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Abstract

The scientific field of cartography has a research gap: interactive maps are not
well understood. Particularly, the effect interactive maps have on their users’
performance. The aim of this thesis was to contribute to filling this research
gap by testing an interactive map against a static version. For this purpose,
two versions of a digital map were created: an interactive and a static version.
These two maps were then tested against each other in a between-subject study
design to test two hypotheses: 1) that a static maps performs better than an
interactive map regarding usability, and 2) that an interactive map engages
users more to explore the data. In the study, neither of the hypotheses could
be confirmed. The visualizations themselves however are a main output of this

thesis that have the potential to be further developed.
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1 Introduction

New tools are allowing journalists to go new ways. The increased availability of
data, along with new tools to help journalists process and visualize them, has
created a surge of visualizations in online media. This exciting development has
been well received by the users of online media. Within these unsteady times
for journalism, where sales are dropping, data journalism promises to be have
a future.

One specific type of digital visualization is the interactive map. As are other
products of data driven journalism, interactive maps are becoming more fre-
quent. At the same time, research is lagging behind. The effects of interactivity
on map use are not well understood. The aim of this thesis is to investigate
interactive maps scientifically. How does the element of interactivity change the
way a map is perceived and its information content is processed? This thesis
seeks to contribute to filling the research gap by evaluating interactive maps
against static maps. Two dimensions are of concern: firstly, users’ effectiveness
and efficiency when working with interactive maps; and secondly, an interac-
tive map’s potential to engage the users to explore the underlying data. For
this purpose, an interactive and static version of a digital map are created and

evaluated in an online user study.



2 Research questions

The first research question is aimed at evaluating the efficiency and effectiveness

of users when using an interactive map.

Research question 1
How does an interactive visualization compare to an informationally equiv-
alent static visualization regarding usability issues, in the context of public

communication in online media?

The second research question is aimed at evaluating motivation and interest for

exploring an interactive map.

Research question 2
How does an interactive visualization engage users to explore the visualized
data, compared to a static visualization, in the context of public communi-

cation in online media?

Based on previous literature (section 3), a hypothesis is created for each research

question.

Hypothesis 1
Users are less effective and efficient extracting information from a visual-

ization of the interactive type than the static type.

Hypothesis 2

The interactive visualization type engages users more to explore the data.



3 Literature review

3.1 Map design

3.1.1 Map design for the internet

Jenny et al. (2008) note that maps designed for the internet should be designed
even more simple than printed maps, containing few colors and only relevant in-
formation. This is because of limitations of screen resolution and larger viewing
distances, as well as the fact that users will generally spend less time viewing
an online map. Jenny et al. define a set of design principles for online maps.

These will applied in section 5.1.

3.1.2 Visualization of movement data

Andrienko et al. (2008b) provide an overview over some basic concepts of move-
ment data, some of which are relevant to the work in this thesis: trajectories,
space, time, moving entities, and related phenomena. A trajectory is defined
as “the path made by the moving entity through the space where it moves”
(Andrienko et al., 2008b, 18). Since a trajectory never happens instantly in a
single moment in time, time is inherently linked to it. Typically, trajectories of
different moving entitites are analysed and compared. Space is defined as “a set
consisting of locations or places” (Andrienko et al., 2008b, 20). Typically, this
will be the physical geographic space. Two locations in space have a distance,
and since space is continuous, there is an infinite number of locations between
them and around them. For analytical purposes however, it can be useful to re-
duce the the number of locations in space to a defined set. Time is defined as “a
continuous set with a linear ordering and distances between the elements, where
the elements are moments or positions in time” (Andrienko et al., 2008b, 23).
In between and around any two moments, there is an infinite set of moments
for which there are no data. Data for these moments can only be estimated by
interpolation. Moments in time may be aggregated in intervals. An important
characteristic of time is that it often includes cycles. These cycles can be natu-
ral, like the seasonal cycle of the year, or human-made, like the typical weekly

work cycle. The Moving entities that are described in the data may themselves



have specific characteristics. For people, this might be their age or their means
of movement. Finally, related phenomena have an influence on moving entities.
These phenomena could e.g. include weather events or oil prices.

Andrienko et al. (2008a) identify some methods and techniques for analysing
and visualizing movement data. “In a strict sense, visualization is representation
of data in a visual form [...] For this purpose, items of data are translated into
graphical features” (Andrienko et al., 2008a, 376). Relevant for the work in this
thesis is the visualization of movements of multiple entities. This requires the
aggregation of data. A resulting visualization can be either a discrete or con-
tinuous flow map. Discrete flow maps show movements as bands. The width of
these bands is proportional to the magnitude of the flow that is visualized. Con-
tinuous flow maps show movements as vector fields or streamlines. Static maps
can only show one moment in time or one aggregated time interval. To show a
change over a period of time, the map must be iterated as multiples. However,
the number of multiples that can feasibly presented to a user is limited. con-
cluding this overview of visualization techniques, Andrienko et al. (2008a) point
out that the map as a visualization medium is limited. To convey additional
information, additional graphs, like histograms, may be shown alongside.

Doantam et al. (2005, 219) define three main characteristics of good hand-
drawn flow maps: “intelligent distortion of positions, merging of edges that
share destinations, and intelligent edge routing”. These techniques prevent the
overlap of flow lines with each other and with origin and destination points,
thus reducing visual clutter. Doantam et al. implement these principles into
an automated environment with a layout adjustment algorithm. The goal is to
automatically create maps with the visual quality of hand-drawn maps like the
ones by Charles Joseph Minard (Minard, 1865, 1869). Similarly, Boyandin et al.
(2010) explore a prototype of a flow map in which flows that have similar paths
are automatically bundled together to follow the same path. A limitation in
their implementation is that bundled flows are not aggregated, but overlap. As
a result, the width of the bundles does not convey any information about the
total magnitude of the flows in the bundle.

Jenny et al. (2016) test three design principles for origin-destination flow
maps in a user study. They find that 1) curved lines score better than straight
lines, 2) arrows score better than tapered flows to indicate direction, and 3) flows
between nodes score better than flows between areas, in both user preference
and user performance.

The merging and branching of edges in a flow map gives it the characteristics

of a Sankey diagram that is overlayed onto a map. The Sankey diagram type



THE THERMAL EFFICIENGCY OF STEAM- ENGINES. PIATE 5
o g .

Figure 3.1: Sankey’s original diagram of 1898, showing energy flows in an actual
(top) and ideal (bottom) steam engine (Sankey, 1898, Plate 5)

was created in 1898 by Matthew Henry Phineas Riall Sankey, who seeked to il-
lustrate inefficiencies in a steam engine system (Schmidt, 2008a). Fig. 3.1 shows
Sankey’s orginial diagram of 1898. It effectively conveys the energy flows enter-
ing and leaving each part of the system, as well as energy losses. The Sankey
diagram type was quickly adopted internationally by the engineering industry
to show system energy flows, and later on the applications for the diagram were
expanded, illustrating material flows in production systems (Schmidt, 2008a).
The Sankey diagram is a tool not mainly to be used by experts, but by “an ex-
panded circle of individuals who are not familiar with the details of the systems
and to whom the crucial connections must be explained despite this” (Schmidt,
2008b). While a flow map can be seen as a Sankey diagram overlayed onto a
map, Minard actually created his flow maps before Sankey had published his
diagram (Minard, 1865, 1869). Minard’s flow maps are examined in more detail

in section 4.1.1.

3.2 Interactive maps

Roth (2013) states that cartographic research is lagging behind technological

developments in the field of interactive maps. He outlines a series of open re-



search fields and questions, some of which are relevant to this project. Maps
allow people to generate new geographic insights, and interaction enhances vi-
sual thinking even more. Traditionally these two qualities (generation of insights
and interaction) were exclusive to the exploration phase of research. Later on,
in the presentation phase, static maps would then be produced for transferring
information to the public. Increasingly, interactive maps that allow exploration
have been aimed at the public, including in journalism. In this setting, visual
thinking and visual communication are combined in one product. Here Roth
raises the question whether the goal of interactivity is still the generation of
insights, or something entirely different. Roth then raises the issue of interface
complexity, stating that too much interactive freedom decreases productivity
when working with a map. He then concedes that interactivity can be justified,
e.g. to give the user a sense of control and thus motivation to study the map.
Finally of relevance to this research project, Roth identifies characteristics of
map users that might influence how they cope with interactive maps: ability,
expertise, and motivation. Similarly to Roth with interactivity, Hegarty et al.
(2009) find that realism and animation reduce effectiveness.

The study done in this thesis seeks to contribute to research in interactive
maps by testing the effectivess of interactive maps compared to static maps, as
well as the effect of interactivity on user engagement.

Three research examples will be introduced here in which the effectiveness of
interactive maps was tested. Albeit in all cases there was no direct comparison to
static visualizations, the studies show possibilities and difficulties of interactive
map usability testing. Andrienko et al. (2002) tested five different interactive
tools for exploring and manipulating maps. They tested the effectiveness of
CommonGIS implementations, a project which aimed to provide GIS tools for
a broad community of users. Two test rounds were conducted on-site, and an
additional round was conducted as an online study. The performance of the
internet test users was much worse than that of on-site test users. Andrienko
et al. identify four possible reasons: 1) on-site test users were introduced to
the tools before testing, while internet test users had to rely on short illustrated
explanations, 2) the internet test users had lower cartographic expertise, 3) most
of the internet test users were required to take the tests, rather than taking them
out of their own motivation, 4) explanations were in English, while the internet
test users were native German speakers. The authors found that many of the
online test users skipped some or all of the instructions and preferred a learning
by doing approach. The second research example is by Coltekin et al. (2009)

who conducted an on-site user study of interactive map interfaces. They used a



combination of traditional usability engineering methods (satisfaction, efficiency
and effectiveness, SEE) and eye tracking. The interfaces tested were Natlas and
carto.net. Designer interviews showed that both tools were designed for average
internet users with little or no cartographic expertise. Coltekin et al.’s main
finding that is of relevance to this research project is that users hardly ever
consulted instructions when stuck, which is in accordance with Andrienko et
al’s findings. A third study by Poplin (2015) evaluated the usability of PPGIS
for Wilhelmsburg. This online tool aims to allow people with no cartographic
experience to add information to a map of Wilhelmsburg, the area of Hamburg
where they live, by drawing on it with a pencil tool. The study was carried
out on-site in two phases. The first phase had students with GIS experience
as test subjects, while in the second phase the subjects were inhabitants of
Wilhelmsburg. The second group is of relevance here. Contrary to the other
two studies presented here, most participants read the provided instructions in

the beginning or at least when they had problems using the interface.

3.3 Visualizations for the public

Zambrano and Engelhardt (2008) list some popular iconic uses of diagrams in
recent years to illustrate how visual representations of data can grab the atten-
tion of large audiences in different media including online, making a profound
impact on the public. They make the point that powerful visualizations give
a broad public access to data, thus having an impact on public education and
potentially ultimately leading to social change.

Segel and Heer (2010) develop a taxonomy of visualization types used in
online media. In doing so, they focus on the degree of freedom that is given to the
reader. They identify three types of visualization structure, each with a different
balance between author-driven stories and reader-driven stories. The first type,
mostly author-driven, is called the Martini Glass visualization structure. The
reader is at first strongly constrained in the degree of interactive freedom by a
narrative that is intended by the author. Once this narrative is completed, the
interactive freedom increases like the shape of a Martini glass opening up from
the stem, giving the reader more paths to follow in the narrative. The second
type is called Interactive Slideshow. The reader is guided by the author along
a typical slideshow, but enjoys the freedom to interact on each slide and then
move on. The third type, mostly reader-driven, is called the Drill-Down Story.
The reader is presented with a visual overview of the data, and is then able to

explore different aspects and details at his own will, setting the stories to be
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told in the process.

It is worthwhile to mention some current undergoing transformations in the
journalism world. The journalistic environment is undergoing profound changes.
The shift of advertisement revenue towards the internet, away from traditional
printed newspapers, has forced newspaper editors and journalists to adapt new
strategies (Picard, 2011, 2015). This way, the internet has changed the relation-
ship between journalists and the public. The public is no longer just receiving
and spreading, but also creating and producing news stories: anyone can be a
journalist (Singer, 2011). But the internet does not only threaten the existence
of journalists. It also provides them with new opportunities. The emergence
of extensive data online, as well as the tools to analyse it, allows journalists to
write new types of stories (Howard, 2014; Segel and Heer, 2010). One type of vi-
sualization that has emerged in online data journalism is the interactive map. It
provides readers with the possibility to explore data on their own (Roth, 2013).
Journalists have always made visualizations for the publice, but new tools are
opening up new opportunities.

In taking the new paths of data driven journalism, data journalists take
care that they make sure to follow journalistic standards — in order to gain
legitimacy both in the eyes of the public (Singer, 2011) and of traditionally
working journalists (Coddington, 2015). Standards and recommendations for
designing data visualizations exist in the journalism world (Gray et al., 2012),

but there is a lack of systematic scientific research to underlie them.

3.4 Measuring engagement

Engagement is the focus of research question 2 of this thesis. The problem of
how to measure engagement has been the focus of previous research.

O’Brien and Toms (2010) present a user engagement scale (UES) to mea-
sure users’ engagement with an interactive system like a software or website.
They state that the success of technologies that are designed for end consumers
depends not only on the technologies’ efficiency or whether they provide satisfac-
tion for the user. The way a technology makes its users feel, and manages to en-
gage them and provide them with an experience, is equally important. O’Brien
and Toms’ engagement scale contains six dimensions: Perceived Usability, Aes-
thetics, Focused Attention, Felt Involvement, Novelty, and Endurability. With
this large number of dimensions, the scale contains a high degree of complexity.
This is confirmed by the statement that “attributes of engagement are highly

intertwined, a complex interplay of user-system interaction variables” (O’Brien
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and Toms, 2010, 50). O’Brien and Toms (2013) also note that the UES is not
consistent across various user studies.

Schaufeli et al. (2006) present a questionnaire for measuring work engage-
ment — defined as “a positive, fulfilling work-related state of mind” (Schaufeli
et al., 2006, 702). Their so-called Utrech Work Engagement Scale (UWES) has
only three dimensions: vigour, dedication, and absorption. The UWES was
first developed with 17 items (UWES-17) and later shortened to just 9 items
(UWES-9). The shorter scale proved to be consistent with the earlier, more
extensive scale. The UWES is a contribution to the field of occupational health
psychology. Work engagement according to Schaufeli et al. is the antipode to
burnout. Accordingly, they found that the UWES is negatively correlated with
burnout. The UWES is specifically designed to measure a long-term state of
mind that is not directly related to a single event or situation. However, it
shares some questions of similar type with O’Brien and Toms’ UES.

Engagement and user experience are certainly a factor in the rise of data
journalism. The research done in this study can contribute to a better knowledge

of user engagement in online news features.

3.5 Migration on the Mediterranean Sea

Heller and Pezzani (2016) give an overview over the development of assistance
and non-assistance to migrants in distress on the Mediterranean Sea. They mark
two pairs of incidents as turning points in the practices of EU member states:
the twin shipwrecks of October 2013, and those of April 2015. Before Octo-
ber 2013, the Mediterranean coastal states followed a practice of non-assistance
toward migrant boats, justifying this practice by at the same time illegalising
this kind of migration. In two shipwrecks in October 2013, more than 500 peo-
ple died, creating an outcry in the European public. This led to a change of
practice by the Mediterranean coastal states and to the start of the operation
Mare Nostrum by Italy. The acclaimed goal of this operation was to save lives.
Military vessels were intercepting migrant boats on a large scale and in a wide
radius before they would shipwreck. This new practice, however, did not result
in viewer deaths, since human traffickers reacted by using bigger, unseaworthy
boats. Operation Mare Nostrum ended in November 2014 and was replaced
with the Triton operation. Contrary to Mare Nostrum, which had the goal of
saving lives, the aim of Triton explicitly was to protect the borders of Europe.
The radius of action of military vessels was contained to the European coasts,

maintaining a passive role in rescue operations. This left the task of rescu-
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ing migrants in distress to commercial ships whose crew were not trained or
equipped for this task. In two incidents in April 2015, 1200 migrants died on
the Mediterranean while the crew of commercial ships were in the process of
attempting a rescue. Following these incidents, rescue operations by commer-
cial ships decreased dramatically. This gap was filled in part by an expansion
of the Triton operation and a new operation EUNAVFOR MED (later renamed
Sophia), aimed at combatting human trafficking. In large part however, rescue
operations were now coordinated and carried out by non-governmental organ-
isations and networks that were established for this cause. Heller and Pezzani
in their summary focus on the practices of EU governments concerning the as-
sistance of boat migrants. While the number of deaths on the Mediterranean
Sea can also be related to the number of migrants (with the number of refugees
peaking due to the Arab Spring and the Syrian crisis), these practices play a
fundamental role in the development of the death toll. They should be commu-
nicated along with migrant flows and casualties on the Mediterranean Sea to

enable a better understanding.
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4 (Gallery of visualizations

4.1 Static visualizations

4.1.1 Charles Joseph Minard’s flow maps

Charles Joseph Minard’s 1869 map of the march of Napoleon’s army on Moscow
(fig. 4.1) is his best known work (Friendly, 2002). It shows the number of
Napoleon’s soldiers as they march into Russia in the winter of 1812/1813 and
then retreat, their rapidly diminishing numbers illustrated by the width of the
flow line. The visualization portrays distance and direction thruthfully, without
having an actual geographic map that it is overlayed on. The low temperatures
of the Russian winter that took their brutal toll on the French Army are graphed
alongside the line of retreat.

Another example of Minard’s work is his 1864 map of French wine exports
(fig. 4.2). Flow lines are merged where they follow the same direction. Because
it shows exports by sea, all flow lines are drawn outside of landmasses. In order
to have enough space for the flow lines, land areas are distorted to make sea
straits wider.

A modern example for a Minard-style flow map is by Rosamund Pierce (fig.
4.3). It shows the global coal trade. Like in Minard’s wine map, flows are
only shown outside of landmasses and aggregated, yet not merged, where they
follow the same direction, thus flowing parallel alongside. Landmasses are not
distorted, but the flow lines are lead generously around areas where there would
not be enough space.

Flow maps like the ones by Charles Joseph Minard show how the abstract
nature of a Sankey flow diagram can be combined with a map by showing some
geographic properties of flows, while abstracting others to make the map more

readable and to emphasize specific parts of the portrayed information.

4.1.2 Migration

The visualizations presented in this section show either migration flows of the
current refugee crisis or missing migrants in the Mediterranean Sea. As such,

their content is very similar to that of the visualizations produced for this thesis.
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Figure 4.2: French wine exports by sea in 1864 (Minard, 1865)
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Figure 4.3: Flow map of coal exports around the world showing the top exporters
(Pearce, 2016)

The Business Insider published a map in 2015 titled “Europe’s refugee crisis”
(fig. 4.4). Tt is a simple flow map of refugee routes into Europe. The countries
of the base map are coloure-coded according to their EU/Schengen status. Un-
weighted flow line arrows in red show the migant routes as they criss-cross into
Europe.

Le Monde Diplomatique’s “Festung Europa 2016”7 (fig. 4.5) shifts the focus
away from the flows a bit. Refugee flows are only indicated as they move toward
Europe. The main content of the map are the various obstacles that refugees
face when trying to get to Europe. By focussing on displaying only the relevant
information, the map gives a lot of insight without being cluttered.

The Corriere della Sera in 2016 published a visually compelling, yet unset-
tling map of deaths in the Mediterranean Sea (fig. 4.6). The authors used data
by the IOM (the same data source is used for the visualization in this project).
On a basic toopgraphic map with few labels and the Mediterranean in pastel
blue, each migrant that died or went missing is portrayed by a black or red
dot respectively. Dots are aggregated into clusters. The total number of deaths
per region of the Mediterranean Sea is shown with a dashed circle. Additional

graphs along the edge of the map show related information.
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Figure 4.4: Europe’s Refugee Crisis (BI Graphics, 2015)
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Figure 4.5: Festung Europa 2016 (Le Monde Diplomatique, 2016)
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Figure 4.6: The missing migrants map (full map and detail) (Pellegrini and
Mauri, 2016)
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Figure 4.7: The flow towards Europe (Saarinen and Ojala, 2016)
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Figure 4.8: Circular migration plot showing worldwide migration (Sander et al.,
2014)
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4.2 Interactive visualizations

Two interactive visualizations are presented here that have the focus on mi-
gration. The first one, “The flow toward Europe” (fig. 4.7) by the Finnish
visualization company Lucify, showsa continous flow of white dots, representing
migrants, streaming into Europe. A graph above the map shows the cumulation
of migrants and allows the user interaction with the time displayed. Hovering
over a country focuses on the flows to and from that country. A second example
is Sander et al.’s global scale migration plot (4.8). It is unique in that it shows
the regions of the Earth as segments of a circular plot. Clicking on the segment

of a continent explodes it, showing the continent’s individual continents.
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5 Methods

To answer the research questions outlined in section 2, a user study was con-
ducted. As a case study, a visualization was designed in both an interactive and
a static version. It shows migration data on the Mediterranean Sea, as well as
incidents with dead or missing migrants, in the year 2015. A user study was
then conducted online in which participants completed a number of task using

the visualizations prepared for this purpose.

5.1 Visualizations

The visualizations designed for the user study are one of the main outputs of the
project, besides the answers to the research questions. While they were designed
to serve as the object in a user study, the goal was to design compelling visual-
izations that might have the potential to be developed furter beyond the scope
of the study. Accordingly, a substantial part of the resources for the project
went into their design. An interactive visualization was first designed using the
JavaScript library D3.js 4.0 (Data-Driven Documents, henceforth referred to as
‘D3’). D3 was created as a tool for implementing interactive visualizations in
online environments (Bostock et al., 2011). Instances of the interactive visual-
izations were then exported as SVG files!. The SVG files were then edited with
Adobe Illustrator to create the static visualizations.

There are two main data sources for the visualizations. Data on migration
flows was provided by the UN Refugy Agency (UNHCR, 2016b,c). Data on
incidents with dead and missing migrants was provided by the International
Organization for Migration’s Missing Migrants Project (IOM Missing Migrants
Project, 2016). Further data sources were Natural Earth (2012) for the country
geometries as well as a report by the House of Lords European Union Committee
(European Union Committee, 2016, Figure 2) for the boundaries of international
search operation areas.

A key consideration when creating the visualizations was obtaining infor-

mational equivalence between the interactive and static versions. Larkin and

lusing the New York Times SVG Crowbar bookmarklet for Google Chrome,
https://github.com/NYTimes/svg-crowbar
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Simon (1987, 67) define informational equivalence as obtained “if all of the in-
formation in the one is also inferable from the other, and vice versa”. In order
to achieve this, the total time frame to be visualized was divided into the same
number of smaller individual time frames for both the interactive and the static
visualization types. For each individual time frame, the same information was
visualized in both visualization types using the same map symbols. In the in-
teractive version, users could select a time frame by clicking on a button. In
the static version, users could scroll between individual map multiples for each
time frame. In order to keep the layout clear and uncluttered (Andrienko et al.,
2008a), the number of individual time frames was limited to four quarters.
The overall time frame to be visualized was determined by two factors: the
goal of providing a conclusive narrative for the users, and data availability. Of
the two factors, the first was the defining one, while the second was technical.
Building on Heller and Pezzani (2016), a time frame with a conclusive narrative
would be aligned with the shifts in European border control practices. The
phases identified by Heller and Pezzani are: the non-assistance of migrants
on the Mediterranean Sea (pre-October 2013); the Italian search and rescue
operation Mare Nostrum (October 2013 to November 2014); and the EU border
control missions Triton and Sophia (post-November 2014). The seasonality of
the migration on the Mediterrenean Sea can also provide a frame for a narrative,
building on the concept by Andrienko et al. (2008b) of time cycles. Fig. 5.1
shows arrivals to Europe across the Mediterranean Sea for the years 2014 and
2015. While the rigid time frame of the calendar year is feasible for the seasonal
migration flow in 2014, the flow of the year 2015 peaks late in the year in
October and reaches its lowest point only in the first months of 2016, suggesting
the frame should be widenened beyond the calendar year. A general focus on
the year 2015 provides an interesting narrative for the users of the visualization:
migration numbers are higher than in 2014 by several factors (UNHCR, 2016a),
and the international border control practices undergo some remarkable shifts
(Heller and Pezzani, 2016). The exact borders of the time frame were eventually
determined by data availability. The provision of data by the UNHCR on their
online portal? is unfortunately not entirely systematic. The need to combine
data for both Greece (UNHCR, 2016b) and Italy (UNHCR, 2016¢), broken down
to the desired levels for origin and destination areas, resulted in the calendar
year of 2015 as the overall time frame. This time frame of 12 months also ensures
that the four individual time frames, as described in the previous paragraph,

are not too large and thus do not obscure seasonal change. The calendar year

2http://data.unhcr.org/mediterranean/documents.php
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is also a time frame that most people should be very familiar with and should

thus seem natural to the users of the visualization.

Comparison of monthly Mediterranean sea arrivals 2014 N 2015
pleielell]
153000
122000
50.000 I I
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Cec

Figure 5.1: Mediterranean Sea arrivals 2014 and 2015 (crop of UNHCR, 2016a)

The spatial frame for the visualization was determined based on the mag-
nitude of migration flows in the Mediterranean Sea. Mediterranean arrivals in
2015 to Spain, the third most important destination country next to Greece
and Italy, were fewer by a factor of 40 compared to Italy and by a factor of
more than 200 compared to Greece. Given the magnitude of these numbers, an
exclusive focus on Greece and Italy was deemed suitable.

Two e-books provided the main resource for learning the D3 skills necessary
for realizing this project: “Interactive Data Visualization for the Web” by Scott
Murray (2013) and “D3 Tips and Tricks” by Malcolm Maclean (2015). Further
resources were contributions by various users on Stack Overflow® and Stack
Exchange*. Where code snippets were directly adapted, they are referenced as
comments in the source code found in appendix A. Note: whenever code lines

are mentioned in this section, they refer to the source code of the visualization.

5.1.1 Basic map

The visualization has four basic elements types: a base map, migration flows,
incident bubbles, and search operation areas. This section deals with the design
and creation of each element type. Following that, some guidelines given by
Jenny et al. (2008) for designing online maps are taken into account and applied.
Even if their publication is from almost almost 10 years ago, it still provides a

helpful resource. The sections that follow after that deal with the interactive

3stackoverflow.com
4stackexchange.com
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elements that were implemented and with the adaptation of the visualization

as a static map.

Base map

The base map consists of light grey country shapes with a very faint outline
on top of a light blue background for the water bodies. Attention was given to
obtain a good contrast between the two colours, while at the same time choosing
colours with little saturation that visually remain in the background (code lines
28, 402, 419).

The country geometries were obtained from Natural Earth (2012) as a shape-
file. In order to reduce rendering time, the geometries were reduced to only con-
tain the desired countries using QGIS®. The same software was used to export
the shapefiles as a JSON file for loading in D3 (code line 379).

Migration flows

Data on migration flows on the Mediterranean Sea are obtained from the UN-
HCR (2016b,c). The data were aggregated in Excel® to create the origin and
destination regions, and then aggregated into the four time frames. They were
then exported as CSV files for import in D3. Migration flows are displayed
by flow lines similar to a Sankey diagram. There is one flow diagram for each
destination country (Italy and Greece). The middle part of each flow line shows
the country total for the number of migrants, while branches on each side show
the number of migrants per origin and destination region. This is illustrated
in figure 5.2. A dark grey colour was chosen to obtain an unobtrusive colour
scheme while providing enough conrast with the background (code line 799).
The region branches are in a slightly lighter grey and transparent to emphasize
the middle part of the flow (code line 831). The paths of the flow lines do not
follow the actual migrant routes — they are highly generalized. On the origin
side of the flows, the lines branch out symetrically with only little regard for
the actual geographic locations of the origin regions. This allows for a clear
distinguishability between the lines and prevents overlap. The lines then flow
together to show the total number of migrants per country. The path of this
line is hypothetical and follows the general direction of the migrant flow. On
the destination side of the flows, the lines branch out again, ending in the ac-

tual geographic region of the migration flow’s destination. Coordinates for the

5QGIS Desktop 2.16.0
6Microsoft Excel 2013
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flow lines were prepared manually in a separate file and then joined with the
migration flow data (code line 655).

Jenny et al. (2016) find that symetrically curved lines perform best for
origin-destination flow maps. Line paths are created using the SVG path mini-
language. For the middle part of the flow lines, a straight line is drawn (code
line 793). Curved lines are then added on each side as the region lines branch
out (code line 839). To obtain a symmetric curve, a quadratic Bézier curve is
drawn. The control point for the Bézier curve is generated dynamically from
the coordinate data. The control point lies in the extension of the middle part
of the flow line, so that the curve stems from the straight line with no sharp
bend. The distance of the control point to the start of the curved line (where
the branch leaves the middle part of the flow line) is proportional to the distance
between the start and end points of the branch. To calculate the position of the
control point for each branch curve, trigonometric functions are used (code line
613).

Figure 5.2: Detail of the visualization showing only flow lines

One challenge was to line the branch curves up next to each other, rather
than having them overlayed, as was a limitation in Boyandin et al. (2010). In
order for the branch curves to neatly line up, the starting point of each branch
curve needs to be shifted along a line perpendicular to the middle part of the flow
line (code line 711). The distance of the shift for each branch curve depends
on the sum of the line width of all previous curves. To calculate the correct
starting points for the curves, the same trigonometric functions are used as for
calcularting the positions of the control points for the Bézier curves (code line
613).

Since all flows go in the same direction, no graphic indication of direction
was used. However, the direction of the flows was pointed out linguistically
(sections 5.1.2 and 5.1.3).

Incident bubbles

For each incident where migrants died or went missing, a bubble is shown on

the map (fig. 5.3). The area of each bubble is proportional to the combined
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Figure 5.3: Detail of the visualization showing only incident bubbles

number of dead and missing people, using mathematical scaling (Slocum et al.,
2010, 305). The bubbles have a red color, making them stand out in the color
scheme of the map. To enable visibility for underlying bubbles when bubbles
overlap (Slocum et al., 2010, 316), they are transparent with a solid red stroke
(code line 515). The bubbles are sorted before drawing so that smaller bubbles
are drawn on top (code line 483). To show the total number of migrants per
migrant route (central and western Mediterranean), circles with no fill and a
dashed stroke are drawn (code line 596).

The positions of the bubbles on the map are directly taken from the data by
the IOM Missing Migrants Project (2016). While not having done a systematic
check on the validity of the coordinates, some cases were encountered where the
positions were clearly off. One common occurrence is a location description that
includes the phrase “unspecified location between [...]". Incidents with such a
location description still have precise coordinates in the source data. This kind of
uncertainty was not accounted for when designing the map. Another occasional
occurrence is when the coordinates do not match the location description. In one
case, an incident with the description “30 miles off the coast of Libya” is actually
placed some 120 miles off Libya. By placing a bubble precisely on the map, a
false sense of precision is given to the map users. However, the main goal of the
incident bubbles is to give users an overview of the general pattern of incidents.
For this purpose, the bubbles work well, since they show the spatial pattern, as
well as patterns regarding the number and size of incidents. Another limitation
of placing the bubbles on the locations given in the coordinates, besides the false
sense of precision, is the overlapping of bubbles (fig. 5.4). The overlap prevents
the identification of individual bubbles. This issue could have been resolved by
using collision detection force functions in D37 for the interactive version or by
moving the bubbles manually for the static version. Neither of the options were

put into practice, mainly due to scarce time resources in the project.

"https://github.com/d3/d3-force#collision
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Figure 5.4: Detail of the visualization showing overlapping bubbles

Search operation areas

The geographic extent of the Triton and Sophia search operation areas was
adopted from a map by the UK House of Lords European Union Committee
(2016). The areas were digitalized manually in QGIS® and then loaded in the
visualization as a JSON file. To emphasize the area while making sure that
it would not interfere with the distinguishability of migration flow lines and
incident bubbles, a dashed fill with a high transparency was chosen (code line
430).

Applying Jenny et al.’s design guidelines for digital maps

Choosing an appropriate viewing technology (Jenny et al., 2008, 33). Web
browser compatibility is important to consider when designing web visualiza-
tions for the public. Users want to use their standard browser. Jenny et al.
point out that SVG is a problem, since it is not widely supported. Current
modern browsers however do support SVGY. The D3 wiki states that it is tested
against current versions of Firefox, Chrome, Safari, Opera, IE9+, Android and
iOS!0. In the development of the visualization, it was continuously tested on

Firefox, Edge, and Chrome!!.

CSS styling rules (code line 7) did not always
work for Firefox, so styles were directly applied as element attributes in the D3
code.

Considering transmission speed (Jenny et al., 2008, 34). Transmission speed
is an issue when working with large amounts of data. The amount of data used
in this visualization is relatively small. Nevertheless, effort was put into making
the data source files as small as possible by pre-filtering them to only include

relevant entries.

Designing for varying screens sizes and resolutions (Jenny et al., 2008, 35).

8QGIS Desktop 2.16.0

9http://caniuse.com/svg
1Ohttps://github.com/d3/d3/wiki#tsupported-environments

U Mozilla Firefox 50.1.0, Microsoft Edge 38.14393.0.0, Google Chrome 55.0.2883.87
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Screen size is a relevant issue today more than ever, with mobile devices like
smartphones making up a big share of internet use'?. This could be seen in the
user study of this thesis: of the 294 people that started the study, 54% (158
people) used a mobile device. It was not possible however to design the visual-
ization in a way that it was displayable on the small screens of mobile devices.
Furthermore, users needed a mouse as an input device. Therefore, participants
were told at the very beginning of the study to display the visualization on a
computer, not a mobile device. In order to adapt to varying screen sizes and
resolutions, the visualization was made responsive to always fill the entire width
of the browser window (code line 46). The aspect ratio of the visualization was
chosen to fit a 16:9 screen, which is the most common aspect ration on current
computers'3. On a more “quadratic” aspect ratio like 4:3, the visualization
would just be scaled smaller and still be viewable without being cropped, since
it adapts to the width of the screen.

Increasing legibility of map elements: anti-aliasing (Jenny et al., 2008, 37).
Anti-aliasing is the smoothing of jagged edges. Since the SVG elements of D3
are rendered directly in the browser, the browser takes care of anti-aliasing.
However, as Jenny et al. (2008) state, anti-aliasing makes SVG rendering time-
consuming. This did make a noticeable difference specifially for the country
geometries, where the SVG rendering time could significantly be reduced by
loading only the desired countries.

Making signatures and symbols readable: dimensions and distances (Jenny
et al., 2008, 39). For incidents, the bubble symbols are scaled such that the
smallest possible bubble (1 migrant) is easily distinguishable from the back-
ground. For flow lines, this was not entirely possible, since the differences in
magnitude between different flows are that significant. By grouping origin and
destination regions together, some of the thinnest flow lines could be avoided.

Designing text: screen typography (Jenny et al., 2008, 41). Since space on
the screen is limited, some of the font is quite small (depending of course on
the screen size). Legibility was tested on a 12.5 in laptop screen. To increase
legibility, a sans serif font was used.

Dealing with inconsistent color display (Jenny et al., 2008, 44). Since a very
reduced colour scheme was used, discernibility between colours is not an issue.

In order to account for deuteranopia, Color Oracle'* was used.

2http://gs.statcounter.com/comparison-market-share/desktop-mobile-tablet
B3http://gs.statcounter.com/screen-resolution-stats/desktop
1 Color Oracle version 1.2.1
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Figure 5.5: Interactive version of the visualization, showing a tooltip on hovering

over an element, as displayed in in a web browser
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Figure 5.6: Static version of the visualization, as displayed in a web browser
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5.1.2 Interactive elements

Interactive elements in the visualization are tooltips, time period buttons, and
visibility checkboxes. Whilst creating the interactive version, one focus was to
build a visualization that does not need any lengthy instructions and can bes
learned by using it. A screenshot of the interactive version of the visualization

is shown in figure 5.5'°.

Tooltips

Tooltips are text elements that appear when the user hovers the mouse pointer
over an element in the visualization. The tooltips implemented in the visualiza-
tion are a built-in functionality by web browsers. These are easy to implement,
yet have some drawbacks (Murray, 2013)1¢. They are non-costumizable, so they
are not very pretty to look at. Also, they do not show up immediately after
hovering over an element, but only after 1-2 seconds. To make users aware of
the tooltip functionality, an indication was added at the side of the map (fig.
5.7). Also, most elements that have tooltip functionality implemented also react
to the mouse pointer in other ways, e.g. by changing their colour or opacity.
This effect is immediate and helps users become aware of interactive funcional-
ity connected to the element. There are tooltips for all of the four basic element
types of the map.

Base map: For the base map, tooltips only exist for the two destination
countries Italy and Greece. On hovering the mouse pointer over them, they
turn dark grey (code line 388) and show the country name as a tooltip (code
line 404).

Flow lines: When hovering the mouse pointer over any flow line, a tooltip
is shown with two lines of text (code lines 805, 855). The first line contains the
name of the destination country (for the middle part of the flow) or the name
of the origin or destination region (for the outer branches of the flow). For the
lines of the origin regions, the tooltips show the name of the origin region as well
as the destination country. Since the flow lines themselves have no indication
of direction, the tooltips contain a linguistic indication of direction (e.g., “to
Calabria” or “Iraq/Iran to Greece”). The second line of the tooltip contains
the number of migrants for this particular flow. Example tooltips (oblique
indicates line break): “to Greece/62 763 migrants”, “Western Africa to Italy/15

577 migrants”. Some of the flow lines are very thin and hovering over them

15At the time of the publication of this thesis, the interactive visualization can be viewed

under the following link: http://migstudy.byethost17.com/study-a
16http://chimera.labs.oreilly.com/books/1230000000345 /ch10.html#_ default_ browser_tooltips
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would be very frustrating and near impossible. To facilitate this, ghost flow
lines are added over every flow line (code lines 802, 834). These ghost lines have
their opacity set to 0 and have a greater width than the original line, greatly
facilitating the use of tooltips.

Incident bubbles: The tooltips for the two types of incident bubble differ
slightly. For the dashed circles showing the total number of dead or missing mi-
grants per migrant route, the tooltips are made up of two lines of text. The first
line contains the designation of the migrant route, and the second line contains
the number of migrants (code line 603). Example tooltip (oblique indicates
line break): “Central Mediterranean total/1272 dead or missing migrants”. For
the transparent bubbles showing the number of dead or missing migrants for
individual incidents, the tooltips are made up of three lines of text. The first
line contains the number of dead or missing migrants, the second line contains a
description of the location, and the third line contains the date that the incident
occurred (code line 541). Example tooltip (oblique indicates line break): “46
dead or missing migrants/Unspecified location south of Sicily, Italy/04.05.2015".
The incident bubbles also show a direct reaction to hovering over them, chang-
ing their fill from transparent to solid and getting a wider stroke (code line 523).
This makes it possible to identify the individual bubble for which the tooltip
is being displayed, and so makes it possible to see through some of the clutter
caused by overlapping bubbles (fig. 5.4).

Search operation areas: The search operation areas have the most compre-
hensive tooltips of all element types. They contain a short info text about the
Triton or Sophia search operations (code line 450). Also while hovering over the
area of the search operation, its opacity changes from very faint to fully solid
(code line 434).

Tooltips for the search operation areas:
Operation Triton (October 2014 — May 2015)
After two shipwrecks in October 2013, which left a total of over 500 mi-
grants dead, the Italian authorities started the Operation Mare Nostrum,
which was conducted by the Italian Navy. The goal of Mare Nostrum was

to save migrants from dying in incidents on the Mediterranean Sea.

The Operation Triton replaced Mare Nostrum in October 2014. Triton
is conducted by Frontex (the EU’s border security agency). The main goal
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of Triton is to secure the European borders against illegal immigration.
Compared to Mare Nostrum, the operational area of Triton was reduced

and limited to areas near the Italian coast.

Operation Sophia (May 2015 — present)

In April 2015, over 1000 migrants died in two shipwrecks on the Mediter-
ranean Sea. These incidents lead to an expansion of the Operation Triton
in May 2016 to include a wider area up to close to the Libyan coast. The
operation was later renamed Sophia, after a baby who was born on a mili-

tary vessel in the operation.

Jan-Mar
ApF—Jun
Ju-Sep
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D Show migration flows
1% Show incidents

9 dead or missing migrants
Turkish waters
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Show search operation areas

Hover over map elements to get
more information_

Figure 5.7: Detail of the interactive visualization showing interactive elements

Time period buttons

Perhaps the most important interactive feature of the visualization is the ability
to change the time period that is displayed by clicking a button. There is a
button for each of the four time periods. Clicking it changes the data source
for incident bubbles, flow lines and search operation areas to the corresponding
time period and then updates all map elements (code line 157). The buttons
themselves are held in a colour scheme that matches the map (fig. 5.7). Using a
loop function to create the buttons CSS, styling rules are can be avoided (they
caused problems, see section 5.1.1) while still avoiding duplicate code (code line
121).

Visibility checkboxes

All map elements of each element type (flow lines, incident bubbles, and search
operation areas) can be unchecked, causing them to disappear from the map.

The idea behind this is that the user can turn off distracting elements in order to
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better be able to focus on relevant elements. For each element type, a checkbox
is created using a loop function (code line 192) in a colour scheme that matches
the map and the time period buttons (fig. 5.7). For each checkbox, there is a
binary variable that registers whether it is ticked or not. Clicking a checkbox
changes the binary variable and calls the update function (code line 248). In
the update function (code line 300), first all of the map elements are created
and the ticks in the checkboxes are made visible, regardless of the state of the
binary variable. Then, for each of the element types a function is called that
checks the state of the variable, and if its state is false, removes the elements of
the corresponding element type and sets the opacity of the tick in the box to 0
(code line 270).

5.1.3 Static verison

In order to create the static version of the visualization, instances of the four
time periods in the interactive version were exported as SVG files'”. The files
were then adapted in Adobe Illustrator'®. Since in the static version there are
no tooltips to give information about the character and scale of the features
that are represented in the map, labels and a legend were added. A screenshot

of the static version of the visualization is shown in fig. 5.619.

Legend

The legend (fig. 5.8) shows the map symbol types for incident bubbles, flow lines,
and search operation areas, as well as (for the former two) their scale (Slocum
et al., 2010, 194-197, 314-315). The info text about the search operation area
is placed below the map and is the same as in the tooltips in the interactive

version.

Labels

Each part of the flow line is labelled. The labels match the first line of the
tooltips in the interactive version, also containing a linguistic indication of di-
rection. This makes the map slightly cluttered, but ensures information equiv-
alence between the two map types according to Larkin and Simon (1987). For

the total country flows, the exact number of migrants is also shown on the map.

Tusing the New York Times SVG Crowbar bookmarklet for Google Chrome,

https://github.com/NYTimes/svg-crowbar
18 Adobe Tllustrator CS6 16.0.3
19At the time of the publication of this thesis, the static visualization can be viewed under

the following link: http://migstudy.byethost17.com/study-b
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Thus, the labels for the country flows match the tooltips in the interactive ver-
sion. The second type of label is for the circles showing total number of dead
or missing migrants per migration route. These labels also contain the total
number of dead or missing migrants, thus making the labels exactly match the
tooltips in the interactive version. The label colour gives an indication of the

element type it describes.
_ Total number of
migrants per country

MNumber of migranis
per origin and
destination region

, *  Total number of
! v dead or missing
‘\ ,‘ Frigrants per region

Number of dead or
missing migrants
per incident

Search Operation

area of the
Operation Sophia

Figure 5.8: Detail of the static visualization showing the legend
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Figure 5.9: Detail of the static visualization showing labels

Presentation

Because the maps are too complex to be viewed as small multiples at the same
time, they were designed to be displayed at full screen. To view the different
maps, the user needs to scroll vertically between them. Arguably, this scrolling
can be seen as a form of interaction, making the visualization not 100 percent

static.
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5.2 User study

A user study was conducted online on the survey portal LamaPoll?°. The sur-
vey consisted of three parts: a pre-questionnaire, a main questionnaire where
participants completed a number of tasks using a visualization of either the in-
teractive or the static visualization type, and a post-questionnaire. Before the
actual questionnaire started, participants were directed in getting set up.

This section gives an overview over the structure of the questionnaire. Op-
erationalisation of concepts and variables is explained in more detail in section
5.3. The user study ran from 2.1.-10.1.2017. Before it was distributed to partic-
ipants, it was piloted by two individual people who gave a number of comments

that lead to minor changes in the sruvey design.

5.2.1 Getting set up

For technical reasons, it was not possible to integrate the survey questionnaire
and the visualization onto the same web page. It was thus necessary to instruct
participants on getting set up (Pages 1-4 of the survey in appendix B). As
mentioned earlier in section 5.1.1, the visualization is not suited to be displayed
on small screens. Participants were instructed to either open the visualization
and the survey in separate browser windows or tabs, or to open the visualization
on a suitably large screen and the survey on a mobile device. For this purpose,
participants could also close the survey and start it again on a different device.
Overall, 54% of the participants that started the survey opened it on a mobile
device. Of the 91 participants that completed the survey to the end, only 21%
were on a mobile device, suggesting that most participants favoured the option

to have the visualization and questionnaire on the same device.

5.2.2 Pre-questionnaire

The pre-questionnaire ranges from pages 5—11 of the survey (appendix B). Get-
ting used to the map: Participants were first told to take their time to look at the
visualization, without focussing on the content, to get a technical understanding
of how the map works. Engagement: This was followed by two items to assess
engagement. Ezxploration: The participants then had the opportunity to explore
the content of the map, taking notes of anything they found interesting. They
were told to take as many note as they like and move on as soon as they want to.

This is a learning-by-doing approach as encouraged by Andrienko et al. (2002)

2Ohttps://www.lamapoll.de/
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that should engage the user more than reading instructions. Preference: Partic-
ipants were asked about their perceived effect of interactive elements. Personal
interest and experience in relevant fields: Participants scored their interest and
experience in the fields of maps, data visualization, migration, and online news

stories.

5.2.3 Main questionnaire

In the main questionnaire (pages 12-28 of the survey in appendix B), partic-
ipants worked with the visualization to complete a number of tasks. Details

about this can be found in section 5.3.

5.2.4 Post-questionnaire

The post-questionnaire ranges from pages 29-37 of the survey (appendix B).
Ezxploration: After having worked with the visualization, participants are for a
second time given the chance to take notes and give comments. Engagement:
Four items assess engagement to detect change from before working with the
visualization. Preference: The same items as in the pre-questionnaire allow the
detection of change in preference. SUS: For a general measure of usabilty, the
system usability scale is used. Opinion: Revisiting the items from the pre-test
allows the detection of change. Demographics: Participants state their age,
gender and level of education. Language problems: Since English is not the
first language for most participants, they are asked whether they had trouble

understanding some of the questions.

5.2.5 Recruitment of participants

Participants were mainly recruited in the personal network of the author of this
thesis, mainly using the messaging platform WhatsApp?!. People were also en-
couraged to themselves share the link to the survey in order to achieve a greater
number of participants. The survey was also shared privately on the online
social media platform Facebook?? and posted in three Facebook groups: I'm
interested in Migration!??, a group with about 3000 members with an interest
in migration; Sharing is Caring Universities of Zurich/ETH (UZH/ETH)**, a
group with about 10 000 members who are students in Zurich; and EGEA -

2Ihttps://www.whatsapp.com

22https:/ /www.facebook.com
23https://www.facebook.com/groups/182579205255346
24https:/ /www.facebook.com/groups/sharingiscaringuniszurich
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Official Group®®, a group with about 4000 members who are all members of
the European Geography Association. In the group about migration, which
has members from all over the world, the text distributed with the link to the
survey contained the note that the study is aimed at people living in Europe,
and that a basic understanding of the refugee crisis in the Mediterranean Sea
is required. Recruitment was done over several days, starting on 2.1.2017. Par-
ticipants took the survey until 10.1.2017. Of the 294 people that started the
survey, 109 (37%) reached the survey page via a direct link from Facebook.
This includes the aforementioned groups, but also private sharing by the author
of the survey and others. Nothing can be said about the referral pages of the
remaining participants, since they used a direct link.

91 participants completed the survey, which translates to a completion rate
of 31%. 148 participants left the survey on the page “Getting set up” (Pages 3-4
of the survey in appendix B) or before. Of the 146 participants that started the
actual survey (starting on page 5 of the survey in appendix B), 62% completed
the survey to the end.

5.3 Experimental design

5.3.1 Between-subject design

The study was conducted online. While this provides less control over the
environment in which the participants take the survey, it provides a realistic
setting for the context of public communication in online media, as defined in
the research question.

For the study, a between-subject design was used. The main reason for
this was to allow participants to get engaged with a particular visualization
type as thoroughly as possible. Switching between visualization type would
reduce this experience. A within-subject design where participants would use
one visualization type after the other was not an option either, since the time
for the participant to take the survey needed to be minimised, particularly since
they were taking the survey online and unsupervised.

Participants were assigned to one of the two groups (interactive and static

visualization) based on the day of the month they were born.

25https:/ /www.facebook.com/groups/egeagroup

37



5.3.2 Research question 1: usability

Accuracy

Knapp (1995) defines four visual operators that can be used to define tasks that
make use of geographic visualizations. The operators can directly be understood
as general task types. For each of the four visual operators, tasks were designed.
The task types identify, locate, and compare are analyzed overall, since they al-
low for a rating of answers as either correct or incorrect. For questions where
a quantity was asked, answers in a range of £25% of the exact answer were
counted as correct. Where no answer was given, the answer was rated as incor-
rect. However, it was possible that a participant did not get to see a specific
question, if it was a follow-up question to a question that they did not answer. In
that case, the question was omitted for this participant. For the visual operator
associate, no accuracy could be measured, since the character of the tasks did

not allow for a rating as correct or incorrect. Tasks for the visual operators were:

Identify

e Identify the meaning of map symbols

e Determine the size of a flow or an incident bubble
Locate

e Determine the geographical location of a map element

e Determine the temporal location of a map element
Compare

e Find the biggest occurrence of a map symbol type

e Rank several map elements by size
Associate

e Judge the influence of factors influencing the number of dead or missing
migrants

e Judge the relationship between origin and destination regions

Confidence and ease

Confidence was measured after each question on a five point Likert scale. How-
ever, it was recorded only for questions of task types where answers can be rated
right or wrong (identify, locate, and compare, corresponding to accuracy), be-

cause the answers to tasks of the visual operator associate were given on a five
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point Likert scale, implying confidence. A concept similar to confidence that
was measured across all task types is ease. Analogous to confidence, survey
participants gave a rating on a Likert scale of the ease atfter each question. The
two concepts are no doubt related, yet their values are reported independently

alongside each other.

Response time

Response time was measured throughout the survey. It was recorded indi-
vidually for each page that the participant viewed. This includes the time
the participant needed to answer the follow-up questions about confidence and
ease. Since answering these follow-up questions was required, this factor was
the same across all participants. Where more than one question was displayed
on the same page, the response time assigned to each individual question is the
mean of the total number of questions on the page that were answered.

According to Field (2013, 317) reaction time is “notoriously messy”. The
same can be assumed of response time in a study setup where participants are
unsupervised and can be distracted at any time. In order to remove outliers,
a standard deviation based rule was used. For each individual question, values
that were more than 2.5 standard deviations from the mean were removed.
This process was repeated iteratively until there were no values more than 2.5
standard deviations from the mean. For most of the questions, this took 1-2
iterations, however for some questions it took up to 7 iterations. The time was
then averaged for each participant across all questions for which there was a
value. For this mean, the standard deviation rule was again applied. Only one
outlier was removed.

Response time was analyzed across all task types and regardless of whether
the participants had answered correctly or not. This allowed the inclusion of the
task type associate in the analysis, and it is also justifiable with the fact that
participants who answered a question did spend time on it, regardless of whether
the answer was correct. However, questions that were not answered were ex-
cluded, for two reasons: firstly, participants are likely to only have glanced at
the question without spending too much time on it; and secondly, the follow-up
questions for confidence and ease were not shown if a question was not answered,

which would be an automatic shortcut.

System usability scale

The system usability scale (Brooke, 1996) is a standardized tool that provides

a simple, yet reliable method for assessing subjective usability as perceived by
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the users of a system. The scale consists of 10 items (5 positive and 5 negative).
For each item, the users score their agreement on a Likert scale. The individual
scores are then computed into a single score across all users, allowing a direct

comparison between differing systems.

5.3.3 Research question 2: engagement

Engagement

Based on O’Brien and Toms (2010) and Schaufeli et al. (2006), items were
created to measure engagement before and after the particpants worked with
the visualization. Because of the insecuriteties concerning the robustness of the
user engagement scales (UES) by O’Brien and Toms (see section 3.4), Schaufeli
et al.’s Utrecht Work Engagement Scale (UWES) was used as a base. Because it
provides more items that could be applied from the general setting of the UWES
to the required situational setting, the earlier UWES-17 with a greater number
of items was used. For the pre-test, only two items were created as a baseline
measurement, since any concepts of engagement applying to the visualization
can not be used yet. For the post-test, for each of the three dimensions vigour,
dedication, and absorption, at least one item was created. Because absorption
was perceived to be the most important in the setting of getting engaged by an
online visualization, two items of this dimension were included.

The items created by Schaufeli et al. are all formulated in positive form.
This roots in the basic concept of the scale, since it was meant to counter the
sole negative focus in previous work in occupational health psychology. For this
study, the items are balanced by reformulating some of them into negative form.
Also, the items were reformulated to match the specific situational requirements
of the study.

The items that are used in this study to measure engagement are presented
here. For reference, for each item the original item by Schaufeli et al. (2006, 714)
that it is based on is listed. To illustrate the similar character of the UWES
and UES, an item by O’Brien and Toms (2013, 1100) is also included where
applicable.

Pre-Test:

e At this moment, I am tired and low on energy.
— Schaufeli et al.: At my work, I feel bursting with energy (vigour)

e | am excited to see what waits for me in this study.
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— Schaufeli et al.: T am enthusiastic about my job (dedication)

— O’Brien and Toms: I felt interested in my searching tasks (novelty)
Post-Test:

e The visualization helped to fully immerse myself in the topic.

— Schaufeli et al.: T am immersed in my work (absorption)
— O’Brien and Toms: I was absorbed in my searching task (focused

attention)
e At this moment, I am tired and low on energy.
— Schaufeli et al.: At my work, I feel bursting with energy (vigour)
e The tasks felt tedious and boring for me.

— Schaufeli et al.: Time flies when I am working (absorption)
— O’Brien and Toms: The time I spent searching just slipped away

(focused attention)
e Working with the visualization felt meaningful to me.

— Schaufeli et al.: I find the work that I do full of meaning and purpose
(dedication)
— O’Brien and Toms: I felt involved in the searching tasks (felt involve-

ment)

To analyze the effect of the visulization type on engagement, statistical meth-
ods are used. Additionally, an engagement score is proposed, inspired by the
system usability scale by Brooke (1996). Analagous to the SUS, the scale po-
sition of each item is computed into a score contribution ranging from 0 to 4
(taking account of whether items are formulated in positive or negative form).
The score contributions of the post-test items are then summed with a weight
of 5. This results in an engagement score ranging from 0 to 80. When the items
of the pre-test have a high score, a penalty is taken from the engagement score,
because there was no positive change between the pre-test and the post-test.
The score contributions of the pre-test items are given a weight of 2.5 and then
subtracted from the score. The maximum penalty applied to the score this way
is 20, resulting in a score ranging from -20 to 80. By adding 20 to the overall
score, the final engagement scale ranges from 0 to 100. Like the SUS, the pro-
posed engagement scale has the potential to measure the effect of a system on

the user’s engagement in a quick and easy way.
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Exploration

After having had a first look at the visualization and after having worked with
the visualization solving the tasks, the participants had the chance to take notes
and make comments. They were absolutely free to take as many or few notes as
they like, or to move on immediately. The individual statements that were col-
lected this way were grouped into four categories: content-related statements,
statements that stemmed from a misinterpretation of the map, technical com-

ments, and positive remarks.

Preference

Preference was assessed after the participants had had a first look at the map

and after they had worked with the visuallization to solve the tasks.

5.3.4 Other variables
Demographics

Participants stated their gender, age group, and education status. They also
rated their personal interest and experience in four fields on a Likert scale:

migration, maps, data visualization, and online news stories.

5.3.5 Statistics

Statistical analysis was carried out using SPSS?6. Where means were compared,
an independent or paired-samples t-test was carried out, following guidelines by
Field (2013). Each result of a t-test is reported with mean M and standard
error SE, as well as the mean difference with its 95% confidence interval C1I.
Significance values are reported for a significance of p = 0.05. The effect size
is reported for all results, including non-significant ones. As a measurement of
effect size, Cohen’s d is reported, since it is less prone to distortion by differing
sample size compared to r or 17]2).

According to Field (2013), for sample sizes > 30 normality can be assumed.
Nevertheless, before running the ¢-test, each variable was tested and confirmed
for normality using a one-sample Kolmogorov—Smirnov test.

In an effort to remove outliers, a standard deviation based rule was used,
removing values more than 2.5 standard deviations from the mean. Only a small
number of individual values were removed this way. An exception are the values

of response time, as described in section 5.3.2.

26IBM SPSS Statistics Version 21
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6 Results

Based on the pool of people from which the participants were recruited, it
must be assumed that a large part of the participants did not speak English
as their first language. Of the 91 participants that completed the survey, 7
participants were removed from the sample because they stated having problems
understanding some of the questions. They had given an agreement score of 4
on a five point Likert scale for the statement “I had trouble understanding some
of the questions”. This leaves a total of 84 participants that are included in the
sample.

In order to achieve a random selection for the groups (evaluation types),
the participants were asked on which day of the month they were born. Par-
ticipants who entered a number smaller or equal to 15 were assigned to the
interactive visualization group, while the remaining participants were assigned
to the static visualization group. This resulted in 54 participants in the inter-
active visualization group and 37 participants in the static visualization group.
It is unclear what resulted in this slightly unbalanced outcome of the group
assignment. Statistical data on birthdays in Switzerland suggests no such im-
balance in the general population (fig. 6.1). A possible reason came up in an
informal conversation with one of the participants after she had taken the sur-
vey, who stated that she had mistakenly given the number of the month of the
year instead of the number of the day of the month. This could be a result of
priming (Schacter and Buckner, 1998) to a common survey question. This effect
could not be analyzed, but if many participants experienced the same effect of
priming, this would result in a shift in the number of participants toward the
interactive visualization group.

41 participants were male, while 43 were female. While there were roughly
the same number of men and women in the overall sample, they were quite
unevenly distributed between the visualization types, as fig. 6.2 shows. Age
distribution is shown in fig. 6.3. While the age distribution is heavily imbal-
anced between the age groups (the many young people are a direct result of
the recruitement methods), it is almost perfectly even across the visualization
types. The distribution of highest education degrees is shown in figure 6.4. Most

participants were students, also a result of the recruitment method. Fig. 6.5
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Figure 6.1: Frequency of birthdays in Switzerland, with darker colours indicat-
ing a higher frecuency. The vertical axis shows the month of the year chrono-
logically with January displayed on top, the horizontal axis shows the day of
the month (Bauer, 2013)
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Figure 6.2: Gender distribution in the participant sample
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Figure 6.3: Age distribution in the participant sample (grouped and 100%
stacked bar chart)
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Figure 6.4: Distribution of highest education degrees in the participant sample
(grouped and 100% stacked bar chart)
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Figure 6.5: Self-declared interest (left) and experience (right) in four fields re-
lated to the study

shows self-declared interest and experience in four fields related to the study.

There are no major differences between visualization types.

6.1 Research question 1: usability

6.1.1 Accuracy

Accuracy is measured in percent correct answers. There is a small difference in
accuracy between the two visualization types. The mean accuracy (fig. 6.7A)
for the interactive visualization type is M = 79.52, SE = 1.77; and it is M =
82.00, SE = 1.84 for the static visualization type. This difference of -2.48,
CI[-0.63,2.67], is not significant (¢£(81) = —0.96, p = 0.34). The effect size
d = —0.22 is small.

Associate task type

Fig. 6.6 shows mean response scores for the questions of the task type associate.

6.1.2 Response time

Response time is measured in seconds. For the interactive visualization type,
the mean (fig. 6.7B) is M = 40.73, SE = 1.32; for the static visualization type,
the mean is M = 40.95, SE = 1.56. The mean difference is 0.22, C1[—3.85,4.3]
is not significant (¢(88) = 0.11, p = 0.91). The effect size d = 0.02 is virtually

inexistent.
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Figure 6.6: Associate task type: mean scores (Likert 1-5) for (A) The number of
dead or missing migrants is a direct consequence of the total number of migrants.
(B) The extent of the search operation areas had a strong effect on the number
of dead or missing migrants. (C) The civil war in Syria was the main driver of
migration to Europe across the Mediterranean Sea in 2015. (D) Most migrants

that went to Lesvos came from Syria.

6.1.3 Confidence and ease

Confidence and ease are measured on a five point Likert scale. The mean confi-
dence (fig. 6.7C) for the interactive visualization type is M = 4.19, SE = 0.09.
The values for the static visualization type are M = 4.26, SE = 0.07. The mean
difference is -0.06, C1[—0.31,0.19]. There is no significant effect (¢(82) = —0.50,
p = 0.62). The effect size d = 0.14 is small.

For the interactive visualization type, the mean ease (fig. 6.7D) is M = 3.46,
SE = 0.09; and M = 3.55, SE = 0.09 for the static visualization type; with a
mean difference of -0.10, C1[—0.35,0.16]. There is no significant effect (¢£(88) =
—0.75, p = 0.46). The effect size d = —0.18 is small.

6.1.4 System usability scale

The interactive visualization type received an SUS score of 74.2, while the static
visualization type was scored 72.0. According to Bangor et al. (2009), these are

good scores.
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Figure 6.7: Mean and error bars (£2SF) for (A) percent correct answers, (B)

response time in seconds, and (C) confidence and (D) ease on a five point Likert

scale
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6.2 Research question 2: engagement

An independent sample ¢-test revealed no effect of visualization type on en-
gagement after working with the visualization. The mean engagement (fig.
6.8A) for the interactive visualization type is M = 2.64, SE = 0.08; and
M = 2.59, SE = 0.08 for the static visualization type. The mean difference is
0.05, CI[—0.19,0.29]. Tt is not significant (¢(89) = 0.43, p = 0.67).
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Figure 6.8: Mean and error bars (£2SE) for (A) engagement after working
with the visualizations, (B) engagement over both visualization types before

and after working with the visualizations, and (C) a combined view

However, a paired-samlpes t-test reveals a significant difference across both
visualization types between engagement scores before (pre) and after (post)
working with the visualizations (fig. 6.8C). The pre engagement score has a

mean of M = 2.39, SE = 0.08. The post engagement score has a mean of M =
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2.62, SE = 0.06. The mean difference of -0.23, CI[0.36,—0.10] is significant
(t(90) = —3.40, p = 0.001). The effect size d = —0.41 is small to medium.
Fig. 6.8C shows a combined view for visualization type and pre- and post-
engagement,

For the proposed engament scale, the score is similar for both versions of the

visualization: 60.69 for the interactive version, and 60.00 for the static version.

6.2.1 Exploration

Participants made use of the opportunity to take notes and make comments,
especially after they had seen the map for the first time. Users of the interactive
version spent on average 188 seconds on the survey page where they could make
comments. 77% of users of the interactive version gave at least one comment.
Users of the static version spent on average 211 seconds on the comment page,
with 81% of users making at least one comment.

The following table shows the number of individual statements per category:

interactive static

content 0.96 1.78
misunderstood 0.15 0.03
technical 0.54 0.30
positive 0.23 0.08
total 2.65 2.19
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7 Discussion

7.1 Research question 1: usability

With the data collected in the user study, no statement could be made about the
influence of interactivity on effectiveness. Results were non-significant for accu-
racy, response time, confidence, and ease. Differences between the visualization
types for the dependant variables were so small that not even non-signicant ef-
fects can be reported. These results suggest that the two map types that were
used in the study are very similar with regard to their effectivess and efficiency.
When the two visualization types were designed to meet informational equiv-
alence, they were perhaps designed all too similarly. To recollect, Larkin and
Simon (1987, 67) define informational equivalence as obtained “if all of the in-
formation in the one is also inferable from the other, and vice versa”. On the
same occasion, they also give a defintion for a more specific kind of informational
equivalence. Computational equivalence is obtained “if they are informationally
equivalent and, in addition, any inference that can be drawn easily and quickly
from the information given explicitly in the one can also be drawn easily and
quickly from the information given explicitly in the other, and vice versa”. It
seems that the two visualization types are computationally equivalent. Hy-
pothesis 1 was based partly on the fact that in interactive maps, part of the
information is hidden at all times and it requires an action by the user, manip-
ulating the visualization through the interface to reach the desired information
(Roth, 2013). In the interactive map designed for this study, with just four time
periods to select from, this interaction and manipulation is quite the opposite
of complex. In fact, as stated earlier in section 5.1.3: in the static version of the
map, users need to scroll to reach each multiple, which is a very similar degree
of interaction to clicking a button, as is required in the interactive version.
The remaining interactive elements, i.e. the tooltips and visibility check-
boxes, did not have the effect of making users perform worse with regard to
effectivity and efficiency. Whether users used the visibility checkboxes at all
when working with the maps was not recorded. The tooltips, even though they
required a mouse movement to activate and took 1-2 seconds to load, did not

slow the users down. The interactive effort it took to reach the hidden informa-
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tion might have been compensated by the fact that once the information was
obtained in the interactive version, it was exact. In the static version, a value
had to be estimated using the legend as a reference. This lead both to a slow
response, because of the conscious effort required, and to inexact responses.

Even if unfortunately Hypothesis 1 can not be confirmed, the results show
that the designed map works well in both visualization types. The SUS scores
of 74.2 (interactive) and 72.0 (static) are good (Bangor et al., 2009). With an
average confidence rating of over 4 out of 5 across all users and tasks, the same
conclusion can be drawn that both maps work for the users.

Since the tasks of the type could not be analyzed statistically, they are just
touched on briefly. The results are shown in fig. 6.6. The differences between
the visualization types are not really relevant, but there are some findings of
interest. Most people do not believe that higher migration numbers directly
result in more casualties (fig:associateA, mean Likert scores 2.44/2.25). For the
remaining associate questions, the mean Likert scores are neutral. 6.6B (mean
Likert scores 3.38/3.28) is about the effect of search operation areas on deaths.
This is an aspect that many people will probably have heard of for the first
time. 6.6D (mean Likert scores 3.46/3.33) was sort of a trick question: it is
not possible to say whether most migrants to Lesvos came from Syria (since the
flow passes through the aggregated country). Users were not ready to make this
bold statement and answered neutrally. The highest Likert scores (3.65/3.83)
resulted from the connection between the Syrian civil war and overall migration
numbers. This is suprising, since the statement is formulated in quite a bold way
in that a) the majority of definitely migrants come from Europe and b) what
caused them to come to Europe was definitely the civil war. The relatively high
score (3.65/3.83) could be a product of previous knowledge and priming, and of

impressively wide flow bars in the visualization.

7.2 Research question 2: engagement

No effect of the visualization type on engagement could be found. Hypothesis
2 could not be confirmed. The engagement score after working with the visu-
alization is practically the same for both visualization types. It seems likely
that the reason is the same as the one suggested in 7.1: the two visualizations
are just too similar. The fact that no differences could be found is even more
surprising than for research question 1. While effectiveness and efficiency are
very technical characteristics of a visualization, engagement is a very subjective

matter. That both visualization types should have the same effect on the way
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the users feel is remarkable. Of course, this conclusion is not at all confirmed
statistically — yet given that both visualization types score almost the same in
all of the variables that were measured, including engagement, this is a feasi-
ble assumption. Specifically with regard to engagement, it is not the case that
there was just no change recorded. Engagement analyzed over both visualiza-
tion types changed significantly, getting higher after participants worked with
the visualizations. This is a further indicator that the visualizations are quite
well designed — not only do they score well in usability and confidence, but
users seem to enjoy them as well.

Ezxploration. Users spent an average of more than three minutes to write
comments and statements. While not clearly belonging into the engagement
section of the discussion, some of the most common comments are summarized
here.

Content. Content-related statements were the most common statements.
Users of the static map took made more statements of this type than users
of the interactive type (on average 1.78 static, 0.96 interactive). This was not
analyzed statistically, but it is a further cue that the interactive visualization
did not in fact engage users more. One commonly named process was the shift
from the Libya-Italy route to the Turkey-Greece route. Occasionally, it was
noted that the Libya-Italy route seems to follow a seasonal cycle, while the
Turkey-Greece route just keeps on growing. This is of course due to the rigid
calendar year time frame that does not cover the seasonal cycle of 2015, as
stated in sectionsec:meth.vis. The pattern of incident was commonly spotted:
Few large incidents near Italy, and many smaller incidents near Greece. This
indicates that the goal of letting users discover the pattern was successful, even
if the incident bubbles overlap dramatically. A connection between the search
operation areas or the total number of migrants with the number of incidents
was also sometimes made.

Misunderstood. By far the statement that was made the most that has to be
called a misunderstanding is that there are no rescue missions (sometimes noted
with outrage) in the Aegean Sea. The fact is that the Greece is responsible for
its sea borders. There is no EU mission (European Commission, 2016), but that
does not mean there is no coast guard.

Technical. Technical comments were definitely most common for the inter-
active visualization type. Many only discovered the hover/tooltip feature by
chance. The feature was described on the side of the map (fig. 5.7), but many
users apparently did not realize this. Apparently what Andrienko et al. (2002)

and Coltekin et al. (2009) found, that users do not read instructions, is true
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even for short notes. Many users also mised a legend. In hindsight, a legend
should have been included. The rationale for not including one was that all
of the necessaty information about the map elements can be retrieved through
tooltips. One example that might have been cleared up by a legend is that
people were sometimes confused about the two different kinds of circles. The
learning-by-doing approach for the interactive map as outlined in section 5.2
worked well overall, but left some features unclear for some users. Technical
issues that were mentioned by users of the static map are a cluttered layout
(overlapping bubbles and too many labels on the map) and tiny font.

Positive. Positive comments mentioned the clear design and the excitement

of seeing data visualized in a novel way.

7.3 Limitations and outlook

7.3.1 User study

Given that the study produced hardly any significant output and none of the
research hypotheses could be confirmed, there are quite some limitations. It is
difficult to day however how the study can be adapted to produce significant
output. Since the degree of interactivity of the interactive map was quite limited,
the most likely conclusion seems to be that the two map types were just too
similar. The research questions should be analyzed in future research with a
more sound visualization and study design.

The engagement scale that was proposed in this thesis as a quick and easy
instrument to measure the effect of a system on its users’ engagement should

be tested in future research.

7.3.2 Visualization

The visualizations created for the user study, specifically the interactive version,
have the potential to be developed further. The user should be given more
control about the time variable, e.g. setting the size of the time frame and
shifting it around continuously. Also, the clutter of the overlapping bubbles
needs to be addressed. The collision detection forces that are a feature of D3
could be a possibility, clustering bubbles up alongside each other. Instead of
displaying incidents as bubble, the approach by Pellegrini and Mauri (2016) is
also a possibility. Since both these approaches disrupt the geographic pattern of
the incidents, the user should be given the possibility to switch between incident

display types. Besides the implementation of features to enhance the interactive
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experience for the user, the data goal of providing more up-to-date data could
be addressed, perhaps obtaining data in real time or at set intervals from the
IOM and UNHCR data sources.
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8 Conclusion

In this thesis, the influence of interactivity of a visualization, specifically a map,
on usability and user engagement was tested. It was hypothesised that the
interactive version would be less efficient and effective than a static visualization,
while at the same time engaging users more to explore the data. None of the
hypotheses could be confirmed. It is assumed that the degree of interactivity in
the interactive version was too small to make a difference. One output of this
thesis is however an interactive map that scores well for usability and confidence.
This visualization can further be refined to allow more freedom of interaction

and include a wider range of information.
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A D3 code for the interactive vi-

sualization

Note: the data source files used in this code are not provided with this thesis.
On its own, the code is not executable. The code itself is commented throughout

to facilitate its understanding.
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<DOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8">
<title>Migration across the Mediterranean Sea 2015</title>
<script type="text/javascript" src="../d3/d3.js"></script>
<style type="text/css">
hl {font-family: sans-serif;
font-size: 200%;}
text {
font-size: 5.5px;
font-family: "Helvetica Neue", Helvetica, Arial, sans-serif;
}
.overallContainer {
display: inline-block;
position: relative;
width: 100%;
padding-bottom: 40%; /* aspect ratio */
vertical-align: top;
overflow: hidden;
}
.mapContainer {
display: inline-block;
position: absolute;
width: 80%;
height: 6100%;
left: 0;
background-color: lightsteelblue;
}
.legendContainer {
display: inline-block;
position: absolute;
height: 100%;
width: 19%;
left: 80%;
}
</style>
</head>
<body>
<hi>Migration across the Mediterranean Sea 2015</h1>

<script type="text/javascript">

// The code for this visualization is based on a sample code for a choropleth map
by Scott Murray (2013) in his book "Interactive Data Visualization for the Web
". The specific code can be found here:

// https://github.com/alignedleft/d3-book/blob/master/chapter_12/05_choropleth.html

// The svg is made responsive to dynamically adapt to window size.
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// Adapted from an answer by user cminatti on stackoverflow:

// http://stackoverflow.com/questions/16265123/resize-svg-when-window-is-resized-in

var overallContainer =

-d3-js

.append ("div")

.classed("overallContainer",

// Create SVG element for the map

var

svg =

.append ("svg")

.attr("preserveAspectRatio",
"0 0 600 400")

.classed ("mapContainer",

.attr("viewBox",

// Create groups to place the

sSVg

svg.
svg.
svg.
svg.
svg.
svg.
svg.
svg.

svg.

.append("g") .attr("class",

select (".
select (".
select (".
select (".
select (".

select (".

append ("g") .attr("class",
append("g") .attr("class",

flowGroup")
flowGroup")
flowGroup")
flowGroup")
flowGroup")
flowGroup")

append ("g") .attr("class",

overallContainer

true);

.append("g")
.append("g")
.append("g")
.append("g")
.append("g")
.append("g")

true);

map elements in.

d3.select ("body")

"xMinYMin meet")

"triton") ;
"background") ;
"flowGroup") ;
.attr("class"
.attr("class"
.attr("class"
.attr("class",
.attr("class"
.attr("class"

"circleGroup");

// Scale factors for flows and incident bubbles

var flowScale = 12000;

var incScale = 1.5;

// Variables for the data source files
var destSource = "arrivalsDest_1.csv";
var origSource = "arrivalsOrig_1.csv";
var incSource = "inclb5_1.csv";

var triSource = "triton. json";

// The functions

createFlows () ;

createTriton () ;

// Duration of the change transitions

var transitionDur =
// Define map projection
var projection =

.center ([33,

// Define path generator

800;

d3.geoMercator ()
31]) .scale ([1050]);
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"destGroupGhost") ;
"destGroup");
"countryGroupGhost") ;
"countryGroup") ;
"origGroupGhost") ;

"origGroup");

to create the flows and search areas need to be called

This ensures correct drawing order.

initially



107
108

110
111
112
113
114
115
116
117
118
119
120
121

122
123
124
125
126
127
128

var path = d3.geoPath ()

.projection(projection) ;

// Create svg element for the legend/buttons
var legend = overallContainer
.append ("svg")

.attr("preserveAspectRatio",
"0 0 100 20")

.classed("legendContainer",

.attr("viewBox",
true) ;

var buttonGroup =

"xMinYMin meet")

legend.append("g") .attr("class",

"buttonGroup") ;

// Create buttons to select the time frame to be displayed

var
buttonH = 12,
buttonW = 40,
buttonR = 2,
buttonDist = 7,
buttonX = buttonH/4,
buttonY = buttonX,
buttonPressed = "darkgrey"
buttonldle = "gainsboro",
checked = "black",
unchecked = "white",
strokeW = 0.5
checkR = 1;

// The buttons are created in a loop function,
building blocks

[1;

i<4;

var button =
for (var i=0; i++)
{
button[i] =
// Define the buttons’
button[i]

.append("rect")

Lattr("id", "brect"+(i+1))

.attr("width", buttonW)

.attr("height", buttonH)

.attr("fill", buttonIdle)

.attr("x", buttonX)

.attr("y", buttonY+i*(buttonH+buttonDist))
.attr("rx", buttonR)

.attr("ry", buttonR)

.classed ("quarterButton", true);

buttonGroup.append("g").attr("class",

using above variables as basic

"button"+(i+1)+"group")

dimensions and place them on the canvas

// The first button should appear as pressed when the map is first loaded

button [0].selectAll("rect").attr("fill",
// Add labels to all the buttons
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141
142
143
144
145
146
147
148
149

151
152

153
154
155
156
157

181
182
183
184
185

button[i]
.append ("text")

.text (i==0 ? "Jan-Mar" : i==1 7 "Apr-Jun" : i==2 ? "Jul-Sep" : "Oct-Dec")

.attr ("x", buttonX+buttonW/2)

.attr("y", (buttonY+buttonH/2)+i*(buttonH+buttonDist))
.attr("text-anchor", "middle")

.attr("alignment -baseline", "middle")
.attr("pointer-events", "none");

>

// Implement the buttons’ functionality (on click)

// This first function updates the buttons’ appearance to match the correct status

(pressed or idle)

function buttonsUpdate(b) {
d3.select (".buttonGroup").selectAll("rect").attr("£fill",
d3.select(b).attr("fill", buttonPressed)

};

buttonIdle)

// When button 1 is clicked, the data source is updated to the first time frame and

all map elements are updated.
d3.select ("#brectl1").on("click", function() {

incSource = "incl5_1.csv";
destSource = "arrivalsDest_1.csv";
origSource = "arrivalsOrig_1.csv";
triSource = "triton. json";

buttonsUpdate ("#brectl");
updateAll () ;
b

// When button 2 is clicked, the data source is updated to the second time frame,

etc.

d3.select ("#brect2").on("click", function() {

incSource = "incl5_2.csv";
destSource = "arrivalsDest_2.csv";
origSource = "arrivalsOrig_2.csv";
triSource = "triton. json";

buttonsUpdate ("#brect2");
updateAll () ;

1)
d3.select ("#brect3").on("click", function() {
incSource = "incl5_3.csv";
destSource = "arrivalsDest_3.csv";
origSource = "arrivalsOrig_3.csv";
triSource = "sophia.json";

buttonsUpdate ("#brect3");
updateAll () ;

B
d3.select ("#brect4").on("click", function() {
incSource = "incl5_4.csv";
destSource = "arrivalsDest_4.csv";
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188
189

208
209
210
211
212
213
214
215
216
217
218
219
220
221

origSource = "arrivalsOrig_4.csv";

triSource = "sophia.json";
buttonsUpdate ("#brectd") ;
updateAll () ;

P

// Create checkboxes that show and hide elements.
// For each checkbox, a binary variable is prepared to

or not. Their values are initially set to true.

var showFlow = true;
var showInc = true;
var showTri = true;

// The boxes are created in a loop function,

variables as the buttons.
var checkBox = []

for (var i=0; i<3; i++) {

checkBox[i] = buttonGroup.append("g").attr("class",

control whether it is ticked

same building block

"checkBox"+(i+1))

// Define the boxes’ dimensions and place them on the canvas

checkBox [i]
.append("rect")
cattr("id", "crect"+(i+1))
.attr("width", buttonH)
.attr("height", buttonH)
.attr("stroke", "black")

.attr("stroke-width", strokeW)

.attr("fill", buttonIdle)
.attr("x", buttonX)

.attr("y", buttonY + (button.length+i)*(buttonH+buttonDist))

.attr("rx", checkR)
.attr("ry", checkR);

// Place ticks inside all of the boxes

checkBox [i]
checkBox [i].append ("path")

// The lines of the ticks are created using the SVG path mini-language

.attr("d",

"M"+buttonH/6+","+buttonH/2+
"L"+buttonH/2+","+buttonH*5/6+
"L"+buttonH*5/6+","+buttonH/6

.attr("stroke-width", strokeW)

.attr("stroke", "black")
.attr ("fill", "none")

.attr(

"transform", "translate ("

buttonX + "," +

+

(buttonY+(button.length+i)*(buttonH+buttonDist)) +

u)n
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232 .attr("alignment -baseline", "middle")
233 .attr("pointer-events", "none");

234 // Add labels to the checkboxes

235 checkBox [i].append ("text")

236 .text (i==0 7

237 "Show migration flows" : i==1 7

238 "Show incidents"

239 "Show search operation areas")

240 .attr("x", 2*buttonX + buttonH)

241 .attr("y", (buttonY+buttonH/2) + (button.length+i)*(buttonH+buttonDist))
242 .attr("text-anchor", "left")

243 .attr("alignment -baseline", "middle")
244 .attr("pointer-events", "none");

245 };

246

247 // Implement the checkboxes’ functionality (on click)
248 // When a checkbox is clicked, change its binary variable
249 d3.select ("#crectl")

250 .on("click", function() {;

251 if (showFlow) {showFlow = false} else {showFlow = truel};
252 updateAll () ;

253 console.log(showFlow) ;

254 });

255 d3.select("#crect2")

256 .on("click", function() {;

257 if (showInc) {showInc = false} else {showlInc = truel};
258 updateAll ();

259 B

260 d3.select("#crect3")

261 .on("click", function() {;

262 if (showTri) {showTri = falsel} else {showTri = truel};
263 updateAll () ;

264 B

265

266 // This function sets the opacity of the ticks in all checkboxes to 1

267 function checkMarkReset () {

268 d3.select (".buttonGroup").selectAll("path").attr ("opacity", 1)

269 }

270 // Functions to display or remove map elements

271 function displayPaths () {

272 // If the binary variable for the flow path checkbox is false, remove all flow
paths and set the opacity of the tick in the checkbox to 0

273 if (!showFlow) {

274 d3.select(".flowGroup").selectAll ("path")

275 .remove (),

276 d3.select (".checkBox1").selectAll("path").attr ("opacity", 0);
277}

278 };
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279 function displayInc() {

280

// If the binary variable for the incident checkbox is false, remove all incident
circles and set the opacity of the tick in the checkbox to 0
if (!showInc) {
d3.select(".circleGroup").selectAll("circle")
.transition ()
.duration(transitionDur)
.ease (d3.easeCubic)
.attr("r", 0)
.remove (),
d3.select (".checkBox2").selectAll("path").attr ("opacity", 0);
}

function displayTri() {

// If the binary variable for the search areas is false, remove all search area
paths and set the opacity of the tick in the checkbox to 0
if (!showTri) {
d3.select(".triton").selectAll("path")
.remove (),
d3.select(".checkBox3") .selectAll("path").attr("opacity", 0);

// This function updates all map elements

function updateAll () {

// First, all map elements are created and the ticks in all checkboxes are made
visible.

createIncidents () ;

createIncidents () ;

createTriton () ;

createFlows () ;

checkMarkReset ()

// Then, the display-functions are called, removing map elements and hiding ticks

in the checkboxes according to the state of the binary checkbox variables.

displayPaths () ;

displayInc();

displayTri();

// Add info text about hover functionality

var infoGroup = d3.select(".legendContainer").append("g").attr("class", "info")
var info = [];

// The lines for the text are created in a loop function

for (var i=0; i<2; i++){

info[i] = d3.select(".info").append("g")
// Add text...
.append ("text")
.text(i == 0 7

69



323 "Hover over map elements to get"

324 "more information.")

325 // ...and place it on the canvas

326 .attr("x", buttonX)

327 .attr("y",

328 (buttonY+buttonDist+(i*0.5)*buttonH) +

329 (button.length+checkBox.length)*(buttonH+buttonDist)
330 )

331 .attr("text-anchor", "left")

332 .attr("alignment -baseline", "middle")

333 .attr("pointer-events", "none");

334 };

335

336 // Add info text about sources

337 var sourceGroup = d3.select(".legendContainer").append("g").attr("class", "info")
338 var source = [];

339 // The lines for the text are created in a loop function
340 for (var i=0, font=4; i<6; i++){
341 source[i] = d3.select(".info").append("g")

342 // Add text...

343 .append ("text")

344 .text(i == 0 7

345 "UK parliament (search operation areas)": i==1 7
346 "Natural Earth (country geometries)": i==2 7

347 "IOM Missing Migrants Project (incidents)": i==3 7?7
348 "UNHCR (migration flows)": i==4 ?

349 "

350 "Sources")

351 // ...and place it on the canvas

352 .style("font-size", font)

353 .attr("x", buttonX)

354 cattr("y", 207-(i*x(font+1)))

355 .attr("text-anchor", "left")

356 .attr("alignment -baseline", "middle")

357 .attr("pointer-events", "none");

358 };

359

360 // Helper function to add spaces as thousand separator

361 // Adapted from an answer by user Tim Goodman on stackoverflow:

362 // http://stackoverflow.com/questions/3753483/ javascript-thousand-separator-string-
format

363 function addSpaces(nStr) {

364 if (nStr >= 10000) {

365 nStr += ’7;

366 x = nStr.split(’.’);

367 x1 = x[0];

368 x2 = x.length > 1 ? >.’> + x[1] : ’’;
369 var rgx = /(\d+) (\d{3})/;
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370 while (rgx.test(x1l)) {

371 x1 = xl.replace(rgx, ’$1° + > 7 + 2§27);
372 }

373 return x1 + x2;

374 }

375 else {

376 return nStr

377 }

378 }

379 // Load Italy and Greece

380 d3.json("itgr.json", function(itgr) {

381 // Bind data and create one path per GeoJSON feature
382 svg.select (".background") .append("g") .selectAll ("path")

383 .data(itgr.features)

384 .enter ()

385 .append ("path")

386 .attr("d", path)

387 .attr("fill", "gainsboro")

388 // On mouseover, change fill

389 .on("mouseover", function() {

390 d3.select(this)

391 .transition ()

392 .duration (400)

393 .ease (d3.easelLinear)

394 .attr("£fill", "grey")

395 b

396 // 0On mouseout, go back to original fill
397 .on("mouseout", function() {

398 d3.select(this)

399 .transition ()

400 .duration (400)

401 .ease (d3.easelinear)

402 .attr("fill", "gainsboro")

403 b

404 // Add the name of the country as a tooltip
405 .append("title")

406 .text (function (d) {

407 return(d.properties.sovereignt)});
408 1});

409

410 // Load Europe

411 d3.json("europe.json", function(eur) {

412

413 //Bind data and create one path per GeoJSON feature

414 svg.select (".background") .append("g") .selectAll("path")

415 .data(eur.features)
416 .enter ()
417 .append ("path")
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418 .attr("d", path)

419 .attr("£fill", "gainsboro");
420 1});

421

422 // Load search operation areas
423 function createTriton() {

424 d3.json(triSource, function(trit) {

425 var tritonGroup = d3.select(".triton").selectAll("path")
426 var triton = tritonGroup.data(trit.features);
427 triton.enter ()

428 .append ("path")

429 triton

430 .attr("opacity", 0.05)

431 // dashed fill

432 .attr("£fill", "url(#diagonal-stripe-3)")
433 .attr("d", path)

434 // 0On mouseover , change opacity to 1

435 triton.on("mouseover", function() {

436 d3.select (this)

437 .transition ()

438 .duration (400)

439 .ease (d3.easelLinear)

440 .attr("opacity", 0.5)

441 b

442 // On mouseout, return opacity to 0.05

443 .on("mouseout", function() {

444 d3.select (this)

445 .transition ()

446 .duration (400)

447 .ease (d3.easelLinear)

448 .attr ("opacity", 0.05)

449 b

450 // Add an info text about the search operation as a tooltip, using the correct

text based on the current search operation displayed

451 .append("title");

452 triton.select("title").text(

453 triSource == "triton.json" ? tritonTooltip : sophiaTooltip)
454 1M

455 displayTri();

456 }

457

458 // These are the info texts about the search operations that are used as a tooltip

459 var tritonTooltip =

460 "Operation Triton (October 2014 - May 2015) \n\n"+

461 "After two shipwrecks in October 2013, which left a total of over 500 migrants
dead, \n"+

462 "the Italian authorities started the Operation Mare Nostrum, which was conducted
by \n"+
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463

464
465

466

467

468

469
470
471
472

473

474

475
476
aT7

478

479
480
481
482
483
484
485
486
487
488

489
490
491
492
493
494
495
496
497
498
499

"the Italian Navy. The goal of Mare Nostrum was to save migrants from dying in
inci-\n"+

"dents on the Mediterranean Sea. \n\n"+

"The Operation Triton replaced Mare Nostrum in October 2014. Triton is conducted
\n"+

"by Frontex (the EU’s border security agency). The main goal of Triton is to
secure \n"+

"the European borders against illegal immigration. Compared to Mare Nostrum, the
\n"+

"operational area of Triton was reduced and limited to areas near the Italian

coast."

var sophiaTooltip =

"Operation Sophia (May 2015 - present) \n\n"+

"In April 2015, over 1000 migrants died in two shipwrecks on the Mediterranean
Sea. \n"+

"These incidents lead to an expansion of the Operation Triton in May 2016 to
include \n"+

"a wider area up to close to the Libyan coast. The operation was later renamed
Sophia, \n"+

"after a baby who was born on a military vessel in the operation."

// Incident function, creating bubbles for each incident where people died or went

missing

var incTotalGroup = svg.select(".circleGroup").append("g").attr("class", "

incTotalGroup")

var incGroup = svg.select(".circleGroup").append("g").attr("class", "incGroup")

function createIncidents () {

d3.csv(incSource, function(data) {
var inc = incGroup.selectAll("circle")
// Sort the incidents, so that the smaller bubbles are drawn on top
.data(data.sort (function(a,b) {
return b.TOTAL-a.TOTAL}),
function(d) {return d.0BJECTID}
)
// Remove old incident bubbles (since this function is called each time the
data is updated)
inc.exit ()
.transition ()
.duration(transitionDur)
.ease (d3.easeCubic)
.attr("r", 0)
.remove () ;
// Enter new incident bubbles
inc.enter ()
.append("circle")
// Place the bubbles on the map, using the coordinates in the source data

.attr("cx", function(d) {
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544

return projection([d.x, d.yl) [0];
B
.attr("cy", function(d) {
return projection([d.x, d.yl) [1];
B
.transition ()
.duration(transitionDur)
.ease (d3.easeCubic)
.attr ("opacity", 1)
.attr("fill-opacity", 0.2)
// Scale each bubble, according to the number of dead and missing in the
source data
.attr("r", function(d) {
return Math.sqrt(parseInt(d.TOTAL) * incScale)
B
// Define the appearance of the bubbles
.attr("fill", "red")
.attr("fill-opacity", 0.2)
// One particular bubble has a black stroke (needed in the user study)
.attr("stroke", function (d) {return d.0BJECTID !'= 465 ? "darkred" : "black"
B
.attr("stroke-width", 0.5)
.attr("id", function (d) {return "inc"+d.O0BJECTID})
// Set migrant route as class
.attr("class", function (d) {return d.MIGRANTROU.split(" ")[0]} );
// Change opacity and stroke width on mouseover/mouseout
d3.select(".incGroup").selectAll("circle")
.on("mouseover", function() {
d3.select (this)
.transition ()
.duration (0)
.ease(d3.easelLinear)
.attr("fill-opacity", 1)
.attr("stroke-width", 1.8)
B
.on("mouseout", function() {
d3.select (this)
.transition ()
.duration (200)
.ease(d3.easelLinear)
.attr("fill-opacity", 0.2)
.attr("stroke-width", 0.5)
B
// Add info on the incident as a tooltip: number of migrants, location
description, and date
.append("title")
.text (function(d) {

// Use a different syntax if the number of migrants is 1 (singular form) or
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if there is no location description (leave out this line)

545 if (d.TOTAL == 1) {

546 if (d.LOCATIONDE == "") {return(

547 parselnt (d.TOTAL) + " dead or missing migrant \n" +

548 d.DATEREPORT

549 )} else {return(

550 parseInt (d.TOTAL) + " dead or missing migrant \n" +

551 d.LOCATIONDE + "\n" +

552 d.DATEREPORT

553 )}

554 }

555 else {

556 if (d.LOCATIONDE == "") {return(

557 parseInt (d.TOTAL) + " dead or missing migrants \n" +

558 d.DATEREPORT

559 )} else {return(

560 parseInt (d.TOTAL) + " dead or missing migrants \n" +

561 d.LOCATIONDE + "\n" +

562 d.DATEREPORT

563 )}

564 }

565 b

566 // Group the incident data by migrant route (central or western Mediterranean)
567 var incByCountry = d3.nest ()

568 .key(function (d) {return d.MIGRANTROU.split(" ") [01})

569 .rollup(function(v) { return d3.sum(v, function(d) { return d.TOTAL }) })
570 .entries (data) ;

571 // Create bubbles showing the total number of dead or missing per migrant route
572 var incTotal = incTotalGroup.selectAll("circle")

573 .data(incByCountry) ;

574 // Remove old bubbles

575 incTotal.exit ()

576 .transition ()

577 .duration(transitionDur)

578 .ease (d3.easeCubic)

579 .attr("r", 0)

580 .remove () ;

581 // Enter new bubbles

582 incTotal.enter ()

583 .append("circle").append("title")

584 // Set the coordinates for the bubbles, based on the migrant route
585 incTotal.attr("cx", function(d) {return d.key == "Central" ? 145 : 340})
586 .attr("cy", function(d) {return d.key == "Central" ? 170 : 100})
587 .transition ()

588 .duration(transitionDur)

589 .ease(d3.easeCubic)

590 .attr ("opacity", 1)

591 .attr("fill-opacity", 0.2)
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592 // Scale each bubble, according to the total number of dead and missing
593 .attr("r", function(d) {

594 return Math.sqrt(parseInt(d.value) * incScale)

595 b

596 // Define the appearance of the bubbles

597 .attr("fill", "darkred")

598 .attr("fill-opacity", 0)

599 .attr("stroke", "darkred")

600 .attr("stroke-width", 1)

601 .attr("stroke-dasharray", "3,3")

602 .attr("id", function (d) {return "inc"+d.O0BJECTID})

603 // Set info as a tooltip: name of the migrant route and total number of

migrants

604 incTotal.select("title")

605 .text (function(d) {return(

606 d.key + " Mediterranean total" + "\n" +
607 d.value + " dead or missing migrants"
608 B

609 displayInc();

610 s

611 };

612

613 // The following helper functions will aid in the creation of flow paths. They are
based on trigonometric rules summarized in an answer by user John Douma on
stackexchange:

614 // http://math.stackexchange.com/questions/409689/how-do-i-find-a-point-a-given-
distance-from-another-point-along-a-line?rq=1

615 function slope (x1,y1,x2,y2) {

616 return (y2-y1)/(x2-x1);

617 1};

618 function distance (x1,yl,x2,y2) {

619 return Math.sqrt(Math.pow((x2-x1),2) + Math.pow((y2-y1),2));

620 1};

621 function shiftX (startX, dist, slp, flowDir) {

622 return startX + Math.sqrt((Math.pow(dist,2))/(1+Math.pow(slp,2)))*flowDir

623 };

624 function shiftY (startX, startY, newX, slp) {

625 return slp*(newX-startX)+startY;

626 };

628 // Load flow data. After all the data are loaded, the function analyze() is called.
629 function createFlows () {

630 d3.queue ()

631 .defer(d3.csv, destSource)

632 .defer(d3.csv, origSource)

633 .defer(d3.csv, "regionCoord.csv")
634 .defer(d3.csv, "originCoord.csv")
635 .await (analyze) ;
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>

// Helper function to join two csv files.
Grossenbacher provided in the online guide
// http://learnjsdata.com/combine_data.html

function join(lookupTable,

var 1 =

lookupTable.length,

m = mainTable.length,

lookupIndex = [],

output

= [1;

lookupKey,

mainTable,

mainKey ,

"Learn JS Data"

for (var i = 0; i < 1; i++) { // loop through 11 items

var row = lookupTablel[i];

lookupIndex [row[lookupKey]]

}

row; // create an index for

for (var j = 0; j < m; j++) { // loop through m items

var y

var X

output.push(select(y, x));

}

= mainTable[j];

= lookupIndex[y[mainKey]];

return output;

i

// Prepare the data for the flows:

coordinates

function analyze (error, arrDest,

arrOrig, regCoord,

// get corresponding row

// select only the columns you

join data of the number of

This join is based on code by Timo

select) {

lookup table

from lookupTable

need

migrants with

origCoord) {

// This join is based on a code by Timo Grossenbacher provided in the online

guide

"Learn JS Data"

// http://learnjsdata.com/combine_data.html

// Do the join for the destination regions

var joinDest = join(regCoord, "Location",
coord) {

return {

country: numbers.Country,

region: numbers.Location,

arrDest,

"Location", function(numbers,

// coordinates for the countries (middle part of the flow line)
, +coord.cy1]) [0],
, +coord.cy1]) [1],

projection ([+coord.cx2, +coord.cy2]) [0],

projection([+coord.cx2, +coord.cy2])[1],

// coordinates for the regions (branches of the flow line)

+coord.cy2]) [0],
+coord.cy2]) [1],

+coord.ryl) [0],
+coord.ryl) [1]

"Origin",

totalmig: +numbers.totalmig,
cxl: projection([+coord.cx1l
cyl: projection([+coord.cxl
cx2:
cy2:
rxl: projection([+coord.cx2,
ryl: projection([+coord.cx2,
rx2: projection([+coord.rx,
ry2: projection ([+coord.rx,
};
B
// Do the join for the origin regions
var joinOrig = join(origCoord,
coord) {

7

arrOrig,

"Origin",

function (numbers,



679
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712
713
714
715
716

717
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721
722
723

return {
country: numbers.Country,
region: numbers.Location,
totalmig: +numbers.totalmig,
// coordinates for the countries (middle part of the flow line)
cxl: projection([+coord.cxl, +coord.cyl]) [0],
cyl: projection([+coord.cxl, +coord.cyl]) [1],
cx2: projection([+coord.cx2, +coord.cy2]) [0],
cy2: projection([+coord.cx2, +coord.cy2]) [1],
// coordinates for the regions (branches of the flow line)
rxl: projection([+coord.cx2, +coord.cy2]) [0],
ryl: projection([+coord.cx2, +coord.cy2])[1],
rx2: projection ([+coord.rx, +coord.ryl]) [0],
ry2: projection ([+coord.rx, +coord.ry]) [1]
1

B

// Group the data by country

var destByCountry = d3.nest()

.key(function(d) {return d.countryl)
.entries(joinDest) ;

var origByCountry = d3.mnest ()
.key(function(d) {return d.countryl})
.entries (joinOrig);

// Sort the data so that the flows are lined up in the right way

destByCountry [0] .values.sort(function(a,b) {
return b.ry2-a.ry2});

destByCountry [1].values.sort (function(a,b) {
return a.ry2-b.ry2});

origByCountry [0].values.sort(function(a,b) {
return a.ry2-b.ry2});

origByCountry [1].values.sort (function(a,b) {
return b.rx2-a.rx2});

// In order for the flows to line up, the starting points of the outer branches
of the flow need to be shifted along the edge of the middle part of the flow
line f

function shiftFlows(nested) {

// Outer loop: Loop through the countries
for (var i=0; i<nested.length; i++) {
var sumLeft = 0;
// Inner loop: loop through the regions. For each flow path element, cumulate
the values of all the previous elements in the group
for (var j=0; j<nested[i].values.length; j++) {
nested[i].values[j].sumlLeft = sumleft;
sumLeft = nested[i].values[j].sumLeft + nested[i].values[j].totalmig;
};
// Calculate the total value of all region flows
for (var j=0; j<nested[i].values.length; j++) {

nested[i].values[j].sumTotal = sumLeft;
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};
// Adapt the coordinates for the starting points of the outer branches
for (var j=0; j<nested[il].values.length; j++) {
var
cxl = nested[i].values[j].cx1,
cyl = nested[i].values[j].cyl,
cx2 = nested[i].values[j].cx2,
cy2 = nested[il].values[jl.cy2,
rxl = nested[i].values[j].rx1,
ryl = nested[i].values[j].ryl,
rx2 = nested[i].values[j].rx2,
ry2 = nested[i].values[j].ry2,
totalmig = nested[i].values[j].totalmig,
// slp is the slope perpendicular to the middle part of the flow line
slp = -1/slope(cxl,cyl,cx2,cy2),
// sumlLeft and sumTotal determine the distance of the shift
sumLeft = nested[i].values[j].sumLeft,
sumTotal = nested[i].values[j].sumTotal,
distl = (sumLeft+totalmig/2)/flowScale,
dist2 = (sumTotal/2)/flowScale;
// Shift the starting point of the line
// First, the point is shifted based on the sum of the width of all
previous paths. This aligns all branches next to each other
nested[i].values[j].rx1l = shiftX (cx2, distl, slp, -1);
nested[i].values[j].ryl = shiftY (cx2, cy2, nested[i].values[j].rxl, slp);
// Then, the point is shifted in the other direction, based on the total
width of all paths. This lines the branches up with the main flow line
tx = nested[i].values[j].rx1;
ty = nested[i].values[j]l.ryl;
shiftX (tx, dist2, slp, 1);
shiftY (tx, ty, nested[i].values[j]l.rxl, slp);

nested[i].values[j].rx1

nested[i].values[j].ry1
};
};
}
// Do the shift for destination and origin lines
shiftFlows (destByCountry) ;
shiftFlows (origByCountry) ;

// Sum the values of all region values by country
var countrySummed = d3.nest ()

.key(function(d) {return d.countryl)

.rollup (function(v) {

var cx1 = d3.mean(v, function(d) {return d.cx1l});
var cyl = d3.mean(v, function(d) {return d.cyll});
var cx2 = d3.mean(v, function(d) {return d.cx2});
var cy2 = d3.mean(v, function(d) {return d.cy2});
return{

sum: d3.sum(v, function(d) {return d.totalmig}),
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770 x1: cx1,

771 yil: cyl,

772 x2: cx2,

773 y2: cy2

774 }

775 b

776 .entries (joinDest);
777

778 // After all the data has been prepared the right way, call the functions that
create the lines. The second instantiation of each line is a ghost with a
greater width that facilitates hovering over thin lines

779 lineFlow(joinDest, ".destGroup", -1, true);

780 lineFlow(joinDest, ".destGroupGhost", -1, false);

781 lineFlow(joinOrig, ".origGroup", 1, true);

"

782 lineFlow(joinOrig, .origGroupGhost", 1, false);

783 lineCountry (countrySummed, true);
784 lineCountry (countrySummed, false);
785 };

786

787 // Function to generate the middle part of flow line (country total)
788 function lineCountry (data, show) {

789 var flowSelect = d3.select(show ? ".countryGroup" "
selectAll ("path");

790 var flow = flowSelect.data(data, function (d) {return d.keyl});

.countryGroupGhost") .

791 flow.enter () .append("path") .append("title");

792 flow

793 // Create a straight line using the SVG path mini-language
794 .attr("d", function(d) {return(

795 "M" + d.value.x2 + "," + d.value.y2 +

796 "L" + d.value.x1 + "," + d.value.yl

797 B D)

798 // Define appearance

799 .attr("stroke", "#4d4d44")

800 .attr("stroke-linecap", "butt")

801 .attr("fill", "none")

802 // Set opacity of the ghost line to O

803 .attr("opacity", show 7 1 : 0)

804 .attr("id", function (d) {return d.key})
805 // Add tooltip

806 .select("title")

807 .text (function(d) {

808 return (

809 "to " + d.key + "\n"

810 + addSpaces(d.value.sum) + " migrants"
811 )

812 // Set stroke width (higher for the ghost line)
813 flow.transition ()

814 .duration(transitionDur)
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.ease(d3.easeCubic)
.attr("stroke-width", show 7
function(d) {return (d.value.sum)/flowScalel}
function(d) {return (d.value.sum)/flowScale + 5}
)
};

// Function to generate the outer branches of the flow line (origin and destination
regions)
function lineFlow(data, flowSubGroup, flowDir, show) {
var flowSelect = d3.select(flowSubGroup).selectAll("path");
var flow = flowSelect.data(data);
var slp, dist, ctrlx, ctrly;
flow.enter ()
.append("path").append("title");
flow
// Define appearance
.attr("stroke", "#4d4d44d")
.attr("stroke-linecap", "butt")
.attr("fill", "none")
// Set opacity of the ghost line to O
.attr("opacity", show ? 0.75 : 0)
.transition()
.duration(transitionDur)
.ease(d3.easeCubic)
// Create a quadratic Bezier curve using the SVG path mini-language
.attr("d", function(d) {
// For the Bezier curve, a control point is created. It lies in the direction
of the extension of the middle part of the flow line. The distance from the
starting point of the branch of the flow line is 0.5 times the distance between
the branches’ starting and end point
slp = slope(d.cxl,d.cyl,d.cx2,d.cy2);
dist = distance(d.rxl,d.ryl,d.rx2,d.ry2)*0.5;
ctrlx = shiftX(d.rxl,dist,slp,flowDir);
ctrly = shiftY(d.rxl,d.ryl,ctrlx,slp);
return (
"M" 4+ d.rxl + "," 4+ d.ryl +
"Q" + ctrlx + "," + ctrly + "," +
d.rx2 + "," + d.ry2
B
// Set stroke width (higher for the ghost line)
.attr("stroke-width", show ?
function(d) {return d.totalmig/flowScalel
function(d) {return d.totalmig/flowScale+10});
// Add tooltip
flow
.select("title")
.text (function(d) {
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return d.region + "\n"
+ addSpaces(d.totalmig) + " migrants"});
1

updateAll () ;

</script>
</body >
<svg height="10" width="10" xmlns="http://www.w3.0rg/2000/svg" version="1.1">
<defs>
<pattern id="diagonal-stripe-3"
patternUnits="userSpaceOnUse"
width="10"
height="10">

patternUnits="userSpaceOnUse"

width="10"
height="10"
>
<image
xlink:href =

"data:image/svg+xml;base64 ,PHN2ZyB4bWxuczOnaHROcDovL3d3dy53My5vcm
cvMjAwMC9zdmcnIHdpZHRoPScxMCcgaGVpZ2hOPScxMCc+CiAgPHJ1Y3Qgd21kdGg
9JzEwJyBoZW1lnaHQ9JzEwJyBmaWxsPSd3aGl0ZScvPgogIDxwYXRoIGQR9J0O0tMSwx
IGwyLCOyCiAgICAgICAgICAgTTAsMTAgbDEWLCOxMAogICAgICAgICAgIEOSLDEXT
GwyLCOyJyBzdHJva2U9J2JsYWNrJyBzdHJva2Utd21kdGg9JzMnLz4KPC9zdmc+"
x="0"
y="o"
width="10"
height="10"
>
</image>
</pattern>
</defs>
</svg>
</html>
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B Questionnaire of the online sur-

vey

Star symbols indicate questions where an answer was required. Annotations in
monospace font in curly brackets were not seen by the participants taking the

questionnaire.
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