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Abstract 
 

Speculative visualization combines both data visualization methods and 

aesthetics to draw attention to specific social, political and environmental 

issues. The speculative data visualization project proposed in this work 

explores electronic waste trade and the environmental performance of 

various nations. 

 

Illegal trading of electronic waste without proper disposal and recycling 

measures has a severe impact on both human health and the environment. 

This trade can be represented as a network data structure. The overall 

environmental health and ecosystem vitality of those trading countries, 

represented by their Environmental Performance Index (EPI), can also give 

greater insight into this issue. This EPI data has a hierarchical structure. This 

work explores methods to visualize these two data sets simultaneously in a 

manner that allows for analytical exploration of the data while 

communicating its underlying meaning. 

 

This project-based design research specifically focuses on visualizing 

hierarchical datasets with a node-link type tree structure and suggests a 

novel data visualization method, called the “data garden”, to visualize these 

hierarchical datasets within a spatial network. This draws inspiration from 

networks found between trees in nature. This is applied to the illegal e-

waste trade and environmental datasets to provoke discussion, provide a 

holistic understanding and improve the people’s awareness on these issues. 

This uses both analytical data visualization techniques, along with a more 

aesthetic approach. 

 

 

 

 



 II 

The “data garden” approach is used to create a 3D interactive data 

visualization that users can use to navigate and explore the data in a 

meaningful way while also providing an emotional connection to the 

subject. This is due to the ability of the “data garden” approach to 

accurately show the underlying data while also closely mimicking natural 

structures. 

 

The visualization project intends to encourage creative professionals to 

create both visually appealing and thought-provoking data visualizations on 

significant issues that can reach a mass audience and improve awareness of 

citizens. Additionally, this design research intends to cause further discussion 

on the role of aesthetics and creative practices in data visualizations. 

 

Keywords: Data Visualization, Speculative Visualization, E-Waste, 

Environmental Performance Index, Informative Art 
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1. Introduction 
 

1.1 Research Background 
 
Today, a huge amount of information is increasingly being generated in the 

digital world. Understanding this vast amount of data is important to solve 

this era’s problems. Humans are better at recognizing information if it is 

represented visually rather than with text.1 Therefore, information design 

and its sub-fields such as information visualization, data visualization and 

infographics are becoming a more crucial field to help people make sense of 

complex raw datasets.  

 

Even though the aesthetics of data visualization are important, the main 

focus of data visualization research tends to be the effectiveness and 

efficiency of those methods. However, recent changes in how the general 

public consume information and the increase in the amount of accessible 

data has lead to more designers and artists being involved in data 

visualization projects aimed at a mass audience. In contrast to traditional 

information visualization methods, these visualizations use approaches that 

are appealing to the general public to draw attention to various topics. 

Making visualizations more interesting than bars or charts, not only makes 

them more appealing to the eye but also makes the user more engaged in the 

content and helps them understand the underlying meaning of the data. 

Recent academic studies on the aesthetics of data visualization also show the 

growing interest in creative approaches to data visualization.2 

 

The growing number of relational data sets, either hierarchical or more 

                                                
1 Pauline Dewan. "Words Versus Pictures: Leveraging the Research on Visual 
Communication." Partnership: The Canadian Journal of Library and Information 
Practice and Research10, no. 1 (2015).  
2 Annemarie Quispel, Alfons Maes, and Joost Schilperoord. "Aesthetics and Clarity 
in Information Visualization: The Designer’s Perspective." Arts7, no. 4 (2018), 72.  
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complex are manyfold. Therefore, much research has been done on 

information visualization methods that can make these complex 

relationships easier to comprehend. Even though analyzing relationships has 

a long history reaching as early as Aristotle’s Scala Naturae, more complex 

relational data increased after the invention of the internet. Therefore 

scientists, journalists, graphic designers, and artists increasingly utilized data 

visualization methods to convey this vast amount of information visually. 

There are several fields that approach this in different ways. Information 

visualization in the field of computer science typically tries to eliminate all 

unnecessary elements that make the analysis process less efficient. On the 

other hand, design-based approaches are increasingly applied to get more 

attention in a society where people are bombarded by a huge amount of 

information every day. Aesthetics in data visualization are essential to get 

the attention of a mass audience, increase the interest in the data and convey 

underlying meaning of the visualization.3 Moreover, the designer should try 

and to find a balance between clarity and aesthetics. The goal and the target 

audience of the visualization plays a decisive role when designing the 

visualization. 

 

Processing information is harder when we are not only required to 

understand the data itself but also understand the underlying relationships 

with other datasets. People may benefit from analyzing more than one of 

dataset at a time to understand complex and connected topics. In some 

cases, one data visualization is insufficient for the audience to understand 

the full picture. Current data visualizations tend to focus on visualizing one 

data set to avoid crowded and complicated visuals that reduce the 

readability of the data. However, in some cases visualizing two related 

datasets simultaneously can be beneficial to present a more holistic picture. 

                                                
3 Robert Kosara. "Visualization Criticism - The Missing Link Between Information 
Visualization and Art." 2007 11th International Conference Information 
Visualization (IV 07), 2007.  
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Although these visualizations may suffer from increased complexity, with a 

creative approach these can be turn into an opportunity to be attractive, 

thought-provoking and meaningful. 

 

One such global problem that can be addressed with data visualization is 

Electronic waste (e-waste). Research shows that developed countries send 

their e-waste to underdeveloped and developing countries for recycling or 

disposal through illegal routes.4 E-waste can be harmful to the environment 

and human health if it is not handled properly.5 To put pressure on 

governments to improve their electronic waste policy this issue needs to be 

recognized and further discussed by citizens. There has been research by the 

academic community and environmental organizations to document and 

inform citizens about this. However, the busy lifestyle of people and the vast 

amount of information coming from offline and online media makes it 

harder to get their attention with traditional data visualization methods. 

Fortunately, with the ease of access to design software and data this enables 

more designers and artists to create data visualizations that are intriguing, 

unique and meaningful. More interest and design iterations on data 

visualization projects by the creative community can provoke further 

discussions and lead to action on topics that are crucial to people’s lives. 

 

Environmental policies to protect human health and the environment are 

significant. The Environmental Performance Index (EPI) is an open dataset 

that uses various factors to assess nations’ environmental quality.6 The data 

                                                
4 Loukia Efthymiou, Amaryllis Mavragani, and Konstantinos Tsagarakis. 
"Quantifying the Effect of Macroeconomic and Social Factors on Illegal E-Waste 
Trade." International Journal of Environmental Research and Public Health13, no. 8 
(2016), 789.  
5 Ahsan Shamim, Ali Mursheda K, and Islam Rafiq. "E-Waste Trading Impact on 
Public Health and Ecosystem Services in Developing Countries." International 
Journal of Waste Resources05, no. 04 (2015).  
6 Environmental Performance Index. Accessed September 29, 2018. 
https://epi.envirocenter.yale.edu/. 
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is well organized with a hierarchical structure and is easy to analyze. The 

static visualizations at the website of EPI, designed to visualize research 

results, are easy to understand. However, in their current form, they are not 

very convenient and does not provide a smooth user experience as users 

need to visit separate pages to analyze each country in detail.  

 

Even if there is no direct connection between the international e-waste trade 

and EPI data sets, visualizing these simultaneously can provide a holistic 

understanding of the situation and provoke discussion on the e-waste 

problem and international environmental policies.  

 

It is assumed that visualizing environmental performance values and 

international electronic waste trade routes with an interesting and eye-

catching approach could lead to insightful and meaningful results. While 

there are effective tree and network visualization methods, combining these 

methods can lead complexity. However, understanding how visualizing 

relationships was developed throughout history can help to understand 

fundamentals and provide insight for further utilization of trees and 

networks. By analyzing the evolution in tree and network diagrams and 

along with aesthetics in data visualization, this study aims to create a 

method for visualizing a network where the hierarchical details of its nodes 

can be expanded. Although this further increases the complexity, an artistic 

approach can lead to an improvement in people’s insight, awareness and 

provoke discussions on the topic. 
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1.2 Research Goal and Method 
 
Speculative visualization is a specific type of data visualization strategy 

utilizing creative ways to raise public awareness in social, political and 

environmental issues.7 The goal of this research is to create a speculative 

visualization of the Environmental Performance Index(EPI) and illegal e-

waste trade data to contribute the data visualization field from a creative 

perspective by suggesting a method that is both artistic and able to visualize 

hierarchical and network datasets simultaneously.  

 

Numerous empirical research on e-waste and environmental performance 

of nations is available online from both scientific community and 

environmental organizations. However, the visualizations of these openly 

accessible data are often no better than dull analytical data representations 

which may not draw enough interest from the general public. Despite the 

static and numerical nature of the datasets, electronic waste trade and the 

environmental quality of countries are correlated and continuously change 

like a living organism. Therefore, utilizing nature as an inspiration and to 

represent these properties can help to convey the message of the 

visualization.   
 

Effective and efficient techniques to analyze data have been the focus of 

academic research in the information design community. Those empirically 

proven techniques mostly deal with the functional rather than the aesthetic 

and subjective aspect of data visualizations. These may be well suited to 

trained user groups performing analytical tasks. However, the attractiveness 

of data visualization is a concern, when targeting a much larger audience 

who may not even have initial interest in those issues. In recent years, 

increasing numbers of creative data visualizations have been published by 

                                                
7 Tanyoung Kim and Carl DiSalvo. “Speculative Visualization : A New Rhetoric for 
Communicating Public Concerns.” 2010. 
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artists and designers.8 These visualizations often have an attractive visual 

style and utilize popular social media services to reach the general public.  

While it is common focusing on aesthetics rather than clarity reduces the 

efficiency and readability of the data, this can have thought-provoking 

effects and be able to convey the underlying meaning of the designer’s 

intention more effectively.9 

 

 
Figure 01 - A model of information visualization research  

(Diagram by Andrew Moere Vande and Helen Purchase, 2011)10  

 

By re-interpreting the Fallman's model of interaction design research11, 

Moere and Purchase provide a model for information visualization research 

with three domains of study; ‘visualization practice’ (business), 

‘visualization studies’ (researchers) and ‘visualization exploration’ (artists) 

                                                
8 Andrea Lau, and Andrew Vande Moere. "Towards a Model of Information 
Aesthetics in Information Visualization." 2007 11th International Conference 
Information Visualization (IV 07), 2007.  
9 Ibid. 
10 Daniel Fallman. "The Interaction Design Research Triangle of Design Practice, 
Design Studies, and Design Exploration." Design Issues24, no. 3 (2008), 4-18.  
11 Ibid. 
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(Figure 01). 12 Based on this model, the research method in this dissertation 

tries to balance between visualization studies and visual exploration, 

emphasizing aesthetics rather than clarity. Historical background and 

empirical studies on hierarchical and network structure visualization were 

reviewed in order to realize a visualization project that lies between 

information and artistic visualization. The structure of this research is 

shown in Figure 02. 

 
Figure 02 - Research Structure 

 

 

                                                
12 Andrew Vande Moere, and Helen Purchase. "On the Role of Design in 
Information Visualization." Information Visualization10, no. 4 (2011), 356-71.  
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This research consists of seven chapters. This is the introductory chapter 

and the following chapters are briefly described as follows. 

 

The second chapter investigates the evolution of visualizing hierarchical 

relationships. The aim is to understand how hierarchical visualizations 

evolved throughout history. The third chapter investigates network diagrams 

in the same manner. Here spatial network diagrams are also considered and 

combining tree and network diagrams is discussed. Chapter four discusses 

what makes an effective speculative data visualization from analytic and 

aesthetic point of view. A case study is then used to explore popular data 

visualization works utilizing organic and natural forms, which serve as 

inspirations for the proposed visualization design. Chapter five investigates 

combining hierarchical and spatial network visualizations, using a nature 

inspired metaphor. This three-dimensional visualization method is called 

the “data garden”. Chapter six explains how the “data garden” method is 

applied to the EPI and e-waste trade data and the visual design process. 

Finally, in chapter seven, the conclusions and limitations of this research 

study are discussed. 

 
 
1.3 Terminology 
 
There are numerous terms both in this dissertation and other research that 

are referenced throughout this study, those are as follows. 

 
Information design is a broad term used in communication design to 

describe works that are mainly designed to inform.13  

 

                                                
13 Isabel Meirelles. Design for Information: An Introduction to the Histories, 
Theories, and Best Practices behind Effective Information Visualizations. Beverly: 
Rockport, 2013, 11. 
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Data visualization is the visual representation of numeric raw data values 

with charts, tables, or other graphics. Data visualizations make complex text 

based raw information easier to understand, memorable and more 

appealing. 

 

Infographics may include illustrations, icons, images and writings along with 

data visualizations.14 This type of visualizations tries to get attention and 

convince the audiences to a particular action or idea by the use of these 

elements and interesting storytelling. 

 

Information visualization or InfoViz mainly focuses on improving the 

effectiveness and efficiency of visualizations in terms of user’s 

comprehension of data.15 

 

Artistic Visualization or Data art practices are mainly focused on conveying 

the underlying meaning, rather than directly illustrating the data.16 While 

the art pieces are created based on data, the data itself is not usually directly 

visible, instead they are designed to provoke thought and convey a deeper 

meaning.  

 

Information Aesthetic Visualization methods combine information and 

artistic visualization methods to provide, both insight into the data and it’s 

meaning.17 They can be both direct and have a distinctive visual style. 

Ambient visualization, informative art and social visualization are terms 

covered by information aesthetic visualization. 

                                                
14 Ibid. 
15 Colin Ware. Information Visualization: Perception for Design. Amsterdam: 
Morgan Kaufmann, 2013. 
16 Robert Kosara. "Visualization Criticism - The Missing Link Between Information 
Visualization and Art." 2007 11th International Conference Information 
Visualization (IV 07), 2007.  
17 Ibid. 
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Speculative Visualizations are more than art pieces or public displays to 

provide information, their main focus is to represent socially and politically 

meaningful data in creative ways to provoke discussions and change 

people’s understanding on those issues to improve the well-being of 

communities.18 

 

Data visualization and infographics can be created in different media 

formats. One is not necessarily superior to another as they all have their 

strengths and weaknesses when visualizing information. Before the digital 

age data visualizations and infographics were usually static as they appeared 

in print media. Advancement in technology led to new visualization 

techniques. Here motion graphics and interactive applications where users 

can interact with complex information became popular. Although static 

formats are still widely used both in print and digital media, motion and 

interactive formats are only used in digital environments. 

 

Static Visualizations are one of the most common formats when creating 

infographics. These are simple and easy to share online as they can be 

displayed in every browser without any requirement. These images are 

mostly shared on major social media sites such as Facebook, Twitter, and 

Pinterest. This type of visualization also requires the least software and 

programming skills to produce, and can even be draw by hand.  

 

Zooming Visualizations are usually chosen to show a large amount of data 

in a single image. These images can be printed onto large printed media to 

make each detail visible for audiences. Not all but most personal computers 

displays are too small to read all the information on one screen. That is why 

a zooming interface created by programming is used to enable the user to 

zoom into a specific part of the design to see the details. The user can see 

                                                
18 Tanyoung Kim and Carl DiSalvo. “Speculative Visualization : A New Rhetoric 
for Communicating Public Concerns.” 2010. 
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the big picture and connections between information and, also zoom in to 

any part to discover details.  

 

Animated Visualizations add moving image functionality to static 

infographics. These are not video files instead they usually consist of static 

texts and 2-6 second looping animated graphics. Animated GIF file format 

or visuals that are animated with HTML programming language are some 

ways to create animated infographics. They might be very informative to 

explain repeating motion patterns such as animal movements.  

 

Video Infographics are video files mostly shared on video sharing websites 

like YouTube and Vimeo. These videos can be embedded in websites or 

downloaded to play with video players. Some video infographics might take 

minutes to watch.  

 

Interactive Visualizations changed the way audiences receive information. 

Up until interactive formats, audiences would only receive the information 

in a way that is decided by the designer. The interactive format gives the 

user control of the displayed information according to the options and rules 

that are set by the designer. Therefore, complex data sets can be easier to 

view in an interactive format as all the information is not necessarily shown 

at the same time. The user can control which information needs to be 

displayed by using the provided user interface.  

 

Tree structure is a widely used term in data visualization. A tree structure is 

a hierarchical structure consisting of connected nodes with branches that 

eventually unify with its trunk. 19  

 

                                                
19 Isabel Meirelles. Design for Information: An Introduction to the Histories, 
Theories, and Best Practices behind Effective Information Visualizations. Beverly: 
Rockport, 2013, 17. 
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Network or Graph is a structure which consists of nodes(vertices) and 

links(edges) visualizing relations between its elements.20 Contrarily to the 

trees, there are no hierarchical rules for the connections between nodes in 

networks. 

 

Network science is the study of complex networks used in various 

disciplines such as data science, computer science, engineering, biology, 

economics, finance, sociology to make the complicated relationships easier 

to comprehend. 21 

 

Spatial networks, on the other hand, are used to represent relationships 

between nodes that are distributed on a diagram based on their locations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
20 Ibid,47. 
21 Ibid,47. 
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2. Hierarchical Relationships: Trees 
 
 

Trees are life forms with a purpose that varies based on the challenges they 

face such as pumping water from root to leaves, maximizing light-gathering 

efficiency, growing tall enough to compete for light with its neighbors and 

keeping its mass light enough for its roots to support.22 These complex 

plants have always had a significant relationship with humans. They have 

not only provided fruits, shelters, flowers and fire they have also been used 

to build houses, bridges, weapons, boats, furniture, toys even helped to 

develop medicines. The sacred meaning and importance of trees throughout 

human existence can be seen in various works of art. 

 

On the other hand, the attributes like roots, trunk, branches, leaves and 

flowers have given an inspiration and a structural model to visualize 

hierarchies of knowledge and ideas.23 Trees have been used for visualizing 

relationships for a very long time. In fact, tree diagrams are the results of 

attempts by ancient philosophers to find the “true order” of the world. Tree 

diagrams were used to show various phenomena throughout history such as 

“logical relationships,” “affiliations,” “genealogical descent,” “affinity,” and 

“historical relatedness.”24 

 

This chapter aims to provide an initial understanding of the history of tree 

diagrams and how these have evolved over time. 

 

                                                
22 Philip Ball. Branches: Natures Patterns. OUP Oxford, 2011, 128. 
23 Bonnie DeVarco, and Eileen Clegg. “ReVisioning Trees.” Shape of Thought, 27 
July 2010, shapeofthought.typepad.com/shape_of_thought/2010/07/revisioning-
trees.html. 
24 N. Gontier (2011). Depicting the Tree of Life: The Philosophical and Historical 
Roots of Evolutionary Tree Diagrams. Evolution: Education and Outreach,4(3), 
515-538.  
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2.1 The History of Tree Diagrams 
 
2.1.1 Significance of Trees 
 
The iconography of a tree has been a universal symbol across different 

cultures.25 Many cultures have a powerful and symbolic connection to trees. 

By observing the lifecycle of trees, humans often saw them as symbols 

reflecting humans’ birth, death, and rebirth. The World Tree, Tree of Life 

and Tree of Knowledge are one of the most common motifs that can be 

found in early depictions. 

 

World Tree (also called axis mundi, world axis, cosmic tree, the pillar of the 

universe) is a concept can be seen in the mythic geography of many beliefs 

and philosophies. It is believed to be the vertical center of the world, 

connecting three cosmic regions, Heaven, Earth, and Hell.26 Ascension into 

Heaven is symbolized by climbing steps that is why in certain rituals, ladders 

or stairways were used.27 In the another form of the world tree, it is the 

source of life located at the horizontal center of the earth.28 In the biblical 

terms, the vertical world tree is called the tree of knowledge and the tree at 

the center of the earth is the tree of life.29  

 

The imagery of tree of life (Figure 03, 04) and world tree (Figure 05, 06) can 

be seen in the depictions of various cultures. 

 

 

 

                                                
25 Roger Cook. The Tree of Life Image for the Cosmos. New York : Avon, 1974. 
26 Mircea Eliade. Images and Symbols: Studies in Religious Symbolism. Translated 
by Philip Mairet. London: Harvill Press, 1961, 39-40. 
27 Ibid., 49. 
28 "World Tree." Encyclopædia Britannica. November 08, 2015. Accessed 
September 07, 2018. https://www.britannica.com/topic/world-tree. 
29 Ibid. 
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Figure 03 – The Assyrian 
tree of life from Nimrud, 

883-859 BCE 30 

  
Figure 04 – Tree of life on a rhyton from Marlik, 
Iran, currently at the National Museum of Iran 31 

 

 

 

 

                                                
30 Sailko. "Near Eastern Antiquities in the Brooklyn Museum." Digital image. 
March 13, 2014. 
https://commons.wikimedia.org/wiki/File:Rilievi_in_alabastro_da_palazzo_di_ashu
rnasirpal_II_a_nimrud,_albero_sacro,_883-859_ac_ca._01.JPG. 
31 Behrouz Rayini. "Detail of a Rhyton from Marlik." Digital image. Accessed 
October 11, 2018. 
https://commons.wikimedia.org/wiki/File:Detail_of_a_rhyton_from_Marlik,_Iran,_
1000_BC.jpg 
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Figure 05 - The world tree Izapa Stela 5,  

300-50 BCE, Chiapas Mexico32 

 

 
Figure 06 -  

The world tree Yggdrasil, 184733 

 

Trees were also believed to be able to raise human consciousness to higher 

levels or deeper self regardless of praying to one god or many.34 The large 

painting showing Buddha (probably Sakyamuni) preaching in a Paradise 

composition while seated under a jewelled bodhi tree (Figure 07)35 is an 

example how trees have been associated with knowladge. 

                                                
32 James Q. Jacobs  "Night Photography of the Largest Stela at Izapa Ruins." 
March 12, 2014. https://en.wikipedia.org/wiki/File:Izapa_Stela_5.jpg. 
33 Oluf Olufsen Bagge, https://commons.wikimedia.org/wiki/File:Yggdrasil.jpg , 
From Northern Antiquities, an English translation of the Prose Edda from 1847. 
Painted by Oluf Olufsen Bagge. 
34 Fred Hageneder, and Edward Parker. The Living Wisdom of Trees: Natural 
History, Folklore, Symbolism, Healing. London: Duncan Baird, 2008, 9-10. 
35 "Painting / 繪畫." British Museum. Accessed October 17, 2018. 
https://www.britishmuseum.org/research/collection_online/collection_object_detail
s.aspx?objectId=6551&partId=1. 
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Figure 07 - Painting / 繪畫,	ca 701-750 
© The Trustees of the British Museum 

 

Trees have held great importance as they hold a shared meaning in different 

cultures by providing food, shelter, tools, and medicine. This vital 

connection between humans and trees have been visualized in various ways. 

In addition to the metaphor of trees as a source of life and being mentioned 

in religious texts, the hierarchical formation of elements inspired many 

scholars to utilize tree images and symbols to visualize ideas and 

information. The following sections serve as a brief review of the 

transformation of tree forms that utilized in visualizing ideas and 

information in the history.  

 

2.1.2 Aristotle’s Hierarchical Order of Life 

 
The very beginning of the logic of hierarchical classification system that 

leads to the tree diagrams started in Ancient Greece. The Greeks were 

obsessed with the classification which lead to the first concept of the Great 

Chain of Being (Latin: Scala Naturae, “Scale of Nature”, “Scale of Being” 

“Ladder of Being”) originated by Aristotle’s attempts to classify all.36 Scala 

                                                
36 A. O. Lovejoy (1960). The great chain of being: A study of the history of an idea. 
New York. 
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Naturae is a hierarchical order that all beings are arranged based on in the 

order of “perfection.”  

 

The ancient Greeks believed that we live in a world of plenty believing the 

principle of plenitude which claims that the universe contains all possible 

forms of existence. All possible forms are also continuously moving (the 

principle of continuity); all is coming and becoming.37 Plants, animals, 

humans are all born, live and die. They do not stay constant but Plato 

argued that the words or ideas remain constant and are not affected by the 

principle of continuity. Therefore, to understand the essence of things, Plato 

and Aristotle argued to order the world by dividing the constant wholes into 

pieces.38 

 

Philosopher and scientist Aristotle is the first who tried to classify all beings 

in the world from inanimate to animate. He developed the first classification 

system, Scala Naturae, and his two books “The History of Animals” and 

“The Generation of Animals” remained the most detailed work on Zoology 

until the 16th century. He defined species not only based on their physical 

differences but also based on other characteristics such as intelligence which 

makes humans different than other animals.39 Charles Singer summaries 

Aristotle’s classification system as a diagram in his book “A Short History of 

Biology” (Figure 08).40 

 

                                                
37 John L. Bell  "Continuity and Infinitesimals." Stanford Encyclopedia of 
Philosophy. September 06, 2013. Accessed August 10, 2018. 
https://plato.stanford.edu/entries/continuity/. 
38 S. Marc. Cohen "Aristotle's Metaphysics." Stanford Encyclopedia of Philosophy. 
October 08, 2000. Accessed August 10, 2018. 
https://plato.stanford.edu/entries/aristotle-metaphysics/. 
39 Nathalie Gontier "Depicting the Tree of Life: The Philosophical and Historical 
Roots of Evolutionary Tree Diagrams." Evolution: Education and Outreach4, no. 3 
(2011).  
40 Charles Singer. A Short History of Biology, a General Introduction to the Study 
of Living Things. Oxford: Clarendon Press, 1931. 
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Figure 08 – The Scala Naturae, Diagram by Charles Singer in his classic A Short 

History of Biology via Roger Wotton Blog41 

 
Based on Aristotle’s “Categories”, 3rd century CE Greek philosopher and 

logician Porphyry created The Tree of Porphyry, a classification structure 

that is also known as “scale of being”. The descriptions of the hierarchical 

classification of genera (biological taxonomic rank) and species from 

substance to individuals found in the Isagoge (or “Introduction” to 

Aristotle’s “Categories”) written by Porphry which later often depicted by 

scholars in medieval and Renaissance works (Figure 09).  

 

                                                
41 Roger Wotton. "Natural History, Creation and Religious Conflicts." January 7, 
2013. Accessed January 15, 2019. http://rwotton.blogspot.com/2013/01/aristotle-
natural-history-and-evolution_7.html. 
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Figure 09 –Tree of Porphyry – The diagram was translated from a version by 

Peter of Spain (1239).42 

 
2.1.3 Early Religious Depictions of Hierarchical Structures 

 
Tree of life and tree of knowledge have been part of various religions 

throughout the history. The story in the book of Genesis speaks of how 

Adam and Eve were expelled from paradise because Eve ate the sacred fruit 

from the tree of knowledge of god and evil. This and other biblical stories 

have been depicted by various artists. The hierarchical structure within these 

depictions is significant in the evolution of hierarchical information 

visualizations that we know today. 

 

Ramin Llull was a Majorcan medieval philosopher and Christian scholar 

who lived between 1232 and 1315. In his work Arbor Scientiae (Tree of 

Science),1296 he included the depiction of sixteen trees. Editions of the 

Arbor scientiae with the famous Llull’s trees of knowledge started to appear 

in the sixteenth century.43 At the very beginning of the book is an 

illustration of a tree (Figure 10) with eighteen roots representing 

                                                
42 John F. Sowa  "The Challenge of Knowledge Soup." Edited by J. Ramadas J. 
Ramadas and S. Chunawala S. Chunawala. Research Trends in Science, Technology 
and Mathematics Education, 2006. 
43 "Llull's Tree of Knowledge." HistoryofInformation.com. Accessed June 20, 2018. 
http://www.historyofinformation.com/detail.php?entryid=3862. 
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transcendent principles and sixteen branches each bearing fruit and label, 

representing the different domain of science which are depicted as individual 

trees in the remaining pages of the work.44 By combining Aristotle’s ideas of 

the Great Chain of Being and Christian theology, Llull’s "chain of being" 

represents a hierarchical order where the closer to the sun is more close to 

the God and, therefore more perfect (Figure 11).45 He depicts stones and 

fires at the base followed by plants, animals, humans and angels. He argued 

that the human can ascend and descend the ladder through intellectual 

exercise. 

 

 
Figure 10 - Title page of Llull's Arbor 
scientiae, from an edition printed in 

Lyon, 1535 46 

 
Figure 11 - Lull’s “chain of being”, from 
the Liber de ascensu et decensu intellectus 

of Ramon Llull (written 1304, first 
published 1512) 

                                                
44 Manuel Lima (2013). Visual complexity mapping patterns of information. New 
York (N.Y.): Princeton Architectural Press, 31. 
45 Nathalie Gontier. "Depicting the Tree of Life: The Philosophical and Historical 
Roots of Evolutionary Tree Diagrams." Evolution: Education and Outreach4, no. 3 
(2011), 515-38.  
46 "Arbor Scientiae." Google. Accessed October 20, 2018. 
https://books.google.co.kr/books?id=8mTcV_c9LTkC&pg=PP9. 
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In his engraving, Albrecht Dürer depicts Adam and Eve according to the 

ideals of the Italian Renaissance (Figure 12). The etching plate titled “The 

Tree of Life, which bear twelve of fruits ...” shows Christ crucified on a tree 

representing the Tree of Life. 47 Another impressive engraving which uses 

the tree image and hierarchical classification of its elements is “The Tree of 

Man’s Life”, engraved by John Goddard between 1639-1650. The roots and 

the branches of a tree bear texts from the Bible while depicting various 

events of a man’s life from birth to death and heavens at the top (Figure 

13).48 

 

 
Figure 12 – The Tree of Life, 1770-

1800  
© Trustees of the British Museum  

 
Figure 13 – The Three of Man’s Life, 1652 

© Trustees of the British Museum 

 

                                                
47"The Tree of Life, Which Bear Twelve Manner of Fruits ..." British Museum. 
Accessed October 17, 2018. 
https://www.britishmuseum.org/research/collection_online/collection_object_detail
s.aspx?objectId=1478968&partId=1&searchText=tree of 
life&images=true&page=5. 
48 The Tree of Man's Life." British Museum. Accessed October 17, 2018. 
https://www.britishmuseum.org/research/collection_online/collection_object_detail
s.aspx?objectId=1502456&partId=1. 
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In the history of western world, language was considered sacred and was a 

gift of a divine creator as language was the most important way of obtaining 

knowledge.49 It is thought that the world has a structured order which can 

be defined through language. Inspired by the Biblical story50 there was one 

original language which is spoken by Adam and God in the paradise. 

Therefore, early scholars searched to find this language which believed that 

would give divine powers.51 The field of genealogy was born to find the 

descendants of Adam and the original language. Based on the detailed 

descriptions in the Bible, non-evolutionary “Trees of Jesse” that depicts the 

number of generations between Jesus and Adam were drawn (Figure 14,15). 

 
Figure 14 - Upper section of the Jesse 
Tree window at Chartres Cathedral, 

France52 

 
Figure 15 - Miniature, Jacques de 

Besançon, Paris, c.1485. 43 generations 
and the birth and childhood of Mary53 

                                                
49 Nathalie Gontier. "Depicting the Tree of Life: The Philosophical and Historical 
Roots of Evolutionary Tree Diagrams." Evolution: Education and Outreach4, no. 3 
(2011), 515-38.  
50 Genesis 11:5-7 
51 Gontier, Depicting the Tree of Life”. 
52 "Vitrail Chartres." Wikimedia Commons. April 01, 2009. 
https://commons.wikimedia.org/wiki/File:Vitrail_Chartres_210209_18_brighter.jpg 
53 "Tree of Jesse." Digital image. Accessed November 18, 2018. 
https://en.wikipedia.org/wiki/File:Bnf_Ms_Français_245,_fol._84,_Arbre_de_Jessé.j
pg. 
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Along with their hierarchical structure tree motifs had been a tool to convey 

knowledge and meaning of ordered religious ideas for a long period of time. 

Further, these properties of trees are also used to explain the evolution of life 

in a more scientific manner.  

 
2.1.4 Depicting Evolution 
 

In the 19th century, there was a significant shift occurring from the straight 

hierarchical great chain of being to a branching tree-like forms to depict the 

history of life. One of the most significant diagrams in the history of 

classification of life undoubtedly the only tree diagram found in Darwin’s 

famous book, On the Origin of Species(1859). This was the first time the 

natural affiliation between species over time through natural selection was 

depicted. On the other hand, tree-like diagrams were produced before 

Darwin’s evolutionary diagram. One such example is Edward Hitchcock’s 

paleontological “tree of life” published in 1840 (Figure 16). He, however 

believed that a deity was behind the process of his theories, and denounced 

the newer theories that advocate some form of trans mutational process for 

the history of life.54 

 

                                                
54 J. David Archibald. "Edward Hitchcock’s Pre-Darwinian (1840) “Tree of 
Life”." Journal of the History of Biology 42, no. 3 (2008), 561-92.  
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Figure 16 -Paleontological chart of Edward Hitchcock  

in Elementary Geology, 1840 55 
 

Darwin’s revolutionary idea on the evolution by natural selection did not 

occur suddenly. Centuries of development of the concept and imagery of the 

order of nature helped to develop his theory. Even if he did not call his 

diagram a tree, it was indeed a tree structure with a unique dimension added 

to the diagram, time. The branching diagram that is published in his book 

“On the origin of species” in 1859 depicts inheritance through the bloodline 

(Figure 17).  

 

                                                
55"Edward Hitchcock Paleontological Chart." Wikimedia Commons. November 16, 
2009. 
https://commons.wikimedia.org/wiki/File:Edward_Hitchcock_Paleontological_Cha
rt.jpg. 
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Figure 17 - Darwin’s (1859: 116–7) hypothetical evolutionary diagram as it 

appeared in On the Origin of Species 

 

Darwin’s tree had a significant impact on the acceptance of tree diagrams in 

evolution. Following the abandonment of the Great Chain of Being, more 

biologists started to depict phylogenetic(evolutionary) trees. Ernst Haeckel 

was a scientist and artist who had created illustrated visualizations of 

natural systems. Even though he did not accept every detail of Darwin’s 

argument, he agreed on the necessity of evolutionary explanation for natural 

systems.56 

 
Haeckel’s works are famous for its aesthetical attributes as seen in his works 

on evolutionary descent by natural selection (Figure 22,23). His unique and 

highly recognizable visual style helped him to have commercial success while 

his images contributed to the art nouveau movement.57 

                                                
56 Pascal Tassy. "Trees before and after Darwin." Journal of Zoological Systematics 
and Evolutionary Research49, no. 2 (2010), 89-101.  
57 Megan K. Halpern, and Hannah Star Rogers. "Inseparable Impulses: The Science 
and Aesthetics of Ernst Haeckel and Charley Harper." Leonardo46, no. 5 (2013), 
465-70.  
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Figure 18 - Ernst Haeckel's tree from the 
The Evolution of Man (1879) 

 

Figure 19 - Ernst Haeckel's genealogical 
oak tree, depicting the Kingdoms Plantae 
(plants), Protista (micro-organisms) and 

Animalia (animals) 
 
2.2 Tree Structure 
 
Hierarchical tree structures have evolved throughout history. The 

hierarchical structure of the Great Chain of Being, hierarchical structures in 

religious artworks and depictions of evolution through natural selection are 

some of the major examples in the history. Furthermore, trees along with 

the networks used in the computer science and graph theory which enabled 

researches to find methods that improve the efficiency to understand 

relational patterns in datasets. As computers changed the way general public 

consumed information, better tools were developed capable of collecting 

data and creating visualization by non-experts such as designers and artists. 
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Therefore, more creative visualization projects started to utilize tree 

structure and occasionally the tree metaphor as a way of visual 

communication. Notabilia, an interactive visualization project, is such an 

example that depicts the 100 longest Article for Deletion(AfD) discussions 

on Wikipedia (Figure 20). It is a combination of data-driven research with 

an artistic style. The creators of this visualization likens the editors who 

decide on topics of the online encyclopedia, to gardeners who perform 

constant weeding.58 

 
 

Figure 20 – Notabilia by Moritz Stefaner, 201159 
 

If stylized elements of tree diagrams are taken out, the core elements remain. 

These elements are called as “nodes” and “links” in computer science (Figure 

21). Inherited nodes are called “child node” and the node that inherits them 

called as “parent node.” Various methods have been developed to visualize 

tree structure effectively. Even though the layout of the structures may 

                                                
58 Moritz Stefaner, Dario Taraborelli, and Giovanni Ciampaglia Luca Ciampaglia. 
"Notabilia." Notabilia – Visualizing Deletion Discussions on Wikipedia. Accessed 
October 20, 2018. http://notabilia.net/. 
59 Ibid. 
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differ, traditionally they do not cycle and have a single end node that is 

called a “root node.” On the other hand, there are terms like “infinite tree” 

in computer science where no root node exist such as the Ruby, object 

model.60 Besides visual representations, there are multiple ways of 

representing tree structure such as outline lists used to show the hierarchical 

relationship of topics and the Newick tree format that uses parentheses and 

commas.61 

 

 
 

Figure 21 – Basic Tree Structure 

 

The visual layouts of tree visualization have been increasingly used in fields 

such as journalism, graphic design and art for multiple purposes other than 

purely analytical ones, as is the case in computer science. The most well-

known visual layouts are discussed and categorized in the next section to 

better understand the progress in visualizing hierarchical information. 

 

 

2.3 Tree Layouts 
 
Based on the connections of leaves, branches and their unity at the single 

trunk, tree structure representations evolved into various layouts. Basically, 

the tree structure can be represented in two main categories, node-link, and 

                                                
60 Ondřej Pavlata. "The Ruby Object Model." Ruby Object Model. Accessed 
November 17, 2018. http://www.atalon.cz/rb-om/ruby-object-model/. 
61 "The Newick Tree Format." Accessed November 17, 2018. 
http://evolution.genetics.washington.edu/phylip/newicktree.html. 
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space-filling layouts. The node-link layouts evolved from the early 

representations of tree diagrams that are discussed previously. While vertical 

and horizontal layouts had been used in the very early depictions, new 

hierarchical representations started to appear as it became an area of 

scientific research. The visual language of the visualizations has seen a 

significant shift throughout history. The earliest visualizations are 

represented with simple shapes and lines. However, advanced algorithms 

and tools opened up possibilities to create complex visualizations that were 

not possible before. Three-dimensional trees such as Cone Trees62 and 

Botanical Viewer63 are more recent examples of tree visualizations created 

with the help of computer technology. 

 
 

Figure 22 – Well-known node-link layout representations 
(Image used from article for Botanical Viewer )64 

                                                
62 George G. Robertson, Jock D. Mackinlay, and Stuart K. Card. "Cone 
Trees." Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems Reaching through Technology - CHI 91, 1991.  
63 E. Kleiberg, H. Van De Wetering, and J.j. Van Wijk. "Botanical Visualization of 
Huge Hierarchies." IEEE Symposium on Information Visualization, 2001. INFOVIS 
2001. 
64 Ibid. 
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Space-filling layouts, on the other hand, were developed after the treemap 

method. These were first created by Shneiderman and his students at 

Maryland Human-Computer Interaction Lab to efficiently display large 

hierarchical datasets.65 Voronoi66, Circular67, Beam trees68 and Step Trees69 

are just a few variations of the original treemap method. 

 

 
Figure 23 – Well-known space-filling layout representations 

 
 
 

                                                
65 Ben Shneiderman. "Treemaps for Space-constrained Visualization of 
Hierarchies." UMD Department of Computer Science. Accessed November 17, 
2018. http://www.cs.umd.edu/hcil/treemap-history/. 
66 Michael Balzer, Oliver Deussen, and Claus Lewerentz. "Voronoi Treemaps for the 
Visualization of Software Metrics." Proceedings of the 2005 ACM Symposium on 
Software Visualization - SoftVis 05, 2005.  
67 "Pebbles - Using Circular Treemaps to Visualize Disk Usage." Accessed 
November 17, 2018. http://lip.sourceforge.net/ctreemap.html. 
68 F. Van Ham, and J.j. Van Wijk. "Beamtrees: Compact Visualization of Large 
Hierarchies." IEEE Symposium on Information Visualization, 2002. INFOVIS 2002. 
69 Thomas Bladh, David A. Carr, and Jeremiah Scholl. "Extending Tree-Maps to 
Three Dimensions: A Comparative Study." Lecture Notes in Computer Science 
Computer Human Interaction, 2004, 50-59.  
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3. Complex Relationships: Networks 
 

Problems of the world and the way they needed to be solved became more 

complicated along with the improvements of science and technology. Even 

though visualizing intertwined relationships is not new, as problems become 

more complex so do the relationships to be visualized. 

 

If we think about the present era, we are surrounded by complex networks. 

Social networks, food webs, the internet, commercial and waste trades are 

just a few examples of complex networked systems. Facebook, one of the 

most popular social portal has millions of people connecting, sharing and 

reading millions of different content. Billions of neurons in our brains try to 

analyze the information coming from our sensory organs each second. It is 

difficult to understand the collective behavior of these complex systems by 

knowing only their components. Visualization techniques of networks help 

us to understand the relationships between such complex systems. Network 

science deals with complex systems focusing on the connections between 

elements rather than the attributes of the individual elements. Newman 

explains: “A network is a simplified representation that reduces a system to 

an abstract structure capturing only the basics of connection patterns and 

little else. Vertices and edges in a network can be labeled with additional 

information, such as names or strengths, to capture more details of the 

system, but even a lot of information is usually lost in the process of 

reducing a full system to a network representation. This certainly has its 

disadvantages but it has advantages as well.”70   

 

This chapter briefly explains the properties of networks and how networks 

have been represented in the past. Finally, it discusses spatial networks and 

                                                
70 M. E. J. Newman Networks: An Introduction. Oxford: Oxford University Press, 
2017, 2. 
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the possible advantages of visualizing these simultaneously with hierarchical 

datasets. 

 

 

3.1 Attributes of Networks  
 

Using networks to understand and represent life has a long history as tree 

diagrams. One fascinating example of this is the diagram by Byrthferth de 

Ramsey, found on a manuscript from around 1080. Adam is in the center, 

surrounded by four cardinal points, the four elements, the four seasons, the 

four stages of life and the twelve signs of the zodiac (Figure 24, 25). 71 

 

 
Figure 24 - Diagram of the Physical 
and Physiological Fours, Byrthferth de 

Ramsey (1080)72 

 
Figure 25 – English translation of the 
Physical and Physiological Fours by 

Peter S. Baker 73 

                                                
71 Peter S. Baker  "BYRHTFERTH OF RAMSEY - De Concordia Mensium Atque 
Elementorum." Accessed November 18, 2018. 
http://web.archive.org/web/19961025235309/http://www.engl.virginia.edu/OE/E
ditions/Decon.pdf. 
72 "2. COMPUTUS RELATED MATERIALS Fols. 3r-7v: OVERVIEW." Canadian 
County Atlas Digital Project. Accessed November 18, 2018. 
http://digital.library.mcgill.ca/ms-17/folio.php?p=7v. 
73 Baker, “BYRHTFERTH OF RAMSEY”. 



 37 

Even though the study of networks is not new, network science is a much 

more recent field that focuses on the mathematical study of patterns and 

connections in complex systems. Network science started with graph theory. 

This was created in 1735 by Leonard Euler to solve the Königsberg bridge 

problem to investigate whether it is possible to cross all seven bridges of the 

Königsberg without crossing the same one twice.74 Despite many attemps by 

others, no one could find a right path. Leonard Euler, a Swiss-born 

mathematician, provided a mathematical proof that such path does not 

exist. This was the first time someone represented a mathematical problem 

as a graph where bridges are represented by links and land by nodes (Figure   

26, 27).  

 

 

 
Figure 26- Leonard Euler’s Solution to Königsberg 

Bridge Problem 

 
Figure 27 – Redrawn of 

the Lenard Euler’s 
solution 

 

Networks and trees are in fact similar in certain ways. In graph theory, a 

tree structure is an “acyclic connected network” that has no closed loops. 75  

The components of both networks and trees are a collection of nodes 

(vertices) and links (edges). On the other hand, there are distinct differences. 

Trees are unique structures as there is only one possible way to access each 

                                                
74 Rob Shields. "Cultural Topology: The Seven Bridges of Königsburg, 
1736." Theory, Culture & Society29, no. 4-5 (2012), 43-57.  
75 "Graphs." Princeton University. Accessed November 12, 2018. 
https://algs4.cs.princeton.edu/41graph/. 
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node whereas networks have no such connection rules (Figure 28). This 

allows them to represent more complex systems and can be used to create 

more robust systems that are resistant to failures. 

 

 
 

Figure 28 - Basic elements of network 

 

To understand the difference more clearly this section first discusses 

attributes of networks along with the examples to illustrate their use cases. 

Secondly, spatial network visualizations are explained. Finally, the 

limitations of networks and the possible positive outcomes of visualizing 

hierarchical datasets within networks were discussed. 

 
Manual Lima in his speech mention five different attributes of network 

diagrams, interdependence, interconnectedness, decentralization, 

nonlinearity, and multiplicity.76  

 
3.1.1 Interdependence and Interconnectedness 

 
Interdependency and interconnectedness are very common in nature, 

technology, and social relationships. People, internet, emails, genes, proteins, 

neurons, books, food webs, trees are just a few examples that are both 

interconnected and interdependent. Interdependency refers to the reliance of 

one element in the network to another so that a change in the status of one 

                                                
76 Manuel Lima. Ted. Accessed November 19, 2018. 
https://www.ted.com/talks/manuel_lima_a_visual_history_of_human_knowledge. 
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element can have an impact on others. Food webs are good examples of an 

interdependent network in which the survival of each lifeform depends on 

the others in the web (Figure 29). Interconnectedness refers to any 

relationship between elements of a network. Such as the connections 

between different subjects of various faculties in interdisciplinary studies. 

Studying these connections can lead to discoveries to further understand the 

system and required improvement. 

 

 
Figure 29 – Food Web Diagram, 2010 Encyclopedia Britannica, Inc.77 

 
Darwin's famous “tree of life” diagram published in his book, the Origin of 

Species, in 1859 explaining his hypothesis that all modern organisms are 

related through genetic descent was an extraordinary shift in the history of 

science. But even before that, there were scientists depicting network-like 

genealogical relationships such as Buffon and Batsch (Figure 30,31). 

                                                
77 "Marine EcosystemImages and Videos." Encyclopædia Britannica. Accessed 
October 17, 2018. https://www.britannica.com/science/marine-
ecosystem/images-videos/media/365256/16. 
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Figure 30 - Network of genealogical relationships among breeds of dogs, from 
William Smellie's translation of the Histoire Naturelle of Georges-Louis Leclerc, 

Comte de Buffon and Louis-Jean-Marie Daubenton (1753). 
 

 
Figure 31 - Network of affinities within the vegetable kingdom, from the Tabula 

affinitatum regni vegetabilis of August, Johann Georg Carl Batsch (1802). 

 

Darwin’s Origin of Species has been the mainstream framework for the 

formula of evolution for approximately 150 years. 78 However, the 

discoveries in rapidly growing genome-sequence data leads several papers to 

argue that Darwin’s tree of life is best seen as an approximation of evolution 

with the exception in some parts of the living world such as 

                                                
78 Mark A. Ragan, James O. McInerney, and James A. Lake. "The Network of Life: 
Genome Beginnings and Evolution." Philosophical Transactions: Biological 
Sciences364, no. 1527 (August 12, 2009), 2169-175. 
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morphologically complex eukaryotes.79 It is understood that genomes and 

the evolution is more complicated than previously thought. Doolittle’s 

research points out that with the improvement of our understanding of gene 

and genome evolution a simple metaphor like the Tree of Life and the 

universal hierarchical classification of Linnaeus or Aristotle is no longer 

valid.80 Furthermore, as the network systems in nature emerge the Network 

of Life precedes the Tree of Life.81 “Net of life” is a first attempt to 

reconstruct the phylogeny of microbial species as a network instead of 

microbial trees that has been done before (Figure 32). 82 

 
Figure 32– Net of life83 

 

                                                
79 Ibid. 
80 W. F. Doolittle, Y. Boucher, C. L. Nesbo, C. J. Douady, J. O. Andersson, and A. 
J. Roger. "How Big Is the Iceberg of Which Organellar Genes in Nuclear Genomes 
Are but the Tip?" Philosophical Transactions of the Royal Society B: Biological 
Sciences358, no. 1429 (2003), 39-58.  
81 Mark A Regan. "Trees and Networks before and after Darwin." Biology Direct4, 
no. 43 (2009). 
82 V Kunin. "The Net of Life: Reconstructing the Microbial Phylogenetic 
Network." Genome Research15, no. 7 (2005), 954-59.  
83 Ibid. 
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3.1.2 Decentralization 

 
The internet is one of the best examples of decentralization. Without a 

central root node, the data is distributed across the network. Visualizing the 

complexity of the decentralized network of the Internet can generate a 

beautiful image (Figure 33).  

 

 
Figure 33 - The Internet 2003 84 

 
Tree structures are centralized, top-down structures representing unity. This 

property can be associated with undesirable concepts such as authoritarian, 

totalitarian, monarchist and absolutist systems. Additionally, tree diagrams 

also fail in visualizing the complex problems that our society is faces today.  

 
Philosophers Gilles Deleuze and Felix Guattari developed the Rhizome 

concept based on the botanical rhizome which has multiple entry and exit 

                                                
84 "THE INTERNET 2003." Digital image. November 22, 2003. 
http://www.opte.org/the-internet/. 
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points. 85 This was in response to classical Western scientific thinking in 

terms of hierarchical and authoritarian tree structure. The difference 

between rhizomatic thinking and tree structural thinking is that a rhizome 

has no specific start or end points whereas a tree does (Figure 34). Trees 

have a hierarchical and a specific path starting from its roots and trunk to 

its branches and leaves. On the other hand, a rhizome does not have a 

specific root but a rhizome form itself by shooting roots and axillary buds 

from its nodes.86 That is why following a branch does not necessarily lead 

to a root. Deleuze’s rhizomatic thinking can be seen in social relationships. 

In his research, Stewart Riddle suggests adopting Deleizuan approach to 

rethink of youth as rhizome for the current time period; unlinked from the 

traditional categories of age, class, race, and gender. 87 

 

 
Figure 34 - The arborescent tree and rhizomatic grass 88 

 

                                                
85 Gilles Deleuze, and Félix Guattari. A Thousand Plateaus: Capitalism and 
Schizophrenia. Translated by Brian Massumi. Minneapolis: University of Minnesota 
Press, 1987. 
86 C. S. Jang, T. L. Kamps, D. N. Skinner, S. R. Schulze, W. K. Vencill, and A. H. 
Paterson. "Functional Classification, Genomic Organization, Putatively Cis-Acting 
Regulatory Elements, and Relationship to Quantitative Trait Loci, of Sorghum 
Genes with Rhizome-Enriched Expression." Plant Physiology142, no. 3 (2006), 
1148-159. 
87 Stewart Riddle. "Youth as Rhizome: Music, Machines, and Multiplicities." Social 
Alternatives32, no. 2 (2013). 
88 Ibid, 3. 
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After World War II, the US Air Force had established a wide computer 

network system for the SAGE radar defense system. It was required to 

create a more reliable system that was capable of surviving a nuclear attack. 

A system which has a central control unit is the most vulnerable formation 

as all the nodes are dependent on this central point. Paul A. Baran proposed 

a distributed communication network that contains an array of nodes with 

multiple links to others (Figure 35).89 His design was further developed by 

another American agency (ARPA) which then lead to the rapid growth of 

the internet.90 

 

 
Figure 35 - The network scheme of Paul A. Baran, 1964 
(Paper published internally within Rand Corporation) 

 

 
 
 
 
 
                                                
89 "Paul Baran, Internet Pioneer, Dies at 84." March 27, 2011. 
https://www.nytimes.com/2011/03/28/technology/28baran.html. 
90 Ibid. 
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3.1.3 Nonlinearity 

 
Many networks in nature, technology, and social relationships are not 

linear. The direction of the relationships is important when analyzing 

networks. In network visualizations, links can be utilized to show different 

attributes of the data it represents. Flow direction (Undirected or directed) 

or the amount of data (unweighted or weighted) may need to be shown. 

Directions can be shown by using shapes like an arrow, gradient colors or 

motion. Prey and predator relationships in an ecological system is an 

example of a directed network. Trade flows between countries is another 

example. The quantity of flow can be shown by the weight of a connection. 

The map of science by Rosvall utilizes both directed and weighted links to 

illustrate the direction and the number of citations between academic 

journals by utilizing arrows and difference in thickness (Figure 36).91 

 

 
Figure 36 – Map of Science 

Martin Rosvall and Carl Bergstrom, 200892 

                                                
91 M. Rosvall, and C. T. Bergstrom. "Maps of Random Walks on Complex 
Networks Reveal Community Structure." Proceedings of the National Academy of 
Sciences105, no. 4 (2008), 1118-123.  
92 Ibid. 
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3.1.4 Multiplicity 

 
Networks have no restriction in how they are connected. An unlimited 

number of connections can be made; therefore they can be very 

complicated. Multiplicity is where two nodes connected with multiple paths. 

This type of connections increases the reliability of the network.  

 
 
3.2 Spatial Networks 
 
Our perception handles spatial information (position and size) separately 

than object attributes (shape, color, texture).93 In spatial networks, nodes 

and branches are located in a space with certain metric value. These kind of 

visualizations are used in various fields such as transportation, the Internet, 

power grids, social networks and neural networks. A spatial network can be 

planar or non-planar. Planar networks are networks that can be 

represented on a 2D surface without edges crossing each other. In planar 

networks such as subway and road networks, edges do not intersect. An 

example of such a network is the map showing pneumatic used to send 

capsule messages around Paris through the use of air-pressured tubes 

(Figure 37). Additionally, the term “geospatial” refers to data that have 

geographic locations. 

 

                                                
93 Colin Ware. Information Visualization: Perception for Design. Boston: Morgan 
Kaufmann, 2013. 
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Figure 37 - Pneumatic Mail Tube Network, Paris (1888)94 

 
Airline networks, on the other hand, are good examples of non-planar 

spatial networks where links of the routes of airlines can intersect. The 

animated air traffic data visualization created by 422 South for NATS is a 

delightful example of a non-planar spatial network that is both informative 

and eye-catching with flight data built over a day covering London’s 5 

major airports (Figure 38). 

 

 
Figure 38 - NATS, London 24, Flight Data Vizualization, 201595 

 

                                                
94 https://commons.wikimedia.org/wiki/File:T5-_d520_-_Fig._425._—
_Réseau_pneumatique_de_Paris.png 
95 422South. Vimeo. Accessed November 19, 2018. https://vimeo.com/132914141. 
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Spatial networks are effective for analyzing and understand relationships 

between defined locations. On the other hand, the number of multivariate 

information that can be shown on the links and nodes of a network 

diagram are limited because of the complexity. 

 

 

3.3 Combining Tree Structures and Networks 
 
Network diagrams are useful for understanding the relationships between 

elements. However, overlapping links and nodes can make the diagram 

difficult to understand for complex networks.  

 

In network structures, nodes and links can illustrate multivariate 

information with a few attributes such as color, texture, size, and shape. 

These attributes by themselves are limited in conveying sufficient 

information. The problem arises when the complexity of the diagram 

increases. Links become thinner, and nodes become smaller to reveal the 

relationship patterns between all nodes. Therefore, the number of 

multivariate information that can be indicated on the links and nodes 

decreases.  

 

In certain networks, analyzing and understanding not only the relationships 

but also the details of its elements can be crucial. Such details can be in 

hierarchical structure. Some assessment techniques are good examples with 

a hierarchical order that rank countries based on specific values such as 

environmental quality, life satisfaction, happiness, peace are calculated by 

various factors. Some of the well-known indices are the Environmental 
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Performance Index96, Global Peace Index97, Ecological Footprint Network98 

and OECD Better Life Index99. Even though these are simply hierarchical 

datasets for different countries, other network data, which have any direct 

or indirect relation to the hierarchical data can be visualized between 

countries. Simultaneous visualization of those can be useful for a holistic 

understanding. Yet another example could be the visualization of electric 

usage of smart cities where electric production, electric flow between 

elements of the network and the electric usage details inside each element 

could provide insight for the whole system. 

 

Both network and tree structures have their effective use cases. Nevertheless, 

visualizing these two different structures at the same time can be 

challenging. Not only might it create confusion but it also raise the 

complexity of the diagram. On the other hand, being able to visualize these 

details can reveal new patterns and relationships. Despite the complexity 

created by simultaneous visualization of two different datasets, being able to 

scan the patterns between those datasets can save time and reveal patterns 

that would be difficult otherwise. Moreover, three-dimensional and 

interactive solutions could further improve the efficiency of the 

visualizations.  

 

In spatial networks where the location of each node is fixed on a surface 

utilizing the third dimension for a new type of information is preferred. 

                                                
96 Environmental Performance Index. Accessed September 29, 2018. 
https://epi.envirocenter.yale.edu/. 
97 Global Peace Index - Vision of Humanity. Accessed September 29, 2018. 
http://visionofhumanity.org/indexes/global-peace-index. 
98 Open Data Platform. Accessed September 29, 2018. 
http://data.footprintnetwork.org/. 
99 OECD Better Life Index. Accessed September 29, 2018. 
http://www.oecdbetterlifeindex.org/. 
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Various scientific research100 101 discusses possible advantages of utilizing 

the third dimension in data visualizations. Research shows that utilizing 

stereoscopic displays102 and head-mounted displays103 can also play an 

essential role in improving the efficiency of these visualizations. However, 

the objective and the target audience are major decisive factors when 

deciding between different visualization options.  

 

Although it is suggested to simplify the visualizations as much as possible to 

increase the rate of comprehension for analytical purposes, through 

information aesthetics, these visualizations can also be a tool to convey 

underlying meaning of visualizations. Regarding this, in the next chapter 

analytic and aesthetic attributes of data visualization were discussed. Finally, 

a case study related to the role of aesthetics in data visualization is done. 

 
 
 
 
 
 

                                                
100 George G. Robertson, Jock D. Mackinlay, and Stuart K. Card. "Cone 
Trees." Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems Reaching through Technology - CHI 91, 1991.  
101 T. Dwyer, and P. Eades. "Visualising a Fund Manager Flow Graph with 
Columns and Worms." Proceedings Sixth International Conference on Information 
Visualisation.  
102 B. Alper, T. Hollerer, J. Kuchera-Morin, and A. Forbes. "Stereoscopic 
Highlighting: 2D Graph Visualization on Stereo Displays." IEEE Transactions on 
Visualization and Computer Graphics17, no. 12 (2011), 2325-333.  
103 Ciro Donalek, S. G. Djorgovski, Alex Cioc, Anwell Wang, Jerry Zhang, 
Elizabeth Lawler, Stacy Yeh, Ashish Mahabal, Matthew Graham, Andrew Drake, 
Scott Davidoff, Jeffrey S. Norris, and Giuseppe Longo. "Immersive and 
Collaborative Data Visualization Using Virtual Reality Platforms." 2014 IEEE 
International Conference on Big Data (Big Data), 2014.  
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4. Design Study Goals and Criteria 
 

This chapter discusses objectives of the design study and what makes an 

effective speculative visualization from a theoretical point of view. Finally, 

presents a case study investigating visualizations using natural forms. These 

are used to draw inspiration for the main design study. 

 
 

4.1 Objectives of the Design Study 
 
Professor of Predictive Analytics at Baker College Wes O’Donnell mentions 

two aspects of information in his speech at the TEDx event. Firstly, the 

information is beautiful, and secondly, the beautiful information can save 

the world by triggering an emotional response making the viewer much 

more likely to take action on the subject. 104 

 

As shown in the chapter two, trees or plant-like shapes are used in various 

engravings and painting not only because their hierarchical structure but 

also the contextual meaning they convey. As the sacred perception of trees 

in early cultures and religions as the “tree of life” or “tree of knowledge”, 

trees, plants and nature are great visual metaphors to be used in data 

visualizations to emphases on crucial concerns related to life and 

environment. 

 

The information visualization rules are strict, and can be limiting to artistic 

approaches. However, when the subjective purpose of the visualization 

becomes more important than its clarity there are no rules limiting the 

artistic freedom in visualizations. An artistic freedom spectrum is defined to 

                                                
104 TEDxTalks. YouTube. December 10, 2015. Accessed September 16, 2018. 
https://www.youtube.com/watch?v=J2v23amv-IA. 
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illustrate this (Figure 39). Combination of artistic visualization and 

information visualization approaches can lead to creative and meaningful 

results that can convey direct understanding of the data as well. That is why 

the design study aims to keep a balance between these approaches (Figure 

39). 

 

 
 

Figure 39 – The scope of the design study on the Artistic Freedom Spectrum 

 

The method of visualizing the hierarchical structure of environmental 

performance of nations and the network structure of electronic waste trade 

aims to be both direct and resemble nature. Research results on electronic 

waste and environmental policies of nations are yearly published in static 

numerical datasets by various organizations. However, the actions of 

humans and their impact on the environment are continuous. Therefore, we 

can think of this data as a living organism as well. A stylized approach aims 

to represent to enhance the organic feeling of the visualization to create a 

digital garden of data as it is alive.  

 

Meaningful and well-crafted visual elements in a data visualization can 

attract more attention from the audience. Utilizing advanced data 

visualization techniques with a creative approach can help to change the 

perspectives of people and therefore be beneficial to the community as a 

whole. Speculative visualizations are creative methods to change the 

perspective of people on certain issues regarding social, political and 
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environmental. 105 If it is designed in the proper way, speculative 

visualizations can promote public awareness and engagement on issues that 

can result in significant improvements to peoples’ lives. The design study of 

this research adopts this approach to create a novel method and 

visualization that is appealing, distinctive and thought-provoking.  

 
 

4.2 Data Visualization Approaches 
 
Data visualization is currently utilized with different purposes in different 

fields such as computer science, graphic design, and journalism with 

different visual approaches and styles.  

 

One of the most well-known and influential figure in the field of 

information design is no-doubt Edward R.Tufte, an American statistician 

and professor emeritus of political science, statistics, and computer science 

at Yale University. His books had a significant impact on the development 

of information design. His famous principle is called the data-ink ratio, 

which is the ratio of ink used to represent the data versus the total ink used 

in the diagram. This suggests that the closer the data-ink ratio is 1.0 the 

more efficient the diagram is.  

 

Nigel Holmes, British/American graphic designer and a former graphics 

director at Times magazine has produced influential maps and charts in a 

unique graphical style. He mainly prefers an aesthetic approach and uses 

embellishments in his work. In Designer’s Guide to Creating Charts and 

Diagrams he addresses Edward R. Tufte’s criticism of his excessive usage of 

decorations: “As long as the artist understands that the primary function is 

to convey statistics and respects that duty, then you can have fun(or be 

                                                
105 Tanyoung Kim and Carl DiSalvo. “Speculative Visualization : A New Rhetoric 
for Communicating Public Concerns.” 2010. 
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serious) with the image; that is, the form in which those statistics appear.”106 

 

Visual design in data visualizations can improve our capacity to learn 

complex information. Otto Neurath, an Austrian philosopher and 

sociologist who created a symbolic way of representing quantitative 

information called Isotype stated that “To remember simplified pictures is 

better than to forget accurate numbers”107. This emphasizes the importance 

of data visualizations and their common goal to make the data memorable.  

 

In contrary to the Tufte’s negative view on the excessive usage of 

illustrations and pictograms, a research study shows that the effectiveness of 

the diagrams may not be reduced in certain cases.108 A famous infographic 

of Holmes’s “Monstrous Costs” was compared with the plain bar chart 

version in the experiment (Figure 40). Immediate and long-term recall 

groups were asked questions regarding the information in the visualizations 

after five-minutes and two-three weeks respectively. The results showed 

that Holmes’s style was more memorable due to its unique style versus the 

plain bar chart (Figure 41). It was also suggested that the combination of 

participants’ emotions played a role to encode the image in the memory. 109 

 

                                                
106 Nigel Holmes. Designer’s Guide to Creating Charts & Diagrams, 72-76 New 
York: Watson-Guptill Publications, 1984. 
107 Otto Neurath. Empiricism and Sociology. Dordrecht: Kluwer, 1973. 
108 Scott Bateman, Regan L. Mandryk, Carl Gutwin, Aaron Genest, David Mcdine, 
and Christopher Brooks. "Useful Junk? The Effects of Visual Embellishment on 
Comprehension and Memorability of Charts." Proceedings of the 28th International 
Conference on Human Factors in Computing Systems - CHI 10, 2010.  
109 Ibid. 
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Figure 40 – Chart by Holmes (left) and Plain version (right) 110 

 

 
Figure 41 – Summary of study results 111 

 

It is also important to note the difference between infographics and data 

visualizations. In data visualizations, graphics are used to represent data 

which can be modified by the designer to emphasize or make it more 

appealing by altering color, texture, shape, and size of the components. In 

the case of infographics, the designer may include illustrations, icons, images 

and informative texts alongside the data visualization. It often tries to get 

attention and convince the audiences to a particular action or idea by the 

use of those elements and interesting storytelling.  

 

On the other hand, there has been a significant increase in non-analytical 

data visualization projects that combine both information design methods 

and aesthetics. Besides the scientific approach to visualize data for analytical 

purposes, data visualizations can be used to provide knowledge, convey 

emotions, provoke discussion and even persuade people to take action. A 

                                                
110 Ibid. 
111 Ibid. 
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speculative visualization deals with the topics that are beneficial to the 

society and should combine the thought-provoking nature of an art piece, 

appealing aspect of graphic design and the analytical nature of information 

visualization.112 Therefore, they can be powerful tools to raise the interest of 

the general public, provoke change in the audience’s understanding and 

create further discussion on the topic.  

 
  

4.3 Criteria of Data Visualization 
 
The purpose of data visualization can vary between the design and scientific 

communities. In her book, Isabelle Mairelles describes the purpose of 

visualization in relation to the cognitive principles as follows: 113 

• to record information 

• to convey meaning 

• to increase working memory 

• to facilitate search 

• to support perceptual inference 

• to enhance detection and recognition 

• to provide models of actual and theoretical worlds 

• to provide manipulation of data 

 
Depending on the target audience and the purpose of the designer, the visual 

style of the visualization can significantly differ. Although there are 

numerous research studies on efficient information visualization methods 

aimed at specific expert users, research studies on aesthetics and 

visualizations for the masses have gained much attention recently. One of 

                                                
112 Tanyoung Kim and Carl DiSalvo. “Speculative Visualization : A New Rhetoric 
for Communicating Public Concerns.” (2010). 
113 Isabel Meirelles. Design for Information: An Introduction to the Histories, 
Theories, and Best Practices behind Effective Information Visualizations. Beverly: 
Rockport, 2013. 
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the main reasons for this growing hype in data visualization for a broad 

audience can be tied to the rise in the availability of the data from various 

trustworthy organizations. Anyone can access this data via the internet and 

start to create visualizations with design and programming tools. 

Visualizations can make this text-based raw data much more accessible and 

comprehensible. On the other hand, merely focusing on the efficiency of 

data comprehension may not gain necessary attention to have an impact on 

a mass audience. To enhance the power of visualization Wattenberg 

suggests, “we need to study the emotional power of different designs in 

addition to their clarity. And we need to invent new ways to find and 

display the data that matters to users.” 114  

 

To create a successful speculative visualization, designers need to consider 

both aesthetical and analytical attributes of data visualization to increase the 

power of their visualizations based on their intentions and target audience.  

 
 
4.3.1 Aesthetics 

 
Aesthetics in scientific data visualizations were previously considered a 

useless attribute as it reduces the efficiency of the visualization. Even though 

there are few academic publications on aesthetics in data visualization, 

artistic approaches are explored by an increasing number of artists and 

designers. Reputable awards organizations also encourage artists and 

designers to create more creative visualizations.115 Therefore, new domains 

are emerging such as Casual Information Visualization (Casual Infoviz) to 

                                                
114 Robert Kosara, Sarah Cohen, Jérôme Cukier, and Martin Wattenberg. "Panel: 
Changing the World with Visualization." Proceedings of IEEE Visualization 
Conference Compendium, 2009. 
115 Kantar Information Is Beautiful Awards. Accessed September 15, 2018. 
www.informationisbeautifulawards.com. 
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define visualizations that are not work-related or analytically driven.116 

Instead, it is a term coined to explain data visualizations that visualize 

personally meaningful information in visual ways for everyday users.  

 

Data visualizations range from information visualizations to artistic 

visualizations. Information visualizations are direct and mainly focus on 

efficiency and effectiveness whereas artistic visualizations that are subjective 

and mainly focuses on conveying the underlying-meaning of the context. 

The choice of the method, style, and the medium leads to distinct user 

experiences, therefore, have a varying impact on the audience. The designer 

needs to consider the objective and the target audience of the visualization 

to determine the most appropriate approach and style. If the target audience 

is the general public who may not be interested in the visualization, 

creativity can play a crucial role.117 Crooks says that: “People need an 

added incentive to eat their vegetables—especially when those vegetables are 

as cold and dry as research studies and analytics reports. Presenting 

information by way of engaging visuals immediately attracts readers and 

entices them to dig deeper into the content.”118 

 

In general, data visualizations except for artistic purposes aim to raise the 

human comprehension of quantitative information by transforming the 

text-based data into visual representations. Therefore, in big data 

visualizations they reveal trends and relationships which are much harder or 

impossible to reveal by just analyzing numeric data. Even if there are 

numerous scientific research on displaying information in effective ways, 

                                                
116 Zachary Pousman, John Stasko, and Michael Mateas. "Casual Information 
Visualization: Depictions of Data in Everyday Life." IEEE Transactions on 
Visualization and Computer Graphics13, no. 6 (2007), 1145-152.  
117 Andrea Lau, and Andrew Vande Moere. "Towards a Model of Information 
Aesthetics in Information Visualization." 2007 11th International Conference 
Information Visualization (IV 07), 2007.  
118 Ross Crooks, Josh Ritchie, and Jason Lankow. Infographics: The Power of 
Visual Storytelling. John Wiley & Sons, 2012, 40.  
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they may not get much attention from large audiences as they usually lack 

eye-catching properties. For this reason, graphic designers explore 

meaningful design solutions to get the attention of the audience and make 

the visualization memorable by making the visualization not only 

understandable but also intriguing. The diagram by Lau can help to 

understand the wide scope of data visualizations better (Figure 42). The 

result of the research shows that often the more interpretive the visualization 

is, the more subjective it is. On the other hand, there are some exceptional 

visualizations called “Information Aesthetics Visualizations”; Ambient 

Visualizations, Informative Art and Social Visualizations. These techniques 

are similar to information visualization as they are often data focused but 

they also artistic. 119 Their stylistic approach aims to do more than just 

directly delivering data as they seek to convey much more subjective and 

meaningful representations of the data.120  

 

 
Figure 42 - Information aesthetic scale  

(Andrea Lau and Andrew Vande moere, 2007)121 

 

                                                
119 Andrea Lau, and Andrew Vande Moere. "Towards a Model of Information 
Aesthetics in Information Visualization." 2007 11th International Conference 
Information Visualization (IV 07), 2007.  
120 Ibid.  
121 Ibid. 
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Tanyoung and DiSalvo emphasize that “When data visualization and 

graphic design meet together, each actively fills its absent traits with the 

advantages of the other; graphic design strengthens its arguments with 

objective and real data, while data visualization emphasizes visual aesthetics 

adopting the principles of graphic design. Interconnecting the two realms in 

this way, speculative visualization makes data meaningful, insightful, and 

influential.”122  

 

Based on Lau’s information aesthetic continuum this design study is more 

interpretive than direct while balancing between both extrinsic and intrinsic 

data focus (Figure 43). Even though this design study is more direct in terms 

of its mapping technique than most projects defined as interactive art123 this 

term can also be applied to this study 

 

 
Figure 43 –Design Study Goal 

(Diagram based on Information Aesthetic Continuum  
of Andrea Lau and Andrew Vande moere, 2007 )124 

 

                                                
122 Tanyoung Kim and Carl DiSalvo. “Speculative Visualization : A New Rhetoric 
for Communicating Public Concerns.” (2010). 
123 T. Skog, S. Ljungblad, and L.e. Holmquist. "Between Aesthetics and Utility: 
Designing Ambient Information Visualizations." IEEE Symposium on Information 
Visualization 2003 (IEEE Cat. No.03TH8714).  
124 Lau, "Towards a Model of Information Aesthetics“.  
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4.3.2 Information Visualization Principles 
 
Understanding the basic and well-established principles in data visualization 

and node-link diagrams is essential before developing new methods. The 

universal rules in visualizations is that it should allow the users understand 

and comprehend the information much more easily. These principles can 

also be advantageous when creating more creative and unique visualizations, 

especially for information aesthetics visualizations. 

 

In addition to well-known information visualization principles, visual cues 

and gestalt principles, research studies on network diagrams are reviewed.  

 
 
 
4.3.2.1 Visual Cues in Data Visualization 

   
Complex visualizations can become very frustrating experiences if it is 

difficult to distinguish data. The human visual perceptive system can be 

distracted easily. Luckily the visual perception has been a subject of many 

researchers, and there are numerous studies on visual cues to make 

visualizations more effective. 

 
These cues are not equally effective. The experiments of William Cleveland 

and Robert McGill measured the accuracy of different visual cues to 

determine quantitative information (Figure 44).  
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Figure 44 - Visual Cues,  

Figure based on the William Cleveland and Rober McGill’s experiment results125  

 

They found plot or length diagrams were often the best option when 

analyzing numerical data most effectively, but other have their own better 

use cases. For example, color can be effective to encode categorical data126 

even though it is the least accurate in Cleveland and Mcgill’s results. 

 

Choosing appropriate color schemes should supports the purpose of 

visualization. While one or two colors graduating from light to dark is 

suitable for quantitative data with low and high values (Figure 44 left), large 

difference in hue can be more suitable to emphasize low and high values 

relative to an average value (Figure 44 right). 127 

 

 
Figure 45 -Choosing appropriate color schemes 128 

 
                                                
125 W. S. Cleveland, and R. Mcgill. "Graphical Perception and Graphical Methods 
for Analyzing Scientific Data." Science 229, no. 4716 (1985), 828-33.  
126 Christa Kelleher, and Thorsten Wagener. "Ten Guidelines for Effective Data 
Visualization in Scientific Publications." Environmental Modelling & Software26, 
no. 6 (2011), 822-27.  
127 Ibid. 
128 Ibid. 
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It is also important to check whether the color choices are suitable for a 

colorblind audience. It is estimated that about 8% of males and 0.5% of 

females have some types of color vision deficiency.129 The more popular 

term "color blindness" may lead people to assume the person who has this 

condition see in grayscale. In fact, monochromacy, total color blindness, is a 

very rare condition.130 However, mild red-green color blindness is much 

more prevalent; and therefore needs to be considered when choosing colors. 

 

It is crucial to understand how, human perception and the mind works to 

better take advantage of visual cues. Visual tasks that can be performed less 

than 200-250 milliseconds are considered preattentive.131 A visualization 

task can be detecting a certain color or shape in a group of others. Study on 

preattentive features shows various ways to improve the efficiency of 

detecting patterns (Figure 46). Some of these pre-attentive features are 

efficient for visualizing quantities and some are better for spatial 

information. Utilizing some of these preattentive values where possible can 

significantly reduce the effort of the audience to understand the data.  

                                                
129 M. P. Simunovic "Colour Vision Deficiency." Eye24, no. 5 (2009), 747-55.  
130 Ibid. 
131 Christopher G. Healey, and James T. Enns. "Attention and Visual Memory in 
Visualization and Computer Graphics." IEEE Transactions on Visualization and 
Computer Graphics18, no. 7 (2012), 1170-188.  
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Figure 46 –Preattentive attributes diagram by Stephen Few 132 

 
 
 

4.3.2.2 Gestalt Principles  

 
Gestalt principles are the results of works by German psychologists Max 

Wertheimer, Kurt Koffka and Wolfgang Kohler in the early 20th century to 

understand how humans perceive certain chaotic pieces as organized 

patterns. Similarity, Proximity, Enclosure, Closure, Continuity and 

Connection are important principles that can be helpful in the design 

process (Figure 47). 

 

                                                
132 Stephen Few. "Tapping the Power of Visual Perception." Perceptual Edge, 
September 4, 2004. Accessed November 22, 2018. 
https://www.perceptualedge.com/articles/ie/visual_perception.pdf. 
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Figure 47 – Gestalt Principles 

 

Our perception is also very good at grouping similar elements based on their 

color, contrast, shape and texture. Therefore, the use of these attributes is 

essential to create more readable and recognizable representation of data.  

Proximity is the tendency to group elements based on their distance from 

each other. In figure 47(Proximity), we tend to group circles based on their 

proximity instead of similarity. Our perception is programmed to detect 

groups and create patterns by analyzing the spatial association of the 

elements. We tend to create meaningful associations even from chaotic 

images. Enclosure is the tendency to group elements that are enclosed. In 

figure 47(Enclosure) our perception forces us to group enclosed elements 

despite the distance between them. The principle of closure refers to our 

mind’s tendency to fill the gaps and missing parts of a familiar pattern or 

object. In figure 47, a rectangle is created in the mind even if there are four 

separate objects. Continuation is the tendency to group elements that have 

good continuation. It is easier for our visual system to pick smoother 

curves.133 Connection is the tendency to group objects connected with lines 

or other shapes. In figure 47(Connection), we group the elements based on 

the line’s orientation and position even though the lines are separate objects.  

                                                
133 A. Das "Contextual Interactions in Visual Processing." Encyclopedia of 
Neuroscience, 2009, 145-58.  

Closure

EnclosureProximitySimilarity

ConnectionContinuity
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4.3.2.3 Increasing Efficiency of Network Visualizations  
 

Manuel Lima in his book “Visual Complexity” defines eight rules to 

consider while designing network visualizations:134 

1. Start with a Question 

2. Look for Relevancy 

3. Enable Multivariate Analysis 

4. Embrace Time 

5. Enrich Your Vocabulary 

6. Expose Grouping 

7. Maximize Scaling 

8. Manage Intricacy 

 
These rules can be considered as fundamental to any visualization project. 

The research question and the relevancy of the data is the first step that a 

designer needs to consider. By enabling multivariate analysis, the 

visualization can further help audience to explore and discover new trends. 

Enhancing the design vocabulary by utilizing colors, shapes and textures 

instead of plain circles and lines can further help distinguish elements and 

patterns in a visualization. Providing group analysis, macro and micro view 

can further lead better analysis of data.  

 

One of the biggest challenges in network visualizations are overlapping 

edges. There are various research studies on effective algorithms to reduce 

overlapping links and nodes. Those numerous attempts in the scientific 

community to address this issue and the results are promising. Link 

reduction method or interactivity are methods that can reduce overlapping 

edges.135 In other words, eliminating links that are below a certain threshold 

                                                
134 Manuel Lima. Visual Complexity Mapping Patterns of Information. New York 
(N.Y.): Princeton Architectural Press, 2013. 
135 "How to Display Complex Network Data with Information Visualization." The 
Interaction Design Foundation. Accessed September 16, 2018. 
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or adding an interactivity function that lets the user show the links that are 

relevant can help to reduce the complexity of the diagram. Edge bundling 

technique is another approach to reduce complexity by grouping edges that 

are traveling to the same direction (Figure 48). 

 

 

Figure 48 - From Skeleton-based Edge Bundling for Graph Visualization136 

 

 

Daisy visualization is an alternative approach to complex graph that has 

been used for a 21 species ecological network (Figure 49).137 In this 

particular approach the visual elements are inspired by ornamental patterns 

of daisy flowers. Leaf petals’ direction and color replaces the overlapping 

links in the diagram. This approach is not only new and exciting but also a 

meaningful choice for ecological network visualizations. 

 

                                                
https://www.interaction-design.org/literature/article/how-to-display-complex-
network-data-with-information-visualization. 
136 O. Ersoy, C. Hurter, Fernando V. Paulovich, G. Cantareiro, and A. Telea. 
"Skeleton-Based Edge Bundling for Graph Visualization." IEEE Transactions on 
Visualization and Computer Graphics17, no. 12 (2011), 2364-373.  
137 Katayoon Etemad, Faramarz Samavati, and Sheelagh Carpendale. "Daisy 
Visualization for Graphs." Computational Aesthetics in Graphics, Visualization, and 
Imaging, 2016. 



 69 

 
Figure 49 – Daisy Visualization, 

Left: Node-link layout, Right: Daisy Visualization  
(Diagram from article)138 

 

As more research are interested in this area, new techniques and algorithms 

are developing to overcome problems that appear by the complexity of the 

networks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
138 Ibid. 
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4.4 Case Study 
 
As a designer who would like to achieve new ways of creating visualizations 

that are both intriguing and meaningful, it might be required to break some 

rules and explore new approaches. It is important to iterate on new design 

methods and styles not used in popular applications.  

 

A case study is presented in this section. The projects are chosen from a 

large pool of creative data visualizations that use of nature as its visual 

language. As the visual style in this work related to environment, these 

visual experiments showcase how creative approaches by visual designers 

and collaborations of designers and programmers can lead to unique, 

inspiring and successful results. On top of these methods of information 

visualization, designers can use their imagination to transform mundane 

data structures into appealing visualizations that draw attention of the 

general public to better communicate ideas and emotions. More experiments 

in these types of data visualizations would definitely encourage more 

designers to get involved in the data visualization field.  
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Writing Without Words 
 

Writing Without Words is a hand-drawn multidirectional tree illustration 

created by Stefanie Posavec (Figure 50)139. The structure of the design 

shaped by the text from the novel “On the Road,” by Jack Kerouac. The 

first part from the book divided into chapters, paragraphs and sentences in a 

hierarchical order. Colors were then utilized to represent key themes from 

the novel. Visualization of a topic that the designer has an emotional 

connection is very interesting. Posavac says she wanted to visualize the novel 

as a living, breathing thing with full of energy and vitality. The fact that she 

did not create this imagery with programming tools, but instead created it in 

the Illustrator software after combining the words from a printed copy by 

hand improves the organic feeling of this visualization.  

 
Figure 50 -Writing Without Words (Stefanie Posavec) 140 

                                                
139 Stefanie Posavec. "Writing Without Words." Accessed September 18, 2018. 
http://www.stefanieposavec.com/writing-without-words/. 
140 Ibid. 
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Dear Data 
 
Dear Data is a year-long project by Italian designer Giorgia Lupi living in 

New York and American designer Stefanie Posavec living in London. Both 

are visual designers who loved to draw with data and decided to learn about 

each other through drawings showing what happened in their lives.141 They 

decide on a topic each week from their daily life, analyze their behavior 

throughout the week and draw visualizations by hand on the front side of a 

postcard. On the back side of the postcard they describe what the 

visualization is about and how to read it. They also used a regular mail 

service to send these postcards to each other every week. While most of the 

current data visualizations are created via computers, this analogue and 

slower approach of communication through data remind us to re-think the 

human aspect of data that we are creating every day. “My Friends!” is one 

of the postcards drawn by Giorgia Lupi in 2015. She described her 

approach as dairy-like, where she wrote down details of her relationships 

with friends and depict, these collected data as flowers based on the method 

she described on the back side of the postcard (Figure 51).142 

   
Figure 51 - Dear Data Week 25:My Friends!, (Giorgia Lupi) 

Left: Front side, Right: Back side143 

 
 

                                                
141 Giorgia Lupi, and Stefanie Posavec. Dear Data. London: Particular Books, 2016. 
142 Giorgia Lupi, and Stefanie Posavec. "Week 25: A Week of Friends." Dear Data. 
Accessed October 24, 2018. http://www.dear-data.com/week-25-a-week-of-
friends/. 
143 Ibid. 
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4010 Facebook Tree 
 

The digital art and design studio Onformatiove created this data 

visualization with abstract and organic forms inspired by botany (Figure 

52). The visualization installed on the gallery wall of Deutsche Telekom’s 

Berlin Mitte store represents the online communication on their Facebook 

page in a beautiful and organic way. The studio emphasize that the idea of 

this visualization is to create a hybrid of a generative and organic tree that 

represent the topic, themes and individual communication as branches and 

leaves. The beautiful and complex form of the visualization is an excellent 

example of the usage of nature as a design inspiration. 

 

 
Figure 52 –4010 Facebook Tree (Onformative, 2013)144 

 

 

 

 

 

                                                
144 "4010 Facebook Tree." Onformative –. Accessed November 10, 2018. 
https://onformative.com/work/4010-facebook-tree. 
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Chriming 

 

Chriming is a visualization of sounds of diffirent type of birds inspired by 

tree forms (Figure 53). Branches and colors represent the tone and singing 

style, of the birds. The designer mentions a story that was occurred when 

she was young. It is about how she tried to follow a bird that kept singing. 

But she was unable spot the bird that she could only hear the singing while 

the only visible objects trees branches and forest. The designer’s story 

behind the metaphor of this visualization emphasis the emotional aspect of 

the design. The colorful style utilized in this visualization to represent 

sounds of birds successfully resemble the harmony of sounds. 

 

 
Figure 53 - Chriming (Sook Go, 2015)145 

 
 
 
 
 
 

                                                
145 Sook Go. "CHRIMING." Behance. Accessed November 10, 2018. 
https://www.behance.net/gallery/23975679/CHRIMING. 
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Figure 77 – Illustration of the Node Placement Technique 

 
Figure 78 – A more complex example of the Node Placement Technique 
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5.3 Conveying 3D Information 
 
The most well-known issues in three-dimensional visualization is the 

overlapping of the elements and difficulty to compare the data from the 

viewpoint of the user. Developments in technology promise to tackle these 

issues in three-dimensional data visualizations such as virtual and 

augmented reality headsets, and stereo displays. Yet these technologies are 

still not widely used and can be costly for designers. Interactivity can also 

play an essential role in three-dimensional data visualization as the ability 

to change viewpoint in 3D space and focus on any point in the visualization 

can help improve both the efficiency and the experience. This is because 

sensory reception is designed to interact with and navigate through three-

dimensional space.  

 

The improved processing power of computers makes it easier to create 

three-dimensional digital simulations of physical spaces and objects. There 

are various ways of conveying this data such as showing it conventional 

displays like LCDs and LEDs with or without stereoscopic capabilities along 

with augmented reality and virtual reality devices. Despite the developments 

in the 3D modeling and rendering capabilities of various software, 

conventional 2D displays can create ambiguity and confusion in three-

dimensional data presentations as they are unable to provide true depth 

cues.163 To overcome problems caused by conventional 2D displays, 

interactivity can be helpful by enabling users to change the viewpoint and 

perspective. 

 

In 2018, with developments in stereoscopic displays and computing power, 

the general public are much more aware of the terms, virtual and 

augmented reality. Geng describes a perfect 3D display as a, “window to the 

                                                
163 Geng, Jason. "Three-dimensional Display Technologies." Advances in Optics 
and Photonics5, no. 4 (December 31, 2013), 456-535, 460. 
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world”, as if it is a transparent window to a real-world object.164 

 
Although we navigate in three-dimensional space most of the information 

we get is from two-dimensional paper or screens. Conventional 2D displays 

are still the most popular and widely used technology. We are familiar with 

3D representations of objects and environments in computer games, 3D 

modeling software, architectural visualizations, data visualizations and so 

on. In these 3D environments on a 2D display navigation is usually done 

with the aid of mouse and keyboard.  

  

Some example previous 3D visualizations include the Urban Complexity 

Lab and the Potsdam Institute for Climate Impact Research who developed 

a three-dimensional animated short movie that visualizes the history of 

carbon dioxide and if estimated future increase to emphasize the possible 

scale of the problem if we do not reduce CO2 emissions. 3D bar charts 

indicate the location and the amount of the CO2 released (Figure 79). It 

achieves a dramatic effect by the use of 3D charts to emphasis the intensity 

of the problem that threatens the earth. Even though overlapping occurs the 

change of perspective in the video helps users grasp the data as well as the 

intention of the visualization.  

  

 
Figure 79 - Animated short film on greenhouse gas emissions 

 

 

                                                
164 Ibid.,461. 
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Another research study examines the benefits of immersion for multi-

dimensional data visualizations (Figure 80). 165 They suggest that immersive 

hyper-dimensional data exploration leads to a better understanding of data, 

better perception of the datascape geometry and better retention of the 

perceived relationships.  

 

 
Figure 80- Multi-dimensional data in VR166 

 

Even though stereo displays, virtual reality and augmented reality solutions 

have proven to improve the experience of three-dimensional data 

visualizations. These tools are still not affordable and widely available to the 

public. Therefore, in this visualization project a conventional 2D display and 

an interactive method was utilized to improve the experience. When new 

methods of visualizing three-dimensional information become more 

affordable and widely used by the general public the “data garden” method 

can take advantage of these tools.  

 

 

 

                                                
165 Ciro Donalek, S. G. Djorgovski, Alex Cioc, Anwell Wang, Jerry Zhang, 
Elizabeth Lawler, Stacy Yeh, Ashish Mahabal, Matthew Graham, Andrew Drake, 
Scott Davidoff, Jeffrey S. Norris, and Giuseppe Longo. "Immersive and 
Collaborative Data Visualization Using Virtual Reality Platforms." 2014 IEEE 
International Conference on Big Data (Big Data), 2014.  
166 Ibid.  
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6. Design Study: Visualization Project 
 

This chapter shows how the “data garden” design structure is applied to the 

EPI and e-waste trade data. First, the properties of the data is discussed, 

then a brief explanation of the visual design is given. How the data is 

mapped to various properties of the “data garden” is then explained. Finally, 

how the user can interact with the visualization is explained along with a 

number of renders from the visualization. 

 
 

6.1 Theme  
 
The theme of the design study focuses on the growing environmental issue 

of e-waste trade and environmental performance of nations. E-waste also 

known as electronic waste, WEEE (Waste Electrical and Electronic 

Equipment) or e-scrap is a term to refer any household or business item 

with circuitry or electronic components with, a power or battery supply. 167 

 

The rapid increase in the amount of trade in e-waste, raises concerns on its 

management and disposal methods. In fact, up to 90 percent of the world’s 

e-waste worth US$19 is billion illegally traded or dumped. E-waste 

dumping in countries, where environmental policies are not well-

established, poses a threat to both public health and the environment.168 It is 

                                                
167 C.P. Baldé, Forti V., Gray, V., Kuehr, R., Stegmann,P. : The Global E-waste 
Monitor – 2017, United Nations University (UNU), International 
Telecommunication Union (ITU) & International Solid Waste Association (ISWA), 
Bonn/Geneva/Vienna, 11. 
168 "Illegally Traded and Dumped E-Waste Worth up to $19 Billion Annually Poses 
Risks to Health, Deprives Countries of Resources, Says UNEP Report." UN 
Environment. May 12, 2015. https://www.unenvironment.org/news-and-
stories/press-release/illegally-traded-and-dumped-e-waste-worth-19-billion-
annually-poses. 
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also possible to argue that stricter environmental policies would result in 

better recycling policies. Therefore, by looking at the environmental 

performance and policies of the sender and receiver countries of e-waste, a 

holistic insight on the topic can be gained.  

 

There are scientific research and visualizations on illegal e-waste trade and 

their impact on human health and the environment. However, these 

research and visualizations often reach only a small percent of the 

population. Environmental organizations like Greenpeace regularly publish 

publications on these issues. Most visualizations on these publications are 

focused on the analytical aspect to deliver the data effectively rather than 

using aesthetics as a way of communication. The speculative visualization,  

utilizing the “data garden” method with an aesthetic visual design is the goal 

to increase the attractiveness and meaning is the goal of this chapter. 

 
6.1.1 E-waste Trade 

 
Electronic waste, in fact, can be relatively safe and beneficial to the economy 

when proper technology and procedures are adopted. Although legal e-

waste trade data can be tracked and collected through various 

organizations, it is difficult to track illegal trade data. Lack of strong 

regulations, illegal trafficking and improper handling of e-waste have severe 

effects on public health and the environment.169 If proper handling methods 

not used heavy metals, POPs, flame retardants and other hazardous 

substances in e-waste can pose significant human and environmental health 

risks.170  

 

                                                
169 Ahsan Shamim, Ali Mursheda K, and Islam Rafiq. "E-Waste Trading Impact on 
Public Health and Ecosystem Services in Developing Countries." International 
Journal of Waste Resources05, no. 04 (2015). 
170 Karin Lundgren. "The Global Impact of E-waste: Addressing the 
Challenge." International Labour Organization,SafeWork and SECTOR, 2012, 18. 
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The legal trade of e-waste has shown a significant shift between 1996 and 

2012.171 The research by Lepawsky visualizes the legal e-waste trade flow 

between countries and highlight the fact that it is necessary to improve the 

conceptualization and policy discussion of e-waste as an issue of 

environmental and economic politics and justice.172 This work shows that 

the simplistic view that all e-waste flows from developed countries to 

developing or under-developed countries is no longer valid. Rather, this 

work shows a more complicated network of e-waste trade. On the other 

hand, considering 90% of e-waste is sent illegally, these results on legal data 

can only be considered as the tip of the iceberg.  

 

Illegal e-waste trades can, however poses a far greater threat than legal 

trade as there is no clear information on where its goes or how it is handled. 

It is a challenge to obtain illegal trade flows and amounts, but there is 

research done by various organizations such as UN and Greenpeace to 

reveal illegal trade and their impact on the environment and human health. 

Efthymiou published a paper on the known and suspected illegal e-waste 

routes, these results were used in this visualization (Figure 81).173 This study 

show that most of the illegal trade comes from United States and the 

European Union and is sent it to less developed countries. However, the 

exact amount of the trade is difficult to obtain.  

 

 

 

 

                                                
171 Josh Lepawsky. "The Changing Geography of Global Trade in Electronic 
Discards: Time to Rethink the E-waste Problem." The Geographical Journal181, 
no. 2 (2014), 147-59.  
172 Ibid. 
173 Loukia Efthymiou, Amaryllis Mavragani, and Konstantinos Tsagarakis. 
"Quantifying the Effect of Macroeconomic and Social Factors on Illegal E-Waste 
Trade." International Journal of Environmental Research and Public Health13, no. 8 
(2016), 789.  
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Figure 81 – Illegal E-waste Trade Routes 

(Left: Suspected Routes, Right: Known Routes)174 

 
Efthymiou compares the GDP of those trading countries but does not 

consider their environmental policies. Environmental Performance Index 

(EPI) indicating the environmental performance on high-priority 

environmental issues of countries can provide insight on environmental 

policies and the ability to spot the environmentally vulnerable countries. 

 

6.1.2 Environmental Performance Index 

 
The Environmental Performance Index (EPI) indicates the environmental 

performance score of 180 countries on 24 performance indicators across ten 

issue categories including environmental health and ecosystem vitality.175 

Scores on the EPI are indicative of world nations’ efforts on various factors 

such as improving air quality, protecting biodiversity and reducing GHG 

emissions. The EPI is vital as low scores indicate issues that policymakers 

need to take action on. 

 

Although, e-waste trade does not directly have an impact on EPI, it does 

help to understand the environmental situation and policies of countries that 

are sending and receiving e-waste illegally. The way the EPI data is 

represented online is clear and easy to understand (Figure 82). However, it 

                                                
174 Ibid. 
175 Environmental Performance Index. Accessed September 29, 2018. 
https://epi.envirocenter.yale.edu/. 
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is difficult to compare data in detail between countries. Moreover, the style 

and the experience of the visualization is minimal and not very eye-

catching. 

 

 
Figure 82 – EPI datasheet of South Korea, 2018 from epi.yale.edu. 

 
For this visualization project, 10 sub-categories and their 2 parent 

categories were collected for the selected countries that are part of the illegal 

e-waste trade (Figure 83). The process of gathering EPI data was relatively 

easy as it is available online on the organization’s website. Data from 2018 

was used.  
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Figure 83 – EPI data classification  

 

 
6.2 Visual Design Concept 
 
The design style of this data visualization project is requires both a strong 

aesthetic appeal while still aiming to facilitate search and discovery of the 

data.  

 
Based on the “data garden” method the visual concept uses plant like forms 

to represent the data as a living organism rather than the mundane visuals. 

Nodes of the plants represent the EPI data, and roots or stolons between 

plants represent the illegal e-waste trade flows between countries. The 

colors and the tone of the garden is imagined to be colorful and shimmering 

to contextually resemble the electric flow in circuits.  

 

Creating a mood board is widely used practice by designers, photographers 

and other creative artists to form a general idea and overall feel of the design 

in the very early stages of the visual design process. Numerous visual 

graphics collected through the internet to get inspired for the visual design 

process. Figure 84 illustrates some of the images from the mood board 

created. 
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Figure 84 – Mood board for the Visual Design Process 
(Top Left:Solar Tree by Ross Lovegrove176 Top Right:Nvidia Brand Experiments 
by Future Deluxe177 Bottom Left:Common Ground by Raw&Rendered178 Bottom 

Right:Hide and Seek by Silvia Cordedda 179) 
 

 
6.3 Assigning Attributes 
 
Based on the basic attributes of node-link diagrams (Figure 85), each 

category of e-waste trade data and the EPI data were assigned to the 

attributes of the plant form.  

                                                
176 Ross Lovegrove, “Solar Tree”, Ross Lovegrove, accessed November 14, 2018, 
http://www.rosslovegrove.com/index.php/custom_type/solar-tree/ 
177 Future Deluxe, “NVIDIA BRAND EXPERIMENTS”, Behance, December 4, 
2015, accessed November 10, 2018, 
https://www.behance.net/gallery/27791377/NVIDIA-BRAND-EXPERIMENTS 
178 Raw&Rendered, “COMMON GROUND”, The Raw & Rendered Shop, 
accessed December 21, 2018, 
https://shop.rawandrendered.com/products/common-ground   
179 Silvia Cordedda, ”Hide and Seek." DeviantArt, Accessed November 11, 2018, 
https://www.deviantart.com/c-91/art/Hide-and-Seek-308737782 
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Figure 85 – Basic attributes of node-link diagrams 

 

Size, color and shape of the nodes are utilized to represent EPI data. Each 

node of a plant structure represents one category of EPI data. The impact of 

the categories on the overall EPI score was assigned to the size of the nodes. 

Understanding data by color is very widely used in color maps. Colors of 

the leaves are also assigned to represent EPI scores to create a more dynamic 

and colorful result. Even though both height and color represent an EPI 

data, their role in the visualization differ. Height of the leaves serves as an 

analytical way of representing data. Colors cannot provide precise 

information of the data, instead they aim to provide a faster and holistic 

understanding of the data. In addition, they improve dynamic feeling of the 

visualization. 

 

As for the network colors represent suspected and known routes and 

direction is represented by shapes and motion.  
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6.4 Visual Design Process 
 
6.4.1 Leaf (Node) Design Process 
 
6.4.1.1 Leaf Inspiration 

 
The nodes of the plant are represented as leaves. The main task when 

designing the leaf forms was to create a form that can easy be identified 

from every angle and still preserve the form of the plant. Natural forms of 

leaves are analyzed to find the best structure for the task.  

 

There are various ways leaves suit their environment. Their size is affected 

by sunlight and water conditions. Their shapes and style also reflect their 

environmental adaptation. They can be found in different formations in 

nature such as alternate, opposite and, most interestingly for this study, 

whorled (Figure 86). In whorled formations, leaves rotate around the stem 

at a certain angle and some part of the leaves are visible from every angle. 

Multiple leaf groups can be seen on the same stem with a certain distance 

between (two leaf groups visible in Figure 86).  

 

 
Figure 86 – Leaf Arrangements (Phyllotaxy)  

Left: Alternate, Center: Opposite, Right: Whorled 
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Inspired by the whorled leaf arrangements, different types of leaves are 

analyzed to create different visual variations for the 13 categories of EPI 

data. Leaf shapes are duplicated and rotated around the center point to 

create the outline of each leaf arrangement (Figure 87). 

 

 
Figure 87 – Leaf 360° rotational duplication  

 

 
6.4.1.2 Leaf Design 

 
Shape Design 

Among the simple leaf shapes presented in the Cambridge Illustrated 

Glossary of Botanical Terms, 13 different shapes are selected to be assigned 

to different EPI categories in each level (Figure 88).180 The decisive element 

while selecting the shapes is their visual difference when duplicated with a 

360°. Shapes were created in one color in Sketch181, then these shapes used 

as a reference in the modeling process of three-dimensional forms. 

 

                                                
180 Michael Hickey, and Clive King. The Cambridge Illustrated Glossary of 
Botanical Terms. Cambridge: Cambridge University Press, 2010,105-110. 
181 Sketch. Computer software. Version 52.6. https://www.sketchapp.com. 



 109 

 
Figure 88 – Leaf Shapes 

 
Modeling 

Cinema 4D182 is a three-dimensional modeling software used to model the 

plants. 3D leaf models are created based on the reference shapes created. 

Leaf models are low-poly to prevent performance problems in the 

interactive data visualization application. Leaves are bent in a certain angle 

to improve the organic feeling (Figure 89). Afterwards, they were multiplied 

rotationally to resemble whorled leaf arrangements (Figure 90).  

 

                                                
182 Cinema 4D. Computer software. Version R16. 
https://www.maxon.net/en/products/cinema-4d. 

01 Aristate 02 Pandurate 03 Trullate 04 Spathulate 05 Orbicular

06 Lanceolate 07 Obcordate 08 Obdeltoid 09 Palmatifid 10 Falcate

11 Obcordate 12 Linear 13 Ovate
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Figure 89 – Leaf Modeling, 

Left. Single low poly leaf modeling , Right. Leaf Bending 

 

  
Figure 90 – Multiplying leaves 

 
It was essential to create leaf arrangements with similar visual weight. 

Therefore, the amount of multiplication was based on the final surface area 

after the duplication. 13 different leaf arrangements were created (Figure 

91). Each leaf arrangement has different amount of duplication to attain 

similar area coverage from the top view.  
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Figure 91 – Leaf arrangements top down view in Cinema 4D 

 

Categories of EPI data are mapped to leaf shapes as shown in Figure 92, so 

those data categories can be identified by their shapes. 

 

 
Figure 92 – Leaf assignments to hierarchical epi data 
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Colors 

The score of each EPI category ranges from 0 to 100. The higher the 

number, the better the environmental criteria it indicates. Although the 

height of the nodes is also an indication of the value it can be difficult to 

compare the scores where there are numerous nodes. Therefore the role of 

the luminance channel is essential when designing to convey this 

information.183 Moreover, the colors can be used to enhance the feeling of 

the visualization. Colors were assigned to leaves based on the score of the 

data. The color gradient divided into 10 color transitions from red to blue to 

green where red indicates a low score and green a high score (Figure 93). A 

dynamic white gradient color with a continuous change in opacity is applied 

to the tip of the leaves to enhance the alive feeling of the plants (Figure 94). 

Colors are simulated by Adobe Photoshop CS6 software for protanopia and 

deuteranopia to ensure the color scheme is colorblind suitable (Figure 95).  

 

 
Figure 93 – EPI Color Scheme & Color Blindness Simulation 

 
 

                                                
183 Colin Ware. Visual Thinking for Design. Amsterdam: Elsevier Morgan 
Kaufmann Publishers, 2011, 68. 
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Figure 94 – Colors in Unity Software 

 
 

  
Figure 95 – Colorblind Simulation (Left: Deuteranopia, Right: Protanopia) 

 
 
6.4.1.3 Leaf Area Calculation and Alignment 

 
The sizes of leaf arrangements are mapped to the weight of the EPI category 

it represents, i.e. how much this category contributes to the EPI score 

(Figure 96). The arrangement is scaled relative to its area rather than its 

diameter to give a more accurate impression of its importance (Figure 97).184 

 
 

                                                
184 Randy Krum. "False Visualizations: Sizing Circles in Infographics." Cool 
Infographics. Accessed September 12, 2018. 
https://coolinfographics.com/blog/2014/8/29/false-visualizations-sizing-circles-
in-infographics.html. 
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Figure 96 – Area Calculation 

 
 

 
Figure 97 – Leaf Arrangements rescaled after the area calculation 

 
 
The leaf nodes are aligned to a position where they do not intersect with the 

other nodes by utilizing the placement technique described in the previous 

chapter (Figure 98, 99).  

 

 
Figure 98 – Alignment of the leaf nodes based on their area  
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Figure 99 – Top view after the alignment  

 
Using Cinema 4D allows plant structures to be created using data values for 

each country. The plants and their hierarchy level expansion animations are 

created in Cinema 4D before exporting the 3D object data to Unity (Figure 

100). 

 

 
Figure 100 – Data Assigned to the Leaves  
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6.4.2 Stem (Branch) Design Process 

 
Modeling 

Branches of the plants are a straightforward tube model that uses as few 

polygons as possible. The tube of each branch is created by extruding a 5-

sided polygon (Figure 101). Each branch grows straight up from its start 

point until its point of separation and where it is rotated to a fixed angle to 

reach the center point of the child node. The rotations are curved to give a 

more organic look. 

 
Figure 101 – Low poly stem modeling  

 
Color 

The color of the braches is chosen as dark green to make them visible but 

not distracting (Figure 102). Their smooth curves not only increase the 

organic feeling of the structure but also make it easier to follow lines 

between nodes.  

 

 
Figure 102 – Stem Color  
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6.4.3 Root (Link) Design Process 

 
Particle Generation 

Roots are the connections between plants (countries). Paths are created 

between countries where e-waste trade was carried out. Particles were 

generated on these paths using Unity185. The line shape is thicker at the start 

point and thinner the end point. This helps show the direction the data. 

Employing motion helps to create the feeling of a living organism.  

 

Color 

Orange is assigned to the known illegal e-waste trade particles and purple 

color was assigned to the suspected illegal particles. Light emitting particles 

is assigned to the start point of the particles to help network layer catch 

attention (Figure 103). Particles in Unity can be seen in Figure 104.  

 

 
Figure 103 – Trade Particles  

 

 
Figure 104 –Particles going out from a plant  

 
 

                                                
185 Unity. Computer software. Version 2018.3.0b11. https://unity3d.com. 
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6.5 Interaction Design 
 
As discussed in chapter 5 there are various ways to navigate the 3D 

visualizations. Deciding on how users experience and interact with the data 

is a crucial step. Considering the difficulty in obtaining a stereo display a 

conventional two-dimensional screen is used. This also improves the 

accessibility of the work. Additionally, a 3D Mouse was utilized as the 

primary interaction method to improve navigation efficiency and experience 

of the visualization. 

 

6.5.1 Navigation 
  

Navigating the scene interactively not only improves the engagement of the 

user but also gives them a chance to analyze specific parts of the 

visualization and discover insights. How to navigate a three-dimensional 

scene on a two-dimensional display is not an easy task. Especially for a 

person who is not familiar with three-dimensional games or three-

dimensional software. These usually utilize a combination of a mouse and 

buttons to navigate through three-dimensional space. To reduce the 

complexity of the navigation with multiple input devices and buttons, the 

3D Mouse called SpaceMouse! Wireless186 is used. This mouse is capable of 

navigation through three-dimensional space with 6 degrees-of-freedom 

(6dof) enabling a more natural exploration of the scene. For the sake of 

easing navigation, only five degrees-of-freedom are used including tilt, spin, 

zoom, pan and pan up/down. A user interaction manual is created for the 

visitors of the graduate exhibition (Figure 105). 

 

                                                
186 3Dconnexion: SpaceMouse. Accessed October 14, 2018. 
https://www.3dconnexion.com/spacemouse_wireless/en/. 
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Figure 105 – SpaceMouse user interaction manual 

 

 
6.5.2 User Interface 

 
A simple user interface is created (Figure 106). EPI levels are assigned to the 

three step controller. When the user switches between EPI levels, a pre-

defined motion sequence creates a growing or shrinking effect that fits well 

with the plant visuals.  

 

 
Figure 106 –User interface 

 

Toggle buttons control the visibility of data details and e-waste particles 

(Figure 107).  
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Figure 107 –Toggle interaction guide 

 

 

6.5.3 Free and Detail Modes 
 

When the user mouses over any plant, the name of the country appears. 

Clicking on the plants activates the detail mode for the country selected 

(Figure 108). Here the camera moves to a fixed position, a certain distance 

from the selected plant. In this mode only the spin function of the 3D mouse 

works, this rotates the plant so the user can differentiate overlapped leafs 

and data. If the user clicks again, the camera unlocks itself and the 3D 

mouse can be fully used again.  

 

 
Figure 108 –Mode switch interaction guide  
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6.5.4 Data Details 

 
As discussed in the previous chapter three-dimensional data visualization 

comes with its disadvantages. Data details can be given to improve the 

effectiveness of information delivery and clarity to overcome some of the 

difficulties caused by overlapping and perspective.  

 

A score guide and informative text on EPI data on each leaf arrangements 

appear when those visual cues are activated (Figure 109). This option can be 

toggled on and off. Text representing the data in numbers aim to provide a 

more detailed understanding of the data.  

 

 
Figure 109 –Score Guide 

 
Figure 110– Plant with Labels 
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6.6 Visualization Renders  
 
Here various renders from the visualization are presented to give an 

overview of the system and what it can show.  

 

 
Figure 111–Level renders - Orthographic projection, Left China, Right Korea 
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Figure 112 –Level renders - Orthographic projection, Left USA, Right India 
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Figure 113 –Detail Mode EPI Level 1, Data Details Off– Rep. of Korea 

 

 
Figure 114 – Detail Mode EPI Level 2, Data Details Off – Rep. of Korea 

 

 
Figure 115 – Detail Mode EPI Level 3, Data Details Off – Rep. of Korea 
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Figure 116 – Detail Mode EPI Level 1, Data Details On– Rep. of Korea 

 

 
Figure 117 – Detail Mode EPI Level 2, Data Details On– Rep. of Korea 

 

 
Figure 118 – Detail Mode EPI Level 3, Data Details On– Rep. of Korea 

 



 126 

 

 
 

 
Figure 119 – Free Mode 1, Illegal Suspected and Known Routes are active 

 

 

 
Figure 120 – Free Mode 2, Only Illegal Known Routes are active 
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Figure 121 – Free Mode 3, EPI Level 3, Data Details Off 

 

 

 
Figure 122 – Free Mode 4, EPI Level 2, Data Details On 
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Figure 123 – Free Mode 5, EPI Level 1, Top View  

 

 

 
Figure 124 – Free Mode 6, EPI Level 3, Top View 
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6.7 Exhibition 
 
The graduate exhibition was held between 6th and 16th of December 2018 at 

Seoul National University Modern Art Museum. To improve the user 

experience of the exhibition, posters were designed to inform visitors on the 

scope and the purpose of the visualization in a short period of time (Figures 

124, 125, 126). 

 

To increase immersion and emotional impact, at the exhibition, ambient 

sound was added in the visualization for based on nation’s overall EPI score. 

Ambient sounds were created with a digital synthesizer. When in free mode 

only ambient sound is audible. When in detail mode the volume of ambient 

sound decreases and the ambient track is matched for the selected country’s 

overall EPI score is played. Ambient sounds help to immerse visitors in the 

visualization. However, the use of sound in data visualizations is an another 

extensive research topic that was not investigated in here.  

 

 

 
Figure 125 – Exhibition Plan 

 

 

 



 130 

 

 
Figure 126 – Exhibition Image 01 

 

 
Figure 127 – Exhibition Image 02 
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CHAPTER 7 

Conclusion  

 

7.1 Conclusion  

7.2 Limitations and Further Research  
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7. Conclusion 
 
7.1. Conclusion 
 
This study utilized both a creative and theoretical approach to produce a 

novel data visualization method for displaying electronic waste trade and 

environmental policies of those trading nations. Furthermore, by attempting 

a design scope between scientific and artistic approaches, this design 

research encourages others to explore this little-explored area.  

 

A novel three-dimensional method to visualize hierarchical datasets on a 

spatial network to extend the multivariate limit of nodes of a network 

diagram was presented. This structure, named “data garden”, is designed to 

resemble plant-like forms inspired by biological networks in nature. This 

can be utilized which utilized to visualize datasets that have a significant 

impact on people’s health and environment. Finally, the visual design of the 

speculative visualization project helps to improve the organic feeling of the 

structure to depict dry numerical datasets that nevertheless have a serious 

impact on human life and the environment in a meaningful and appealing 

way.  

 

This design research will hopefully further inspire other designers and artists 

to produce creative data visualizations that can contribute the scope 

between information design and data art. These would be utilized to create 

meaningful visualizations on significant issues such as environmental, social 

and political that can reach a mass audience to bring a positive change to 

the world. 
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7.2. Limitations and Further Research 
 

One of the biggest limitations of this study is the subjectivity of appeal, 

emotion, and aesthetics in data visualizations.  There are a vast amount of 

publications and studies that define the scope and principles of data 

visualizations for efficiency but very few on its creative, emotional and 

aesthetic aspect. Therefore, more research is needed in these areas.  

 

This research would further benefit if implemented as a data visualization 

solution where its attributes are automatically created in software. This 

would let other designers customize the elements according to their needs 

and experiment with different datasets. That is why it would be helpful to 

collaborate with experts in game development industry who are capable of 

developing three-dimensional visualizations and software in game engines 

such as Unity. Developing better three-dimensional data visualization 

software can be useful when virtual reality headsets become more prevalent 

so more people can interact, share and discuss collaboratively. Even though 

the primary purpose of this visualization project was not to create an 

effective data visualization, rather communicating with the audience with a 

unique style, utilizing a display without stereoscopic ability at the exhibition 

was a limitation for a three-dimensional data visualization. Stereoscopic 

displays could further improve both readability of the data and the 

immersiveness of the experience.  

 

Some limitations with the three-dimensional structure proposed in this 

study need to be addressed to make it suitable for other datasets. The 

expansion of the structure horizontally for each hierarchical level may result 

in unwanted overlapping. Further design iterations need to be experimented 

with to create a more efficient, yet still visually interesting results. The 

problem with comparing hierarchical data of two nations that are 

geographically far from each other can also be addressed in further studies. 
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One solution would be to let the user turn on and off the spatial alignments 

of the plants to align selected countries to each other.  

 

The “data garden” method proposed can be utilized in various ways in other 

visualization projects. Various shapes and styles can provide distinct visual 

results that might be better or worse for analytical purposes but indeed can 

serve to different needs as a plant or tree metaphor. This research will 

continue to explore creative, meaningful and insightful ways of visualizing 

complex data and hopefully encourage other designers and artist along the 

way. 
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국문초록 (Abstract in Korean) 
 

키리시치 다한 

디자인학부 디자인전공 

미술대학 

서울대학교 
 

사변적 시각화(speculative visualization)는 데이터 시각화 방법과 미학을 결

합하여 특정한 사회, 정치 및 환경 문제에 관심을 유도하는 것입니다. 제안

한 사변적 데이터 시각화 프로젝트를 통해 다양한 국가의 전자 폐기물 거래

와 환경 성과를 살펴봅니다. 

 

적절한 처리와 재활용 조치가 이뤄지지 않은 전자폐기물의 불법 거래는 환

경과 인간에 심각한 영향을 미칩니다. 이 거래는 네트워크 데이터 구조로 

표현할 수 있습니다. 환경성과지수(EPI)를 통해 이 거래에 참여하는 국가들

의 전반적인 환경 보건과 생태계 활력을 살펴보는 것은 이 문제에 더 깊은 

통찰력을 제공할 수 있습니다. 이 환경성과지수는 계층 구조로 되어 있습니

다. 이 연구는 데이터를 분석적으로 탐구할 수 있도록 하는 방법을 통해 두 

가지 데이터를 동시에 시각화하고, 이를 통해 표면에 드러나지 않는 데이터

의 의미를 전달하는 방법을 탐구합니다. 

 

본 연구는 프로젝트를 기반으로 하는 디자인 연구로, 노드 링크 유형 트리 

구조를 통해 계층적 데이터를 시각화하는 것에 중점을 두고 있습니다. 자연

에서 발견할 수 있는 나무 간 네트워크에서 영감을 얻어 공간 네트워크에서 

계층적 데이터 세트를 시각화합니다. “데이터 정원”이라고 하는 이 새로운 

데이터 시각화 방법을 불법 전자 폐기물 거래와 환경 데이터에 적용하여 토

론을 유발하고 전체적인 이해를 제공하며 이러한 문제에 대한 사람들의 인

식을 개선하고자 합니다. 이는 보다 미적인 접근과 분석적 데이터 시각화 

기술을 모두 사용합니다. 
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“데이터 정원”을 통한 접근으로 삼차원 대화형 데이터 시각화를 만들 수 있

습니다. 이 시각화를 통해 사용자는 데이터를 의미 있는 방식으로 살펴보는 

동시에 주제와 감성적인 연결을 받을 수 있습니다. 이는 “데이터 정원” 방

법이 데이터를 정확하게 보여주는 동시에 자연 구조를 면밀하게 모방하기 

때문입니다. 

 

본 시각화 프로젝트는 창의적인 전문가들이 중요한 문제에 대해 시각적으로 

매력적이고 생각을 자극하는 데이터 시각화를 만들어 대중에게 도달하고 시

민들의 인식을 향상할 수 있도록 권장합니다. 또한, 본 디자인 연구는 데이

터 시각화에서 미학과 창조적인 실천의 역할에 대한 더 많은 논의를 유도하

고자 합니다. 

 

키워드 : 데이터 시각화, 사변적 시각화, 전자 폐기물, 환경 성과 지수, 정보 

예술 
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