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ABSTRACT

This thesis delves into the dynamic evolution of the city of Vienna followed by an
exploration of visual representations. By including and creating different
representations of maps and diverse visualisations, this study reveals the world of the
process, changes and transformation that have shaped Vienna's urban landscape
over time. Using the power of cartographic tools and design techniques, this
research illuminates the historical and contemporary dimensions of Vienna's urban
growth. This thesis gives a holistic view of the city’s growth by bridging the gap
between different analysis and artistic interpretation. The resulting synthesis
contributes to a larger discussion on the function of visual representation in
comprehending urban development, and fusing process and change in the world of
cartography.
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INTRODUCTION

The centre and city of Vienna display a real history of transformation. Every street,
building, and space depicts a progressive narrative that has evolved over time. This
thesis walks through Vienna's urban story using the compass of cartography. Maps
are used as guides to enlighten the way through the complex environment of change

and development that has defined this metropolis.

Cartography in this case is treated as the art of mapping and used as a tool for
understanding historical references and changes that have occurred in an urban

matter. A city unfolds through growth, transformation and renewal.

Three related stages make up and give shape to the projects. In order to learn more
about Vienna's past, it is important to first unravel the past and delve into historical
records and maps. These maps will serve as a way to reveal the times when the city's
foundations were established and its contours were beginning to take shape. At the
same time, focusing on the nowadays situation of Vienna's and city’s developments
is important for this part of the study.

In the second part, Vienna is depicted as a very solid ground that depicts
development and growth. Through modern cartographic techniques, the
development is documented by outlining the buildings, evolving spaces, and

landmarks that reflect the passing of time.

This research aims to enrich the field of cartography by integration both traditional
and modern cartographic techniques, as well as speculative representation. This
presentation of maps documenting developments and changes, aims to speculate

new perspectives in cartography, urban studies and design.
Let the map serve as your compass, the past as your guide and the future as the

horizon to begin this journey. On the following pages the history of Vienna is

revealed layer by layer, map by map.

Cartography MSc. 2023 6
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1.Motivation and problem statement

Visualization provides ample opportunities to explore, portray and convey a
particular concept or idea. It can be argued that technology and the burgeoning
proliferation of information have drastically transformed the landscape in recent
years, rendering it easier to visualize and depict anything (Wada et al., 2022). Maps
offer cognitive advantages by enabling data interpretation as they relate to a
specific representation. The field of map visualisation requires clarification regarding
existing techniques (Oeltze-Jafra et al., 2020). The challenge lies in controlling and
representing this type of visualisation. Visualising individual parts is already complex,

but representing a city's processes and changes poses an even greater difficulty.

Maps have always been effective representations of visualisations, with numerous
variations in how to depict and present a given subject matter. In current urban
design practices, the map is a valuable tool for recording reality and facilitating
decision-making. Its usefulness is dependent on its perceived objectivity. When
contemplating cities, complexity is often the initial thought that springs to mind. At
the same time, various groups and individuals hold differing perceptions in this area.
Cities undergo significant development, and even the smallest alteration can have
a substantial effect on space and people. These changes and impacts are rarely
apparent as they occur, but instead manifest over extended periods. Ultimately, the
question arises as to how we should depict and depict this particular transformation.
As this study aims to exemplify a concept, Vienna will be used as an example. This
is an important aspect of the study. The focus lies on the processes and changes in

cartography and how to represent them visually.

2.Research Identification

2.1. Research Objectives
The thesis aims to objectively investigate various methods of visualising change and

transformation in maps, examining techniques which best represent visualisation in
a case study. The thesis aims to objectively investigate various methods of visualising
change and transformation in maps, examining techniques that represent

visualisation in a case study.
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For this part the study incorporates a range of fields including cartography,

urbanism, psychology, and design to explain the process and change approaches.

The study is guided by two central research questions to support the conclusive
thesis:
O.1. Understanding the meaning of process and change, by discovering how it

relates to urban life and cartography.

O.2. Observing different visualisation methods and approach the techniques that

represent change and process better.

The outcomes of this investigation can aid the field of cartographic visualisation by

serving as a guide for designing diverse and fitting representations on maps.

2.2. Research Questions:

RQ1.1.: How can processes and changes be effectively identified and
distinguished?

RQ1.2.: What are the various visualisation methods employed in the field and how
do they differ from one another?

RQ1.3.: Which visualisation methods are most suitable for specific types of cases or

scenarios?

RQ2.1.: Which specific visualisation methods yield superior results in terms of
representing data, and what are the key considerations for constructing a well-
visualised map?

RQ2.2.: Which conceptual frameworks and methods are commonly employed to
describe processes and changes?

RQ2.3.: How do different visualisation methods interact within the field of
cartography?

RQ3.1.: What are the effective techniques for visualising processes and changes on
a map?

RQ3.2.: What role does time play in accurately representing processes and changes
on a map?

Cartography MSc. 2023 8
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RQ3.3.: What specific design approaches are utilised in urban settings for visualising

processes and changes?

2.3. Methods Adopted:
In this study, a systematic literature review is chosen as the primary research method.
This approach allows a closer examination to the different ways in which information

is presented on maps in the field of cartography.

The next part of the research focuses on a fundamental aspect: how to represent
processes and change on maps. This specifically brings focus on how to visually
represent things that change over time or across different areas. In doing so, the
contribute might bring valuable insights to the field of cartography and help
improve the way we present dynamic information on maps, and specifically bring

more attention in including abstract themes, like change and process.

Finally, the research will be concluded by presenting innovative ways to show the
changes and transformations that have taken place in Vienna. These new ways of
visualising data are intended to provide a clearer understanding of how Vienna has

evolved over time.

2.4. Innovations Intended

This project is dedicated to the development of innovative cartographic techniques
tailored to the visualisation of distinct map elements, while addressing the intricacies
associated with their thoughtful design. Given the variety of approaches available
to communicate these methods, our primary goal is to create a wide range of
patterns that can be used in different applications. This deliberate effort will not only
enhance the effectiveness of the visualisation, but also take its usability and

compositional combined with the ideas of change and process.

2.5. Related Work
It has been shown that the use of cartographic maps to evaluate data with respect

to location offers cognitive benefits. The term "map-like" in visualisation refers to

Cartography MSc. 2023 9
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techniques that incorporate cartographic map elements in their display of abstract
data. The field of map-like visualisation is vast; however, there is currently no
comprehensive classification of the methods in use. (Hografer, M., Heitzler, M.,
Schulz, H. J., 2020) The authors present a hierarchical classification of techniques

based on the distinction between imitating and symbolizing maps.

(Kraak, 2005) provides an insightful observation on the use of maps for visualizing
spatial data. Maps play a crucial role in processing spatial data. They aid in revealing
and understanding spatial distributions and relationships through visual
representation of data. Recent innovations, such as exploratory data analysis and
scientific visualization, have made a significant impact on the field. Firstly,
visualization enables the display of spatial data in cases when well-designed maps
are not feasible. Secondly, analysis can be performed through visualization. Thirdly,
exploration of data can be undertaken through visualization. In this way, visualization
facilitates interaction and data exploration through specific animations or views.

"Visualising Strategic Change."

"Visualizing Strategic Change: The Role and Impact of Process Maps as Boundary
Objects in Reorganization" may bear resemblance to our selected topic. Fenton
highlights the strength of process mapping, which is highly flexible and can
integrate with other tools. This study incorporates process maps, which are dynamic
and changeable (Fenton, E. M., 2007). Additionally, process maps can become a
knowledge repository and signify the sustainability of the change program. While
process maps may be effective tools, their usefulness is dependent on the abilities
of their users, unforeseen circumstances (such as the need for intermediate success

stories), as well as broader organizational, technological, and cultural factors.

The objective of this study is to also examine urban cartography as a central topic
of discussion. Indicators of a city's performance, data-driven solutions, and
information-sharing platforms are increasingly accessible and have the potential to
play a critical role in comprehending and governing intricate urban systems. Our
cities face strain in an increasingly urbanized world, and planners, decision-makers,
and communities must be ready to adapt to the challenges. (Pettit C., Lieske S. N.,

Jamal M., 2017). As a consequence, effective communication of these urban
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processes and transformations will rely on appropriate methods of representation

and visualization.

2.6Structure and Framework
2.6.1. Introduction

This section serves as the central foundation of the study, providing a detailed
description of objectives accompanied by a compelling rationale. It also sets out the
research objectives and questions that underlie the nature of the research. In this
way, not only clarity and common understanding are ensured, but also a solid

foundation on which to build the entire research project is created.

2.6.2. Literature Review

Literature searches are of paramount importance in the context of this study. It acts
as an intellectual gateway and introduces a wealth of terminology used to describe
different aspects of change and processes. Beyond a mere exploration, this section
provides a comprehensive overview of the conceptual landscape and provides a
solid ground for future research studies related developments and changes in

cartography.

2.6.3. Methodology

After exhaustively researching the existing literature, the path of developing the
methodology is embarked. This phase is characterized by the creation and
refinement of various visualization techniques. These techniques improve your
ability to understand, evaluate, and systematically organize the design expressions.
This methodological journey embodies the practical translation of theoretical
insights into tangible tools for research and investigation, and marks an important
turning point in the research and results. The commitment is not only to advance
knowledge, but also to empower the research community with innovative

approaches to representation.

2.6.4. Results
The Findings section has proven to be the focus of the research and carries the
weight of the efforts. In this comprehensive chapter, all the data evaluated and

considered are presented in a visual format, revealing the results to receive an

Cartography MSc. 2023 11
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objective analysis. The goal is to extract meaningful insights from all information
collected and explained. Through this process, the contribute is done mostly to the

body of knowledge, and also to the broader discussion of our research subject.

In the final section of the research, detailed overview is provided in the last section
of the study. Here the threads of the research journey are adjusted into a coherent
narrative that summarizes all the findings. In addition, an insightful feedback is
provided on the overall findings, focusing mostly for consideration of change and
process within the broader of academic and practical context. This section therefore
serves as the culmination of the academic inquiry, inviting others by reflecting on

structuring the foundations that are already laid.

3.Project Setup

3.1. Methodology
In this study, the main research approach is to take a detailed look at different ways
of displaying information on maps. The goal is to classify these methods, understand
where and how they are used, and assess their impact on map quality and
cartography in general.

Following this exploration, taking a look at Vienna's history and recent changes is
quite important. The goal is to understand how various processes shaped Vienna
into its current form. Thinking of it as a retrospective that combines change, history,
and urban planning to paint a complete picture of Vienna's transformation. All this

1888 1918 1945 1971 2001
Population

density [N

Fig. 1: Map of Vienna, showing the different changes throughout the years (Suitner J., 2020)
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knowledge has been applied to the field of cartography. Considering ways to visually
represent the changes that are uncovered, is important to note that the data is taken
from different maps of Vienna in different years. All areas and details are carefully
outlined, ensuring rendering accuracy and precision. It shows how different
disciplines such as history, urban planning and cartography can work together to
create a map that vividly tells the story of Vienna's development.

3.2. Planned Schedule of the Project

The projected timeline for the project can be found in the structured table below. To
ensure close oversight and consultation throughout the paper, insightful meetings
are scheduled. These meetings provide a valuable opportunity to review and discuss
project progress, foster effective collaboration, and ensure that the work is running

smoothly.

CONTENTS MARCH APRIL MAY JUNE JuLy AUGUST | SEPTEMBER
WRITING "ERP* PRESENTATION

LITERATURE REVIEW

VISUALISATIONS
AND METHODS

MIDTERM

MAP DESIGNING

STRUCTURING
LITERATURE REVIEW

FINALISING THESIS SUBMISSION

Tab. 1: Table of the planned thesis schedule

3.3. Risks and Contingencies
At the core of this research is a unique focus on:

Evaluating the effectiveness of design visualization. The main goal is to decipher the

complexity of process and change, unravel their fundamental properties, and

explore new ways of visually communicating them. The beginning with a

Cartography MSc. 2023 13
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comprehensive presentation of the wide range of visualization and illustration

techniques that emerged as a result of our extensive research.

The city of Vienna turns out to be an exemplary canvas for this exploration. Vienna's
recent history has been characterized by great changes, making it an ideal
background for diverse visual representations. Ready to make a transformative
impact on design practice, these reimagined visualization techniques offer an
innovative way of representing a variety of events intertwined with the multitude of

processes and changes that occur in cities.

However, it is important to recognize that mapping these complex processes and
changes can pose subtle challenges as the exact methods of their implementation
are not yet fully understood. This highlights the dynamism and evolution of the
research in navigating the fields of design, visualization and representation within

the ever-changing urban landscape.

3.4. Resources Required
3.4.1. Resource Utilisation and Methodology

Important data about the city of Vienna will be used as a key resource when
developing the visualization for this study. This data set contains important maps and

historical timelines of important changes in the city.

3.4.2. Literature review and research approach

The literature review plays a central role in creating the foundation of this study. Dr
Franz Benjamin Mocnik, the supervisor, is the main contributor to this topic. It is
important to note that there is no plan to conduct interviews or user studies on this

particular topic.

3.4.3. Software and hardware

In terms of the tools and technologies that we will be used in this study, mainly
involves the use of the Adobe Pack for visualisation purposes. However, the
flexibility about incorporating alternative software such as ArcGIS and QGIS,
depending on the evolving needs and progress of the study. During this phase, data

will be collected from various maps of Vienna, by outlining and layering the newly
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generated maps. For this part lllustrator will be used to assemble all the layers

together and work on them.

3.4.4. Financial considerations

No funding is required at this stage of the project.

Cartography MSc. 2023 15
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CHAPTER I:
VISUALISATION, PROCESS AND CHANGE

1.LITERATURE REVIEW

1.1. What is change?

Change is constantly happening all the time and in general the overall idea of
change in the academic practice is not indeed that fragmented. All of the disciplines
and practices that seem to exist have an only partial of different kind of reviews for
this matter. There seems to not be a specific map that concludes all these fields
together, for a better understanding, and it must be considered that all these
different perspectives range of different understandings. This chapter will introduce
a multidisciplinary approach into explaining the topic of change. A different of
viewpoints will be demonstrated form different kinds of fields like art, demography,
economics, education, politics, global environmental change, industrial change,
organizational change, psychology, to mention just a few. (Bammer, 2015) explains
that this type of approach is expected to enrichen the different perspectives to be

Cartography MSc. 2023 16



The Cartographic Visualization of Processes and Changes Tea Muraj

demonstrated while exploring some similar points of intersection, if there will be any
Generally, in this case the expectation is also the diversity this part will offer, as

grouping them in different categories or discipline based is not the focus.

In politics, (Carnell, 2015) sees change as quite challenging due to the fact that
making that change happen in a specific government brings a lot of risks. In this case
the art of negotiation and compromise is included as a key ingredient. But the
different processes and transformations that are happening in this case, successful
of failures, still lead to change fatigue.

When it comes to global and environmental change, the uncertainty about the long-
term direction and details that are required is seen as quite difficult. In this case
change is feared, in a sense of how it will affect to humans and the actions that they
will take. Working carefully with the complexity that the unknown brings, will help
identify and understand approaches to make change more effective (Stafford, 2015).
But as a result, change still cannot be stopped, as it is natural for it to occur. And as
Professor Rune Todnem has specified, change is nothing to be protected from

because it is part of life.

War is also influenced a lot by ideas about a specific change. (Wesley, 2015),
considers three competing schools of thought. “Teleology” provides an optimistic
view, seeing the world Teleology provides an optimistic view, seeing the world on a
solid trajectory to becoming more peaceful, based on the power of rational thought
and behaviour. “Cyclicality” argues that the constant pressures for change on
internal and external state relationships result in a perpetual cycle alternating
between relative peace and widespread war. “Episodes” focuses on the complexity
and unpredictability of changes in relationships between nation states, as well as
conditions that result in inertia and inability to respond flexibility when new

conditions for war arise.

Change is a central consideration in sociology and sociologist (Browne, 2015) provides
an overview of change in different perspectives. Two important focuses in this part relate
a lot to the double character of society as it is in fact made up of the actions of individuals
and it extends to which of these individual actions are constrained by what society allows.

The approach of this interaction explains the ability of various groups within society to
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control and modify their lives and also the difficulties of making change happen. It
safe to mention that social movements are widely directed by the promotion of

change and the resistance to it.

Other disciplines and platforms like, industry, media, internet and psychology are
very simplified in the sense of using creativity and powerful messages that tend to
exploit basic human needs, like security, love and belonging. Internet and media are
well known a huge platform for free expression of the change that is occurring.
(Madigan, 2015) brings focus in this part that the change might have a better stable
ground. Controlling this change that is being influenced and represented has its own

difficulties as it is a topic for a lively debate.

Change also navigates with difficulties of understanding, direction and assessing
change in a high pressure and evolving world of intelligence, as Grant Wardlaw
describes. He raises three questions that are quite interesting and important, not for
the intelligence growth, but all the fields that exist:

a) What Change is necessary?

b) How and how much the intelligence world has actually changed?

c) Whether this change has been effective?

|
)

Fig. 2: The occurrence of Change

The general understanding about change management, and the resistance to
change are complicated by the specifics of the context. At the same time, both
fundamental change and the capacity adaptation are required to address those

specific changes that are seen as threats or issues.
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The field of biology can relate to change as quite natural, and change is viewed as
inevitable. Biologist (Bromham, 2015) describes the evolution of change in humans
as quite important. Knowing these types of changes that have occurred is essential
to humans and it created a connection with the changing biological world. But in
this part, the outcome leaves quite the interpretation. Relevant data can be
interpreted in multiple ways, which are open to modification as the disciplinary field
of biology is constantly changing itself. There are constant analyses, new ideas and

findings.

In demography, the change is as a consequence of human decisions, which in fact
are shaped by the overall society. Researcher (McDonald, 2015) explains that
change in demography is about not only how and why populations change, but also

the consequences of change, especially repercussions for public policy.

When we talk about economy, structural change and climate change, (Butler, 2015)
mentions a common theme of all three like growing interest in causality, moving
beyond simply accepting and describing change to understanding its economic
determinants. In economy, this is lately seen as quite a big shift, due to the fact that

the determinants of change were therefore outside the domain of economics.

1.2. What is a process?
Processes form a family, but by considering some cases as essential, will create a

good picture of the structure that these processes have. (Munsat, 1969) admits that
there are several properties of processes which any analysis of the structure of a
process must take into account. Processes take time, it can be interrupted or
completed. Processes can proceed at a normal or abnormal rate. At the same time,
it is possible to break processes up into stages. In this case one can ask at what point
the process has been reached at a particular time. This technically does not mean
that process comes into pieces of puzzle that are already broken apart. The process
can be considered a “natural one” and it seems that every process consists of four

stages and parts:

1. An initial state (object or stuff)
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2. An event or activity

3. An episode

4. A product or result (which is sometimes a state)

These so-called stages must be present in order for a process to occur. The logic of
process can be conceptualized within these specific stages. A process can take time
in virtue of there being an activity or an event involved, and when we speak about
a process being interrupted, we might refer to the activity not culminating in the
episode. The things which” undergo” processes are the elements of the first point,
“a thing or an object”. The normal or abnormal rate refers to the time taken or the
activity to culminate in the episode (not the “activeness” of the activity, though this
is no doubt related to the rate at which it reaches its culmination). And lastly, to
reverse a process is to end up, via a process, where you started via an activity which

is roughly the original activity or the original activity backwards.

Fig. 3: Process described in a visual form

What distinguished processes from non-processes is the applicability of these
concepts. Processes involve a very definite direction in a special or particular manner
toward a specific end. “Process” is a teleological concept.
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(Muller, 2021) describes that process can actually be rather abstract. In our day-to-
day life we use process as a way of working. “A process is an activity which takes
place over time and which has a precise aim regarding the result to be achieved.
The concept of a process is hierarchical which means that a process may consist of
a partially ordered set of subprocesses.” Considering that this word is used a lot, it
technically results that people view it quite differently. In some other cases process
is seen with different attributes that consist of “the purpose’ what is to be achieved,
the structure of how this will be achieved, “the rationale” of the reason behind the
process, “the roles” that are present, what responsibility and criteria is associated,
and lastly “the ordering” that includes the phasing or sequence in application. It
describes the essentials of the purpose, structure, rationale, roles and timing,
leaving plenty of implementation freedom. The power of a process is its abstraction,
which enables its application in a wide range of applications, by tailoring its

implementation to the specific application.

Fig. 5: Process Diagram explained

1.3. Why do maps change?

Prof Arup Dasgupta, gives a very compelling definition, As how mapping becomes
ubiquitous, cartography as a craft needs to take into account the vast amounts of
constantly updated information. While this presents an entirely new set of challenges
for the cartographer, it also provides new opportunities for visualising the world

around us.
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Hans-Peter Brondmo, Vice-President and head of new product innovation for Nokia
HERE has explained that a map is really just a way to guide one through his or her
life. This is the reason why “Nokia” is aiming in representing maps that would model
the real world, one that can actually show where one is in an accurate 3D

representation.

People have wanted to draw and show maps of the world for a really long time, and
it is a bit hard to know exactly when it started, but the Greeks played a big part in
making maps better. Aristotle thought the earth was round, and Eratosthenes
worked out how big it was and drew lines on the map to show where everything
was. Ptolemy made a special book of maps with names, directions and symbols on
them. These things are still used in maps today. Over time, people have used new
technology to make better mas. Now maps can be interactive, which means you can
choose how you want to use them. The main aim is still the same, to show the world

in a way that is much easier for people to understand.

The most important question that is quite heard in the world of cartography is if
maps are related to specifically science, technology or art? On one hand, there are
aesthetic maps which convey nothing as a map, while on the other there are very
informative maps presented crudely in clashing colours, unnecessarily bold fonts
and clumsy patterns. Erwin Josephus Raisz was the first one to admit that
cartographers are both scientists and artists (Raisz, 1938). A lot of others seem to
agree at this remark, like Ed Parsons. He also explains that today is mostly artistic,
as the science and technology are being replaced by technology and it is in fact
quite easy to “manipulate” algorithms and information due to advanced software
of nowadays. It important to also mention how now the cartographer more than ever
must use their judgment to choose the appropriate techniques to communicate
their intended purpose. Of course, today, designing for the dynamic medium of a

display screen, the range of techniques has hugely expanded”.

Prof Menno Kraak, agrees with Raisz's statement. Kraak states that technology in
fact is affecting on maps resulting of the same kind. And in this case the art of design
plays the role into making all these maps to display some type of usability and

appreciation of the map. He continues to add and emphasize the importance of the
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triangle, science-technology-art, since it brings different areas together for a better

interaction and results in maps.

1.4. Representing maps through change and process.

Fig. 4: Change and Process

As discussed in previous chapters, change and progress differ from each other.
Despite varying perspectives, some theories sensibly complement each other.
Change can be constantly ongoing or still undergoing, and many see it as a process
or a series of changes. Technically, this is not the correct terminology as a process
can continue indefinitely without a specific conclusion. Even a single change can be
considered a process, as many events occur during the change. This produces a
process that includes the specific change. Time is itself a process and continues to
move forward. While time progresses, a series of events occur which impact our
space and time, leading to changes that affect our lives. However, visualizing this
ongoing change through mapping is challenging as not all events are observable to

the human eye or noticed in real life.

When we involve time in this case it becomes a bit more complicated. Time has
never been identified in physics, but the most important thing to include and
mention is that nothing actually affects time, but certain things affect our perception
of time. Time marches on at a steady pace or rate. The greatest mystery of time is
that it just flows. We cannot describe time as change, it is actually just a dimension

that allows for change, representing a potential for change.
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Fig. 5: Change, Process and Time

Science lacks a definite answer, and even Einstein, when prompted, simply replied,
"time is what clocks measure!" This response is not precisely informative or could
even be considered evasive. Although it's a concept that's well-known, accurately
defining it has proven to be an elusive task. Nevertheless, it does point to the
problem of trying to define time as a noun when it is better described as a verb.
Time is not a human construct nor a force exerted on things. Time is an action we
perform. Time is akin to motion through the spatial dimension, but through the
temporal dimension. Thus, we traverse the spatial dimension and time through the

temporal dimension.

There are three useful techniques for illustrating change on maps.

Firstly, the “percentage change”, method illustrates shifts over time by showing the
difference between values as a percentage of the original value. This is shown using
shaded maps, allowing the extent and direction of change to be quickly and easily
identified.

Secondly the "Actual Change” approach highlights changes by showing the
numerical difference between quantities. A graph is used to visually communicate
these differences, with larger shapes, indication more significant changes.

In addition, the ability to seamlessly “swich views and layers” allows the comparison
of different years for the same variable. This interactive feature allows observers to

examine how the graph evolves over time, helping to identify patterns and trends.

This particular facet of the study places a particular emphasis on the process of

layering different data sets, as outlined earlier in the methodology. The focus part
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of the exploration revolves around the representation of change through the

strategic use of layers, which was identified a “swich views and layers”.

The main strategy that is used is the application of layered data to visualise change.
This approach will allow a possibility to utilize the layering techniques that are
offered, enabling a proper way to describe and communicate change in a
comprehensive and insightful way. By using this method, exploring this wide range
of possibilities and using different ways to represent aspects of change in maps, will
acknowledge many visualisation possibilities.

1.5. Transformation of cities

Another aspect of the literature examines urban change from a different point of
view. Historical figures such ad Weber, Du Bois, and Drake and Cayton have
conducted statistical analyses on urban social change. More recently, researchers
have focused on studying the statistical properties of neighbourhood’s appearance.
Urban planners such as Rapoport and Lynch pioneered efforts to measure
neighbourhood aesthetics, and contemporary social scientists have built on their
work. The link between the physical environment and social behaviour has been
widely discussed and researched. A notable quote by Winston Churchill, "we shape
our buildings, thereafter they shape us," captures the long-held belief that all lives
are influenced by the built environment. This belief can be traced back to the
Renaissance, when Alberti argued that beauty had the power to disarm anger and
reduce violent crime. This concept foreshadowed the City Beautiful movement,
which advocated for aesthetically pleasing cities to cultivate better citizens. In
summary, the relationship between the physical environment and social behaviour
has been the subject of extensive discourse and research. From ancient architectural
beliefs to modern empirical studies, there is a wealth of knowledge about how our

environment shapes us and influences our behaviour.

Architectural theorists have diverse perspectives on what constitutes beauty in a
space, and empirical research has explored statistical properties of urban change
and neighbourhood appearance. Despite the challenges of data collection, efforts
have been made to quantify and understand the impact of the built environment on

society. However, architectural theorists have different opinions on what constitutes
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beauty in a space. Ebenezer Howard promoted the combination of urban and rural
elements in Garden Cities, while Le Corbusier envisioned cities as functional
"machines for living." Frank Lloyd Wright offered an alternative approach with his
Broadacre City, which aimed to provide lighter, freedom of movement, and spatial
freedom for a more civilized society. Early attempts to quantify neighbourhood
appearance relied on visual perception surveys, where individuals were asked to rate
or compare images. These surveys provided the first maps of cities based on
perception and evaluation, albeit at lower resolutions. However, the manual nature

of data collection limited the scope and scalability of these methods.

Just like architects argue that the appearance of cities shapes society, many social
scientists contend that societal factors determine the changes in the physical city.
(Burgess, 1925), for example, according to his model of neighbourhood change,
inner zones expand outward as the city grows. While overall city expansion drives

this process, individual neighbourhoods may experience physical transformations.

They offer a vision of urban life often shrouded in nostalgia for the "lost world", the
rural world of the small-scale individual “community” rather than the impersonal,
large-scale and heterogeneous world of the city. In the 1920s, Chicago in the United
States became the centre of an alternative urban analysis tradition shaped by
ecological analogies, Darwinian competitiveness, and a market economy. The city
suffered successive waves of emigration in, leading to the view that the dominant
processes of were those of invasion, succession, and domination. Then,
(Wirth,1938), writing in Chicago, took the theme of urban planning as a way of life

and saw it as the result of changes in the size, density, and heterogeneity of the city.

Collectively, these processes create greater complexity and scale in urban life and
change social relationships from those based on acquaintance and intimacy to those

of an objective and formal nature.

During the 1970s, the dominant "ecological model" was repeatedly attacked for
being perceived as flawed in its approach, and in the 1970s new forms of analysis
emerged, influenced both by Weberian, represented by urban management and
Marxist theory (Pickvance 1976, Castells 1977a, Harloe 1977, Saunderhls 19

1981). Much of the earlier theory was dismissed as "ideological" and the focus
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shifted from quasi-biological metaphors of process to an analysis of power, political
processes, and economic determinants of urban systems. The growing identification
of the agency's role through social movements also links with this structural
orientation. This was initially expressed in the class movements of, but expanded to
recognize the importance of both gender and ethnicity in as the basis for

campaigning and fighting over the shape and direction of the city.

The 1980s and 1990s saw a new emphasis on the empirical analysis of both global
and local changes. This led to studies of economic restructuring and
deindustrialization and the changes this brought about in the spatial and social
structure of the city (Smith, 1980). For a time, the neo-Marxist school of regulation
provided much of the framework for the study of cities that explored the cumulative
patterns and nature of social regulation. These s are thus largely written as the
transition from "Fordism" to post-Fordism and define urban employment and
unemployment and urban labour force change (Massey 1984, Bluestone and
Harrison 1986). Then in the 1980s, the role of consumption rather than production
as a major influence on the shape and form of the city began to take on greater
importance. Diversity rather than convergence became a major theme in urban
studies when it adopted a postmodernist-influenced analysis more than (Soja 1989,
Johnson 1994a, Watson and Gibson 1995). Most postmodernist analysis of
America has focused on Los Angeles, now considered the quintessential
postmodern city, rather than Chicago or New York (Dear, 2000). As a result, studies
and analyses have moved from grand narratives to stories that are more reflective of
the diversity of urban experiences shaped by context and scenarios of urban
development and change. Although we live in in an increasingly globalized world,

locality retains a strong influence on the shape of 's daily life.

1.6. Change in a city

Cycles of change in the morphology of cities, have an historical dimension related to
the courses of historical events that, with their strength and impact, influence the
change in past and present morphological conditions, as well as a range of thoughts
about the future. These historical flows are generally not closely related to urban
morphology, except in rare cases (Gauthez, 2004). Dynamic effects in space tell
about the alienation of flows and the nature of their internal events, which are usually

indifferent to the implications and causal points of their ideas, interests, and goals,
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affecting the state of the morphology of cities both partially and as a whole. The
cycle between causes, influences and consequences of change will be explained in
relation to the city and specific effect that it has. The cycles of change, with their
quantitative and qualitative expression in time and space, therefore the
expression/form and the objective and visual representation of this abstract form can

be expressed and represented in many ways.

When a change occurs in the urban structure, its occurrence is tied to a specific
spatial-temporal framework. Change is caused by the impact of effects that can be
observed, measured, perceived. Change has a beginning, stages of development,
and an end. All changes begin, develop, that end have their own causes, reasons,
and consequences. This is the most logical and visible form of change (Bammer,
2015). Behind this obvious form, there are less obvious and seemingly much more
illogical flows of change about what exists and what is defined as an existing
condition. Impact parts are identified by their nature and type. Without this basic
definition, it is impossible to understand where the change comes from, what its
consequences are, and whether it makes sense. There is no change without a cause,
reason, effect and consequence, whether we know and understand them or not.
Causes, reasons and consequences of changes and how the change itself has
occurred will be understood not only as a matter of causes, reasons and
consequences of changes, but also in our ability to understand and recognise them
(Gauthez, 2004). In this relationship, known and unknown, comprehensive and
incomprehensible, have all the other relationships that reflect the transformation of

urban reality, first through the spatial and temporal dimensions, then the other.

1.7. Visualization in Cartography and Urbanism

Using maps to visualise information has always been an important way to understand
geography. This means that looking at maps helps us understand and study different
places and how they are connected. Some researchers believe that maps are not just
pictures, but also tools that help us learn about and analyse geography. Other
researchers have agreed with this idea too.

The new computer tools we have now make it possible to do more things with maps

and interact with them in different ways. This is important because it's a big change
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from how we used maps before. Different experts have different ideas about what
"visualisation" means when it comes to maps (Rhind, 1989). This becomes a bit
challenging since different cartographers have different opinions. Technically,
visualisation is not just about making maps, but also about using them to talk to other
people. Some people think that visualisation is the same as studying maps, but it is
believed that visualisation is about how maps are used. Using maps is like moving
around in a three-dimensional space. David Rhind proposes three parts about this
topic: (1) using maps for yourself or sharing them with others, (2) using maps to find
new information or show information we already know, and (3) using maps where we

can change them a lot or where we can't change them much.

What cartographers understand by visualisation and how we react to it the
development of the view beyond mapping is critical to the possibilities of mapping
will be at the beginning of the 21st century. Cartography is at a crossroads, in limbo
uncertain between references to geography and references to other

"cartographies”.

David Rhind states that teachings, between centuries-old traditions and the “threat”
of geographical information systems (GIS) that will replace the mapping we know are
among the requirements skilled technologists capable of creating competitive
mapping systems and requirements uses our cognitive knowledge to evaluate

whether the system we are building is working jobs.

Visualisation is important for making maps and working with other people who study
geography. It can help us understand things better and work together (Rhind, 1989).
This is really important, but there are even bigger benefits. Visualisation can make
cartography more exciting and relevant to other subjects. It can help us solve

important problems that involve different subjects working together.

1.8. Visualizing Change and Process
Based on the direct visualisation from two- and three-dimensional databases, new

possibilities in change representation result. They can be divided in traditional
cartographic and computer-aided animated visualizations. Traditional cartographic

representations have the following limitations: They are static: situations can be
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reproduced, but processes and changes can hardly be presented directly. They are
isolating: only a limited number of objects with their attributes and their spatial,
causal and functional relations can be shown, otherwise their legibility and
differentiation is seriously affected. They can only be presented in one preselected
way: in a single cartographic representation only a certain aspect of data and their

attributes can be shown.

Cities expand through intricate mechanisms influenced by their vast size, societal
structures, economic frameworks, geopolitical contexts, and technological
advancements (Hall, 1998). In response to successive waves of technological
innovation, cities have extended outward from compact cores, initially as linear
transit-oriented settlements and later as sprawling automobile-centric environments.
Alterations in industries have also played a significant role; outmoded factories have
often shuttered, leaving behind soil and groundwater contamination. The hazards
linked to redeveloping such polluted "brownfield" sites have prompted developers
to favour undeveloped "greenfield" areas on the outskirts of urban areas (Suzuki,
2013). The persistent growth of urban populations further propels city expansion.
Interestingly, even cities experiencing stagnation or declining populations, such as

certain aging industrial cities, continue to sprawl outward.

For more than five decades, the field of computer graphics and visualization has
been centred around urban environments since the inception of computers. Initially
employed to depict the inner workings of machines, computer graphics rapidly
transitioned into simulating diverse processes and representations. Starting in a two-
dimensional context and later progressing to three dimensions, early visualizations
of buildings and landscapes were manually plotted using plotters or cathode-ray
tubes. Early attempts from the mid-1960s aimed at utilizing line printers to overlay
symbols, generating the illusion of raster maps. The true convergence of computer
memory with graphics emerged in the early 1980s during the micro-revolution,
marking the genuine initiation of urban visualizations. This surge occurred largely
from two fronts: applications of Computer-Aided Design (CAD), emphasizing
precision, and applications of video games, prioritizing realism often through

illusions and approximations.
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In the domain of urban models, there are now two distinct traditions. City models
tend to visually depict iconic representations rooted in architectural conventions,
emphasizing the aesthetic manipulation and urban planning. On the other hand,
urban models, though often interchangeable with city models, stem from an
emphasis not on representation but on the structure and processes that encapsulate
ideas about how cities function. These models may present their outcomes as maps
or even in three-dimensional formats if representation is a concern, yet their focus
on simplifying reality diverges significantly from city models, which embody the
notion of a virtual city. Geographical Information Systems (GIS) intersect both types,
but even within this realm, the emphasis leans more toward representation.
Remarkably, as explored in the forthcoming challenges section, there is a multitude
of opportunities to integrate city models into urban models and vice versa,
amalgamating these distinct traditions and enriching representation through
functional simulation, as well as enhancing functional simulation through

representation.
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CHAPTER Il
VIENNA'S HISTORY AND CITY
TRANSFORMATION

1.Cartography and Urbanism

Encouraged by the increasing acceptance of evolutionary perspectives in planning,
researchers are increasingly looking to history to better understand the places they
are studying. However, historically contextualizing urban development can be quite
challenging (Suitner, 2020). Urban history is often a vast and disorganized body of
literature that is difficult to navigate, and language barriers can further complicate
matters. This is especially true for urban planning history, as historic studies face
difficulties in a discipline that is primarily focused on the future and practical
applications. As a result, past land management decisions, previous developments,
and institutional changes are often not thoroughly reviewed or systematically
analysed. In most cases, a city's urban planning historiography consists of a varied

but fragmented collection of studies, with a focus on certain phases or policy areas
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that the city is well-known for. This lack of comprehensive research makes it a matter

of chance for historically informed approaches to planning research to be successful.

Cartography, also known as map making, has always been a crucial tool in
representing spatial concepts throughout history. From ancient times where maps
were engraved on clay tablets and cave walls, to the modern era where maps have
evolved to creatively showcase various types of information, they have served as
invaluable resources (ArchDaily, 2023). Kaley Overstreet explains that these visual
representations allow us to gather insights on population sizes, historical
occurrences, cultural transformations, and weather patterns, ultimately helping us
gain a deeper understanding of our world and the impact we have on it. Some of
the earliest known maps can be traced back to approximately 17,000 BCE. These
maps consisted of visual representations depicting constellations, geographical
elements such as mountains and rivers, and other physical markers that assisted
people in traveling from one place to another. Around 600 BCE, the Babylonian
World Map was created, which is considered to be the first depiction of the earth

based on the knowledge available at that time.

Ancient civilizations, including the Greeks, started utilizing paper maps for
navigation, relying on observations made by explorers and mathematical
calculations. These maps held great significance as they portrayed Greece as the
central point of the world, encompassed by vast oceans (Overstreet, 2023).
Subsequently, maps began depicting two major continents, Asia and Europe,
largely influenced by literary works authored by Greek philosophers. It was crucial
for these civilizations to depict the world around them, and they also dedicated their
attention to representing their cities through alternative forms of mapping. Quite

often, they utilized various types of maps to carefully plan out entire future towns.

Among these techniques, the “Nolli” map holds significant importance as it allows
for a comprehensive understanding of spatial flow within a city. The very first “Nolli”
Map was crafted by Italian Architect Giovanni Battista Nolli, who the map is named
after. In 1736, Pope Benedict XIV entrusted “Nolli” with the task of creating the
most precise plan of Rome ever drawn. The objective was to gain insights into how
the space could be divided into distinct areas to effectively plan for future expansion
and meet public needs.
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2.History as a process of change

History is the study of how things develop over time. This covers a wide range of
topics such as empires, languages, concepts, technology and attitudes. Despite the
inevitability of change, there are aspects that persist. The study of both changes and
continuity is fundamental to the study of history. Historians seek to understand the
changes in societies and cultures as well as the elements that persist. By analysing
these dynamics, historians can gain a deeper insight into the complex nature of

human existence.

Understanding cities as dynamic processes intertwined with biophysical patterns of
change and transformation requires new frameworks for thinking. Behaving as
complex dynamic systems, cities show similarities to ecosystems, where periodic
collapses and disturbances are crucial elements that drive innovation,
transformation and evolution.

Resilience, encompassing persistence, adaptability and transformability, represents

vital capabilities of living systems:

i) Resist collapse and maintain essential functions,

ii) adapt to changing conditions through learning and self-organisation, and

iii) apply foresight and anticipation to proactively transform socio-ecological
systems, enhancing their health and ability to respond wisely and creatively to

disturbance and change.

Change' means a discernible departure from an earlier state. Change refers to
modifications or shifts observed in societies, cultures, political systems or other
dimensions of human experience over time. Various factors such as technological
advances, natural disasters, conflicts, social movements and economic progress can
trigger change. Its effects can be both positive and negative, affecting individuals

and communities in different ways.

In the realm of history, change tends to unfold gradually over long periods of time,

making it difficult to pinpoint an exact moment of transformation. This makes it
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easier to select two different historical moments for comparison. For example, the
2nd century AD can be compared with the 4th century AD, or 1600 with 1900.

Nevertheless, instances where a striking and abrupt change occurs at a particular
point in history, often triggered by a single event, are commonly referred to as
'turning points' in history. Not all elements change over time; certain aspects persist

over long periods of time, even into the present day.

Continuity' refers to elements that remain relatively unchanged over time. These
include enduring traditions, cultural principles or political frameworks that persist
despite changes that may occur in other areas. Continuity provides a sense of
permanence and a link with the past, influencing the development of societies and

cultures over time.

In this role, it is imperative to examine both change and continuity over time and to

attempt to provide explanations for these phenomena.

3.Vienna'’s history and how has it changed throughout the years
Urban transformation has undergone significant changes over the last 50 years. As

the field of urban transformation continues to expand, its various manifestations
have become more complex. Johannes Suitner, brings a lot of focus in Vienna's
urban history, its richness and extensively researched subject. Understanding its
evolution from an ancient Roman settlement over 2,000 years ago to its current status
as a networked central European metropolis is a challenging task. Vienna serves as
a prominent case study in urban planning, often cited as an esteemed example of
‘good planning'. However, there are only two comprehensive works that provide an

overview of Vienna's urban planning history.

This overview begins in the 1820s, a period that marks the beginning of modern
planning history in Vienna. It highlights the First and Second World Wars as key
historical junctures that brought about significant changes in the political, social and
economic dimensions of urban development (Suitner, 2020). During the 19th
century, Vienna underwent a rapid and well-planned transformation from a
congested walled city to a modern metropolis. This transformation was initiated by
the central government. In 1857, Emperor Franz Joseph ordered the demolition of

Vienna's fortifications, paving the way for the expansion of the city into the area

Cartography MSc. 2023 35



The Cartographic Visualization of Processes and Changes Tea Muraj

previously occupied by the old walls and surrounding open spaces known as the
glacis. Viennese planners devised an extensive system of boulevards along the
former defensive lines, known as the “Ringstrasse”. The “Ringstrasse” was 2.5 miles
long and 185 feet wide, lined with new public buildings and privately financed

apartment blocks.

Viennese planners made further improvements in the late 19th century. The addition
of the “Ringstrasse” to the city brought a different way of organising the city. By the
outbreak of the First World War in 1914, Vienna had become a much more attractive
city. But the war brought drastic changes. The city faced a severe housing shortage
as soldiers returned from the army, married and started families, while refugees from
the former Empire poured into the city. The post-war Austrian constitution granted
Vienna the status of a province, giving it considerable powers and resources. The
Socialist Party used public funds to build 63,924 low-cost housing units, addressing

the housing shortage and improving living conditions for tenement dwellers.
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CHAPTER IlI:
THE PART OF THE STUDY

VIENNA AS A REPRESENTATION FOR DEPICTING
CHANGE AND PROCESS

1.Visualization methods and representing change

Cartography has undergone significant changes during the 1990s due to rapid
technological advances and new scientific concerns related to data exploration and
analysis. Despite the current focus on using interactive map displays for visual
thinking, the main use of cartography by students still revolves around visual
communication (Orford, S., Dorling, D. and Harris, R., 2003). With the rise of
computerized and web-based cartography, more people now have the ability to
create maps, making it crucial to emphasize the fundamentals of cartography. The
production of a well-designed map that effectively communicates factual

information and supports queries such as "what is?" or "where is?" is becoming
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increasingly important as both the scientific and social communities demand faster
access to geographically referenced data.

\ ORIENTATION

POSITION

SIZE

VALUE

Fig. 6: Visualization techniques in cartography inspired by Jacques Bertin, 1984

When discussing cartography and its concepts on visualization, objective
evaluations should be used. It is critical to note that cartography has changed
significantly in the 21st century. It now navigates between geography and other
mapping sciences while balancing tradition with the rising influence of GIS. This
form of technology is redefining traditional cartography, putting it at a crossroad. It
is worth noting that cartography has also become a space for free expression. In
1953, visualization served as a purely fundamental geographic tool. Philbrick would
later suggest that visualization should be viewed as a geographic research or spatial

analysis tool. In a scientific research context, DiBiase proposed a framework for
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considering geographic visualization that encompasses all aspects of map usage.
The evolution of terminology across various domains, including visualization and
cartography, allows for greater scope to improve and enhance methods of

representing maps and utilizing visual aids in a more subjective manner.

The visual Variables of Jacques Bertin, created elements in a constructed view of the
supposed reality. Specific types of cartographic symbols have functional association
with specific types of data (New York University, 2017). Understanding Bertin's
visual variables and their visual variables functions help map authors choose
effective schemes among the wide range and confusing symbols available, but

violations of these function assignments lead to confusion and misunderstanding.

Bertin said he recognized two types of visual variables: Retinal and location
variables. Its two position variables are the familiar horizontal and vertical axes of
scatterplots and other his two-dimensional data plots. For maps based on a
rectangular projection, these axes correspond to latitude and longitude. Bertin's
interests extended beyond cartography and planning, address and network

diagrams, and maps of various kinds.

Today the world of visualization has changed a lot, considering with how the
technology has improved its use. There is a wide range of ways to express map
design, and it is necessary to say that maps are becoming less boring, but that does
not mean that a particular way of representing data will be the same for other

representations too.

For this studly, it is important to know how to visualize change and process in maps.
This representation works for different data visualization, depending on the size of
the data is and also about the quality of the data. It makes sense for the visualizations
not to be so complicated, as this makes maps unappealing and difficult to read. The
designs works better if they are combined with each other, or used as stand-alone
graphics. Change and Process turned out to be quite difficult in explanation, but

they can be visualized very easily, depending on the data available.
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Fig. 7: Ways to visualize and represent Change and Process
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2.Visualizing and representing change in Vienna
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Fig. 8: Timetable with specific changes that occurred in Vienna

The created timetable serves as a comprehensive chronicle of the City of Vienna's
historical evolution, encapsulating pivotal moments and transformative processes
that have shaped its trajectory over the years. Through a meticulous arrangement of
years and corresponding events, this visual representation offers an insightful

journey into the city's dynamic history.

Within this chronology, two distinct periods emerge as profound milestones,
exerting a profound influence on the lasting change. These periods stand to confirm
that Vienna has the ability to adapt and reinvent itself in response to the challenges

and opportunities that define its progress.

The first phase of transformation occurred as a landmark moment, characterized by
a series of events that spurred unprecedented growth and development. It marks
the city's transition from its historical roots to a modern metropolis, marked by
architectural masterpieces, cultural flourishes, and a diverse wave of influences. The
strategic urban planning and innovation initiatives of this period laid the foundations

for Vienna's emergence as a global centre of innovation and creativity.

The crucial second period, by contrast, emphasized Vienna's resilience in the face
of adversity. Amid external pressures and changing global dynamics, the city has
undergone a profound reassessment of its identity and priorities. This period is
symbolic of Vienna's ability to turn challenges into opportunities for innovation. As
urban planners and civic leaders collaborate to address emerging needs, the city has

undergone a paradigm shift in governance and infrastructure. This transformational
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journey, driven by the spirit of adaptation, has resulted in a more inclusive and

sustainable urban environment.

In summary, the meticulously crafted timetable not only offers a chronological
tapestry of Vienna's past but also spotlights these two remarkable phases that have
left an indelible mark on the city's character. These periods underscore Vienna's
legacy as a dynamic and resilient urban centre, embodying the profound interplay
between historical continuity and visionary change.

Vienna's reputations as the

. “music capital” and the fast The war period and dealing with
development in Viennese the damages around the city
Classicism and Romanticism

The new era of revolution, The focus on social hoursing and
city districts and “Ringstrasse” giving the city a different appraoch

Fig. 9: Vienna’s major Processes

The timetable provides an initial means of visualizing historical events and
recognizing change as a key aspect. As a result, it allows us to better perceive the
city's approach and the complex processes of change. In this context, 'process' refers
to the various strategies, decision-making processes and events that have influenced

Vienna's transformation in different contexts and time periods.

It is a comprehensive approach that combines theory, research, and a foundational
timetable. This time framework is mainly to understand the city's evolution. The
timetable isn't just a visual aid, it is the backbone that holds valuable insights from
both theory and real-world observations. This timetable captures the rhythm of
changes and transformations that have shaped Vienna's urbanism. This part will

become quite helpful in creating various maps and visualizations illustrating these
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Fig. 10: Early map of Vienna's development.

changes and processes. The maps and visualizations will vividly show how Vienna has

evolved over time. This synergy between theory, research, and the timetable forms
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a comprehensive narrative that tells the story of Vienna's transformation in a way
that's both clear and insightful.

VIENNA, 1890

Fig. 11: Map of Vienna during the year 1890.
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When discussing visualisation and identifying an appropriate method to depict a
specific representation, objectivity should be a top priority. Various ways to represent
data and visualise it have been previously discussed in this study. Change can also
fluctuate immensely. Maps of the city of Vienna are displayed, illustrating the city's
progression over time. In this instance, the visualization of buildings over various
years effectively demonstrates how the density and quantity of buildings reflect the

changes that have taken place and the expansion of the city.

This has been one of the most common and easiest ways to depict change. In a way
all that is happening in this kind of visualisation is mainly a representation of the real-
life situation. This part of visualisation also was the first part of this study, as by

outlining the buildings in different years included the data collection for this study.

.\‘_) 2 -
S e / I\
ﬁlEN NA, ES

nowadays situation i SLE N
o

Fig. 12: Nowadays situation of Vienna'’s transformation.
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This aspect of visualisation demands greater attention, as over time changes may
become harder to detect. For instance, when there was less construction, such as
during the 1890s, comparing the map from that era to the present day reveals
significant change that has transpired. However, when comparing recent years alone,
layering them together is necessary to avoid difficulty in discerning differences. The
process of detecting the change could prove somewhat time-consuming, in such

instances, combining maps might be the optimal solution.

For this issue, which may not be very significant, utilising colour schemes and layering
changes could be an ideal approach to demonstrate the alteration. In this case, the
following map, figure 13, is still quite straightforward, as it employs lines and areas
as fundamental methods of visualisation. Furthermore, the maps exclude space for
additional elements and animations to be included, if this map be researched or

incorporated into some form of evaluation.

Experimenting with visualization and design is paramount in the field of cartography.
Cartographers have the ability to transform complex geographic information into
easy-to-understand maps, and the visual and design choices they make have a
profound impact on how people perceive and interpret that information. may give.
Through experimentation, cartographers can discover innovative ways to effectively
communicate spatial data, improving clarity and usability for different audiences.
This process allows to discover new perspectives, refine the beauty of maps, and
adapt to evolving technological tools. Ultimately, the importance of experimentation
in cartography lies in its ability to push boundaries, foster creativity, and ensure that
maps remain powerful tools for communication and understanding in an ever-

changing world.

Representing processes can be challenging, as they are often more complex than
we realise. Technical term abbreviations should be explained upon first use. It is
important to ensure objectivity and logical progression in the representation. The
best way to represent a process as data is through a timetable, which can include all
events or episodes that led to change. The use of layering maps and various

graphics, such as lines and polygons with different shapes and colours, can enhance
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the representation. And as long as they are used in a manner that respects all

cartographic concerns, there will be no correct or incorrect approach.

Fig. 13: Layering method of showing all changes that have occurred in different years.

Integrating different design elements to represent specific materials always creates
the right visualization. When working with maps and finding the right approach to
visualizing processes and changes, the components and symbols shown in Figure 7,

to be central and very helpful.
The visualisation table starts with very common ways of actually representing data.

The scatterplot, the stacked bar chart and the area chart are very common in

cartography and especially when it comes to presenting data. In the case of Vienna,
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since the data was mostly done through layering and just going through different
years and tracking the change of the city through the buildings, this part was much
more challenging to do as it requires more data to work. The same goes for “The
Everything”, as it shows data for every point, but unfortunately it takes up far too
much space. “The scatter” and “bubbl” shapes are also quite good for showing

areas where changes have occurred, and they are also quite common.

mENNA,

current change and process

| | — —]

no least subtle most occuring

Fig. 14: Areas in Vienna that are currently experiencing change.

The timeline that results from the study works best if it is followed by another type of
visualisation. “The colour scale” has been used quite a lot in this study because
colour is used to show change trends. “Animation” can be quite tricky at the end,
but it can work very well with different graphics and then just put them together like
a video.

Cartography MSc. 2023 48



The Cartographic Visualization of Processes and Changes Tea Muraj

In the previous chapter, we explored diverse methods of visualizing change and
process in maps, recognizing that the choice of symbology plays a pivotal role in

effectively conveying information. The visualization of change can take multiple
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> . Housing Approach
SMART City Approach oy
) . City continuing

to Grow

2000s-...

. Focus on Housing

Fixing War Damages

Urban Expansion and
Social housing

1950-1990

City's Growth
. War Damages

War Damages and
Re-buildign the city

1920-1950 o
<
) 5
P ~
l/ \.7
& ' Monuments
"Ringstasse” ‘f\ N
Important buildings N\ The city’s Ring
1805-1920 -

Fig. 15: An approach by using different visualization elements to represent change visually.

forms, each offering unique insights into the underlying data. These options include

representing change as a percentage change, illustrating it through actual values, or
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employing diagram views that facilitate a seamless transition between different
states. The selection of the most appropriate visualization technique hinges upon
the specific characteristics of the data and the desired communication of

information.

In the field of cartography and geospatial visualization, the importance of
experimentation and exploration of different design approaches cannot be
overstated. The landscape of visualization techniques is vast and diverse, offering a
plethora of tools, styles and methods for representing change and process in maps.
To truly harness the power of visual communication, it is essential to embrace a spirit
of experimentation. By systematically testing and iterating different design choices,
from color schemes and symbology to layout and interaction, we can discover the
optimal means of presenting complex data. This process enables us not only to
select the most effective visualizations, but also to uncover insights that may have
remained hidden under a less appropriate design. In an evolving field where new
techniques and technologies are constantly emerging, a willingness to explore and

adapt is key to pushing the boundaries of map-based communication.
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CHAPTER IV:
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Throughout this research, innovative approaches to representing change and
process in urban environments, with a particular focus on Vienna have been
explored. This research has highlighted the significant potential of integrating
change and process visualisation into cartography, offering new perspectives for
understanding dynamic urban landscapes. The maps have demonstrated different
techniques for representing these complex phenomena, shedding light to the
complicated aspects of change and process. However, it is important to recognise
that the visualisation of change and process remains a diverse and evolving field,

ready for further exploration. While significant progress has been made in
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understanding process and associated change, it is clear that there is still much to
explore and discover. Researchers in the field are encouraged to build on this study,
expanding its scope and delving deeper into areas that are in need of additional
exploration. This study is therefore an invitation to further research, encouraging

collaboration and the pursuit of a fuller understanding of the subject.

The selection and creation of visualisations requires a considerable amount of time
and thought. This study has also highlighted the challenges inherent in working with

visualisations, including the selection of appropriate symbols, colours and shapes.

The maps that were produced are selected as the most effective means of
presenting data within the city of Vienna. However, it's important to recognise that
these choices may be significantly different for other cities and research contexts,

potentially leading to different results and design approaches.

In summary, this study was designed to achieve two specific key objectives, each
designed to illuminate the complexities of visualising change and processes within
urban environments and cartography, with a particular focus on Vienna. Reflecting

on the focus of this research, it is evident that these objectives have been met.

RQ1. Understanding the meaning of process and change, by discovering how it
relates to urban life and cartography.

Aim 1 was to explore the fundamental concept of process and change, with a
particular focus on their interrelationship within urban life and the field of
cartography. Throughout the course of this study, this part was achieved by
examining the nature of process and change in different domains. The research
uncovered the complicated links between these phenomena and urban life, creation

connection with Vienna.

In essence, the research provided an understanding of process and change,
demonstrating their importance in the shape of urban cities over time. By including
these concepts with cartography, we have not only broadened the scope of the
study, but also introduced a novel approach to mapping historical and contemporary

change in Vienna. It was important to integrate different fields and incorporate
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historical and temporal dimensions to enhance the study, ultimately contributing to

a more comprehensive representation of Vienna's evolving urban narrative.

RQ2. Observing different visualisation methods and approach the techniques
that represent change and process better.

Aim 2 focused on a comprehensive review of the existing literature on visualisation
methods, with a particular emphasis on identifying techniques that excel at
effectively representing change and process. In pursuit of this objective, we
systematically examined a wide range of visualisation approaches and analysed their

applicability to the complex context of Vienna's urban dynamics.

The study considered different visualisation methods and assessed their suitability
for representing change and process in Vienna. This objective served as a critical
foundation, guiding our selection of the most effective techniques for creating maps
that accurately depict the city's transformation over time. It allowed us to make
informed decisions about the symbols, colours and shapes that would best

encapsulate Vienna's evolution.

Overall, Objective 2 was instrumental in refining the cartographic representation
approach, which offers the ability to choose the methods that are most in harmony

with Vienna's unique urban history.

In the field of cartography, it is important to recognise that it is a discipline that
seamlessly weaves together elements of art, technology and design. Cartographers
are not simply mapmakers, but multidisciplinary artists, technologists and designers

with a unique ability to communicate complex information in a visually engaging way.

However, to harness the full potential of cartography and create maps that resonate
with the complexity of our world, it is imperative to take a holistic approach. By
incorporating fields such as urban studies and history into our cartographic
endeavours, we unlock a wealth of knowledge and insight that enriches the

storytelling power of maps.

With each passing moment, cities are being reshaped by economic shifts, cultural

movements, technological advances and demographic trends. In this ever-changing
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landscape, we must embrace the impermanence of urban life and the fluidity of
cartographic representation. Maps become a reflection of the times, capturing the
essence of cities in their current state, while acknowledging the echoes of history
and the potential trajectories of the future. As we navigate the interplay between
time and cartography, we should remember that our maps not only depict space,
but also encapsulate the profound histories of cities, their enduring transformations,
and the existence of humanity. Through the lens of time, maps become vibrant
narratives of urban evolution, transcending the limitations of static imagery to offer

a dynamic and holistic representation of our ever-changing world.

Recommendations

Based on the study of visualising change and process in cartography, it is clear that
the process of selecting appropriate visualisations, symbols, colours and shapes can
be time-consuming and challenging. Adopting an iterative design process,
prioritising a user-centred approach with stakeholder involvement, making data-
driven decisions for appropriate visualisations, understanding colour theory and
symbol selection principles, considering contextual variations in different cities and
studies, conducting usability testing for refinement, creating documentation with
best practices, keeping up to date with cartographic tools, fostering collaboration,

remaining adaptable to evolving techniques.

It is important to note that this study can be used for different types of work. The fact
that the introduction of a very abstract topic like change and process shows how
much a cartographer can do with visualisations. As mentioned above, change and
process is quite interdisciplinary, so it is important to encourage collaboration
between cartographers, urban planners, designers, data scientists and social
scientists. This collaboration could be broader and more stable given their expertise,

which gives a higher percentage for the end results to be more precise.

Studies work much better when there is continuous experimentation. The same
situation is recommended for this study, as exploring new methods and technologies
can provide richer insights into the complex world of urban change and processes,

or any kind of change that occurs. In a way, everything around us is changing without
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people being aware of it. So, it is important to know the situation of this change and

its process and how it affects our lives.

For this specific study, the urban transformation and historical changes over time
were used as a better way to work with the city of Vienna. For other cities, the results
may be different depending on how the researcher wants to visualise the maps. For
example, if the existing data is much larger and collected in different ways, the
historical part and urban transformations might not be the best way to visualise it.
The maps might work better by expressing change and process through
percentages or a larger number of graphs. It is also very important to mention that
experimenting and seeing what works best for the data should be kept in

consideration, as it is very important.

Integrating the visualisation part of change and process into cartography might
become quite effective if researchers continue to contribute in this idea. It is very
important to acknowledge the efficiency that visualisation brings. Enhancing this part
and contributing as much in this field, will enrichen and communicate the power of

maps and how much they can offer.

In conclusion, this study has embarked on an exciting journey towards redefining the
boundaries of cartography by introducing change and process visualization into its
repertoire. This research serves as an invitation for future endeavours, inspiring
scholars to push the boundaries of knowledge and contribute to the evolving

landscape of urban visualization and cartography.
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Appendices:
VIENNA'S DEVELOPMENT

The city's

o . situation in 1991
Remains from
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2000 . New Changes
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2013

2000
. New Changes

Fig. 16: A simpler approach to visually represent change over time.
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Fig. 17: Map of Vienna during 1900s.
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VIENNA, 1920-1945
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Fig. 18: Vienna'’s change between 1920 and 1945.
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VIENNA, 1960-1990 @

Fig. 19: Vienna 1960 and 1990 growth situation
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Fig. 20: Expected changes to occur in the city of Vienna by year 2030.
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Fig. 21: Heat Map, highlighting future changes in 2030 Vienna.
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