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Introduction

Visualizing data can be done in myriad ways, depending on the data, the analysis, the intent, etc. One therefore often faces many design choices. If the data
has some kind of geospatial component (e.g. GPS coordinates, cities, countries), one such a choice is whether to visualize the data on a map. On the
one hand, this allows investigation of spatial trends, patterns and correlations
in the data; on the other hand, is constrains the visualization possibilities, possibly obfuscating other patterns that are not related to space. The conjecture
that this research project revolves around, is that this need not be such a strict
dichotomy. Rather, there may be options to relinquish the geographic accuracy
of the map, in favor of crystallizing other aspects of the data. We refer to such
visualizations as spatially informed.
A set system is a collection E of elements (with geospatial locations) and
a collection S of sets of these elements, such that s ⊆ E for each s ∈ S. Set
visualization is the task of visualizing a set system to show the relations (subsets,
intersections, disjointness, etc.) between the sets as well as the set memberships
of the individual elements. Though this problem knows both fully spatial (e.g.
[3, 12, 15, 23]) and fully nonspatial solutions (e.g. [4, 20, 21, 27]), spatially
informed visualization techniques have up to this point not been investigated.
The dichotomy here persists. Nonetheless, the known methods will provide a
basis for the visual presentation of spatially informed set visualization.
Even in general, spatially informed visualization techniques are limited to
only a handful of problems or techniques. This document reviews the state-ofthe-art in the upcoming sections and evaluates the models for potential application in set visualization.

2

Schematic maps

A famous example of what we would consider to be spatially informed visualization is the schematic transit map (often for metro networks), where stations and
stops roughly maintain their geographic relations (e.g. north-south relations),
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Figure 1: Geographic, partially schematized and fully schematized maps for the
Washington metro [14].
but not their precise positions. The map is “warped” to more clearly show the
primary purpose of such a visualization: the service lines and the connections
between the stops. Precise geography is often not needed for finding an efficient
route, but does help in locating stations.
For computing such drawings of transit networks automatically, a number
of criteria have been identified [25]. Classically, work here focuses on rectilinear
and octilinear layouts, e.g. [10, 22, 25]. However, in the last years, curved
schematization has begun to increase in popularity, at least in academic research,
e.g. [14, 17].
Going beyond transit networks, there are a number of schematic maps, such
as chorematic diagrams, that abstract from geographic accuracy beyond the
need of a certain scale, but limit it to the function need instead (see e.g. [26]
for an extensive evaluation of such maps). However, currently, any such maps
are hand-crafted results. Though some techniques are known for schematizing
territorial outlines [9, 18, 19], these techniques are but a first step towards
making actual schematic maps. In particular, the automated synthesis into
informative maps—that is, the combination of the schematic shapes with data
visualization—are currently still future work.
Schematic outlines, at least the currently known techniques, are unlikely to
provide a good basis to start from for spatially informed set visualization. The
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Figure 2: Geographic (a) and various linear schematizations (b–e) of Great
Britain [9].
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problem is that clutter arises due to small regions or elements being very close to
each other—problems that are not addressed through such techniques. Though
combining focus-context maps with schematization may provide to opportunity here, the unevenness of the resulting map may still draw disproportionate
attention to some regions.
The schematic networks provide some potential. However, these techniques
work on graphs partitioned into paths. Though a set system can be considered
a hypergraph, which in turn can easily be turned into some simple graph, the
choice of such a “support” graph can be expected to have a strong effect on the
resulting visualization. Choosing a support that results in an intersection-free
graph (if one exists at all) is known to be NP-hard, unless restricted to very
simple cases (e.g. a single path, cycle or tree) [8].
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Grid maps

Tree maps have been an attractive tool to visualize data hierachies, where the
value of a node equals the sum of its child nodes, e.g. [7, 28]. It works by representing each node in the hierarchy as a rectangle, the size of which indicates
its value, in such a way that the rectangle of each node is exactly partitioned
into smaller ones by its child nodes. There have been efforts to make this into
spatial tree maps, where the arrangement is roughly determined by geographic
concerns [31], which relates to cartograms as well (e.g [2, 5]). If we want to
embed more extensive graphical annotation (e.g. small charts) inside the rectangles, the clearest way to achieve this is to use equal-sized rectangles as in a grid
map [30, 32, 33], which can be considered a spatially-arranged small multiples
array. Though some efforts have gone into computing such maps algorithmically [16], little is known about which aspects of the geography are important
to maintain from a usability or conceptual point of view. Moreover, though
such computations focus on tightly packed rectangular arrays, many manuallyarranged examples such as [1, 6, 11, 13, 24] show an extensive use of additional
used slots in the array (gaps), to further the sense of a map and potentially
increase the retained geography.

Figure 3: Spatially ordered tree map of France [31].
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Figure 4: Grid map with bar charts; example from AfterTheFlood [1].
Grid maps have not been used to tackle set visualization at this point. A
simple approach could be to combine OnSet [27] with spatial arrangements.
However, the question remains of what a good spatial arrangement is, especially
if we allow gaps. Another option is to use the structured space a grid map
provides to make easier-to-read visualizations using connecting geometries in
e.g. the Kelp-style [15, 23].
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Necklace maps

A final type of spatially informed visualization is a necklace map [29]. It has
some commonalities with the grid map, in that it can be seen as a generic
method for a variety of visualization types. It is exemplified in the original
work with proportional symbols, piecharts and flow maps. The idea is the use
a simple, geographically accurate map as a basis. However, rather than placing
the data visualization elements on top of their geographic position (resulting in

Figure 5: Necklace map for the USA [29].
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overlap and clutter), these elements are moved to lie on one of the predefined
“necklaces”: curves that lie in low-information regions of the map (e.g. outside
of the geographic area or in sea regions). The placement is done such that the
order of elements along the necklace corresponds roughly to the cyclic order as
seen from some central point for the necklace.
However, at this point, necklaces have to be placed manually and have a great
impact on the quality of the result. Moreover, when using only a few necklaces,
it seems likely that the geography cannot be maintained as well as in a grid
map, though this is counterbalanced by it being superimposed on a geographic
map. Further, it leads to questions as to how to balance the complexity of the
set visualization with the geography maintained in the layout.
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Conclusions

With the above in mind, we consider the grid maps to be the most promising
course of action. It provides opportunities both to understanding spatial distortion in such maps more adequately, as well as giving a novel way of structuring
set visualizations, that is, in a spatially informed way. Hence, for this project
it will be most effective to split the research into two parts, one dealing with
the spatial deformation of grid maps, the other in how to apply grid maps and
modify grid map layouts for visualizing set systems.
In the former, visualization-oriented research will focus on how to measure
the different aspects of geography (location, direction, topology, shape, etc.).
Algorithmically, focus will lie with how we may optimize layouts according to
such measures, especially with respect to shape, as it has applications in numerous areas in addition to grid maps.
The latter part of the project, more focusing on set visualization, will aim
to uncover how we can effectively combine the criteria developed in the former
part with criteria that are important to obtain legible set visualization.
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