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Developing a Design Space for Data
Visualization on Spherical Displays

Développement d’un espace de conception pour la visualisation de données sur des écrans sphériques

Shaily Sharma, Tobias Isenberg, Petra Isenberg, Raimund Dachselt, Anastasia Bezerianos

Abstract / Resume—We present a design space for data visualization on spherical displays that articulates sphere-specific
dimensions, perceptual properties, and trade-offs related to visualization and interaction strategies. Spherical displays distribute
visibility and content across a continuous curved surface and eliminate the inherent notion of a front or back. The structural
properties reshape the construction of overview, comparison, and interaction for non-planar displays and expand applications
beyond astronomy and geographical maps. Yet, no systematic design space for spherical visualization exists, leaving designers
to adapt techniques originally designed for flat screens to spherical displays and limiting visualization and interaction potential.
We operationalize this space through structured workshops with visualization experts, combining sketch-based exploration and
card-based ideation. This approach surfaced sphere-native strategies and application directions, demonstrating how spherical
displays facilitate genuinely different visualization approaches—not merely adaptations of flat ones.

1 INTRODUCTION

A sphere is arguably the most natural display for a
globe, and that is precisely the problem. Data visu-
alization transforms abstract information into visual
representations that support perception, reasoning,
and insight [5]. The displays on which these repre-
sentations appear are not neutral surfaces, they shape
what can be shown, how it can be compared, and
how users engage with them. Spherical displays are
publicly deployed and technically mature, yet their
use remains mainly confined to geographic and as-
tronomical data where the form mirrors the content.
The structural properties that make spheres genuinely
distinct as a display medium, such as no edges, no
inherent front, and continuous curvature [3], remain
un-leveraged for visualization purposes. As display
technologies expand beyond flatness [2] [4], this lack
of design exploration can be reconsidered.

Planar displays, for which visualizations are nor-
mally designed, afford stable viewpoints, binary axes,
and a simultaneous global overview [5]. These prop-
erties are so foundational that they have become
invisible norms in encoding models, interaction tech-
niques, and design guidelines. Spherical displays ac-
tively break these norms. Overview is not simulta-
neous anymore but achieved through movement or
interaction. Comparison becomes spatially distributed
or antipodal rather than co-planar. Interaction be-
comes embodied and tied to a surface that collapses
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linear axes assumptions. Beyond geometry, spheres
carry cultural familiarity and embodied metaphors
of immersion, containment, and worldhood that flat
surfaces may not invoke [6]. These properties chal-
lenge visualization conventions and also open up new
design possibilities.

In related curved and volumetric displays, planar
guidelines are often adapted to non-planar surfaces,
implicitly preserving rectangular framing assump-
tions [1]. Without a structured vocabulary, trade-offs
such as occlusion facilitating progressive discovery at
the cost of simultaneous overview, antipodal contrast
supporting oppositional reasoning at the cost of lo-
cal comparison, or edgelessness affording continuous
data flow at the cost of a frame of reference can-
not be reasoned about or deliberately designed for.
We address this gap by proposing a design space
organized around four categories of sphere-specific
considerations: geometric properties, perceptual prop-
erties, interaction strategies, and application domains.

2 APPROACH

We approach the work in two parts: an analytical
phase that constructs the design space from geomet-
ric principles, existing literature, and sphere-related
metaphors; and a generative phase that assesses its
potential through structured workshops.

We built the design space from three inputs: (i) a
geometric analysis of spherical properties and their
implications for visibility, comparison, and interac-
tion, (ii) a synthesis of prior work on spherical visu-
alization and non-planar displays, and (iii) a curated
set of sphere-related metaphors (everyday associa-
tive framings such as planets, fruit, and play-objects)
that surface viewer-side assumptions. We organized
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the space into three categories and associated design
questions: geometric properties and their perceptual
implications; data types; and interaction dimensions.

To assess its generative potential, we conducted
three structured workshops with 21 visualization
experts, each comprising two phases. In the first,
sketch-based exploration phase, participants picked
two randomized prompts from a set of 20 open-ended
provocations and they produced freehand sketches to
break flat-display assumptions. In the second card-
based ideation phase, participants drew one card from
the data-type category and one from the interaction
category. They then sketched an original visualiza-
tion concept using the combination. We recorded the
sessions and thematically analyzed the outputs to
identify recurring sphere-native strategies.

3 DESIGN SPACE

In our design space we organize spherical display
visualization across four dimensions. Two are fixed by
geometry: physical properties including edgelessness,
uniform curvature, occlusion, antipodal structure, and
the absence of a canonical viewpoint; and display
and materiality considerations such as scale, surface,
number of users, and orientation cues. We articulate
each property through what it facilitates, what it costs,
and the key design question it raises.

Two further dimensions reflect designer choices:
data mapping, organized around seven sphere-
native data types such as cyclical, oppositional, axis-
independent, and layered structures that align with
spherical topology; and interaction, structured across
three tiers: physical strategies (tactile, proxemic, ki-
netic, rotational navigation), social encounters (solo,

FIXED PROPERTIES

Properties infrinsic o the s

DESIGN CHOICES
Dimensions the designer selects. How s the data mapped and how is the
interaction structured.

geometry. The designer can only
h o against them

Physical Properties  Trade-off Data Types and Mappings

Edgeless:
No boundary, no start, no
end, closed.

Cyclical/looping:

temporal, periodic data

+ continuous data flow
- spatial anchoring

Uniform curvature:
Every point equidistant
from centre, no flat region

+orientation
independent encoding
- visual distortion

Continuous/gradient:
environmental, scalar field

GO
I

+enables progressive
discovery

- no simultaneous
overviews

Positional/hidden:

Occlusion:
) datathatis to be revealed <O

~50% hidden from any
single viewpoint

v

Oppositional/antipodal:
) contrasting, comparative

Antipodal structure:
Every point has an exact
geometric opposite; three
landmark pairs.

+ oppositional reasoning ¢
- local comparison

@0

Relational/networked:
connected, graph-structured

No canonical
viewpoint:

No inherent front, back,
top, or bottom.

+democratizes
perspective
- o navigation anchor

+any axis can carry
semantic weight

- no orientation anchor
for designing

Axis-independent:

Rotational symmetry:
data that may not have inherent orientation

Any axis can be made
meaningful

Layered/depth:
volumetric, hierarchical

Volume:

Depth is a spatial
dimension without
stereoscopy.

DISPLAY AND MATERIALITY CHOICES INTERACTIONS

Scale - Materiality - Display lifetime - Content dynamics -
Movement - Height and angle of viewing - Number of users
Social context - Hardware resolution - Depth and layering -
Orientation cues

+depth and layering
- legibility may break

D% ¢
eaee

« Techniques: tactile - proxemic - kinetic - rotational - remote
deformation - looking over/under
« Encounters: solo - dyadic - small group - public/ambient
n-users
« Affective responses: hugging/cradling - gently caressing -
general-embodied

Fig. 1. Summary of our design space.

DESIGN QUESTIONS AND TASKS

PROPERTY INTERACTION KEY DESIGN QUESTIONS AND TASK

How do users orient within a surface
with no edges or fixed frame?
Task: Browse

Edgelessness Rotational navigation

°

A

Occlusion Tactile / Proxemic What is hidden, and how should
movement reveal it?

- Task: Lookup/Locate
Antipodes Dyadic opposition Can opposing regions encode contrast
. or support collaborative viewing?

Task: Compare
Scale Physical / Kinetic \ Does the sphere invite touch, orbit, or
observation from a distance?
C task summarize
o

No canonical viewpoint Looking over / under Where does the data begin, and how is
entry into the content signalled?

Task: Navigate

g How does zoom interacting with the
9. sphere change what is visible and at
A what resolution?

Task: Explore

L

Zoom as dimension
change

Volume/depth and layering

Fig. 2. Interactions and key design questions.

dyadic, small group, public), and affective encounters
that reflect how bodies individually and collectively
engage with a spherical display (Fig. 1).

Together, the four dimensions provide designers
with a structured vocabulary for reasoning about
what a sphere physically is, what hardware deci-
sions a designer must make, which data structures
are native to spherical topology, and how interaction
emerges from the surface itself (Fig. 2).

4 CONCLUSION

With this work we take a step toward a systematic
design practice for spherical displays, building on
emerging efforts in the field [2]. The design space and
workshop findings suggest that spherical displays are
not simply curved screens but a genuinely distinct
display medium with its own vocabulary of data
types, trade-offs, and interaction strategies. Future
work needs to implement and evaluate sphere-native
visualizations on a spherical display, using the design
space as a generative and evaluative framework.
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