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Tilt Map: Interactive Transitions Between
Choropleth Map, Prism Map and Bar Chart

in Immersive Environments
Yalong Yang, Tim Dwyer, Kim Marriott, Bernhard Jenny and Sarah Goodwin

Abstract—We introduce Tilt Map, a novel interaction technique for intuitively transitioning between 2D and 3D map visualisations in
immersive environments. Our focus is visualising data associated with areal features on maps, for example, population density by state.
Tilt Map transitions from 2D choropleth maps to 3D prism maps to 2D bar charts to overcome the limitations of each. Our paper
includes two user studies. The first study compares subjects’ task performance interpreting population density data using 2D
choropleth maps and 3D prism maps in virtual reality (VR). We observed greater task accuracy with prism maps, but faster response
times with choropleth maps. The complementarity of these views inspired our hybrid Tilt Map design. Our second study compares Tilt
Map to: a side-by-side arrangement of the various views; and interactive toggling between views. The results indicate benefits for Tilt
Map in user preference; and accuracy (versus side-by-side) and time (versus toggle).

Index Terms—Immersive analytics, Mixed / augmented reality, Virtual reality, Geographic visualization, Interaction techniques.
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1 INTRODUCTION

CHOROPLETH maps are arguably the most widely used
visualisation for showing data linked to geographic

areas, such as population density [1], [2]. These maps colour
or shade the areas on the map to indicate the associated
values. A less common way of showing such area-linked
data is the prism map [3], [4] where areas are extruded
into the third dimension so that the height of the “prism”
represents the associated value. With the arrival of commod-
ity head-mounted displays (HMDs) for virtual reality (VR)
and augmented reality (AR), we can expect to see choro-
pleth maps, prism maps, and other area-linked geographic
visualisations used in immersive applications. However,
area-linked geographic visualization is under explored in
immersive environments and the trade-off between the
two-dimensional choropleth map and the three-dimensional
prism map is currently unclear.

In this research we explore whether traditional 2D choro-
pleth maps are the best way to show area-linked data in
such immersive environments, or whether other visuali-
sations, such as a prism maps that make use of a third
dimension, or some combination of these may be better. This
paper makes three main contributions.
The first contribution is a controlled study comparing
choropleth, prism and coloured prism maps for the first
time in VR. We found that participants were more accurate
using the prism maps but faster using the choropleth maps.
Participants preferred the coloured prism map, but raised
some concern about occlusion. These results accord with
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previous studies comparing choropleth and prism maps
in non-VR settings, confirming a trade-off between faster
choropleth maps and more accurate prism maps.
Our second contribution is Tilt Map, a novel interactively-
controlled transition between three views: a choropleth, a
prism map and a bar chart. We incorporate a bar chart as
an additional view, as we thought this would aid compar-
ison tasks and alleviate the difficulties of 3D occlusion and
perspective foreshortening. In the Tilt Map, orientation de-
termines the view. With a vertical orientation, the choropleth
map is shown. As the viewer tilts the map it morphs into the
prism map, and when the map nears a horizontal orienta-
tion, it morphs into the bar chart (Fig. 1). We believe this use
of orientation to select the view that is appropriate to the
user’s view angle is new and opens up many possibilities
for the design of immersive visualisations.
Our third contribution is a controlled study comparing Tilt
Map with two other conditions: a Side-by-Side complemen-
tary arrangement (of choropleth, coloured prism, and bar
chart) and a Toggle representation, which switches between
the three views with a controller click. We evaluated user
preference and performance. The results indicate benefits
for Tilt Map in user preference and accuracy (versus side-
by-side) and time (versus toggle).

Our work contributes to the growing body of knowledge
of how to present data with a geographical embedding
in immersive environments [5], [6], [7]. It provides further
evidence that for geographically embedded data, there can
be benefits in utilising a third dimension to show the data
variable. We also introduce a new kind of interaction specif-
ically suited to immersive data visualisation. Just as large
tiled wall displays allow the use of proxemic interaction to
naturally control the choice of presentation [8], the ability
to hold and tilt virtual artefacts, such as maps, in immer-
sive environments provides an intuitive embodied method
for transitioning between different views, with the aim of
providing the view that is best suited to the viewing angle.
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Fig. 1: Orientation-dependent visualisation with a Tilt Map: The user can tilt a prism map (left) to morph it to either a
vertical choropleth map or a bar chart (middle). The transition stages with angle intervals were labeled from a to g (right).
We demonstrate the transition stages with visualisations in Fig. 8.

2 RELATED WORK

The choropleth map—where area-based values are encoded
via colour, shading or pattern—is one of the most commonly
used thematic map types [1], [2], [9]. Whilst using the
positions in the display space for representing geographic
information is fundamental to reveal spatial patterns, the
attribute values have to be represented by non-spatial visual
variables, such as colour and brightness. Raw-total values
are avoided on choropleth maps because large geographic
areas likely have large corresponding mapped quantities.
Choropleth maps with non-uniform areas should instead
display data in the form of density measures, proportions,
or ratios [1], [2], [4].

A prism map is a 3D choropleth map with extruded
height to encode a numerical attribute [3], [4]. Prism maps
are quite uncommon. Most cartographic textbooks mention
them only en passantwhen discussing choropleth maps, with
the recent exception of Field, who mentions that “prism maps
are predominantly used for visual impact”, and speculates that
the unfamiliarity with prism maps hampers their under-
standing [4]. Although less common, cartographers have
used prism maps for many years, especially since com-
puter software for the generation and animation of prism
maps became available [10], [11], [12], [13]. For static prism
maps, it has been shown that readers consistently associate
prism height, and not prism volume, with data value [14].
This is the case for both absolute values and proportional
values [14], which implies that converting quantities to
densities or ratios is not necessary for prism maps.

The question of whether it is preferable to use choropleth
maps or prism maps has no immediate answer. Height
(the visual variable used by prism maps) is far more ac-
curate for interpreting associated quantitative values than
brightness (the visual variable commonly used by choro-
pleth maps) [15], but perspective foreshortening and oblique
viewing angles can result in distortion and excessive oc-
clusion in prism maps. Few studies compare prism maps
to choropleth or other thematic map types. One study [16]
evaluated short-term learning bene�ts of choropleth maps
and prism maps, using uniform gridded areas for both
map types instead of the more common irregular areas.
It found that the choropleth map improved participants'
ability to correctly assess detailed information (ranking of
city populations), while the prism map appeared slightly
more useful for reading general patterns (overall population
distribution). Another study compared prism maps and

area-proportional circle maps, and found similar reading
accuracy for both [14]. Popelka [17] compared prism maps,
standard choropleth maps and illuminated choropleth maps
(where illumination effects give �at areas a subtle 3D prism-
like appearance [18]). The task involved comparing the
values of two marked areas. Prism maps resulted in more
accurate but slower responses than choropleth maps. Mean-
while, studies by Bleisch, Dykes & Nebiker [19] and Seipel
& Carvalho [20] indicate that reading accuracy of bar charts
heights in 2D and 3D maps is similar. Creating 3D maps
is also supported in many commercial products such as
ArcGIS, Mapbox, kepler.gl, rayshader. Therefore, although
3D mapping techniques are not as popular as 2D ones,
it seems reasonable to assume that encoding quantitative
values with prism heights is a practical design choice.

The mentioned studies have used static maps on paper
or standard 2D computer displays. Our research provides
the �rst comparison of choropleth and prism maps in an
immersive environment where the viewing angle can be
easily adjusted. In general, there has been surprisingly
little research into thematic cartography in immersive en-
vironments. Only recently have researchers begun to sys-
tematically investigate immersive geospatial data visuali-
sation [21]. Yang et al. explored immersive visualisation of
origin-destination �ow maps [6] and of maps and globes
in virtual reality [5], [22]. They found clear bene�ts for
the use of 3D representations. Quang and Jenny placed
bar graphics in a virtual landscape and found that linking
the bars with bar charts and maps with bars improves
performance [23]. Wagner et al.compared space-time cubes
in virtual reality and on 2D displays [7]. They found sim-
ilar tasks performance but the immersive version received
higher subjective usability scores. Furthermore, immersive
environments support embodied interaction [24] and allow
the map reader to adjust position, size and scale in engaging
ways [25]. Our research combines embodied interaction,
animated transitions between data graphics [26] and inter-
active 3D geovisualisation [27], resulting in a novel type of
cartographic visualisation that adjusts to the tilt angle.

3 STUDY 1: PRISM MAP VS CHOROPLETH MAP

Our �rst user study compared three different visual rep-
resentations of areal population density data in VR: 2D
Choroplethmap; 3D Monochrome Prismmap; and 3D double-
encoded Coloured Prismmap (Fig. 2). A previous study [17]
using 2D desktop displays found that task performance
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Fig. 2: Study 1: Evaluated Choropleth, Monochrome Prismand Coloured Prismmaps, demonstrating US examples.

with prism maps was more accurate but slower than with
choropleth maps. We wished to see if this changed with
the additional depth cues provided by head-tracking and
stereoscopic presentation in modern VR environments. We
evaluated the visualization conditions with one elementary
task and one synoptic task (see Section 3.2).

3.1 Visualisations and Interactions

We map areal population density data in different encodings
in our tested conditions.

Monochrome Prism: We mapped the density values linearly
to height.

Choropleth: In order to compare directly to height, we
used a continuous sequential colour scheme for density val-
ues, resulting in an unclassed choropleth map. The colour
scheme was derived through linear interpolation of the
YlOrBr palette from ColorBrewer [28]. This colour scheme
was chosen as it is colour-blind friendly [28] and popular in
cartography literature (e.g. in [29], [30]).

Coloured Prism: We double-encoded the density values
linearly with height (as in Monochrome Prism) and with
colour (as in Choropleth).

Encodings common to all conditions: (a) Borders were
added to the boundaries of geographic areas as pilot tests
revealed participants preferred them; (b) soft shadow was
enabled in both prism map conditions, but was not neces-
sary for the 2D Choroplethmaps; (c) legends were placed
at top, bottom, left, and right sides of all maps. Legends
ranged from 0 to 100 with ticks every 5 and labelled ticks at
0, 25, 50, 75 and 100. ForChoropleth, the legends lay in the
plane of the maps to show colour mapping. For Monochrome
Prism, the legends were cylinders standing perpendicularly
on the plane of the base map and extruded in parallel to
the prism heights. Coloured Prismlegends were the same as
Monochrome Prismbut also coloured as for Choropleth.
Interaction: We provided the same interactions for all three
visualisations. First, viewers could move in space to change
their viewpoint. Second, viewers could pick up the map
using a standard hand-held VR controller, and reposition
or rotate it in 3D space using clutched grasping with the
controller trigger. Users could not resize or scale the visuali-
sations but could physically zoom by moving closer. We did
not allow other interactions such as �ltering as we wished
to focus on base-line readability of the representations.

3.2 Experiment

In this subsection, we �rst introduce the tasksof the user
study and the way we create task data. We then report details

of the user study including: experimental set-up, design and
procedure, participantsand measures.

Tasks: Researchers [31], [32], [33] distinguish tasks in ge-
ographic data visualisation into two levels: elementaryand
synoptic. Elementary tasks refer to single elements while
synoptic tasks involve a set of elements. Following this
taxonomy and previous related studies [16], [17], [18], we
designed one task of each type for the �rst study:
Area-Comparison Task: Compare the density values of two
given geographic areas.Initially, in our pilot study, we asked
participants to identify the area with the larger density
value in two given geographic areas. The same task was
tested by [17], [18] on 2D computer displays. We found
participants can answer this question easily with very high
accuracy in all conditions. Inspired by [34], [35], instead of a
binary result, we asked the participants to perform the more
dif�cult task of estimating the numeric difference between
two given geographic areas.
Region Task: Estimate the population density of a region con-
sisting of contiguous marked areas on the map.A similar task
was tested by Niedomysl et al.[16] on printed A4 size maps.
We randomly chose regions of 5 contiguous states in each
US map and 15–20 contiguous LADs in each UK map. The
correct answer is the area-weighted average of population
density across geographic areas of the region. We explained
this task in detail with examples to make sure participants
fully understood, emphasising that larger geographic areas
contribute more to the total region weight. After the ex-
planation all participants reported they understood. Again,
participants needed to provide a numeric answer.

In pilots, we highlighted the borders of target areas
(i.e. the two given areas in the area-comparison task and
the set of contiguous areas in the region task), following
Harrower [36]. However, participants reported extra effort
to visually search for the two targets in the area-comparison
task. As the intention of this study was not to examine the
time for visual search, we chose to further mark the two
areas with leader lines, which proved adequate for rapid
target identi�cation. In region tasks, no participant reported
dif�culty in identifying the target regions as the highlighted
borders of multiple adjacent geographic areas made the
region highly visually salient. Thus, we did not use leader
lines in region tasks.

For the area-comparison task, we anticipated that dis-
tance between the two targets was likely to affect the perfor-
mance. We randomly sampled pairs of areas and computed
the great-circle distance between areas. We then created two
categories for the area-comparison tasks:closeand far. We
considered great-circle distances below 3° in the US and
below 0.5° in the UK as closeand within 25°–28° in the US
and within 5°–5.5° in the UK as far. For the region task,
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