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Abstract

Map-based storytelling is a process of building social relationships by sharing meaningful knowledge with
maps. The development of these practices was heavily influenced by two disciplines — cartography that
emphasizes the scientific value of mapmaking, and journalism that focuses on the practice of narrative-
sharing. In the data-driven era, both disciplines face the same challenge of growing complexity in map-based
communication. The newly created stories account for much more than human experiences and facts. The
new crucial component of the story is data. Designers rely on them in their search for convincing narratives
and visualize them in media-rich digital formats. Getting insights into the practice of data-driven storytelling
is very challenging due to multilayered relationships between data, narrator, story and audience. Although
it is possible to reverse-engineer the presence of certain components of the data-driven stories, the recipes
behind them remain hidden.

This thesis is dedicated to the development of map-based storytelling. To establish a theoretical framework
for the exploration, the literature review reflects on the presence of narremes — the theoretical and practical
building blocks of data-driven story maps — in the related disciplines of visual rhetoric, narrative design, data
visualization, data science and cultural analytics.

The thesis involves two essential parts of data-driven explorations. The first part of the exploration is driven
by curiosity about the most and the least prevalent patterns in map-based storytelling in a number of
representative news media. This part of the thesis develops a proof of concept for novel combination of three
data-driven research methods - Quantitative Content Analysis, image tagging using Machine Learning and
Visual Analytics with metaimages. This research protocol was used to analyze 215 map-based stories shared
by journalistic outputs between 2014 — 2021.

The second part of the thesis investigates the practical implications of theoretical findings through hands-on
design. The author developed an annotated portfolio with four map-based stories. Annotations for each story
included a report on data sources, presentation of storytelling approaches, analysis of story requirements,
prototype visualization, and dissemination of the final interface. The portfolio concludes with eight prompts
for cross-disciplinary practices in map-based storytelling.

The analysis shows that there is a discrepancy between theoretical possibilities of map-based storytelling
and their practical implementations in news media. This gap can be addressed in three time perspectives —
present, near future and long-term future. For the time being, cartographers can continue to look for added
value in the already existing hybrid forms of storytelling. Research for the near future may address the
supporting functions of text in cartographic story design. The long-term research direction is to adapt spatial
knowledge graphs as integral parts of stories.

These two directions of top-down and bottom-up exploration have demonstrated that there is a synergetic
e [eck between cartography and journalism. The developed framework is also applicable to other domains
researching on data-driven visual stories. The presented workflow for understanding the visual and rhetorical
properties of map-based stories constitutes the first step towards the use of stories in spatial knowledge
communication.



Zusammenfassung

Kartenbasiertes Geschichtenerzahlen ist ein Prozess, bei dem soziale Beziehungen aufgebaut werden,
indem bedeutendes Wissen mit Karten geteilt wird. Die Entwicklung dieser Praktik wurde stark von zwei
Disziplinen beeinflusst — der Kartografie, die den wissenschaftlichen Wert der Kartenerstellung betont,
und dem Journalismus, der sich auf die Praxis des Erzéhlens konzentriert. In der datengesteuerten Ara
stehen beide Disziplinen vor der gleichen Herausforderung, ndmlich der zunehmenden Komplexitét der
kartenbasierten Kommunikation. Die neu gescha [eden Geschichten umfassen viel mehr als nur menschliche
Erfahrungen und Fakten. Die neue zentrale Komponente der Geschichte sind Daten. Designer stiitzen
sich auf sie bei ihrer Suche nach Uberzeugenden Erzadhlungen und visualisieren sie in medienreichen
digitalen Formaten. Einblicke in die Praxis des datengesteuerten Geschichtenerzahlens zu bekommen ist
aufgrund der vielschichtigen Beziehungen zwischen Daten, Erzahler, Geschichte und Publikum eine grof3e
Herausforderung. Obwohl es mdglich ist, das Vorhandensein bestimmter Komponenten der datengesteuerten
Geschichten zuriickzuverfolgen, bleiben die Rezepte dahinter verborgen.

Diese Dissertation widmet sich der Entwicklung des kartenbasierten Storytellings. Um einen theoretischen
Rahmen fiir die Untersuchung zu scha [en, wird in der Literaturibersicht das Vorhandensein von Narremes —
den theoretischen und praktischen Bausteinen datengesteuerter Story Maps — in den verwandten Disziplinen
der visuellen Rhetorik, des narrativen Designs, der Datenvisualisierung, der Datenwissenschaft und der
kulturellen Analytik untersucht.

Die vorliegende Arbeit umfasst zwei wesentliche Teile datengetriebener Explorationen. Der erste Teil
wird von der Neugier auf die am meisten und am wenigsten verbreiteten Muster des kartenbasierten
Geschichtenerzéhlens in einer Reihe reprasentativer Nachrichtenmedien getrieben. Im Rahmen der Arbeit
wurde ein Proof-of-Concept fur die neuartige Kombination von drei datengetriebenen Forschungsmethoden
- Quantitative Content Analysis, Image Tagging mit Machine Learning und Visual Analytics mit Metaimages
entwickelt. Dieses Forschungsprotokoll wurde verwendet, um 215 kartenbasierte Geschichten zu analysieren,
die in verschiedenen journalistischen Medien zwischen 2014 und 2021 geteilt wurden.

Der zweite Teil untersucht die praktischen Implikationen der theoretischen Erkenntnisse durch verschiedene
Gestaltungsmdoglichkeiten. Der Autor entwickelte ein so genanntes kommentiertes Portfolio mit vier karten-
basierten Geschichten. Die Anmerkungen zu jeder Geschichte umfassen einen Bericht tiber die Datenquellen,
die Darstellung der Erzahlanséatze, die Analyse der Anforderungen an die Geschichte, die prototypische Vi-
sualisierung und die Verbreitung der endgultigen Schnittstelle. Das Portfolio schliefit mit acht Empfehlungen
zu disziplintbergreifenden Praktiken des kartenbasierten Geschichtenerzéhlens ab.

Die Analyse zeigt, dass es eine Diskrepanz zwischen den theoretischen Méglichkeiten des kartengestitzten
Storytellings und ihrer praktischen Umsetzung in Nachrichtenmedien gibt. Diese Diskrepanz kann in
drei Zeitperspektiven — Gegenwart, nahe Zukunft und langfristige Zukunft — thematisiert werden. In der
Gegenwart kénnten Kartographen weiterhin nach einem Mehrwert in den bereits existierenden hybriden
Formen des Storytellings suchen. Die Forschung fur die nahe Zukunft kénnte sich mit den unterstiitzenden
Funktionen von Text im kartografischen Storydesign befassen. Die langfristige Forschung kénnte in die
Richtung gehen zu untersuchten, wie rdumliche Wissensgraphen als integraler Bestandteil von Geschichten
adaptiert werden kénnten.

Diese beiden Richtungen der Top-down- und Bottom-up-Exploration haben gezeigt, dass es einen Syn-
ergiee [eldt zwischen Kartografie und Journalismus gibt. Das entwickelte Forschungsprotokoll ist auch auf
andere Bereiche anwendbar, die sich mit datengesttitzten visuellen Geschichten beschéftigen. Der vorgestellte
Arbeitsablauf zum Versténdnis der visuellen und rhetorischen Eigenschaften von kartenbasierten Geschichten
stellt einen ersten Schritt zur Nutzung von Geschichten in der rAumlichen Wissenskommunikation dar.
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Introduction

Storytelling is the oldest form of creating and sharing knowledge through 1.1 Signi cance and importance
combining factual or ctional experiences. Our brains are biologically oftheresearch. .. ... ...
adapted to recognize and memorize the building blocks of oral, written, 1.2 Research aims, questions
and visual stories. Maps, throughout the history of mankind, were one andtasks . ... ........

of such blocks. Yet, there are two unique characteristics that distinguish 1.3 Thesis outline
them from other story-supportive elements. The rst is the usage of

spatial mental model during story creation and reading (Certeau 1980).

When communicating with maps, narrators create imaginative spaces

and imply speci c spatial relations between story elements (Gasher 2021).

The second unique trait of maps is the unwarranted trust we put in them,

assuming their objectivity and strive for showing truth (Tyner 1982, Mode

2017).

1.1 Signi cance and importance of the research

The development of map-based and fact-based storytelling was in u-
enced by two intertwined disciplines of cartography and journalism.
Both use maps to communicate certain messages, both create mental
maps in their readers' consciousness, and both operate on the objectivity-
subjectivity continuum. Fact-based storytelling utilizes journalistic and
thematic maps, that strive to follow the academic and practical rigour,
leaving little space for visual ambiguity and multiple interpretations.
Therefore, journalistic maps published in news media tend to fall into
one of two categories: locative, that show the exact locations of the story
and expositive, that reveal spatial relations between story elements and
other elements meaningful for the story context (Gilmartin 1985). The
opposite side of the continuum is marked by suggestive and persuasive
maps, that pretend to communicate spatial components of the story. In
practice, they purposefully frame them to in uence readers' opinions or
beliefs. Their designs resemble journalistic or thematic maps, yet they
diverge in their use of geographical projections, emotive symbology, or
map embellishments (Muehlenhaus 2013).

To further understand the phenomena of map-based storytelling, one
need to take a closer look at the relationships between both disciplines:
cartography, the science of map-making, and journalism, the practice
of narrative-sharing. Initially, these two threads run separately. The
milestones of journalistic cartography are correlated with international
con icts and their resolutions. World War I, World War 1l and Cold War
drove public interest in maps and stimulated design experiments, that
re-appeared in the post-war advertisement maps (Schulten 2015). In the
twentieth century, journalistic maps were almost exclusively created by
professionals trained in art, graphic design and architecture (Mode 2017).
The previously separated disciplines started to converge toward the end
of the twentieth century. Gilmartin envisioned that GIS systems would
become standard working environments not only for cartographic, but
also journalistic map production (Gilmartin 1985).



She called cartographers to investigate how journalistic maps were
designed and read, as their visual patterns would become more prevalent
and would in uence the perception of other map types in multiple use
cases. Indeed, only eight years later, the Pulitzer Prize went to Miami
Herald for their pioneering map-based investigative piece What went
wrong . The work revealed that damages caused by hurricane Andrew
in 1992 were most likely to happen to the newest dwellings due to
gradual decrease of urban and building standards (Doig et al. 1992).
This publication established a new path for the growing use of geodata
and GIS in journalism (Herzog 2003), that preceded the emergence of
data-driven journalism (Gray et al. 2012).

Cartographic community raised multiple concerns on the development
of journalistic maps, situating them between persuasive cartography ,
pop-cartography , or even pseudo-cartography (Green 1999). The
comparison between journalistic and thematic maps using cartographic
criteria of right projections, scales, and generalizations was not favorable
to the former ones (Balchin 1985). Cartography acknowledged the unique
aim and purpose of journalistic maps but opted for introducing more
cartographic trainings for journalists. The goal of this critique was not to
discredit the contributions of journalism in raising spatial awareness. On
the contrary, cartographers recognized that imposing the scienti c rules
of map construction on the genre would lead to sterile cartography
growing number of blunt, similarly-looking maps (Green 1999).

Two decades later, we experience the pivotal point brought by the
development of media-rich and data-driven storytelling (Lorenz 2010,
Riche et al. 2018). Data became the new fuel for the story, claiming to
be an unbiased representation of facts and human experiences. The
visual stories produced by media became more pervasive, engaging and
impressing. The two unique characteristics of maps spatial mental
modelling and unwarranted assumption of truth telling set a common
goal for the two now intertwined domains: to tell better data-driven stories
with maps. Journalism recognized itself as a practice of cartography
responsible for shaping the social imaginaries of the world (Gasher
2021). On the other hand, cartographers want to extend the scienti cally
rigorous designs with impact factors of emotional reactions, vividness
(Fish 2020) or virality (Shannon and Walker 2020, Robinson 2019), that
were previously attributed to journalistic maps. The calls from Gilmartin
became again valid: learning about the circulation of new forms of maps
in digital environments is crucial to understand the entire process of
cartographic communication (Gilmartin 1985).

1 Introduction



1.2 Research aims, questions and tasks

The thesis aims to explore the development of map-based storytelling
in the data-driven era. It faces the challenge of building this meta-story
by combining in a novel way multiple data-driven research protocols
from cartography, data science and cultural analytics. The research is
conducted from a cartographic perspective, but it equally recognizes the
stance of journalism. The two perspectives interact with each other over
three research questions:

RQ1 How to organize the design space of data-driven map-based stories?

RQ2 What are the characteristics of map-bases stories disseminated in
news media?

RQ3 How can cartography contribute to the ongoing storytelling prac-
tices?

The research questions are addressed by de ning three research objectives
and their corresponding tasks.

Objective 1 is to develop a design framework that organizes the design
space of data-driven map-based stories. Therefore, the rst part of the
thesis summarizes the cartographic considerations on story construction
and updates them with interdisciplinary insights on story dissemination
by completing two research tasks:

RT1 Review of the storytelling concepts present in cartography, journal-
ism, literature, ne art, data visualization, and computer science.

RT2 Summary of the adequate storytelling principles, structures, forms,
and characters that are also relevant to story maps.

Objective 2 is to implement and evaluate the proposed design framework
using journalistic maps as case studies. The second part of the thesis
expands the interdisciplinary perspective to:

RT3 Operationalize the design framework through chaining manual
and automated data analysis methods.

RT4 Analyze maps shared by journalistic outputs using a novel analytical
protocol.

RT5 Evaluate the completeness of the initial design framework.

Obijective 3 is to identify real-world themes and to experiment with their
communication through data-driven story maps. The third part of the
thesis documents practical e orts of extending the existing story maps
approaches by:

RT6 Proposal, development and dissemination of story maps for politics,
culture, urban design, and art.

RT7 Evaluation to what extent the new stories deepen the mutual
understanding of cartographic and journalistic storytelling.
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1.3 Thesis outline

Following this introductory chapter, this thesis contains seven further
chapters.

Chapter 2, Foundations and State-of-the-Art , lays out the characteristics
of the stories in domains neighboring to cartography and journalism, such
as literature, visual arts, and computer science. Instead of enumerating
multiple storytelling concepts, the chapter summarizes them through
the lenses of cartographic narremes theoretical and practical building
blocks of data-driven story maps.

Chapter 3, Methods of analysis , walks through methods used so far to
capture the design spaces of storytelling artifacts such as maps, paintings
or newspaper covers. The chapter re ects on the prevalent approach of
manual Quantitative Content Analysis and theorizes its two possible
extensions. The rst one is the use of Machine Learning to automatically
describe the content of the story map. The second is the use of metaimages
visual representations displaying all story maps in di erent similarity
groups.

Chapter 4, Research protocol, guides through the rationale behind
operationalizing the design concepts. The chapter explains construction
of the codebook and clari es how design variables and codes will be
assigned by both human coders and algorithms. It also illustrates the
methods of data analysis and reporting.

The next two chapters document the results of the study.

Chapter 5, Implementation of data-driven approach for story analysis
reports on the diversity of story maps and highlights dependencies
between design variables. It also evaluates the completeness of the initial
design framework with the multiple factor analysis.

Chapter 6, Research through design, re ects on the discovered story-
telling practices by creating an annotated portfolio of visualization case
studies. The annotations for each case include coverage of data sources,
presentation of storytelling approaches, analysis of story requirements,
prototyping of the visualization, and dissemination of results in news
media.

Chapter 7, Discussion , reviews the achieved results in the context of
previous literature and the newly acquired knowledge. It also contains a
list of design pitfalls and opportunities.

Chapter 8, Statement of impact , re ects on the overall contributions
of this research, points to their limitations and outlines future research
directions.

1 Introduction
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Foundations and State-of-the-Art

The content of this chapter adapts and follows the structure of rhetorical
triangle (Harvey 2015) to analyse the relationships between story map,
narrator, and map users. These three elements are essential for map-based
storytelling, in uence each other and follow three principles (Figure
2.1):

1 the principle of cartographic design - story maps are constructed
based on domain knowledge and strive to be highly functional, yet
visually appealing,

1 the principle of the product design - story maps appeal to users’
perspectives, consider their personal perception and use context,
induce emotional responses and in uence decision making,

1 the principles of communication design - the relationship between
cartographer and audience shapes the story, therefore it should be
strengthened by establishing mutual credibility, following feedback
loops and agreeing on ethical codes.

The review contains glossary of terms from multiple disciplines related
to cartography and journalism, such as visual rhetoric, narrative design,
data visualization, data science and cultural analytics. The terms are
introduced for each part of the storytelling triangle to highlight their use
in the context of cartographic communication with story maps.

2.1 Whatis visual story-

telling? . . .......... 7
2.1.1Linguistic origins of

visual storytelling . . . . . 7
2.1.2Visual storytelling with

maps .. ........... 7
2.1.3 Data-driven map-based

stories. ... ... ... ... 7
2.2 Narremes in map-based

storytelling . ........ 10
2.2.1 Narrator . . . ... ..... 10
222 Characters . ......... 10
223Space . ............ 11
224Time. ............. 11
225Plots . . . ... 12
226Frames ............ 17
2.3 Visual persuasion . . . .. 19

2.3.1 Persuading with images . 19
2.3.2 Persuading with maps . . 20

2.4 Story audience . ... ... 27
2.4.1 Narrative values for
audience .. ......... 27

2.4.2 Audience engagement . .28

2.5 Ethics of visual story-

telling . . ........... 29
2.5.1 Ethics of story creation . . 29
2.5.2 Ethics of story as a prod-

uct . . ... 30
2.5.3 Ethics of telling and
reception . . . ... ... .. 31

Figure 2.1: Map-based storytelling in-
volves design relationships between nar-
rator, story and audience. Figure com-
piled by the Author based on the concept
of storytelling triangle by Harvey (2015).
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2.1 What is visual storytelling?

2.1.1 Linguistic origins of visual storytelling

The term narrative stems from two Latin words: narrare telling a story,
relating, recounting and explaining and gnarus knowing (deSouza
2018). This linguistic origin of the narration clearly points to the main
purpose of storytelling, that is building social relations through sharing
knowledge (Tkaczyk 2017).

In order to create a story, one must account events, places and characters
in a raw, chronological order, so called fabula . Cohn (2013) argues that
humans express stories in three languages that are similarly processed
in our minds - spoken, gestural and visual. Each language can be fur-
ther broken into morphems - the smallest units of meaning. Spoken
stories consists of phonemes, and visual stories are built up by visual
morphemes. Narrative is regarded as a way of storytelling. While story is

a collection of event properties, plot, narrative or syuzhet refers to their
rhetorical organisation (Figure 2.2). Narratives can be further subdivided
into spoken, signed and visual types, with their basic building blocks
conceptually de ned as narremes.

2.1.2 Visual storytelling with maps

The cartographic understanding of plots and narratives is traced back to
the above-mentioned literary origins. Cartographic story stands for an
account of speci c events, places and people , while narrative formalizes
the structure and visual presentation of these properties (Roth 2021).
Cartographic narratives are therefore a part of visual narratives, that
convey a continuous event sequence by placing selected images in a
consecutive manner (Cohn 2019).

What makes cartographic narratives di erent from other visual narratives

is the usage of spatial mental model during their creation and reading.
As noticed by De Certeau (1980), a map is a visual-spatial narration
that integrates living experiences, private perceptions, memories and
fantasies (Certeau 1980) with information about their location, size, and
orientation. Therefore, a story map shares characteristics of both maps
and narratives (Robinson, Dem?ar, et al. 2017).

2.1.3 Data-driven map-based stories

Spatio-temporal narratives can be extracted from datasets with quantita-
tive and qualitative information (Robinson, Dem?ar, et al. 2017, Roth 2021).
Yet, previous approaches on communicating insights from data mining
focused on informing readers about geometries, topologies, outliers or
directions of changes in data. In recent years, the geospatial communities
kept developing a growing body of knowledge on how to build, inter-
pret and evaluate their data-driven narratives (Robinson, Demzar, et al.
2017, Tong et al. 2018), which can be further developed intodata-driven
stories (Roth 2021). Data-driven storytelling is a multi-layered story

Figure 2.2: Di erence between story and
narrative plot. Schema adapted from Di-
bell (1999).
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communication process that may rely on geovisual analytics (Chen et al.
2020) and separate visualization from narration (Bradshaw 2011). The
story synthesis process starts from data compilation and cleaning. In
the exploratory phase surprising, yet plausible insights and ndings,
are placed into story slices, that are carefully selected, managed, and
organized into meaningful layouts (Chen et al. 2020).

Although modern maps claim to be visually self-containing and worth
a thousand words , the oldest maps known to us were narrated and
discussed orally (Mariani 2019). After the invention of an alphabet and
print, maps were placed alongside the text and mutually supported
their understandings. With the latest technological developments, we
increasingly observe hybrid forms of storytelling (Table 2.1), that merge
spatio-visual narratives not only with oral and written languages, but
also with audio-visual and imaginative practices (Roth 2021).

Table 2.1: Examples of hybridization points between cartographic design and various modes of storytelling.

Storytelling mode  Hybrid domain Resulting story maps

Written Literary cartography Literary atlas (Piatti, Reuschel, and Hurni 2011)

Place-based oral stories (Kemper, Peluso, and Roldan Us-
esche 2019)
Ethnographic mapping  Oral maps (Kemper, Peluso, and Roldan Usesche 2019)

Oral Cultural mapping

Written-visual Comic cartography Maps in cartoons (Vujakovi¢ 1990), comic strips (A. B.
Moore et al. 2018)

Cinematic cartography  Location maps (Caquard, Naud, and Gonzalés 2012)

Audio-visual Soundscape mapping Soundscape maps (Aiello et al. 2016)

Game design Gaming maps (Edler, Keil, and Dickmann 2018)

Dream cartography Dream space and content maps (losifescu Enescu, Mon-
Imaginative tangero, and Hurni 2015)

Emotional cartography  Emotion maps (Nold 2009)

Smellscape mapping Smell maps (McLean 2017)

Psychogeography Mental maps (Brennan-Horley et al. 2010)

The hybridization e orts come both from the cartographic community as
well as neighboring visual domains such as journalism and art. Cartogra-
phers investigate concepts of intrinsic storytelling  (Bonassi and Sieber
2017) andstory focus (Mocnik and Fairbairn 2018) to integrate narra-
tive structures in story map prototypes. On the other hand, interactive
journalistic essays often appropriate the familiar user interface of online
maps and their interaction patterns (Figure 2.3). This results in new types
of verbo-spatio-visual compositions that can be both viewed and read.
As an example, location-based poems (Figure 2.4) and calligrams merge
typography with spatial reference to create expressive artistic maps (Fig-
ure 2.5) or intrinsic tag maps (Yang, MacEachren, and Domanico 2020).
The most persuasive and evoking maps were made by creators whose
training does not classify them as cartographers (Mode 2017, Demaj and
Field 2012, Fish 2020).

Given the interwoven threads of spoken, signed and visual narratives
and omnipresence of data, it is necessary to explore what elements can
serve ascartographic narremes the theoretical and practical building
blocks of data-driven story maps.
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Figure 2.3: The Close read series
in The New York Times introduces
artworks using map interactions of
panning and zooming.

The article by Farago (2020) nar-
rates the woodblock print Ejiri in
Suruga Province made ca. 1930-32 by
Katsushika Hokusai.

Figure redrawn from (Farago 2020)
using the digital le from The Met
Collection API (unrestricted use under
Creative Commons Zero - CCO.

Figure 2.4: Geographical reference
serves as a starting point to develop
text-based narratives.

The verses of OpenStreetMap Haiku
were assembled by querying data tags
and weather data around selected place
(Esco er, Alonso, and Parrefio 2019).

Figure 2.5: Boldly coloured typographic
maps by Paula Scher blur the borders
between personal narration, cartography
and art (Scher 2011).
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2.2 Narremes in map-based storytelling

2.2.1 Narrator

Each time and society has its name for a person who collects, develops
and shares stories, be it orator, bard, cantadora, or narrative designer. The
role of the storyteller is to manage the relationships between the audience
and the story, as well as between audience and the storyteller themselves
(Quesenbery and Brooks 2010). Mariani (2019) recommends that narrators
should reveal personally touching situations or phenomenons, because if
something reaches your heart, it can be made to reach areader (Mariani
2019).

Narratology distinguished between several types of narrating styles.
The ominiscent narrator has a full knowledge about story world and
characters, therefore can freely choose what elements should be revealed
to the audience. On the contrary, the limited narrator is restricted to the
elements known to the story characters. Narrator can choose to present
the story from a single perspective of one character the focalizer or
multiperspective with several characters (focalizers). In the rst-person
focalization the main character speaks about own experiences as |
or we . The story narrated from the rst-person perspective gives a
natural feeling, as it mimics the way people share their daily experiences
(Mariani 2019). Thesecond-person focalization uses the you and your
pronouns, while the third-person reports the experiences of he, she
or they . The third-person narration invites audience to observe the
story development and to draw their own assumptions. In oral and
written storytelling the narration is predominately personi ed, meaning
that the focalizer is either a person or a living form with human-like
characteristics. Establishing not-personi ed focalizers is very challenging,
but possible Phillips (2012) derived eight storytelling plots told from
the perspective of Earth systems phenomenons: genesis, emergence,
destruction, metamorphosis, cause and e ect, oscillation, convergence
and divergence (Figure 2.12b).

2.2.2 Characters

Characters are the most important components of the stories. When
seeing or hearing the stories, our brains activate parts responsible for
processing own and other people's emotions, impulses and beliefs (Yuan,
Major-Girardin, and Brown 2018). Stories are therefore told through set
of main characters and supporting characters from their certain points
of view. The characters in visual narrative can be presented using the
Five Ws principle: What they are? Why they became it? How, Where
and When that could have happened? (Mariani 2019).The typical story
setup introduces the main character (protagonist) and its opponent
(antagonist) that confront each other in an open con ict or inexpressible
tension. Other versions of character con ict might evolve around internal
struggles, societal and technological pressures, as well as natural and
supernatural interference.

Figure 2.6: The following section of the
thesis reviews the terms related to story
narrators.

Figure 2.7: The following sections of the
thesis review the terms related to visual
stories and story maps.
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Story characters can be placed on three dichotomous scales (Mariani,
2019):

Linear vs. non-linear  linear characters strictly follow their determined
path, whereas non-linear ones look for their appropriate path or
change between multiple paths.

Static vs. dynamic static characters do not undergo substantial changes,
even if their emotional states change signi cantly. Contrary, the
dynamic characters evolve as the story unfolds.

Well-rounded vs. blurred  well-rounded characters are known for their
appearance, motivations and background, while blurred remain
ambiguous for the audience.

2.2.3 Space

The environment where story unfolds is de ned as its space An e ective
narrative establishes a humanised environment appealing to feelings,
so that audience can sink in the atmosphere of history and the air
that the protagonist breathes (Mariani 2019). In map-based storytelling
the mood of the space should be set up at the start of the narrative
by designing forms, colours, types, and textures of map elements and
embellishments (Roth 2021). As the story progresses, the narrator can
re-de ne the space and its mood to either match with story characters
and audience expectations (so calledharmonic environment) or confuse
and challenge them with dysharmonic environment (Figure 2.11). Re-
de nition of story space can be achieved by creating color worlds - new
visual representations introduced when story characters enter a new
path or cross the symbolic border (Lupton 2017). The visual appearance
and extent of story space can be planned with prototyping tools such
as wireframes, story boards (Walker 2013, Thoény et al. 2018) or mood
boards (Sieber et al. 2016). Such organisation is particularly important
for interactive story maps, that might su er from in nite story space of
unlimited scrollable screens.

2.2.4 Time

Narratives unfold in two parallel timelines that can be referred as audience
time and story time (Tkaczyk 2017). The audience time is the actual time
of exposure to the narrative, whereas the story time redirects audience
attention from what happened here and now to what happens there
and then . The relationships between the story and audience timelines
should be carefully planned as the following story phases (ibid.):

Description  in this phase audience time ies faster than story time
(Figure 2.8). The storyteller uses audience time to introduce the
story context, place and characters.

Summary in this phase story time passes faster than audience time
(Figure 2.9). The storyteller skips trivial events or descriptions to
keep the audience attention.

Dramat in this phase story time passes as quickly as audience time
(Figure 2.10). This is achieved by including character's voice in
monologues, dialogues or quotations, but also when the storyteller
comments on real-time events.

Figure 2.8: In the description phase story
time progresses slowly.

Figure 2.9: In the summary phase story
time speeds up.

Figure 2.10: In the dramat phase story
time passes as quickly as audience time.
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(a) Cartoonist EImer Simms Campbell illustrated the vibrant night scene of Harlem in the
Jazz Age using multiple pictorial micro-stories (Campbell 1933).

(b) Campbell shapes a story both as a narra-  (c) ...and gives recommendations to the
tor and a supporting character, who takes reader. The environment of the story is there-
active part in the evening... fore dysharmonic, yet engaging

To create a coherent story time, the theories of kairos and decisive
moments propose to narrate only signi cant, opportune or transitory
moments, that create a sense of before, now and after . If the story time
is missing or is weakly de ned, the temporal organisation of story map
might be replaced with non-temporal narrative arcs.

2.2.5 Plots

A plot can be decomposed into a main plot and several subplots. The
main plot evolves with the tension or con ict between protagonist and
antagonist. On one hand, the main plot can be divided into parallel
plots equally important, yet separate narratives of each character. On
the other hand, secondary subplots introduce supporting characters ,
reveal new information about the story space and intensify the con ict
in the main plot. The actions within plots can be divided into plot
elements signi cant events or places that in uence the actions, and
pauses between them. In order to enhance the linearity of visual stories,
their elements need to be carefully selected, arranged and visualized. For
instance, pauses between plot elements can result from incomplete data
about characters, but they can also be left blank intentionally.

Figure 2.11: Blending space, time and
point of view within a story map.
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Dependent on the degree of plot organization, we can di erentiate
between non-linear and linear narratives.

Non-linear narrative

A non-linear narrative does not provide a recognizable organisation of
plot. For instance, it might be guided by logical rules of cause and e ect
rather than following a chronological order. In visual stories non-linear
narratives are often presented with the reader-driven approach and high
degree of interactivity, that allow random accessto events, characters and
places or synchronous exploration of multiple parallel plots (Segel and
Heer 2010). Other examples of unstructured story organization include
embedded narratives  stories told within a story.

Linear narrative

Linear narratives organize plot points and pauses into coherent, logical
and progressive tracks, referred as narrative arcs or narrative paths
(Segel and Heer 2010). Linear arcs usually settle plot elements in a one-
dimensional (temporal) order or two-dimensional space by coupling
time with additional story dimensions, such as:

Emotional load plot elements follow the emotional states of the main
character (Figure 2.12a). For instance, thestory shapes of famous
fables (Reagan et al. 2016) move on the fortune - unfortune contin-
uum,

Tension plot elements introduce tension, its development into con ict
and eventual resolution (Figure 2.12b). This arc structure is par-
ticularly prevalent in stories on Earth system dynamics (Phillips
2012).

Function the neighboring story elements are paired based on the
functional relationships between them, such as problem-solution
or question-answer (Figure 2.12, Weissman 2008).

Space elements are organized according to the geographical location
of their action, or they follow an arti cial spatial arrangement, e.g.,
from the center out (Figure 2.12d, Weissman 2008).

Recently Roth proposed a concept of linear three-act spatial narrative
that places narrative elements into the set-up, con ict, and resolution of
the story (Roth 2021).

Plot controllers

Several techniques can be used to indicate story time and to unveil the
narrative in the assumed order and pace. Historical maps presented
the plot as shapes of environmental features (Figure 2.13), conceptual
directions of mappings (Figure 2.14) or origin-destination movements
(Figure 2.15). Lupton (2017) proposed two universal design strategies
to control the narrative path labyrinths and mazes, that correspond
with author-driven and reader-driven techniques from data visualization
(Segel and Heer 2010).
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