
visible to the eye. 

Oxford Dictionary



While most think of statistical graphics and data visualization 
as a relatively modern development, the graphic portrayal of 

quantitative information has deep roots in history. With experts 
dating its origins to cave drawings dated as early as 30,000 B.C, even 

before written communication, which emerged around 3,000 B.C 
(Friendly 2006, p.23). Along the way, a variety of advancements have 

contributed to the widespread use of data visualization 
as we know it today. These include technologies for drawing and 
reproducing images (printing press), advances in mathematics & 

statistics, and new developments in data collection, empirical 
observation and recording (Few 2007, p.9). From the  following page 

we can see that innovation in visualization is linked to developments in 
science, information gathering and communication technology. 

The impact of these innovations will be explored throughout the report. 

Visualisation History?



PRE 17TH C
EARLY MAPS AND DIAGRAMS
Focus on geometric diagrams, 

position of stars and maps. 
Invention of Gutenberg 

Press (1436) is key.

1600 - 1699
MEASUREMENT & THEORY

Focus on physical 
measurement of time, distance 

and space (in fields such as 
astronomy  & navigation). 

Emergence  of ‘visual thinking’. 
 

1700 - 1799
NEW GRAPHIC FORMS

Focus on Cartography to 
show data in geology, 
economics, health and 

democracy. Expansion of 
data. New technological 

innovations - colour, 
lithography and 

access to the 
printing press. 
  

1800 - 1850 
BEGINNING OF 

MODERN VISUALISATION
Explosion in growth of statistical 
graphics and thematic mapping. 
Complex cartography developed 

due to data proliferation.
      

1850 - 1900
GOLDEN AGE
Rapid growth of visualization and 
importance of numeric information 
for social, industrial, commercial 
and transportation planning. 

1900 - 1950
MODERN DARK AGES
Few graphic innovations, growth 
in quantification & formal models. 
Graphical visualization used to 
explain new discoveries in theories 
(astronomy, biology, physics). 

1950 - 1975
RE-BIRTH OF DATA 
VISUALISATION
Rise from dormancy (1960), 
new developments, methods 
and innovations. Important 
invetion = Bertin’s conception 
of Semilogie Graphique which 
organizes vision & perception of 
graphical elements. Computer’s 
potential realised. 

1975 - PRESENT
INTERACTIVE & DYNAMIC DATA 
VISUALISATIONS (HIGH D)
Development of software & 
computer systems that is highly 
interactive and easy to use. New 
paradigm of data manipulation = 
multidimensional visualization. 

     

Milestones in 
Visualisation History

Adapted from Friendly & Denis 2008
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The design process is 
essentially a process of 
subtraction, organization 
and emphasis

Leo Paternoster
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When it comes to creating a piece of 
data visualisation there are definitive 
stages that the visualizer must follow, 
these steps are outlined in Fry’s (2008) 
book Visualizing Data. Fry’s  ‘7 Stages of 
Visualizing Data’, act as a guide through 
the creation process, but also act as a 
catalyst for discussion of overarching 
theoretical considerations related to each 
stage. The section will aim to examine 
each step, but also seek to position it 
within the larger mediascape, unearthing 
the broader social, philosophical and 
ethical considerations that are prevalent.

While it is important to address the 
creation process and what it entails, 
exploring the larger landscape and 
diving into theoretical concepts that 
encompass these stages are far more 
important. In the first (Acquire) we will 
explore the ethics of obtaining data 
(namely data mining & privacy), 
secondly (Parse) we will examine the 
notion of data classification. 

Followed by (Filter) an examination of 
advances in software and hardware; this 
is followed by the Mine stage, where 
content aggregation and categorisation 
is explored. The fifth stage is Represent; 
this encompasses a look into the 
visual elements used in a visualisation.

The Refine stage will explore the 
two different modes of storytelling 
(explanatory and exploratory) in pieces 
of data visualisation. Lastly we will 
explore the interact stage, through 
examining the impact of design principles 
in legibility and readibility. 

Obtain the data, whether from a file on a 
disk or a source over a network. 
Debate regarding the need to balance 
user data mining and user privacy has 
been a hot topic in the news in the recent 
years. While most agree that big data will 
create social, cultural and political change, 
on the flipside there is the issue of privacy 
and ethics that also need to be considered 
moving forward. A study by the University 
of Maryland, found that there is ‘
significant disagreement’over ethics 
regarding the acquirement of sensitive 
information (Zhang 2016). 

Barchard (2003) identifies key ethical 
issues regarding online data collection, 
three of which are discussed below, that 
being: ensuring informed consent, 
ensuring confidentiality of the data and 
protecting participants right to withdraw.  
While currently there are several 
legislation (Australian National Data 
Service 2016) in place to impact these 
concerns, those being the Privacy Act 
(1988), Human Rights Act (2004) and 
Freedom of Information Act (1982). 

There is yet to be one Act that 
addresses all of Barchard’s concerns in an 
entirety, thus t the current need to rely on 
multiple legislative acts in order to cover 
all components (Davis 2012, p. 112). 

When it comes to data mining, most 
users are unaware that their data is being 
used, or have given consent without being 
completely aware what the ‘I agree’ button 
really means. In order to create 
transparency for users in the future, 
consent forms need to use simple 
language, shouldn’t be time consuming, 
straining to obtain clarification and should 
allow users to ask questions before 
participating (Barchard 2003, p. 8). 

FRY’S 
DATA 

VISUALISATION 
PROCESS  
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Remove all but the data of interest. Sorting 
through the thousands of bytes of data is a 
strenuous task, as a result, emphasis in recent 
years has been placed on developing 
software and hardware to sort through and 
classify these bits of information. In recent 
years complex and intelligent systems that 
explore informational patterns has become 
prevalent. These technologies stem from the 
conception of Vannevar Bush’s (2016) 
automated information management system, 
known as the Memex. 

Bush’s (2016) invention aimed to give man 
“access to and command over the inherited 
knowledge of the ages… a new relationship 
between the thinking man and the sum of our 
knowledge”. Bush envisioned a way of 
harnessing technology in order to manage 
these vast bytes of information more 
effectively, similar to the vision of the Memex, 
these software and developments in hardware 
has allowed humans to overcome the various 
physical limitations in our quest for knowledge.  
Chakravorti, Tunnard & Chaturvedi (2015) note 
that the 4 areas of greatest technological 
breakthroughs in the last 20 years are 
directly correlated to the 4 key physical 
limitations, that being developments in 
‘computing hardware, communication, 
storage and the production of content’. 

Discussion about this rapid change in the 
digital infrastructure has sprouted much 
academic discussion, and as a result 4 laws 
underpin the growth in these sectors 
(Gallaugher 2008,). That being that 
advances in computing will double every 18 
months (Moore’s Law); while advances in 
communication double every 9 months 
(Fiber Law); improvements in storage doubles 
every 12 months (Disk law) and the 
conception of growth in content creation 
(Community Law) is the number of people 
creating content squared. 

Provide some structure for the data’s 
meaning, and order it into categories.  
When it comes to data and design there 
is always a multitude of ways to represent 
the same content, thus it is important for 
a designer to have a set direction and 
goal regarding what the design is 
suppose to say.  The same can be said for 
data visualization, however when it comes 
to data visualization the orientation is 
established from the beginning, with the 
classification of information, rather than 
at the end (layout of information) as in 
the case of graphic design. 

When it comes to classification, it is not in 
the context of information security 
meaning the levels of sensitivity, being 
restricted, private and public (Carnegie 
Mellon University 2016). Instead here 
classification is in the arena of data 
science, where each part of the data is 
broken down and converted to a useful 
format, changing the binary codes into 
classified text.  Fry (2008) breaks down 
this classification process into 5 key 
elements, string, float, character, integer 
and index (*). This process acts as the 
foundational level of visualization, that 
is to transfer raw binary data into text, 
which can be further visualized, and aids 
to relive data scientists ‘information 
anxiety’ (Wurman 1989, p. 7). 

* definitions found in Appendix 1.1
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Apply methods from statistics or data 
mining as a way to discern patterns or 
place the data in mathematical context.  
During this stage, the relationship 
between man and machine is the most 
prevalent, while the machine might be used 
to apply predictive modelling, its not until 
the human counter part notices and 
emphasise these machine generated 
patterns (through data visualisation) that 
insight are observed and recorded (Fry, p. 
24). Here the machine (hardware or 
software) aggregates the data, the 
underlying zero’s and ones, more complex 
systems are able to visualize the data into 
comprehensible formats such as graphs. 

Turing machine learning into data 
science, these ‘learning machines’ as 
Turning (1950, p. 458) puts it, are slowly 
becoming more and more complex. 
Machine learning is an incredibly power tool 
utilized by data scientist in order to solve 
complex problems (Karger 2015).  

However most data scientist maintain 
that without the input of a human counter 
part, defining the context and 
interpretation the data, the machine with all 
its thinking power would be useless. Here 
the visualizer becomes the “trailblazer’, 
“connecting different elements of
information in a common metaphor” 
(Aviram 2000, p. 345). The relationship 
between ‘man and machine’ in the data 
visualisation process is a popular topic of 
discussion, as theorist ponder man’s role in 
the future. Most fearing that with the 
exponential growth in computer 
intelligence, man will become obsolete. 
What interests me here is the fact that we 
use machines to gather and interpret man 
made information, and then utilize a human 
to interpret this information. 

Here man and machine depend on 
each other, both serving separate but 
interdependent functions. 

Choose a basic visual model, such as a bar 
graph, list, or tree. 
The language of data visualization
consists of certain basic building blocks 
called  ‘preattentive attributes’ (Tufte 2001), 
these attributes are graphical elements of 
the visualization. 

These elements are perceived and 
recognized by the reader in less than 10 
milliseconds, often even before we make 
a conscious effort to notice them (Trafton 
2014). Here the primary attributes (graph 
type) act as the alphabet , the analytical 
patterns (secondary attributes) become 
the words, and the use of gestalt principles 
become the third layer of interpretation 
(storyline). Here the primary attributes 
(appendix 1.2) secondary attributes 
(appendix 1.3) and tertiary attributes 
(appendix 1.4), when combined add depth 
to the visualization, and simultaneously 
guiding the reader through the 
visualization. By visualizing the information 
it turns the visualization into an “info map 
to follow”, here data visualization combines 
the “language of the eye and the mind” 
(McCandless 2010). 

Having an understanding of reader 
habits and a clear understanding of the 
context in which the visualization is to be 
consumed will ensure that the reader is 
fully immersed and pays full attention to 
the piece of information (Ware 2012; Press 
2008). Given that 65% of the world are 
visual learners and the world is becoming 
increasingly more visually saturated, these 
types of communication are becoming 
increasingly popular (Crew 2015). 
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Add methods for manipulating the data 
or controlling what features are visible. 
This stage is closely matched with the 
‘refine’ stage found in the design process 
by Ambrose and Harris (2010), during 
this stage the designer refines the idea 
through manipulating typographic 
choices, colour and layout. This process is 
not complete until the design creates the 
right tone and the right elements are 
emphasized. Here the mastering of image, 
word and colour will allow the designer to 
increase the effectiveness of the design 
(Ambrose & Harris, p.82).  

Designers often utilize findings in 
semiotics to assist in understanding how 
people extract meaning from visual 
elements (the sign, icon, index, symbols), 
and how to incorporate this knowledge 
into design (Ambrose & Harris 2010, p. 11). 
The ‘sign’ element is used to 
communicate short important 
messages in a simple way; secondly, icons 
are graphical elements that represent an 
object; while index is the link between 
the previous 2 elements; lastly, symbols 
are pictorial elements that communicate 
a concept, idea or object but devoid of 
logical meaning (Chandler 2016). 

With the use of these types of 
references, the designer is able to 
communicate information on multiple 
layers, made possible by society’s 
understanding and incorporation of 
semiotics into everyday life. 

The understanding of semiotics, 
Shannon and Weaver’s Communication 
model and cognitive processes are all 
areas that data scientists and designer 
are recently starting to incorporate into 
the creation process. 

Improve the basic representation 
to make it clearer and more visually 
engaging. What is more important here is 
the consideration of the user goals, in the 
field of data visualization, the reader can 
tap into two different modes of 
interpretation, that being either 
explanatory or exploratory (Few 2007, 
p. 11). These two modes of storytelling 
are different in regards to the goal of the 
reader, during the explanatory mode 
(figure 1), the reader seeks to answer a 
question or use the information to 
support a decision. Here the designer 
visually directs the reader along a defined 
path; on the other hand exploratory 
(figure 2) offers the reader many 
dimensions of the data set. 

This method allows the reader to 
familiarize him or herself with the 
visualisation before identifying an area of 
interest. While explanatory is more 
efficient, exploratory designs gives the 
reader the capacity to compare multiple 
data sets with each other (Few 2009, p. 
62). While the design is aimed to 
summarise and simplify the information 
it is not intended to spoon feed the 
reader, but take them on a journey (Few 
2009, p 55). 
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Now is the time to get 
our school leaders on 

board with digital 
learning because its 

good for kids. 

Thomas Murray 



COMMUNICATION 2.0?

It is important to consider 
the present environment 
of digital information 
transmission, evaluating 
current areas of weakness, 
strength, threat and 
opportunity, as well as 
looking to the future. 

We are currently in an 
era of continual 
technological growth and 
innovation, namely with 
the advances in 
telecommunications 
technologies and the 
proliferation of the 
Internet. Recent break 
throughs in virtual & 
augmented reality 
software, computer and 
mobile hardware have all 
assisted in moving us 
towards the  ‘hyper 
connected, real time city’ 
Mrchev envisioned in 1966 
(p. 19). 

Currently 46.1 % of the 
global population are 
online (Internet Live Stats 
2016), with this expected 
to increase to 60% in the 
next 10 years (ITC 2015). 

As a result efforts has been 
taken by national 
governments to ‘create 
infrastructure that will meet 
the needs of a global digital 
economy (Mutula 2011, p.17). 
While this ‘global digital 
village’ (Birdstall 2011, p.22) 
might be coming into 
fruition, a global solution is 
needed to address the 
‘digital divide’; after which, 
and only then will we be 
able to tap into the global 
knowledge economy 
(Kelleher 2013). The UN and 
UNESCO agree that 
‘prioritizing access to the 
Internet is key in moving 
forward as human 
development and digital 
access go hand in hand’ 
(Birdstall 2011, p.23). 

In order to achieve the 
‘global digital village’,
governments have 
noted two main areas of             
enhancement needed, that 
being the need to increase 
digital literacy (currently 
reside at 37%), as well as the 
need to continue to improve 
telecommunications and 
information technology. 

I can only describe this 
recent transfiguration, as the 
emergence of 
‘communication 2.0’. An era 
where scientist and 
citizens will continue to 
push the boundaries, and 
make moves to global 
incorporation of these new 
communication 
technologies. 

Academics often envision 
the future, paying close 
attention to man’s 
relationship with machine, 
in order to avoid 
dystopian imaginings of 
the far future. I can’t help 
but imaging the future of 
information transmission, 
especially the vehicle or 
medium by which man in 
the future will consume 
knowledge. Visions of 
information being 
downloaded via an implant 
or chip in our brain comes 
to mind. I am excited but 
cautious of the future, a 
position most citizens take, 
however mostly I am more 
excited for the future of 
education and learning. 
Namely the possibilities 
and thinking that these 
advance will enable. 
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A conclusion is the 
place where you get 
tired of thinking. 

Arthur Bloch



Additionally , pondering the 
future of the global knowledge 
economy, revealed social 
attitudes regarding the
future, and relationship 
between man and machine. 
While it is clear that data 
visualization will continue to 
become more important as 
learning and comprehension 
move towards incorporating 
and largely consisting of visual 
communication. I imagine data 
visualisation would become 
more engrossed in everyday 
life, possibly to the extent seen 
in the imaginings of ‘internet 
of things’. Where these 
processes are present and 
so common place that it takes 
place on an unconscious level. 

Followed by a look at  
automated information 
management systems (derived 
from the Memex) in data 
visualisation as well as the 
pace of change in the digital 
infrastructure (Moore’s Law, 
Fiber Law, Disk Law, Community 
Law). Furthermore in this 
section we also covered 
concepts such as learning 
machines, trailblazer, 
explanatory & exploratory data 
visualization, the language of 
data visualisation, semiotics 
and Shannon and Weaver’s 
communication Model. 

Lastly in section four we 
explore the current state of 
information transmission and 
the global digital economy. Here 
the examination of the current 
environment was done through 
undertaking an analysis of 
current strengths, 
weaknesses, threats and 
opportunities (SWOT analysis). 

As discussed the history of data visualisation is intertwined with 
development in science, mathematics, printing press, astronomy and 
cartography to name a few. Moreover, its historical development can be 
broken down into 8 distinct milestones. Secondly this report explored 
the visualisation creation process whilst making links to the 
overarching theoretical considerations related to each stage. Therein 
each step was positioned within the larger mediascape, were broader 
social, philosophical and ethical considerations were explored. Within 
this section we made connections as to ethical and legal considerations 
in the process of obtaining data, examined the element present in the 
classification of data (string, float, character, integer and index). 

CONCLUSION 
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1.1 Definitions 

String: set of characters that form a word or sentence; float: number with 
decimal point; character: a single letter or symbol: integer: which refers to 
a number without a fractional portion (no decimal point); index: data that 
maps to a location in another table (stems from the concept behind the 
MEMEX). 

1.2 Primary Prettentative Attribute

APPENDIX



1.3 Secondary Prettentative Attribute 

1.4 Tertiary Prettentative Attribute




